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Probabilistic Models of Yield, Price, and
Revenue Risks for Fed Cattle Production

Eric J. Belasco, Mykel R. Taylor, Barry K. Goodwin,

and Ted C. Schroeder

Cattle feeding enterprises operate amid variability originating in prices and production. This
research explicitly models yield risks related to cattle feeding by relating the mean and vari-
ance of yield performance factors to observable conditioning variables. The results demon-
strate that pen characteristics, such as entry weight, gender, placement season, and location
influence the mean and variability of yield factors, defined as dry matter feed conversion,
average daily gain, mortality, and animal health costs. Ex ante profit distributions, conditional
on cattle placement characteristics, are derived through simulation methods to evaluate the
effects of price or yield shocks on the distributional characteristics of expected profits.

Key Words: conditional variance, production risk, cattle feeding, yields

JEL Classifications: D24, D81, Q12

Cattle feeding is a risky venture where returns
oscillate from large profits to heavy losses over
short time periods. Figure 1 illustrates wide
swings in monthly average net returns for
feeding cattle in Kansas from 1981 to 2006.
During the first few months of 2001, cattle
feeders were making about $70 per head, while
by November of that year they were losing over
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$170 per head and these losses were sustained
for 16 consecutive months. Even more striking
is that the variability in net returns to feeding
cattle has nearly doubled in recent years, with a
standard deviation of $54 per head from 1990 to
1997, increasing to $93 per head from 1998 to
2006. Concurrent with increasing cattle feeding
risk, cow-calf producers and farmer-feeders are
seeing enhanced incentives to retain ownership
to more directly connect selling prices to the
quality of meat produced by their calves.

To develop effective risk management strat-
egies, cattle feeders need to know the individual
magnitudes of factors contributing to profit var-
iability such as price and yield risk. Price risk
occurs from movements in fed and feeder cattle
prices, as well as the price of feed, while yield
risk is a function of animal health and feeding
performance. Two direct measures of cattle
production yield are dry matter feed conversion,
the amount of feed consumed by the animal
per pound of weight gained, and the average
weight gain per day. Other information, such as
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Figure 1. Estimated Monthly Cattle Feeding
Returns 1981-2006—Note: Data Compiled and
Provided by R. Jones, Kansas State University
Research & Extension
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mortality losses and the costs associated with
veterinary medical services, reflect the health
and vitality of the animal and provide indirect
measures of yield performance. Empirical anal-
ysis of yield factors as well as feed costs and
cattle prices will allow for a better understanding
of how factors contribute to the overall distribu-
tion of profits from cattle feeding.

The objective of this paper is to characterize
yield risks associated with fed cattle production.
The analysis is motivated by a need to develop a
model of ex ante risks associated with cattle
feeding. Ex ante risks refer to measures that allow
a conditional prediction of risks associated with
yield outcomes at some time in the future. In this
context, an important distinction is made between
observable conditioning factors relevant to risk at
the time decisions are made and other factors that
represent random components of risk. Cattle
feeding conditioning factors include variables that
are known to the feeder at the time cattle place-
ment decisions are made (e.g., placement weight,
date of placement, feeding location, gender of
animals, and feeder cattle prices). This research
constructs a model of overall fed cattle profit risks,
providing conditional forecasts of expected profits
and other random variables to assign a measure of
variability to these random outcomes. Within this
framework, a number of conditioning factors are
considered as well as several random factors
which influence profitability.

Models are estimated for production yield
variables that provide distributional properties

of production risk. The models condition per-
formance and risk measures on certain varia-
bles that can be controlled by cattle feeders,
such as date of placement on feed, cattle gen-
der, average placement weight, and feeding
location. By accounting for deterministic fac-
tors, estimates of the conditional mean and
variance of each variable are computed to de-
scribe the risks of cattle yields. This informa-
tion, as well as estimates of feed costs and fed
cattle prices, provides the basis for estimating
distributional characteristics of ex ante profits
from cattle feeding.

An extensive literature has examined models
of crop yield and price risk (see the survey of
Goodwin and Ker). Until recently, agricultural
insurance in the United States has been confined
to the coverage of crop yield risks. However,
the 2000 Agricultural Risk Protection Act man-
dated development of new insurance products,
including coverage for livestock. This impetus
heightened the importance of empirical research
addressing models of livestock yield risk. To
date, risk management instruments resulting
from this legislation have focused on price risk
and largely ignore risks associated with cattle
yields. For example, Hart, Babcock, and Hayes
developed livestock revenue insurance products
that protect against adverse swings in corn and
fed cattle prices, but spent little time discussing
production risk.

Cattle yield or feeding performance has been
considered in several empirical studies that fo-
cused on estimating the individual effects of
prices and yield factors on cattle feeding profits
(Schroeder et al.; Langemeier, Schroeder, and
Mintert; Lawrence, Wang, and Loy; and Mark,
Schroeder, and Jones). While these studies
generally found cattle and corn prices to be a
large contributor to cattle feeding profits, pro-
duction risk factors were found to vary based on
location and pen-level characteristics.

The risk associated with retaining ownership
during the feeding period has been evaluated by
White et al. and Wang et al., as well as Falconer,
Long, and McGrann. While Wang et al. account
for the distributional characteristics associated
with production and price risk components,
production components are not conditioned on
pen-level characteristics. This study, as well as
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the others previously mentioned, illuminates the
importance of this component. White et al. and
Wang et al. show that under certain instances it
might be advantageous to retain ownership
throughout the feeding period, making studies
that provide producers with more accurate de-
pictions of the ex ante risks of more importance.

Past studies have quantified aggregate de-
terminants of cattle feeding profit risk over long
periods of time. As such, results provide im-
portant information about relative importance of
factors contributing to cattle feeding net return
variability over time. However, past studies have
not developed models that at a point in time
provide ex ante expectations of cattle feeding
profit variability given information available at
placement. That is, when a cattle feeder places
cattle on feed at that point in time they make
several decisions that condition the expecta-
tion and the amount of risk they face associ-
ated with input and output prices and cattle
feeding performance. Conditioning variables
and their relative impacts on expected profit
and profit variability change with cattle place-
ment weight, cattle gender, feeding location at
any point in time. This study specifically de-
velops and estimates models that provide ex
ante profit and profit risk estimates for a pen of
cattle given conditioning factors present. As such,
the models estimated here provide the foun-
dation for generating expected profit outcomes
for a pen of cattle at placement conditioned on
placement weight, cattle gender, feeding loca-
tion, and expected market conditions.

Modeling Cattle Yields

Although several studies have included feed
conversion and average daily gain in profit vari-
ability modeling, health measures like mortality
losses and veterinary costs have not been ex-
plicitly considered. Further, joint models of the
overall determinants of profit risk of the type
applied in this study have not been evaluated in
other work. In this study, the overall performance
of a pen of cattle is measured by dry matter feed
conversion (DMFC), which is a ratio indicating
the amount of feed required per pound of weight
gain, average daily weight gain (ADG), veteri-
nary costs per head (VCPH), and the mortality

rate of each pen (MORT). Each of these variables
describes different aspects of overall cattle yields
and therefore cattle feeding yield risk.

To estimate the density associated with
various measures of cattle yields, models for
each measure must be specified to account for
deterministic factors (decision variables) in-
volved in cattle feeding. The underlying moti-
vation of these models is to derive conditional
probabilistic measures of the distributional
properties of yield factors. In deriving distri-
butional parameters, the proposed model al-
lows conditioning variables to influence the
mean and variance. The first step of the anal-
ysis involves identification of relevant condi-
tioning variables that may be associated with
risks of cattle production yield but are of a
deterministic nature. These conditioning vari-
ables need to be observable at the time relevant
production decisions are made or at the point in
time when an insurance contract or other risk
management instrument is offered (i.e., prior to
placement on feed). Conditioning variables
such as seasonal effects, pen characteristics,
and feedlot-specific fixed effects are included
in our empirical models for DMFC, ADG,
MORT, and VCPH. Seasonal effects, repre-
sented by the date the cattle were placed on
feed, account for some of the risks associated
with seasonal weather and other environmental
factors. Cattle characteristics, such as gender
and average placement weight, also represent
important conditioning factors relevant to
differences in yield for various pens of cat-
tle. Feedlot-specific characteristics affect risk
through differences in geographic location,
feedlot management practices, or the predom-
inance of certain breeds of cattle being fed at
different locations. Using measures of these
conditioning variables, the general forms of
each model for yield factors are:'

I'As we note below, these factors are certainly
interrelated and thus joint estimation may offer effi-
ciency gains. We parameterize this correlation struc-
ture subsequent to estimation and conduct risk
simulations using this parameterized correlation struc-
ture. We do not pursue joint estimation in light of the
complexity associated with censoring (in the mortality
case) and because of our desire to allow the variance
terms to depend on the conditioning factors.
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(1) DMFC = f,(gender, location, in-weight,
season)
(2) ADG = fy(gender, location, in-weight,
season)
(3) MORT = fi(gender, location, in-weight,
season)
(4) VCPH = f4(gender, location, in-weight,
season)

The conditioning variables in each model are:
gender, binary variables for steers, heifers, or
mixed sex; location, binary variables for feed-
lot location; in-weight, the average placement
weight; and season, binary variables deter-
mined by the placement month.?

We hypothesize that these conditioning
factors influence mean yields as well as the
conditional variability associated with each
yield measure. In the presence of hetero-
skedasticity, ordinary least squares estimates
will remain unbiased, but less efficient than
estimators that control for the influence of
independent variables on the variance. Fur-
thermore, in this study where we consider the
mean and variance associated with each risk
factor, accurately estimating the variance
associated with each set of independent vari-
ables is essential. In addition, allowing inde-
pendent variables to influence the variance
offers insights into how changes in placement
characteristics lead to more or less risk. Thus,
each regression is estimated using Harvey’s
multiplicative heteroskedasticity model (Har-
vey), which offers unbiased and efficient esti-
mates of the parameters with error terms that
are independently distributed. The model is
specified as

S y=x;Bte

where X; is the vector of pen-level condition-
ing variables and g;~ N (0,67). Specifically, x;
contains the individual characteristics of gen-
der, feedlot location, entry weight, and season
of placement used to explain risk associated

2Interaction terms, as well as a time trend, were
also included in initial regressions, but did not signif-
icantly alter the results or improve the model fit
substantially.

with each dependent variable (DMFC, ADG,
MORT, and VCPH). The conditional variance
is unique for each observation and is estimated
as

(6) o?=c’exp(zi0)

where o contains parameter estimates for each
explanatory variable that weigh each charac-
teristic by its effect on the individual variance
term and z; contains conditioning variables
that affect the variance. In this model, the var-
iables are the same as those contained in x;, but
without the intercept, which is captured by
the o® term.> Maximum likelihood estima-
tion is used to estimate Harvey’s model for
DMFC, ADG, and VCPH by specifying the
following log-likelihood function for the normal
distribution log L(B,0.6% ) = — n/2 log2m —

123" [In(c®) +zjof — 1/26*Y "

(v; — x} B)? /exp(z; o). Note that the variance is
no longer assumed to be constant across obser-
vations, but rather depends on the explanatory
variables, z;.

Not every pen of cattle in the data set re-
alized mortality losses, so the value for MORT
is censored at zero for approximately 46%
of the observations in the data. Therefore, the
multiplicative heteroskedasticity model for
MORT is estimated as a Tobit model. Ac-
counting for heteroskedasticity in the Tobit
model is particularly important, given that,
unlike ordinary least squares, Tobit estimates
are also biased when heteroskedasticity is not
accounted for in estimation (Hurd). In using
a Tobit model with multiplicative hetero-
skdasticity, the obtained estimates are unbi-
ased and more efficient than simple Tobit
estimators, when errors are heteroskdedastic.
Maximum Likelihood estimation is used to
estimate Harvey’s model for MORT by speci-
fying the log-likelihood function from the Tobit
model with multiplicative heteroskedasticity,
which can be written as

3 Note that a separate, additive intercept term can-
not be identified in this specification, since o is a
parameter that must be estimated.
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1
logL = V; -5 [logZTr + ln(cz) +zio
>0

(v; — x!B)> }

o - exp(zior)
* 2 o[ ()]

where @ is the normal CDF. The two parts of
the likelihood function correspond to Harvey’s
model for the nonlimit observations (i.e., those
with a positive death loss) and the relevant
probabilities for the limit observations (i.e.,
those with zero death loss), respectively.

From Equations (5) and (6), the expected
conditional mean and conditional variance of
each production yield variable can be calcu-
lated for each observation. These values pro-
vide a description of the risk associated with
each variable faced by cattle feeders at the time
cattle are placed on feed. These values can be
incorporated into an estimate of ex ante ex-
pected profits, which is also a function of ex-
pected means and expected variances for feed
costs and fed cattle prices, conditional on fac-
tors observable at the time the cattle are placed.
This provides both an estimate of the overall
expected variability in profits prior to placing
cattle on feed and the impact of individual
factors such as prices and yield on expected
profits and profit variability.

Data

The empirical analysis is applied to a compre-
hensive set of data collected from five cattle
feedlots located in Kansas and Nebraska. Pro-
prietary production and cost data were obtained
for 11,993 pens of cattle from 1995 to 2004.
Table 1 contains summary statistics for the data
sample. Dry matter feed conversion (DMFC)
measures the pounds of dry feed required per
pound of live weight gain and is calculated by
dividing total dry feed used by total weight
gained in the pen during the feeding cycle.
Average daily gain (ADG) captures the average
weight gain per head per day, which is calcu-
lated based on the difference between total
weight of the entire pen of cattle upon entry and
exit of the feedlot. Veterinary costs per head

(VCPH) are calculated by dividing the total
dollar amount spent on veterinary services and
medications by the number of head sold from
the pen. Mortality rate (MORT) is a percentage
calculated as the number of death losses during
the feeding period divided by the number of
head initially placed on feed. The size of a pen
of cattle averaged 134 head with an average
placement weight of 747.3 pounds and an av-
erage finished weight of 1,184 pounds. In-
Weight is measured as the average weight per
head in each pen upon placement on feed.* The
natural log of In-Weight is used in each of the
three models. To capture seasonal effects, place-
ment dates are measured using binary variables
denoting Winter, Spring, Summer, and Fall
placement.” Binary variables are also used to
differentiate pens by gender (Steers, Heifers,
Mixed) and feedlot location (KS and NE).

Estimation Results

Likelihood ratio tests were first conducted in
order to determine the appropriateness of
assuming multiplicative heteroskdasticity. In
order to conduct this test, we constructed a
restricted model where the conditional varia-
bles have no impact on variability, which can be
stated as oo = 0. Likelihood ratio test statistics
shown in Table 2 strongly support the hypoth-
esis that variability is impacted by the condi-
tioning variables.

The maximum likelihood estimates of pa-
rameters relating to DMFC, ADG, VCPH, and
MORT were determined assuming multiplica-
tive heteroskedasticity and running four indi-
vidual regressions. Following are results from
each production yield regression.

4Pens with average placement weights below
500 Ibs and above 1,000 lbs were excluded from
our sample since they were not found to align with the
vast majority of observations. Major differences in
these observations, relative to the rest of the data,
were found in the days on feed, mortality rates, pen
size, location, and season of placement. The elimi-
nation of these observations reduced the sample by
1.9%.

5Seasons are split into Winter (Dec—Feb), Spring
(Mar—May), Summer (Jun—Aug), and Fall (Sep—Nov).
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Table 1. Variable Descriptions and Summary Statistics

Variable Standard Minimum Maximum

Name Description Mean Deviation Value Value

DMFC Dry Matter Feed Conversion 6.21 0.72 4.39 23.84
(Ibs feed/lbs gain)

ADG Average Daily Gain (Ibs gain/day) 3.37 0.49 0.74 5.78

VCPH Veterinary Cost Per Head ($) 11.69 6.19 0.00 60.00

MORT Percentage of pen that die 0.92 1.52 0.00 25.83

In-Weight Average weight per head of cattle 747.28 95.35 500.00 1000.00
for the entire pen mesured
upon entrance (1bs)

OutWt Average weight per head of cattle for 1,183.83 90.75 910.00 1472.00
the entire pen measured upon exit (Ibs)

Winter Binary variable equal to 1 if entry was 0.25 0.43 0.00 1.00
between Dec—Feb

Spring Birnary variable equal to 1 if entry was 0.23 0.42 0.00 1.00
between Mar—May

Summer  Birnary variable equal to 1 if entry was 0.26 0.44 0.00 1.00
between Jun—Aug (base category)

Fall Birnary variable equal to 1 if entry was 0.25 0.43 0.00 1.00
between Sep—Nov

Steers Birnary variable equal to 1 if entire pen 0.53 0.50 0.00 1.00
of cattle were steers

Heifers Birnary variable equal to 1 if entire pen 0.36 0.48 0.00 1.00
of cattle were heifers (base category)

Mixed Binary variable equal to 1 if pen was 0.12 0.32 0.00 1.00
mixed gender

KS Binary variable equal to 1 if Kansas feedlot 0.80 0.40 0.00 1.00

NE Binary variable equal to 1 if Nebraska 0.20 0.40 0.00 1.00

feedlot (base category)

Note: Total sample size n = 11,993 pens of cattle.
Dry Matter Feed Conversion Model

Table 3 shows the maximum likelihood esti-
mation (MLE) results of Harvey’s model for
Equation (1). The use of MLE to obtain pa-
rameter estimates for DMFC requires the as-
sumption of a parametric distribution for the
error terms. After conditioning out the deter-
ministic factors, DFMC residuals appeared to
be most closely characterized by a log-normal
distribution. This is reflected in a substantial
degree of positive skewness in the distribution
of residuals from an initial regression of the
level of DFMC on the conditioning variables.
Therefore, a normal likelihood function is used,
where the dependent variable is the natural log
of DMFC.

The signs of the coefficients for Steers and
Mixed pens indicate that heifers have higher

DMFC rates than the other two types of pens.
This suggests that pens of all steers are 7%
more efficient at feed conversion overall than
heifer pens

Parameter estimates for the KS binary vari-
able indicate that DMFC is 13% lower for the
Kansas feedlots relative to the Nebraska feed-
lots, which is likely the result of different
management practices or environmental fac-
tors. Pens of cattle fed in Nebraska in our
sample typically have lower placement weights
and higher finished fed cattle weights, with an
additional 25 days on feed.

The coefficient for the log of In-Weight in-
dicates that a 10% increase in average In-
Weight, corresponds to a 2.0% increase in
DMFC. This finding is supported by previous
literature (Schroeder et al.; Mark, Schroeder,
and Jones), which suggests that heavier
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Table 2. Likelihood Ratio Test Results

Model DMFC ADG MORT VCPH
Unrestricted 12,102 —6,403 —17,959 —6,156
Restricted 11,834 —6,584 —18,268 —6,427
LR Statistic (df = 7) 536 363 624 541
P-value < 0.001 < 0.001 < 0.001 < 0.001

placement weight cattle have a higher DMFC
rate (i.e., they are less efficient at feed con-
version) than lighter-weight placed cattle.
Mark and Schroeder state that the optimal
cattle performance typically occurs within a
temperature range of 40—60°F. Temperatures
outside of this range reduce cattle feeding
performance. Specifically, higher temperatures
lead to decreased weight gain from lower feed
consumption, while colder temperatures in-
crease maintenance energy, leading to higher
conversion rates. Increased variability in
weather and precipitation can also reduce per-
formance. The coefficient for Winter is not sig-
nificantly different from Summer. Since both
months are outside of the range of optimal
feeding, cattle may realize similar feeding per-
formance in the hot summer as in the colder
winter in these climatic regions, although for
different reasons. Spring, which has average
monthly temperatures well within the range of
optimal feeding in this region, has a significant
negative coefficient. This implies that the same
pen of cattle started on feed in the spring, as
opposed to summer, is likely to experience
lower DMFC (i.e., the spring placed pen will be
more efficient at converting feed into weight
gain). Pens in this data set averaged nearly 129
days on feed, implying that most observations
straddle two different seasons. The parameter
estimate for Fall indicates that cattle entering
during fall are less efficient at feed conversion.
However, Fall placements are typically on feed
during fall and winter months, during which
extreme temperature and precipitation condi-
tions can occur in both Kansas and Nebraska.
This may cause DMFC to be higher than in any
other season.

Table 3 also includes the conditional vari-
ance MLE results for DMFC. Equation (6) de-
scribes the linear equation used to estimate these
variances by observation. The heteroskedasticity

parameter estimates offer insight into how con-
ditioning variables affect variance. The intercept
term can be directly interpreted as G, according
to Equation (6). Log(In-Weight) has a significant
positive correlation with higher variance in
DMFC, implying that heavier-weight placed
pens have more variable feed conversion rates.
More specifically, a one percentage point in-
crease in placement weight coincides with a
0.76% increase in variance.® Lighter-weight
placed pens are generally on feed for a longer
time period and, as such, they are more likely to
face both favorable and unfavorable growing
conditions that tend to offset each other. In
contrast, cattle that are on feed for short periods
of time (i.e., heavy-weight placements) might
enjoy a short period of favorable growing con-
ditions or a short period of very unfavorable
conditions and, as such, heavier-weight place-
ments realize greater DMFC variation over time.

Heteroskedastic parameter estimates offer
information into the effect of the variable
on conditional variance.” For example, the
parameter estimate for Steers implies a 7%
smaller conditional variance for steers relative to
heifers, while Mixed pens present the highest
variance by gender which may be because of
different steer-to-heifer proportions in these pens.
There is not a significant difference between
Winter and Summer, while Fall and Spring both

6 Given Equation (6) and that weight is in log form,
an elasticity, relative to placement weight, can be
directly interpreted from the conditional variance pa-
rameter since 967 /d(Log(weight))1/c? = o

7Evaluating the effect that a positive binary vari-
able, say X , has on the conditional variance for a
given observation with k parameters can be illustrated
with the followmg equation: G2 Xi=1 —o?|y X.=0
exp(Xjoq + -+ Xp jou_q) X [exp(oc) —1]. From this
equation, it can be shown that the difference in condi-
tional variance will be positive when oo > 0 and nega-
tive when o < 0.
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Table 3. Harvey’s Model Results for Log of Dry Matter Feed Conversion

Conditional Mean

Conditional Variance

Variables Parameter Estimate Standard Error Parameter Estimate Standard Error
Constant 0.6062%* 0.0449 0.0075%* 0.0020
Steers —0.0697%* 0.0018 —0.0733* 0.0211
Mixed —0.0262% 0.0035 0.4974%* 0.0260
KS —0.1228%* 0.0022 —0.1420%* 0.0260
Log(In-Weight) 0.2031%* 0.0069 0.7599%* 0.0809
Winter 0.0002 0.0024 0.0182 0.0249
Fall 0.0518%* 0.0026 0.3401* 0.0250
Spring —0.0163%* 0.0022 —0.3518% 0.0268
LL 12,102.0822

R-Square 0.3173

* Denotes estimate is statistically significant at the 5% level.

present significant differences in individual var-
iability when compared with Summer. Pens
placed in fall are associated with 34% more
variance than summer, which is largely due to the
occurrences of extreme weather in winter.

Average Daily Gain

Estimation results for the ADG equation are
shown in Table 4. Most of the parameter esti-
mates for ADG are consistent with, though with
an inverse sign, to the results contained within
the DMFC model. This is mostly explained by
the high degree of correlation between the two
variables. Parameter estimates indicate that
Steer pens gain weight faster than heifer pens
by 0.3 pounds per day, which is a 10% gain over
the average heifer pen. Placement weight is
positively correlated with ADG because heavier-
weight placements are quickly stepped up to
full-feed high energy feed rations (as opposed to
lower energy growing rations) when placed in a
feedlot. This result, combined with the higher
feed conversion rate of heavy-weight placed
pens, implies that pens with heavier placement
weights are fed significantly more feed per day
than those with lighter placement weights. Pens
placed in summer months have greater gains
than at any other time of the year (implying
these animals are typically finishing during the
late fall when climate in this region is generally
near ideal for cattle finishing). Each condition-
ing variable has a significant effect on both the
expected mean and variance of ADG.

Mortality Rate Model

Table 5 contains the MLE results for the model
described in Equation (3), where mortality rate
(MORT) is the dependent variable. Again, re-
call that the mortality rate is censored at zero,
with many pens realizing no death losses. The
coefficients for Steers and Mixed indicate that
both types of pens have higher mortality rates
than pens consisting of heifers only, by 0.15
and 0.44%, respectively.® The coefficient for
KS indicates that there is not a statistically
significant difference in mortality rates be-
tween Kansas and Nebraska feedlots. A one
percentage point increase in placement weight
is associated with a 0.03% decrease in the
mortality rate. Placement date does not appear
to have a statistically significant effect on ex-
pected mortality rate.

The conditional variance of MORT is de-
scribed by the heteroskedasticity parameters
also listed in Table 5. All the conditioning var-
iables in the model have a statistically signifi-
cant effect on the conditional variance of the
mortality rate. Pens consisting of steers only
have a negative impact on the conditional vari-
ance of the mortality rate, while pens of mixed
gender have a higher conditional variance when

8To interpret the marginal effects within the Tobit
model, parameter estimates must be multiplied by the
proportion of noncensored observations in the sample
(Greene, p. 766), which is 53.404% within this data
set.
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Table 4. Harvey’s Model Results for Average Daily Gain

Conditional Mean

Conditional Variance

Variables Parameter Estimate Standard Error Parameter Estimate Standard Error
Constant —2.9563%* 0.1940 0.0091%* 0.0029
Steers 0.3067* 0.0082 0.1031%* 0.0267
Mixed 0.1301%* 0.0136 0.3357* 0.0386
KS 0.1783%* 0.0099 —0.1377* 0.0310
Log(In-Weight) 0.9257* 0.0297 1.1614%* 0.0968
Winter —0.1759%* 0.0105 —0.1214%* 0.0329
Fall —0.2233%* 0.0113 0.2300* 0.0337
Spring —0.0476%* 0.0103 —0.2463* 0.0338
LL —6,402.6469

R-Square 0.2612

* Denotes estimate is statistically significant at the 5% level.

compared with pens of heifers only. The coef-
ficient for KS indicates that the conditional
variance of the mortality rate is higher for
Kansas feedlots, relative to Nebraska feedlots.
The conditional variance of mortality rate is
decreased by 1.5% as placement weight in-
creases by one percentage point. The seasonal
variables indicate a lower conditional variance
for winter and spring placement and a higher
variance of the mortality rate for fall placement,
as compared with summer placement.

Veterinary Costs Model

Table 6 shows MLE results for the conditional
mean model described by Equation (4), where
the dependent variable is veterinary costs per
head of cattle (VCPH). As with the DMFC

model, VCPH is estimated using the natural log
of VCPH as the dependent variable.

The coefficients for Steers and Mixed indicate
that VCPH are 5% and 21% higher, respectively,
as compared with pens of heifers. Higher steer
pen veterinary costs may be partly due to the fact
that steers are fed for an average of 4 days longer
than heifer pens. Alternatively, higher veterinary
costs may indicate poorer overall health of the
pens, since VCPH is a proxy for the general
health of a pen of cattle as demonstrated by steers
also having higher mortality rates than heifers. To
illustrate this magnitude, mixed pens average
$14.49 in veterinary costs per head, compared
with $11.81 and $10.97 for heifer and steer pens,
respectively.

Feedlots in Kansas have lower VCPH, as
compared with Nebraska feedlots. Lower

Table 5. Harvey’s Model Results for Mortality Rate

Conditional Mean

Conditional Variance

Variables Parameter Estimate Standard Error Parameter Estimate Standard Error
Constant 22.576%* 1.3099 270.3596* 127.2912
Steers 0.1456%* 0.0504 —0.0942%* 0.0422
Mixed 0.4370%* 0.1010 0.8180* 0.0609
KS —0.0992 0.0511 0.2320* 0.0484
Log(In-Weight) —3.3254%* 0.1996 —1.4961%* 0.1445
Winter 0.0896 0.0612 —0.2097* 0.0531
Fall 0.0629 0.0682 0.2348* 0.0525
Spring —0.0592 0.0610 —0.3528%* 0.0568
LL —17,956.0000

Psuedo R-Square 0.0401

* Denotes estimate is statistically significant at the 5% level.
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Table 6. Harvey’s Model Results for Log of Veterinary Costs per Head

Conditional Mean

Conditional Variance

Variables Parameter Estimate Standard Error Parameter Estimate Standard Error
Constant 10.5848%* 0.1878 5.0434%* 0.8630
Steers 0.0528%* 0.0089 —0.3581%* 0.0125
Mixed 0.2129% 0.0148 0.1887* 0.0279
KS —0.2099%* 0.0095 0.2323%* 0.0147
Log(In-Weight) —1.2233%* 0.0286 —0.7900%* 0.0511
Winter —0.0763* 0.0105 0.2317* 0.0144
Fall 0.0087 0.0106 0.3284* 0.0170
Spring —0.0732% 0.0103 0.0512%* 0.0158
LL —6,156.1681

R-Square 0.1861

* Denotes estimate is statistically significant at the 5% level.

spending on veterinary services per head may
be due to differences in management practices,
environmental factors, or a higher average of
days on feed in Nebraska feedlots. The coeffi-
cient for Log(In-Weight) indicates that in-
creasing placement weight by one percent leads
to a decrease in veterinary costs by 1.2%. This
is largely because pens with heavier placement
weights spend less time on feed and more
mature animals likely have more natural im-
munities. The coefficients of seasonal binary
variables for Winter and Spring indicate a
VCPH lower than summer placements by over
7%. The coefficient for Fall was not statisti-
cally different from Summer.

The heteroskedasticity parameters listed in
Table 6 describe the conditional variance of
VCPH. All the conditioning variables in the
model have a statistically significant effect on
the conditional variance of VCPH. Veterinary
services are used as a precautionary measure
through pretreating cattle and also are used in
reaction to disease or injuries during the feed-
ing cycle. Pens consisting of steers only have a
negative impact on the conditional variance of
VCPH, as compared with pens of heifers. The
coefficient for KS indicates that the conditional
variance of VCPH is higher for Kansas feed-
lots, relative to Nebraska feedlots. Similar to
the results for mortality rate, the conditional
variance of VCPH is lower for heavier place-
ment weight cattle, as indicated by the negative
coefficient for Log(In-Weight). The seasonal
variables indicate a higher conditional variance

for all placement dates, relative to summer
placement.

Profitability of Cattle Feeding

The conditional expected mean and variance
of each of the yield factors describes the dis-
tributional characteristics of DMFC, ADG,
MORT, and VCPH after accounting for infor-
mation known prior to placing cattle on feed.
These estimates can be combined with condi-
tional expected means and variances for corn
prices and fed cattle prices to characterize the
conditional profit risk of cattle feeding. By
analyzing profit risk in this manner, feedlot
owners and others with a financial interest in
cattle feeding can better understand not only
the overall profit risk they face, but also the
contributions of individual yield and price
volatilities to that risk. Each of these individual
sources of risk is potentially related to the
others, such that any consideration of overall
profit risk must consider the correlation struc-
ture inherent in the different risk factors. Al-
though the conditional mean and variance
equations were estimated individually, we es-
timated the correlation structure by consider-
ing the correlation among residuals from the
estimated equations. In the risk simulations
which follow below, we assume that the cross-
equation correlation coefficients are constant at
the values implied by the estimation sample. Thus,
we alter the off-diagonal covariance terms in
our simulations as the conditional variance
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terms change in a manner that holds the cor-
relation coefficient constant.’

In order to model profit risk, a profit func-
tion must be used that accounts for the revenue
and costs specific to cattle feeding. The ex-
pression for ex ante profits on a per head basis
is II=7TR—- FDRC —-YC —-FC —-VC - IC,
where IT is per head profits, 7R is total revenue
per head from cattle feeding, FDRC is the per
head costs of purchasing feeder cattle, YC is the
per head fixed cost (yardage cost) of feeding
cattle, F'C is the per head feed cost, VC is per
head costs associated with veterinary care, and
IC is an interest cost. 7R is defined as 7R =
FP x CSW x (1 — MORT) x (0.96), where
FP is the price per hundred weight ($/cwt) of
fed cattle and CSW s the average sale weight of
the finished cattle, which is estimated based on
CSW = CPW + (ADG x DOF), where CPW
is the average weight of the feeder cattle at
placement and DOF is the number of days the
pen of cattle is in the feedlot. 7R is adjusted for
death loss using the MORT variable and a
standard 4% live-weight shrinkage factor is
applied to reflect the expected loss in weight
during transport from the feedlot to the packing
plant. Sell weight is a function of a random
performance variable (ADG) and therefore is not
fixed. While expected days on feed is a direct
input into the simulation, sell weight is deter-
mined by the average weight upon entry, random
variable ADG, and the length of time on feed.

FDRC is defined as FDRC = FRP x CPW,
where FRP is the price per hundred weight of
feeder cattle. YC is defined as YC = (0.40) x
DOF where $0.40 is a typical per head day cost
for feedlots in Kansas and Nebraska. FC is de-
fined as FC=CP x 1/56 x {DMFC/0.88 x
ADG x DOF}, where CP is the price per bushel
of corn and is divided by 56 to convert this price

9The Pearson correlation coefficient is given by
the ratio of the covariance to the product of the
standard deviations. Thus, as the conditional variances
(and thus standard deviations) change, the implied
covariance terms are scaled to maintain constant cor-
relation. This has the added advantage of maintaining a
positive semidefinite conditional covariance matrix.
Of course, it would be preferable to parameterize the
entire covariance structure and allow all terms to vary
with conditioning factors.
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into a per pound basis. Further, dry feed is mul-
tiplied by the corn-based feed ration, which is
assumed to be 12% moisture. DMFC is adjusted
to reflect the feed conversion rate that is based on
the total amount of feed that is offered to the pen
of cattle. IC is defined as IC = {1/2[YC + FC +
VC] + FDRC} x DOF x IR/365, where IR is
the interest rate. This expression assumes that an
interest charge is applied to the full amount of the
feeder cattle cost, FRC, and half the total cost of
yardage, feed, and veterinary fees. This assump-
tion is based on the need to purchase feed
throughout the feeding period, while the feeder
cattle must be entirely purchased at the beginning
of the feeding period.

Within the context of our yield model for
cattle feeding, six random variables are relevant
as sources of profit risk. The four yield variables,
DMFC, ADG, MORT, and VCPH, are modeled
using the conditional mean and heteroskedasticity
models discussed above. Unique pen charac-
teristics define an expected mean and variance,
which are then parameters of a normal distri-
bution. Draws are then taken from these dis-
tributions to simulate realizations of the yield
variables, taking into account the correlation
structure. The other two relevant random vari-
ables are the expected values and variability of
feed prices and the price of the finished com-
modity, fed cattle. Measures of the expected
futures price of corn (an important indicator of
feed prices) and fed cattle prices are available
in futures markets. In addition, options con-
tracts offer market-based measures of the con-
ditional variability of expected future prices.
Therefore, the futures and options contracts cor-
responding to the placement and finishing dates
for a pen of cattle are used in the profit model
simulations.

The standard Black-Scholes assumption of
log-normality is used to derive distributional
aspects of corn and fed cattle prices from the
implied volatilities taken from options markets.
The models of the four random yield variables,
taken together with the log-normally distrib-
uted corn and fed cattle prices, allow us to
derive an expression for the expected level of
profits associated with any particular place-
ment. The profit estimates are conditioned on
the conditioning factors relevant to the yield
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factors as well as on expected corn and fed cattle
prices. The expected prices are represented by
the futures price of the contract corresponding to
the feeding period being considered. The ex-
pected mean of profits is a function of the var-
iables described in the profit function, while the
expected variance of profits is a function of the
implied volatility of fed cattle and corn prices,
and the variance of DMFC, ADG, MORT, and
VCPH.

Simulations of profitability risk are con-
ducted based upon the six-variable risk model.
For a given set of conditioning variables, the
conditional heteroskedasticity models are used
to predict the conditional distributional char-
acteristics associated with each yield factor.
Although the variance terms are allowed to
vary with the conditioning factors, the covari-
ance terms are held fixed at the values implied
by residuals resulting from model estimates.
Zero correlation is assumed between the four
pen-level yield factors and the corn and fed
cattle prices. The correlation between the pri-
ces for corn and fed cattle is set to —0.16408,
based on daily cash prices from 1980-2005. It
is well-recognized that rank correlation is pre-
served by any monotonic transformation of
random variables. Therefore, draws from a
multivariate normal distribution can be used to
generate correlated values with means and
variances specified by the modeling framework
with different marginal distributions for each of
the six random variables. Simulation of the four
yield factors proceded following the method
proposed by Fackler. For each realization of
correlated variables, a profit realization is cal-
culated. From a large number of simulated
profit realizations (100,000 correlated random
draws are used from the six variable system), it
is possible to assess the distributional properties
associated with expected profits. This process
maintains the correlation structure inherent in
the yield factors. For example, the simulation
structure maintains the highly correlated rela-
tionship between MORT and VCPH, as well as
DMFC and ADG.

Distributions for profit per head are simu-
lated using the following scenario: a pen of
steers placed on feed in a Kansas feedlot on
May 20, 2008. The average placement weight
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of the pen is 750 pounds and the estimated
number of days on feed for this pen 150 days.!°
The feeder cattle price used in the simulation is
assumed to be $107/cwt, while the expected fed
cattle price ($105.28/cwt) and expected corn
price ($6.02/bu) were taken from futures con-
tract prices for the contract ending October
2008 and September 2008, respectively (both
adjusted for local basis using a three-year his-
torical average for that time period). The Oc-
tober contract date was used for fed cattle to
reflect the expected selling date, assuming that
the cattle are fed for five months. Since the feed
cost is incurred throughout the five month pe-
riod, the September corn contract is used as a
proxy for the average price of corn over the
entire feeding period. The annual interest rate
was assumed to be 8.0%. The sample mean of
each conditioning variable is used in the yield
models to obtain an expected mean and vari-
ance for DMFC, ADG, MORT, and VCPH.

To illustrate the effect on profit per head from
changes in the variability of fed cattle prices,
four separate simulations were run within the
profit model. The four simulations reflect a high,
average, and low risk scenario for fed cattle
prices, as well as full price protection through the
use of forward contacts. The high risk scenario
was based on simulated prices with the implied
volatility set to 30%. The low risk scenario was
based on a volatility of 20% and the base level of
volatility scenario was 27%, based on options
premium rates. The forward contract scenario
eliminates cattle price variability, making im-
plied volatility equal to zero. Figure 2 illustrates
the four simulations for fed cattle prices, while
holding corn price at its base volatility level of
32% and holding everything else equal.

The simulation results indicate that increases
in the live cattle price variance leads to a sig-
nificantly wider distribution of profits. It is also
notable that the recent increases in corn futures

10'While factors such as placement weight, sex, and
feedlot location are known exactly at the time the
cattle are placed in a feedlot, the total number of days
the cattle will be on feed is an estimate. However, days
on feed usually varies by less than 14 days, so it is
considered to be a conditioning variable for the pur-
poses of this simulation.
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Figure 2. Conditional Profits per Head Dis-
tribution with Varying Levels of Live Cattle
Price Volatility

and implied volatility has resulted in a wider
distribution of profits for all volatility levels
associated with fed cattle prices. The mean
values of profit per head remained mostly un-
affected by live cattle price variability. However,
the standard deviation of profit was significantly
increased. In this particular simulation, the high
and low risk scenarios for live cattle prices
changed the first quartile of profits by $96.10
per head. While profits per head rested just
above $38 per head for each simulation, profit
losses are highly probable.

The distribution associated with forward
contracts shows the amount of risk that can be
eliminated under this type of risk management
strategy. However, it is also notable that the
remaining variability is directly caused by
variation in corn price and production. In light
of the current situation for livestock producers,
where prices are highly volatile, information
regarding the distributional characteristics of
profits under different scenarios is very impor-
tant when making risk management decisions.
Furthermore, understanding the amount of risk
that remains in production allows producers to
weigh the benefits of current risk management
tools. In addition, we have identified condi-
tioning variables that can be used to help re-
duce risk for cattle producers, which may be of
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particular interest to those who might be more
risk averse.

An important component of this model is
the assumption that yield factors are randomly
determined, not fixed. To illustrate the impor-
tance of accounting for variability in yield
factors, another set of simulations were run
using various scenarios for average daily gain
variability. In particular, a pen with similar
characteristics to the one described above was
compared with two pens that have different
levels of ADG. Specifically, ADG was in-
creased and decreased by one standard devia-
tion, based on the estimated conditional mean
of ADG. The results of these simulations are
compared in Figure 3. Under this scenario both
variance and mean profits change as the mean
of ADG is increased. Profits increase from
higher ADG because the pen is adding weight
at a faster pace. Additionally, as ADG is in-
creased, its variability plays a larger role in
profit variability, making overall profits more
widely distributed. Both of these factors account
for the difference of $13.42 in the first quartile
of profits between the high and low ADG
simulations. Additionally, the mean of profits
per head changed by $48.46 under the same
scenarios as previously mentioned. This par-
ticular simulation brings to light the change in

r T T T T T 1
-600 -400 -200 0 200 400 600

Profit per Head ($)

Figure 3. Conditional Profits per Head Dis-
tribution with Varying Levels of Mean ADG
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profits that results from a pen of cattle with a
higher ADG. More importantly, variables such
as ADG have a significant impact on profits.

Conclusions

Developing efficient risk management strate-
gies in fed cattle production requires careful
consideration of the effects on profitability risk
of not only input and output prices, but also
cattle feeding yields. While other studies of
cattle feeding profitability have used average
daily gain and feed conversion as measures of
yield, this study also explicitly considers the
effects of overall cattle health on yield, using a
comprehensive data set from cattle feedlots in
Kansas and Nebraska.

Multiplicative heteroskedasticity models
were estimated for each of the four yield
measures; DMFC, ADG, MORT, and VCPH.
Each model was constructed using condition-
ing variables, which reflect information known
to a cattle feeder prior to placement of a pen of
cattle on feed. The model estimates provide
insight into the relative impact of the condi-
tional variables on both the expected mean and
variance of each measure of yield. This strategy
for modeling cattle yields captures production
variability by describing yield characteristics as
conditional random variables, as opposed to
using only an expected value for each. This
allows us to model conditional profits by taking
into account both risks arising from price and
production variability.

Results of the DMFC model indicate sta-
tistically significant differences between gen-
der, season, and feedlot location on feeding
efficiency. Heavier weight cattle are less effi-
cient at feed conversion than lighter weight
cattle. In spite of this higher feed conversion,
heavier weight placed pens gain more weight
per day. Additionally, all conditioning variables
significantly influence both the mean and var-
iance of ADG. Pens with heavier placement
weight tend to have fewer health problems and
medication costs than pens placed at lighter
weight.

Profit risk is impacted by fed cattle prices,
feed costs, and yields. Therefore, to arrive at an
ex ante estimate of the distribution of profits,
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the profit risk model must include all these
sources of risk. Initial simulations using high
and low variability in fed cattle prices indicate
that fed cattle prices have a large impact on
the overall variability of profit per head. Ad-
ditionally, production factors such as ADG
significantly alter the conditional mean and
variability of profits.

[Received May 2008; Accepted October 2008.]
References

Fackler, PL. “Modeling Interdependence: An Ap-
proach to Simulation and Elicitation.” American
Journal of Agricultural Economics 73(1991):
1091-97.

Falconer, L.L., C.R. Long, and J.M. McGrann. “A
Decision Support Aid for Beef Cattle Invest-
ment Using Expert Systems.” Journal of Agri-
cultural and Applied Economics 28(1996):
180-92.

Goodwin, B.K., and A.P. Ker. “Modeling Price
and Yield Risk.” A Comprehensive Assessment
of the Role of Risk in U.S. Agriculture. R.E. Just
and R.D. Pope, eds. Boston: Kluwer Academic
Press, 2002, pp. 289-323.

Greene, W.H. Econometric Analysis. 5th ed.
Englewood Cliffs, NJ: Pearson Education Inc.,
2003.

Hart, C.E., B.A. Babcock, and D.J. Hayes.
“Livestock Revenue Insurance.” Journal of
Futures Markets 21(2001):553-80.

Harvey, A.C. “Estimating Regression Models
with Multiplicative Heteroscedasticity.” Econ-
ometrica 44(1976):461-65.

Hurd, M. “Estimation in Truncated Samples
When There is Heteroskedasticity.” Journal of
Econometrics 11(1979):247-58.

Jones, R. KSU Farm Management Update. Kan-
sas State University Research and Extension.
Internet site: http://www.agmanager.info/
livestock/marketing/management/previous/
1Imud03-04.pdf (Accessed March 15, 2004).

Langemeier, M.R., T.C. Schroeder, and J. Mintert.
“Determinants of Cattle Finishing Profitabil-
ity.” Southern Journal of Agricultural Eco-
nomics 24(1992):41-48.

Lawrence, J.D., Z. Wang, and D. Loy. “Elements
of Cattle Feeding Profitability in Midwest
Feedlots. Journal of Agricultural and Applied
Economics 31(1999):349-57.

Mark, D.R., and T.C. Schroeder. Effects of Weather
on Average Daily Gain and Profitability.



Belasco et al.: Probabilistic Models for Fed Cattle Production 105

Cattlemen’s Day Report of Progress No. 890,
Kansas Agricultural Experiment Station, March
2002.

Mark, D.R., T.C. Schroeder, and R. Jones.
“Identifying Economic Risk in Cattle Feeding.”
Journal of Agribusiness 18(2000):331-44.

Schroeder, T.C., M.L. Albright, M.R. Lange-
meier, and J. Mintert. “Factors Affecting Cattle
Feeding Profitability.” Journal of the American
Society of Farm Managers and Rural Ap-
praisers 57(1993):48-54.

White, B.J., J.A. Anderson, W.B. Mckinley, and J.

Parish. “Factor Price Disparity and Retained
Ownership of Feeder Cattle: An Application of
Feedlot and Carcass Performance Data to Farm-
Level Decision Making.” Journal of Agricul-
tural and Applied Economics 39(2007):87—-101.

Wang, X., J.LH. Dorfman, J. McKissick, and S.C.

Turner. “Optimal Marketing Decisions for
Feeder Cattle under Price and Production
Risk.” Journal of Agricultural and Applied
Economics 33(2001):431-43.



