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RANGE COW CULLING:

HERD PERFORMANCE

Russell Tronstad,1 Russell Gum,2

Don Ray,3 and Richard Rice 4

This article is the first in a series of three
articles on range cow culling.  The focus
of this article is biological performance
related to fertility, calf weight, and cull
cow weight.  The second article will
focus on price relationships, while the
last article will incorporate both biologi-
cal and market considerations to
present a framework for increasing
profits through better culling decisions.

Biological factors determine a cow’s
ability to produce marketable products,
specifically calves and salvage value as
slaughter cows.  Performance measures
for one ranch’s herd in Arizona are
presented below.  Estimates of fertility,
calf weights and slaughter cow weights
were made from the herd’s individual
cow records for the years, 1982 to 1989.
The results presented below represent
an average expected performance for
this herd and should be compared to the
performance of your herd.

FERTILITY

Fertility encompasses three basic
stages before a marketable product is
obtained from cow-calf operations.
These stages are:  1) conception, 2)
calving, and 3) survival of calves until
weaning.  Fertility percentages for each

of these three stages can be calculated
for different classes and ages of cows if
records are kept on individual cows.
These three percentages multiplied by
each other give the “marketable
fertility.”  For example, if 85% of the
cows in a particular class conceived,
96% of those that conceived had live
calves, and 98% of these cows had a
live calf at weaning, your marketable
fertility for this class of cows would be
80% (i.e., .85 x .96 x .98 = .80).  Simply
stated, 80% of all the cows in this class
produced a marketable calf.

What determines fertility?  Some of the
major factors are:  each cow’s indi-
vidual genetic make-up, body condition,
and age.  The genetic make-up of your
herd can be changed by the selection
of replacement cows but is fixed for the
year once you have selected the
replacements.  Cow body condition on
the range is influenced by weather
fluctuations and forage availability.
Because the weather cannot be
controlled, supplementing range forage
with minerals and/or nutrients may be a
wise investment during periods of poor
forage availability resulting in improved
cow condition and subsequent im-
proved fertility.

As a cow gets older, condition and
associated fertility are likely to deterio-
rate from age factors rather than forage
factors.  The chance that a cow will die
within the next year or become physi-
cally unable to produce another calf is
related to the cow’s age.  These
probabilities are very influential in the
decision of whether to keep or cull a
range cow since a cow that dies on the
range will bring nothing for “salvage”
whereas an older cow that makes it to
slaughter will generally bring $400 or
better.  Also, older cows that become
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physically unsound tend to have rela-
tively light weights and no sale calf at
their side when culled.

The conception rate for the Arizona herd
analyzed was calculated for cows that
were open with a calf at side and open
without a suckling calf at their side.
Since the reproductive history and
nutrition requirements are different for
these two groups of open cows, their
conception rates are likely to differ too.
To determine fertility rates, calving and
weaning records were used, after the
fact, to determine which cows had
become pregnant.  Cow and calf
records were linked and sorted by cow
tattoo and year.  Cows recorded as
having a newborn calf (live or dead) in
the spring or sale calf in the fall, obvi-
ously had to have been pregnant in the

previous fall.  Cows that were kept in
the herd and had no calf show up the
following year were obviously open in
the fall.  Cows that were sold because
they were simply open or lost their calf
were treated as open cows fit to breed
again.  Cows that were sold because of
bad udder, structural unsoundness,
and/or cancer eye were classed in the
category of physically unfit to breed.
The “dead category” included cows that
were recorded as dying or cows that
disappeared from the herd.

Figure 1 is a flow chart illustration of
how the estimated calving rates (Table
1) and fertility estimates for open cows
(Tables 2 and 3) fit into the fall-spring
cycle.  The Arizona ranch operation
analyzed only considered spring
calving so that cows which were open
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Figure 1.   Flow Chart of Herd Fertility.
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in the fall would still be open the
following spring.  Cows that were
pregnant in the fall could have either a
live or dead newborn calf in the spring.
For example, if a cow is 5.5 years old
and pregnant, results indicate that this
cow has a 3.53% chance of losing her
calf and a 96.47% chance of having a
live calf (see Table 1).  Because future
calving records were used to determine
which cows were pregnant, no cows
were classed in a pregnant to “dead
cow category.”  All the cow deaths are
accounted for in an open to dead cow
category.

Table 3.  Estimated Fertility of Open Cows with No Calf by Age.

Cow Age (year) 3 4 5 6 7 8 9 10 11 12 13

%

Open to Pregnant 70.99 69.26 67.03 64.41 61.52 58.49 55.44 52.49 49.75 47.36 45.43

Open to Open 25.09 24.09 23.08 22.08 21.08 20.08 19.07 18.07 17.07 16.07 15.07

Open to Cull (unsound) 3.32 5.58 8.21 11.09 14.10 17.13 20.04 22.72 25.05 26.90 28.15

Open to Cow Dies 0.60 1.07 1.68 2.42 3.29 4.30 5.44 6.71 8.12 9.67 11.35

Table 2 gives the fertility estimates for
open cows with a calf at their side.
These cows could:  1) remain open, 2)
become pregnant (determined by
future calving records), 3) become
physically unfit to breed, or 4) die.
Results show that death and cull rates
increase quite sharply for cows greater
than eight years of age while the rate
of pregnancy drops.  The rate for open
cows with a calf at side to stay open
(structurally sound) was found to
remain constant with age and esti-
mated at 14.59%.

Table 2.  Estimate Fertility of Open Cows with Calf by Age.

Cow Age (year) 3 4 5 6 7 8 9 10 11 12 13

%

Newborn calf at side to Pregnant 81.95 80.80 79.33 77.52 75.39 72.94 70.15 67.04 63.59 59.83 55.73

Newborn calf at side to Open 14.59 14.59 14.59 14.59 14.59 14.59 14.59 14.59 14.59 14.59 14.59

Newborn calf at side to Cull (unsound) 1.40 1.86 2.65 3.77 5.21 6.98 9.08 11.51 14.26 17.35 20.76

Newborn calf at side to Cow Died 2.06 2.75 3.43 4.12 4.81 5.49 6.18 6.87 7.55 8.24 8.93

Table 1.  Calving Rates for Pregnant Cows by Age.

Cow Age (year) 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5

%

Pregnant to No Calf 2.17 2.78 3.23 3.53 3.68 3.68 3.52 3.22 2.76 2.15 1.39 0.48

Pregnant to live Newborn Calf 97.83 97.22 96.77 96.47 96.32 96.32 96.48 96.78 97.24 97.85 98.61 99.52
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without calves have higher fertility levels
than cows with suckling calves.

WEIGHT PERFORMANCE

Since cattle are sold by weight, it is
fertility, calf weight and cow weight when
culled that determine total production.
Weight performance from the cow
comes from its annual calf weaning
weight and its own weight when sold for
slaughter.  Although the cow herd is not
sold on an annual basis like the calf
crop, cow weight is an important consid-
eration for the culling decision since a
cow losing weight is equivalent to losing
production and a cow gaining weight is

equivalent to increasing
production.

Figure 2 gives the estimated
May and October cow
weights as well as the eight
month calf weight, all esti-
mated as a function of cow
age.  As expected, calves
from the youngest and oldest
cows are lighter than calves
from cows in their prime age.
Estimated calf weights start
out at 470 lbs. for heifers that
calve when they are three,
reach a maximum of 508 lbs.
for seven year old cows, and
drop off to 431 lbs. for 13
year old cows.   Although the
expected differential between
the “largest” and “smallest”
calf may seem small at only
77 lbs., this is about a 15%
reduction in gross sale
receipts that translates to a
much higher percentage
reduction in profit.  Calf
weight is obviously influ-
enced by other factors that
are hereditary and related to
cow-calf nutrition and range
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Figure 2.  Estimated May and October Cow Weights
and Eight Month Calf Weights, all as a

Function of Cow Age.

Fertility estimates for open cows with
no calf at their side are given in Table
3.   As shown in Figure 1, these cows
could have either lost their calf in the
spring or have been open in the
previous fall.  Similar to the open cows
with a calf at their side, these cows
could go into the four categories of 1)
open, 2) pregnant, 3) physically unfit to
breed, or 4) or dead cow.   Fertility
estimates in Tables 2 and 3 indicate
that cows with no calf at their side have
a higher chance of failing to conceive
than cows that have a suckling calf at
their side.  Our results are based on
data from years with good forage
production on the ranch used for the
analysis.  Other studies have shown
that in periods of nutritional stress cows
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conditions.  However, the linkage of calf
weight to cow age is especially impor-
tant to the culling decision since a cow
retained in the herd becomes one year
older while her genetic make-up
remains the same.

Figure 2 shows that May cow weights
are greater than October cow weights
with the greatest weight differential
occurring for cows that are between 6
and 10 years of age.  These weights
reflect that for the ranch used as the
basis for this analysis, good winter
forage was available.  After cows attain
their maximum weight at around 8
years of age (1192 and 1143 pounds
for May and October, respectively),
weights drop off about 10 lbs. a year
until they are 10 and then drop off
nearly 30 lbs. a year after that.  One
needs to consider both the lower
slaughter weight for culls and a lower
weaning weight when keeping an older
cow one more year.  Conversely, a
young cow will generally increase its
own weight and calf weaning weight if
kept for another year.  However, more

nutrients are generally required for
cows carrying their first calf to obtain
this growth.  All these considerations
influence the economic decision of
whether one should keep or cull a
range cow.

Because range, breeding stock, and
environment are different for most
Arizona ranches, herd fertility and
weight performance will vary from
ranch to ranch.  This variation indicates
that your ranch needs to keep good
fertility and weight records so that you
can make accurate culling decisions on
every cow in your herd.  If you don’t
know the performance characteristics
of cows in your herd by age class
perhaps its time to consider improve-
ments in your record keeping system.
The next article in this series will focus
more on the economics of the culling
decision by looking at market prices.
Specifically, current market prices for
replacement stock, cull cows, and
calves plus the likelihood of increases
or decreases in these price relation-
ships are explored in the next article.

Department of Agricultural Economics
Department of Animal Science
College of Agriculture
The University of Arizona
Tucson, Arizona  85721

1, 2
3, 4
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ranches in the state.  A rancher will
receive whatever price the going
market rate is at the time livestock are
sold or bought.  Subsequently, timing in
relation to market prices is very crucial
to the culling decision.  The three
market prices of 1) feeder calves, 2)
replacement heifers, and 3) slaughter
cows are all inter-related and vitally
important to the economics of the
culling decision.

If culling decisions are made in the fall
for a spring calving operation, feeder
calf prices may be overlooked as an
unimportant market factor.  Another
year will pass before either the current
cow or replacement will have a calf for
sale, but there is a substantial associa-
tion of the feeder calf price level from
one year to the next. This is why one
should not ignore current calf prices as
being important for the culling decision.

Ranches that raise their own replace-
ment stock sometimes overlook re-
placement prices as being an important
market consideration for their culling
decisions.  But even if one raises their
own replacement stock for feed costs
that add up to only half the value of the
current market price for replacement
heifers, current replacement prices
(minus any transportation and selling
costs) should be utilized as the cost for
bringing a heifer into the herd.  If one
can sell a bred replacement heifer for
$650, even though you may only have
$450 of total costs into raising the
heifer, the cost of bringing the heifer
into the herd is $650.  ($450 in costs
and $200 in forgone profits if the animal
is not sold)

Slaughter prices directly enter the
decision of whether to cull since a cow
culled will be sold for the going market

MARKET IMPACTS ON

CULLING DECISIONS

Russell Tronstad
and  Russell Gum

Biological considerations determine the
quantity of product that will reach the
market, but economic considerations,
particularly market prices and supple-
mental feed costs need to be combined
with biological performance to deter-
mine the bottom line of profitability for a
culling strategy.  (See previous article
for a discussion of biological perfor-
mance.)  This article will concentrate on
market considerations and profitability
of culling strategies.  The next article
will conclude with our recommenda-
tions of optimal culling strategies.

MARKET PRICES AND THE
CULLING DECISION

The culling decision has long-term
consequences.  Each replacement
heifer you buy or raise this year will,
hopefully, remain productive for at least
five years. This lengthy time span
complicates calculating the productivity
of an existing cow in the herd versus a
replacement.  In addition to the uncer-
tainty involved with future production,
uncertainty exists about future prices.

Each individual rancher is a “price
taker.”  That is, an individual rancher
cannot have any noticeable impact on
total livestock supply available or price,
even if they are one of the largest

1
2
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slaughter price.  If slaughter prices are
high while replacement prices are
relatively low, replacing marginal older
cows will be more economical (buy low
and sell high).  Conversely, if replace-
ment prices are high and slaughter
prices are relatively low, keeping
marginal older cows will be more
economical (don’t buy high and sell
low).  It is not just market prices that
need to be considered.  Since the value
of a cull cow is weight times price,
market prices need to be considered
jointly with weight performance.  (See
the previous article for a discussion of
biological performance.)

If ranchers were able to accurately
predict future prices it would be a
relatively simple exercise to evaluate
alternative culling strategies.  However,
ranchers  aren’t the only individuals that
have trouble predicting prices.  Ag
economists have problems predicting
prices as well.  One reasonable ap-
proach to get around the problem of not
being able to predict distant future
prices exactly, is to calculate the
probabilities associated with ranges of
future price movements from one
period to the next.  These price move-
ment probabilities can then be utilized
in conjunction with current price levels
to evaluate alternative culling strate-

gies.  The results are based most
heavily on nearest price movements
plus the more distant or average
consequences expected over a number
of years.

These probabilities of future price
movements can be calculated from the
behavior of past prices.  Long-term
price levels for calves, calculated as an
average of steer and heifer calf prices,
and bred replacement heifer prices are
shown in Tables 1 and 2.  Table 1
shows the percent of the time various
price level combinations have occurred
for November while Table 2 presents
comparable information for May.  For
example, the historical probability of
November calf prices being above
100$/cwt. and replacement prices
being above  805 $/head is just over
2% (the bottom right entry in the Table
1).  The same value for May prices is
over 3% reflecting the normally higher
spring calf prices.  Over time these
probabilities have been observed to
follow predictable patterns that are
highly dependent upon the level of
current prices.  It is the prediction of the
probabilities of price movements from a
current price level which is useful for
evaluating culling strategies.  For
example, consider the following situa-
tion:

Table 1.  Long-Term Probability Price Levels for November.
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It is May, and  we are interested in
predicting next fall’s calf and replace-
ment prices. The current calf price is 95
$/cwt. and the current replacement
price for a bred heifer is 750 $/head.
Our calculations, based on the behavior
of prices over previous years, lead to
the probabilities of  price movements as
shown in Table 6, panel 4.  The prob-
ability of the calf price staying in the 90
to 100 $/cwt. range and the replace-
ment price staying in the 695 to 805 $/
head range is .1162 (a bit better than
11 chances in 100).   The probabilities
of the calf price increasing to the more
than 100 $/cwt. range and the replace-
ment price decreasing to the 585 to 645
$/head range is only  .0003 (3 chances
in 10,000) .  The probability of both
decreasing is much higher, .3797,
reflecting the fact that calf and replace-
ment prices almost always move
together and that calf prices are
generally lower in the fall than spring.

In order to predict future price move-
ments for all ranges of calf and replace-
ment prices, 25  probability tables were
calculated for the at May to November
price movements and another 25 for
the at November to May price move-
ments (Tables 8-12). Besides being
necessary to evaluate culling strategies
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Table 2.  Long-Term Probability Price Levels for May.

these probability tables provide useful
insights into price movements for
calves and replacements.

Cull cow prices are also important to
the culling decision.  But cull cow prices
are highly related to calf and replace-
ment prices since an existing cow in the
herd has value for either slaughter or
replacement stock.  Thus, this relation-
ship was exploited for deriving optimal
culling decisions — and is why we have
focused on just calf and replacement
prices in this article.

FEEDING COSTS

Costs directly determine the bottom line
of profitability for an operation.  Feed
costs are generally the largest expense
item for a ranching operation, assuming
that land costs are considered in the
feeding cost calculations.  Veterinary,
livestock hauling, and marketing costs
also affect profits, but are generally
much smaller in magnitude. Because
the nutrition requirements of young
cows, especially those with their first
calf, is greater than more mature cows,
feed costs directly influence the eco-
nomics of the culling decision.
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change much, if any, since the cost of
feeding a replacement will be relatively
high (low) if the cost of feeding an older
cow is high (low).  The differential in
feed costs for a replacement versus an
older cow is the most crucial cost figure
in the culling decision.  For example, if
the annual feed costs for a replacement
are $50/head more than for an older
cow, versus say $10/head more, the
rancher with a $50/head feed differen-
tial is much more likely to keep older
cows than one with a $10/head differ-
ential.

CONCLUSION

The price probability predictions
presented in Tables 1 through 12
describe a small part of the market
analysis necessary to evaluate culling
strategies.  These tables also are
useful for predicting price movements
for other purposes as well. The varia-
tion in cost for different ages of cows is
also critical to evaluating culling strate-
gies. The next article in the culling
series puts all the pieces together, herd
performance, market prices, and costs
and present our recommendations of
an optimal culling strategy for a reason-
ably typical Arizona ranch.

Although you may be able to buy a
replacement heifer for almost the same
amount that you can get in salvage
value for an older cow, a differential in
feeding costs for the replacement
versus the older cow in the subsequent
year(s) may be enough to make it more
profitable to keep the older cow for
another year.  This is especially true if
you are in a range situation with coarse
forage that requires a well developed
rumen and doesn’t have adequate
nutrients, vitamins, and/or minerals for
a young cow to grow, raise a calf, and
breed back.  Supplementation of
nutrients, vitamins, and/or minerals is
often given as the alternative for
improving the young cows perfor-
mance.  However, the added feed costs
associated with the younger cow’s diet
need to be weighed against the perfor-
mance of an older cow with less feed
costs.

The differential in your feed costs for a
new replacement versus an older cow
is more crucial to the culling decisions
than the level of your feeding costs.  If
the level of your feed costs for all cows
is $150/yr. instead of $250/yr., your
level of profits will be $100 more for
each cow.  However, the decision of
whether to keep or cull a cow will not

Extension Specialists
Department of Agricultural Economics
College of Agriculture
The University of Arizona
Tucson, Arizona  85721

1, 2
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Table 3.  May Calf Price <70.
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Table 4.  May Calf Price 70-80.

0.495

0.097

0.004

0

0

0.095

0.155

0.034

0

0

0.006

0.046

0.055

0

0

0

0

0

0

0

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0.262

0.276

0.070

0

0

0.011

0.112

0.161

0

0

0.000

0.010

0.097

0

0

0

0

0

0

0

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0.314

0.249

0.046

0

0

0.018

0.134

0.131

0

0

0.000

0.015

0.092

0

0

0

0

0

0

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0.366

0.214

0.029

0

0

0.030

0.151

0.103

0

0

0.001

0.021

0.085

0

0

0

0

0

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0.126

0.290

0.193

0

0

0.001

0.044

0.238

0

0

0.000

0.002

0.105

0

0

0

0

0

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

May
Replacement
Price <475

May
Replacement
Price 475-585

May
Replacement
Price 585-695

May
Replacement
Price 695-805

May
Replacement
Price  >805

November

November

November

November

November

Calf Price

Calf Price

Calf Price

Calf Price

Calf Price



Ranch Business Management 1993 39

0

0

0

0

0

0

0

0.127

0.300

0.221

0

0

0.001

0.034

0.228

0

0

0.000

0.001

0.088

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0

0

0

0

0

0.374

0.237

0.036

0

0

0.023

0.134

0.107

0

0

0.001

0.015

0.074

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0

0

0

0

0.319

0.271

0.057

0

0

0.014

0.116

0.134

0

0

0.000

0.010

0.079

0

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0

0

0

0.265

0.296

0.085

0

0

0.008

0.095

0.160

0

0

0.000

0.007

0.083

0

0

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0

0

0

0.515

0.114

0.006

0

0

0.078

0.148

0.038

0

0

0.004

0.036

0.049

0

0

0

0

0

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

May
Replacement
Price <475

May
Replacement
Price 475-585

May
Replacement
Price 585-695

May
Replacement
Price 695-805

May
Replacement
Price  >805

November

November

November

November

November

Calf Price

Calf Price

Calf Price

Calf Price

Calf Price

Table 5.  May Calf Price 80-90.
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Table 8.  November Calf Price <70.
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Table 10.  November Calf Price 80-90.



Ranch Business Management 1993 45

0

0

0

0

0

0

0

0

0

0

0

0

0.082

0.064

0.008

0

0

0.041

0.178

0.105

0

0

0.004

0.093

0.424

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0

0

0

0

0

0

0

0

0

0

0.141

0.013

0.000

0

0

0.187

0.126

0.012

0

0

0.068

0.248

0.205

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0

0

0

0

0

0

0

0

0

0.134

0.020

0.001

0

0

0.154

0.151

0.020

0

0

0.045

0.227

0.249

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0

0

0

0

0

0

0

0

0.124

0.029

0.001

0

0

0.121

0.171

0.032

0

0

0.028

0.198

0.295

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

0

0

0

0

0

0

0

0

0

0

0.140

0.002

0.000

0

0

0.274

0.049

0.001

0

0

0.182

0.247

0.092

0

0

<475

475-585

585-695

695-805

>805

<70 70-80 80-90 90-100 >100

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

R
ep

la
ce

m
en

t
P

ric
e

November
Replacement
Price <475

November
Replacement
Price 475-585

November
Replacement
Price 585-695

November
Replacement
Price 695-805

November
Replacement
Price  >805

Calf Price

Calf Price

Calf Price

Calf Price

Calf Price

May

May

May

May

May

Table 11.  November Calf Price 90-100.
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Table 6.  November Calf Price <70.
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Table 12.  November Calf Price >100.
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culling decisions, six months has a
noticeable difference on economic
profitability.

On average, market price conditions
are higher for eight month old weaned
calves sold in the spring than in the fall
as pointed out in the second article on
market conditions.  However, calves
born in the fall and weaned in the
spring are expected to be five percent
lighter than calves sold in the fall from
spring calving.  These differences,
among others pointed out in the
previous two articles, are accounted in
the optimal economic culling decisions.

Costs associated with selling a cull cow
and bringing a replacement into the
herd are also important.  For the costs
associated with selling a cull cow, this
analysis used a 4% shrink, $.01/lb.
trucking cost, and a sale commission
equal to 1.5% the gross selling price.
The cost of bringing a bred replace-
ment heifer on the ranch was $10/head
for veterinary costs and $10/head for
trucking costs.

The optimal culling decisions and
associated economic results are
presented in Figure 1 through Figure 3b
as decision trees.  A decision tree is
simply a branched structure where a
choice must be made at each branch.
Imagine a cat climbing a tree.  At each
branch the cat must make a decision
on which way to go.  Decision trees are
simply upside down trees where at
each branch you must decide which
way to go.  For the culling decision
model presented, the decision of which
way to go at each branch is determined
by:  cow age, cull cow prices, calf
prices, or replacement cow prices.
When you run out of branches the
decision on whether to cull or keep a
cow is revealed.  For example, consider
the case of open cows in the fall with
both spring and fall calving possible.
This situation is depicted in the decision
tree in Figure 2.  If current replacement
prices are $850/head, current calf

OPTIMAL ECONOMIC RANGE

COW CULLING DECISIONS:

BIOLOGICAL AND MARKET

FACTORS COMBINED

Russell Tronstad 1 and Russell Gum 2

This is the third in a series of three
articles addressing culling decisions.
The first article addressed biological
considerations while the second article
focused on market considerations.
This article focuses on combining the
biological and market considerations to
increase profits.  These decisions must
take into account the dynamic aspects
associated with the culling decision.
That is, cows kept in the herd will
become one year older and on average
have a different; chance of calving, calf
weaning weight, cow weight, and
chance of remaining fit for the herd.
Also, future returns and expenses are
discounted so that all economic com-
parisons are made with current dollars.

Optimal economic culling decisions are
made for two basic scenarios.  The first
scenario assumes that the rancher has
the ability to only calve cows once a
year (i.e., spring calving).  The second
scenario assumes that a rancher has
the ability to breed and calve cows at
two different times during the year (i.e.,
spring and fall calving).  The latter
scenario has about a six month time
lead for bringing an open cow back into
production.  For example, if a cow is
tested open in the fall, this cow couldn’t
be bred until the following summer with
only spring calving.  Whereas, if calving
is possible in both fall and spring, this
cow has the opportunity to be bred in
late fall and brought into production six
months earlier than with only spring
calving possible.  When looking at
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Terminal Box
Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Optimal
Cull Value

$1,552

$1,464

$1,557

$1,779

$1,771

$1,592

$1,384

$1,917

$1,830

$1,873

$1,984

$1,762

$1,784

$1,873

$1,841

$1,794

$1,598

Cost of
Mistake

$49

$24

$3

$7

$13

$99

$500

$23

$74

$14

$12

$179

$95

$108

$19

$26

$246

Chance of Box
Occurring

0.1057

0.0044

0.0024

0.0046

0.0061

0.4649

0.0144

0.0007

0.0139

0.0001

0.0003

0.0062

0.0645

0.0196

0.0030

0.0064

0.0032

prices average $95 and cull
cow values are $650/head,
should a 5 year old open cow
be kept or culled?  A “replace”
is put in the top box of Figure
2 indicating that the optimal
economic decision would be
to replace an open cow if no
further criteria was utilized.
But the first decision on which
direction to go is made on the
basis of age.  The cow was
identified as 5 years old so
the left branch is chosen (i.e.,
5 < 7.5 years of age).  Re-
placement prices determine
the direction to take at the
next branch.  Since the
current replacement price of
$850/head is greater than
$695, the right branch is
chosen.  Calf prices deter-
mine the direction for the next
branch.  Calf prices are $95/
cwt., thus the right branch
should be taken.  Another
decision is made on replace-
ment prices.  Replacement
prices are greater than $805/
head so the right branch is
chosen.  Cull cow values
determine the direction at the
final decision branch.  If your
cow’s cull value is less than
$768/head, which it is at $650/head,
our economic model says that you
should keep this cow.  The terminal box
or node for this scenario is box #13.

Tables 1 through 3 give the optimal
expected returns for each terminal box
or node displayed in Figure 1 through
Figure 3b.  For example, Table 2 and
box #13 gives an optimal value of
$1,574.  This optimal decision value
represents our estimated value for this
slot in the herd for the next 15 years
when a correct (keep for box #13)
decision is made, given our initial price
conditions.  The expected cost of
making a mistake is also given.  This
cost is a “one year” culling mistake
since it is assumed that optimal culling
decisions are made after the “one year”

mistake.  If the same culling decision
mistake is made year after year the
costs will add up.  The cost of making a
“one year” mistake at box #13 is $43/
head.

Tables 1 through 3 also give the
chance that on average a cow would
end up in a box.  These chances are
based on the herd fertility and market
conditions presented in the first two
articles.  Thus, the chance of being in
any box is dependent on the chance of
a cow falling into a given age bracket,
the odds of a cow being open or
pregnant, and the chance of market
conditions represented by every
terminal node existing.  The sum of all
chances occurring from both pregnant
and open cows doesn’t sum to 1

Table 1.  Economic Values that are Associated
with the Terminal Boxes from Figure1.
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Terminal Box
Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Optimal Cull
Value

$1,412

$1,367

$1,548

$1,426

$1,474

$1,640

$1,438

$1,416

$1,580

$1,549

$1,545

$1,693

$1,574

$1,703

$1,505

Cost of
Mistake

$12

$46

$34

$32

$2

$32

$67

$43

$8

$33

$19

$31

$43

$13

$106

Chance of Box
Occurring

0.0098

0.0114

0.0245

0.0119

0.0020

0.0116

0.0118

0.0011

0.0015

0.0005

0.0015

0.0042

0.0030

0.0020

0.0622

quite large at $500 since it was
assumed that the cow would die
if kept beyond 14 years of age.

Even if some market price and
cow age situations rarely occur,
large “cost of mistake” values
are important on an individual
cow basis when found in those
specific situations.  For example,
terminal box #23 from Table 3
and Figure 3b indicates that the
cost of keeping a pregnant cow
with spring only calving is quite
high at $221.  For box #23,
market prices are such that
replacement prices are less than
$805/head, calf prices are less
than $80/cwt., cull cow values
are above $493/head, and the
cow exceeds 11.75 years in
age.  When replacement values
are not real high and the odds of
getting a high priced calf out of
an older cow are not great (i.e.,
calf price less than $80/cwt.),
economic results suggest that
you should replace this cow,
even though she is pregnant.

Figures 1 and  2 plus Tables 1
and  2 represent culling deci-
sions where both spring and fall
calving are possible.  Our
economic results indicated that

the value expected for an average slot
in the herd for the next 15 years was
$1,561 when both spring and fall calving
were possible.  However, this value
slipped by $100 to $1,461 when only
spring calving was possible.  This
translates to an estimated 6.8% in-
crease in herd profitability by having
both spring and fall calving instead of
just spring calving.  Much of the differ-
ence between these two calving sys-
tems is attributed to the economic
profitability of the open cow.  When only
spring calving is considered, our results
indicate that it is never optimal to keep
an open cow.  Irrespective of how high
replacement prices may be and even if
the cow is at a prime age, our economic
model indicates that it is always more

because these chances only include
cows that were fit to breed (i.e., these
chances don’t include cows that died or
became unfit to remain in the herd).
Terminal boxes that have a relatively
high chance of occurring and a large
“cost of mistake” should be given close
attention.  However, the culling decision
is often more obvious for these cases.
For example, terminal box #6 from
Table 1 has a “cost of mistake” at $99
and a relatively high chance of occur-
ring at about 47% probability.  This
decision rule reinforces the economic
reality that under typical price condi-
tions it makes economic sense to keep
a pregnant cow.  Box # 7 from Table 1
indicates that the cost of keeping a cow
beyond the age of 13.2 years of age is

Table 2.  Economic Values that are Associated
with the Terminal Boxes from Figure 2.
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Terminal Box
Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Optimal Cull
Value

$1,444

$1,396

$1,643

$1,517

$1,720

$1,494

$1,794

$1,625

$1,796

$1,559

$1,467

$1,720

$1,650

$1,786

$1,899

$1,781

$1,769

$1,717

$1,355

$1,309

$1,415

$1,245

$1,256

$1,335

$1,317

$1,146

$1,283

$1,532

$1,461

$1,636

$1,460

$1,315

$1,504

$1,640

$1,621

$1,331

Cost of
Mistake

$48

$9

$13

$19

$30

$74

$19

$7

$20

$129

$42

$10

$34

$13

$31

$104

$11

$41

$118

$14

$29

$26

$221

$6

$25

$20

$91

$120

$21

$56

$42

$15

$15

$4

$32

$680

Chance of Box
Occurring

0.0748

0.0053

0.0049

0.0109

0.0068

0.1373

0.0023

0.0072

0.0019

0.2778

0.0216

0.0019

0.0038

0.0001

0.0004

0.0196

0.0024

0.0025

0.0310

0.0032

0.0108

0.0040

0.0068

0.0037

0.0078

0.0004

0.0050

0.0437

0.0031

0.0072

0.0049

0.0015

0.0013

0.0009

0.0017

0.0015

profitable to replace an open cow
in the fall with a bred replacement
heifer.  The six month time jump
associated with bringing an open
cow into production under a dual
calving season translates into
almost a 7% increase in herd
profitability, for the herd estimated.

A simple culling rule is to cull all
cows that are open and keep all
cows that are less than 12.5 years
of age and pregnant in the fall.
However, a representative slot in
the herd has a value of only
$1,414 for this type of culling
strategy, with only spring calving
possible.  This translates into 3%
less profit than if culling decisions
were made optimal with spring
only calving (Figures 3a and 3b for
pregnant cows plus culling all
open cows) and over 10% less
profit than if optimal culling
decisions were made given that
both spring and fall calving were
possible (i.e., Figures 1 and 2).

It should also be pointed out that
the culling decisions and eco-
nomic values presented are for
cows with production potentials as
reported in the first article of this
series.  A particular cow could
have either a better or worse
production potential.  The best use
for this information is as a guide to
help you judge whether individual
cows in your herd should be kept
or replaced.  If our model recom-
mends culling a specific cow but
the cost of making a mistake
(according to the model) is low
then you should feel free to use
your own knowledge and judg-
ment to determine whether this
cow should be culled or kept.  On
the other hand, if our model
projects a large cost of making a
mistake and your judgment does
not agree with the model then you
should try to find out why the
model is wrong.  Review the first

Table 3.  Economic Values that are Associated with the
Terminal Boxes from Figures 3a and 3b.
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Extension Specialists 1,  2

Departmentof Agricultural Economics
College of Agriculture
The University of Arizona
Tucson, Arizona  85721

through such a process should help
you fine tune your culling strategy for
your specific conditions.  It might even
convince you that there is value on
having information quickly available to
you at culling time on past cow perfor-
mance and cow age.

article in this series to check if our
biological productivity estimates and
costs by age group are representative
of your particular situation?  Review the
second article to check if our market
price predictions are out of line with
your expectations.  Calculate the
expected economic profits of replacing
or keeping a particular cow.  Going
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Figure 1.  Comparison of Lot Size Impacts.

feeder cattle prices.  The results are
displayed in Figure 1. The form of the
results is in terms of the price received
for lots of varying sizes compared to
the price received for lots of average
size (15 head) at the same sale.
Adjustments were made to remove the
influence of  weight and sex from the
results.  As shown in the figure very
small lots (1 to 5) head tend to have a
price about 3% below the sale average
for animals of the same sex and weight.
Lots  at or near truckload capacity tend
to have a price of about 4 to 5% higher
than the sale average for animals of the
same sex and weight. The difference
between the smallest lots and truckload
sized lots is over 8%.  This difference
should not be overlooked in planning
your marketing strategy, but don’t
forget that uniformity in lots is also
valued.

THE INFLUENCE OF LOT
SIZE ON FEEDER CATTLE

PRICES AT ARIZONA
AUCTIONS

Russell Gum1 and

Lew Daugherty  2

One of the decisions that ranchers
must make when marketing their cattle
at auctions is what size lots to sort their
cattle into.  Experience and previous
research has shown that lots of a size
equal to the capacity of a cattle truck
(about 60 head for feeder cattle) will
receive a premium over lots of fewer
head.  At the same time, experience
and limited research suggest that
uniform lots will sell at a premium over
non-uniform lots.  The rancher is faced
with a choice.  Large lot sizes and less
uniformity or smaller lots with more
uniformity. Another
alternative which has
become more popular
in recent years is to
combine your cattle
with other ranchers
cattle to be able to sell
large uniform sized
lots.

How much difference
can lot size make?
Data on each lot of
cattle sold from 1984
to 1991 at the Gila
and Mohave spring
yearling cattle sales
were statistically
analyzed to gain
insights into the
influence of lot size on
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COMPARING OFFERS

Comparing prices with varying allow-
ances for shrink is sometimes neces-
sary to determine the best bid for your
cattle.  The simplest way to do this is
with a calculator.  For example if a
buyer offers you $80/cwt for your 500
lb. steers and wants a 4% pencil shrink,

35% to 50% (St. Clair, 1976) (Self and
Gay, 1972) (W. Gordon Kerl, 1987).

Shrinkage depends on handling
methods, weather, time off feed and
other factors.  General estimates of
expected shrinkage expressed as a
function of the distance that cattle are
shipped are displayed in Figure 1.
Gross shrinkage is the total shrinkage
and net shrinkage is that part of the
shrinkage which cannot easily and
quickly be regained by the animals.

Miles Shipped

Figure 1
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THE ECONOMICS OF

SHRINKAGE

Russell L. Gum1

Shrinkage is of economic
importance to ranchers in two
ways.   First, as you move
and handle your animals in
the process of selling them
they will lose weight due to
the combination of stress and
of not having feed and water
readily available.  Because
they will lose this weight
before they are weighed at
sale time, the gross returns
to the rancher will be reduced
by the shrinkage if price does
not depend upon shrinkage.
However, shrinkage does
affect price, and further is
often an important element in
the negotiations of a cattle
sale.  This linkage of shrink-
age into the negotiations is
the second way in which
shrink becomes economically
important.

DESCRIPTION

Shrinkage occurs due to the
elimination of digestive track contents
and urine, and as a result of dehydra-
tion and other loss of tissue.  Part of
this loss can be rapidly regained by the
animals, and thus, has little long run
effect upon the animals.  However, the
loss due to tissue shrinkage is the
result of prolonged stress and is difficult
to replace.    Estimates of the propor-
tion of easily regained loss vary from
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this will result in a price per head of 500
times 96% (100% - 4%) times $80
($384 per head)  If another buyer offers
you $79  with a 2% shrink  this will
result in a price per head of 500 times
98% (100% - 2%) times $79 ($387.10
per head).  Even though the price is
lower the second offer is obviously
better as it results in more money per
head.

Another way to make the same com-
parsion is to use the less shrink table .
The first offer was $80 with 4% shrink,
while the second had 2% less shrink
and was $79.  From the table an $80
price is equivalent to a $78.40 price
with 2% less shrink.  Since this is less
than the $79 offer it should be rejected.

By use of a calculator or the Less
Shrink Table alternative offers for your
cattle can easily be compared.  If the
conditions of handling the cattle differ
then considerations of the actual
difference in shrinkage as well as any
pencil shrink must be made.  For
example if you have an offer where the
cattle will be weighed at the ranch on
the day the cattle are gathered and
another alternative where the cattle will
be weighed after being shipped 100
miles, you will need to estimate the
actual difference in shrink to correctly
compare these alternatives.  From the
shrink figure a 100 mile shipment
results in approximately a 4% shrink-
age.  You must consider this shrinkage
in comparing the two offers.  In fact you

can consider it in exactly the same
manner as a pencil shrink.  The less
shrink table can be used to show that
an offer of $84 at the ranch is equiva-
lent to an offer of $87.50 with weighing
100 miles away.

CONCLUSIONS

Be sure to consider both actual and
pencil shrink when you are considering
alternative offers or ways to market
your cattle.  A sharp pencil or calculator
will help you to make the most from
your cattle.
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PRICE 
WITH -1% -2% -3% -4% -5% -6%

SHRINK
50 49.50 49.00 48.50 48.00 47.50 47.00
51 50.49 49.98 49.47 48.96 48.45 47.94
52 51.48 50.96 50.44 49.92 49.40 48.88
53 52.47 51.94 51.41 50.88 50.35 49.82
54 53.46 52.92 52.38 51.84 51.30 50.76
55 54.45 53.90 53.35 52.80 52.25 51.70
56 55.44 54.88 54.32 53.76 53.20 52.64
57 56.43 55.86 55.29 54.72 54.15 53.58
58 57.42 56.84 56.26 55.68 55.10 54.52
59 58.41 57.82 57.23 56.64 56.05 55.46
60 59.40 58.80 58.20 57.60 57.00 56.40
61 60.39 59.78 59.17 58.56 57.95 57.34
62 61.38 60.76 60.14 59.52 58.90 58.28
63 62.37 61.74 61.11 60.48 59.85 59.22
64 63.36 62.72 62.08 61.44 60.80 60.16
65 64.35 63.70 63.05 62.40 61.75 61.10
66 65.34 64.68 64.02 63.36 62.70 62.04
67 66.33 65.66 64.99 64.32 63.65 62.98
68 67.32 66.64 65.96 65.28 64.60 63.92
69 68.31 67.62 66.93 66.24 65.55 64.86
70 69.30 68.60 67.90 67.20 66.50 65.80
71 70.29 69.58 68.87 68.16 67.45 66.74
72 71.28 70.56 69.84 69.12 68.40 67.68
73 72.27 71.54 70.81 70.08 69.35 68.62
74 73.26 72.52 71.78 71.04 70.30 69.56
75 74.25 73.50 72.75 72.00 71.25 70.50
76 75.24 74.48 73.72 72.96 72.20 71.44
77 76.23 75.46 74.69 73.92 73.15 72.38
78 77.22 76.44 75.66 74.88 74.10 73.32
79 78.21 77.42 76.63 75.84 75.05 74.26
80 79.20 78.40 77.60 76.80 76.00 75.20
81 80.19 79.38 78.57 77.76 76.95 76.14
82 81.18 80.36 79.54 78.72 77.90 77.08
83 82.17 81.34 80.51 79.68 78.85 78.02
84 83.16 82.32 81.48 80.64 79.80 78.96
85 84.15 83.30 82.45 81.60 80.75 79.90
86 85.14 84.28 83.42 82.56 81.70 80.84
87 86.13 85.26 84.39 83.52 82.65 81.78
88 87.12 86.24 85.36 84.48 83.60 82.72
89 88.11 87.22 86.33 85.44 84.55 83.66
90 89.10 88.20 87.30 86.40 85.50 84.60
91 90.09 89.18 88.27 87.36 86.45 85.54
92 91.08 90.16 89.24 88.32 87.40 86.48
93 92.07 91.14 90.21 89.28 88.35 87.42
94 93.06 92.12 91.18 90.24 89.30 88.36
95 94.05 93.10 92.15 91.20 90.25 89.30
96 95.04 94.08 93.12 92.16 91.20 90.24
97 96.03 95.06 94.09 93.12 92.15 91.18
98 97.02 96.04 95.06 94.08 93.10 92.12
99 98.01 97.02 96.03 95.04 94.05 93.06

100 99.00 98.00 97.00 96.00 95.00 94.00

BREAKEVEN PRICES
   EQUIVALENT PRICE WITH LESS SHRINK
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have both private land and a means to
control access to this land.  If you can
meet these requirements then you have
to find a way to market the product.

GUIDED HUNTS

Since ranchers typically have the
equipment and knowledge of their area
required to perform guiding service,
many ranchers have turned to guiding
as a means of generating income.
However, guiding requires both excel-
lent hunting abilities and the ability to
take care of camp and get along with
the hunters paying for the guiding
services.

RAISE WILDLIFE FOR THE
RESTAURANT MARKET

A small but growing number of fancy
restaurants are now serving wild game.
Producing game meat for this select
market is a possibility.  Not only do you
need to be able to produce and market
this product, you will need processing
facilities and the ability to operate under
a large number of regulations with
respect to selling wild game.

RAISING EXOTICS FOR
HUNTERS

Another possibility is to raise exotics for
hunters.  Obviously in addition to being
able to raise the animals, you will need
fencing to be able to keep the animals
on your ranch.  You will also face exotic
disease problems and regulations on
game farms.  The marketing of exotics
is also a potential problem.  You can’t
just take them to the local auction.

SELL PERMITS

At the present time, hunting permits in
Arizona are the property of the state

POTENTIAL PROFITS
FROM WILDLIFE

Russell Gum1

As ranchers look for ways to increase
profitability the possibility of marketing
wildlife resources is often thought of as
an additional product that might gener-
ate income.  In Texas the income of
many ranchers depends heavily upon
the marketing of wildlife resources.  In
Wyoming many ranchers serve as big
game guides as a means of supple-
menting their income from ranching.  Is
there a possibility that wildlife resources
could become a source of income for
Arizona ranchers?

WAYS OF MARKETING WILDLIFE
RESOURCES

There are many ways to market wildlife
resources.  Possibilities include:

1. Selling access to hunters.

2. Selling guided hunts.

3. Raising wildlife for the restaurant

market.

4. Raising exotic game for hunters.

5. Selling hunting permits.

ACCESS

Selling access to hunters is probably
the most common means of marketing
wildlife resources.  The basic require-
ments to be able to sell access is to
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and are allocated by a lottery.  Under
this arrangement there is little incentive
for ranchers to manage their resources
in a manner that will increase wildlife.
A logical change in the system would
be to reward ranchers for management
practices which increase wildlife
resources.  For example, the state
could allocate permits to ranchers and
allow the ranchers to sell these big
game permits as compensation for the
ranchers efforts to increase wildlife
resources.  If as a result of a ranchers
actions an additional 10 elk permits
could be justified in an area, why not
allow the rancher to sell these permits
as a reward.  Such a system has been
tried in California.  The major problem
of course is to document the increase
in wildlife due to the ranchers manage-
ment actions.

Such a system could, in theory, also be
applied to public lands.  Suppose a
rancher has a lease which allows him
to graze 400 cows.  Why couldn’t he
only graze 300 cows and manage for
an additional 200 elk?  If his manage-
ment did in fact result in an additional

200 elk, which justified say an addi-
tional 50 permits, why not charge him
grazing fees for the additional elk and
allow him to sell the additional 50
permits?

CONCLUSIONS

Marketing wildlife has potential to
increase rancher income.  However,
just as with any new enterprise, there
are many obstacles to be overcome.
First, there are a multitude of rules and
regulations which apply to marketing
wildlife.  Second, all of the methods of
marketing wildlife require more market-
ing effort than just taking cows to the
auction.  Third, many of the methods of
marketing wildlife require skills and
abilities in working with people not
normally required in managing a cattle
ranch.  Guiding hunters, for example,
requires skills similar to a golf pro at a
resort.  While marketing wildlife is
certainly not a quick fix for low profits in
ranching, it does offer potential for
increasing ranch income in well thought
out and well managed situations.

Extension Economist 1

Department of Agricultural Economics
College of Agriculture
The University of Arizona
Tucson, Arizona  85721
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often easily recognized.  In a grazing
operation, the extent of available range
land limits the number of head that can
be grazed.  The number of acres a
farmer owns and leases limit the area
planted in crops.  Biological, physical,
and financial requirements are some-
times more difficult to quantify.  Find-
ing the nutritional requirements for
targeted weight gain may not be easy.
Determining the proper fertilizer
dosage for the targeted yield may
require some searching.

A SIMPLE EXAMPLE

Most real life problems involve many
complex interrelationships.  The simple
example presented here should give
you an idea of the kinds of problems
which could be solved.  The details of
the example are necessarily simplified.

The problem is the classic feed mix
problem.  The objective is to find a
feed formulation that meets given
nutritional requirements at minimum
cost.  Our possible ingredients are
hay, corn, barley and meal.  Their
nutritional analysis is as shown in the
spreadsheet table below.  The hay
used for this simple example is as-
sumed to have 15 percent protein and
50 percent TDN by weight.  The
nutritional analysis for corn, barley and
meal are 8, 7, and 40 percent protein
and 85, 78, and 75 percent TDN,
respectively.

A simple spreadsheet can be set up to
calculate the protein energy and cost
of any possible ration by simply
defining the appropriate formulas for

A B C D E F
1 hay corn barley meal ration
2   % protein     0.15     0.08     0.07     0.40           .1595
3   % energy     0.50     0.85     0.78     0.75           .6355
4  cost $/LB     0.05     0.10     0.08     0.15           .0755
5   lbs       50      0    35    15    100.0000

LEAST COST FEED
RATIONS ON YOUR

PERSONAL COMPUTER

Russell Gum and Gary Thompson1

Mathematical programming models are
routinely used to calculate everything
from minimum-cost feed rations to
scheduling plane flights and blending
petroleum products in refineries.  A
revolution in the software necessary to
solve these powerful models has
occurred in the past couple of years.
Now anyone owning the latest version
of most commercial spreadsheets such
as Microsoft Excel or Quattro Pro has
computational power which only
Fortune 500 companies possessed a
decade ago.  Putting this enhanced
computational power to work, however,
requires the ability to put together a
useful mathematical programming
model.

All mathematical programming models
have two critical elements:  something
to be maximized or minimized, and
constraints or limitations which reflect
production requirements and the
availability of resources.  In the mini-
mum-cost feed ration, the costs of
mixing a nutritional feed are minimized.
The constraints in the feed mix problem
are the nutritional requirements neces-
sary to maintain good health and
assure weight maintenance or gain.

Once the objective to be maximized or
minimized is identified, the constraints
or limitations directly affecting the
objective must be recognized.  Most
constraints identify scarce resources
and biological, physical, or financial
requirements.  Scarce resources are
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the ration column.  If % protein is in A2
then a formula of: (B2*B$5+C2*C$5+
D2*D$5+E2*E$5)/F$5 will define the %
of protein in the ration and if copied
down will mutate to define the % energy
and cost per pound as well.  The
pounds in ration (F5) is simply the sum
of the pounds of each individual ingredi-
ent, i.e., (B5+C5+D5+E5).

Once you have this simple spreadsheet
set up you could then simply try different
combinations of ingredients until you
found a combination of ingredients that
met the nutritional requirements at a
reasonable cost. Such a solution is
shown in the above table.  However, this
brute force approach might take a fair
amount of time.

A much better way is to use the “solver”
option of your spreadsheet.  The
mechanics of using this option in
Microsoft Excel are as follows:  (other
brands of spreadsheets with solver
options have very similar mechanics)

1. Set up your spreadsheet to calculate
the necessary values, as described
above.

2. Choose the Solver Option  from the
menu.

3. Enter the cell you want to minimize in
the Set Cell Box  (F4, ration cost per
pound).

4. Click on the Minimize Button .

5. Enter the cells you want to solve for in
the By Changing Cells Box  (B5:E5,
the pounds of possible ingredients).

6. Add the following constraints by
clicking on the Add Button :

F2 > = .12 (Protein level must be
greater than or equal to 12
percent)

F3 > = .60 (Energy level must be
greater than or equal to 60
percent)

F5  = 100 (You want to mix 100
pounds of ration)

B5:E5 > = 0(Negative weights are hard
to measure out in formulat-
ing a ration. This insures
only positive or zero
values)

At this point, you have told the com-
puter what cell describes your objective
function (F4).  You have given it
instructions to minimize this value
subject to a set of constraints by
varying the amount of the various
ingredients in your ration.  Click on
solve and the computer should return
the following results.

 As you can see, the computer found a
cheaper ration meeting all requirements
than was found by simply fiddling with
the original spreadsheet.  Further,
additional information is available in the
form of a sensitivity report.

What is a Reduced Gradient or a
Lagrange Multiplier?  These terms are
just techno babble for expressing what
happens if you make a small adjust-
ment to the optimum solution the
computer found.  For example, if you
were to add one pound of meal to the
solution and let the computer recalcu-
late the ration so that the original
constraints were still met the cost per
pound of this modified ration would be

A B C D E F
1 hay corn barley meal ration
2   % protein     0.15     0.08   0.07     0.40           .1214
3   % energy     0.50     0.85   0.78     0.75           .6000
4  cost $/LB     0.05     0.10   0.08     0.15           .0607
5   lbs  64.285714      0  35.7142865      0    100.0000
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.000732134 $/lb higher than the original
ration.  Adding a pound of corn would
increase the cost even less.  If instead
of adjusting the ingredients you made
small changes in the constraints the
Lagrange multipliers indicate how the
optimum cost would change.  For
example a small increase in the protein
requirement (say to 12.1 percent)
would not change the cost at all.  This
is because the optimal solution already
has more than 12.1 percent protein.  A
larger change to any value above 12.4
percent would increase the cost and
the model would need to be re-opti-
mized to calculate the new optimum
and its associated new sensitivity
values.  Increasing the energy require-
ment to .61 percent would raise the

ration cost
.001071 $/lb.
(We raised the
constraint by .01
units so we must
multiply the
Lagrange multi-
plier by .01.)

Could this math-
ematical modeling
stuff be of any
real use on a
ranch? Is it as
easy as the
simple model

above?  The answer to the first
question is yes.  The simple ration mix
problem might even be useful on your
ranch.  The answer to the second
question is Nope.  Even the simple
ration problem becomes more complex
in reality.  For example, are the
analyses based on dry matter weights
or at the feed scale weights?  How
many different ingredients are reason-
able to consider?  Most importantly,
how should I decide on what the
protein, energy, minerals, etc. content
of the ration should be.  The bottom
line is that the current high end
spreadsheets have capabilities to help
you think about and solve some of the
management problems common in
ranching today.

Changing Cells
Final Reduced

Cell Name Value Gradient
$B$4 lbs hay  64.28571398     0
$C$4 lbs corn      0    .0000357036
$D$4 lbs barley  35.71428654     0
$E$4 lbs meal      0    .000732134

Constraints
Final Lagrange

Cell Name Value Multiplier
$F$2  protein constraints            .1214 .0000
$F$3  energy constraints            .6000 .1071
$F$5  lbs constraints     100.0000 .0000

Extension Specialist and Associate Professor 1

Department of Agricultural and Resource Economics
College of Agriculture
The University of Arizona
Tucson, Arizona  85721
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COMPARISON OF
LIVESTOCK MARKETING

ALTERNATIVES

Russell Tronstad1

An evaluation of marketing alternatives is
complicated by the fact that less tradi-
tional marketing avenues like electronic
auctions are difficult to directly compare
with more traditional selling methods like
local auction markets.  This article dis-
cusses economic criteria for evaluating
livestock marketing methods.  Criteria
are discussed for 1) electronic marketing,
2) private treaty, 3) local auction, 4) spe-
cial auctions, 5) cooperative arrange-
ments, 6) Chicago Merchantile Exchange
(CME) Futures, and 7) CME Options.

ECONOMIC CRITERIA

Economic criteria are divided into tan-
gible and non-tangible items.  Physical
terms of a marketing method such as
shrinkage (refer to The Economics of
Shrinkage article), trucking costs, over-
night water and feed restrictions, com-
missions, interest costs, are tangible items
that need to be calculated when deter-
mining a net selling price.  The combined
selling costs to the buyer and seller can
range from between 8% and 10% of the
gross animal value (Bailey).  More intan-
gible factors like the number of legitimate
buyers in a market, riskiness of receiving
full payment, the degree of convenience
offered, and certainty in obtaining a tar-
geted price level are economic criteria
that also need to be considered when
choosing a marketing method.  Both tan-
gible and intangible factors need to be
evaluated jointly when deciding which

marketing method or “road map” will best
meet goals and target price levels set.
Target price levels must be realistic with
current market factors and price trends.
Costs of production and breakeven prices
should be identified and utilized as a
reference mark for marketing.  These
tangible and non-tangible economic cri-
teria are discussed below in conjunction
with six different marketing methods.

ELECTRONIC MARKETING

Electronic marketing is a mechanism for
marketing beef cattle by a description of
standardized terms and/or videotape with
virtually instantaneous communication
between buyers and sellers, regardless
of physical location between both people
and cattle.  Electronic marketing meth-
ods hope to increase the number of legiti-
mate buyers by decreasing the transac-
tion costs of inspecting, shipping, and
buying cattle.  This reduction in transac-
tion costs is hoped to translate into a
higher net price for the rancher and lower
cost for the buyer.  The degree that trans-
action costs will be decreased depends
greatly on information, volume, location,
and trucking costs.

Standardized information regarding
terms, grades, and descriptions are nec-
essary for electronic pricing efficiency.  If
one lot of cattle is sold under different
terms than another comparable lot of
cattle, it is difficult to make a direct com-
parison as to which buyer is offering the
“best deal.”  Common or standardized
terms allow for an equal comparison of
bids and is a necessary condition for a
market to be price efficient.  Electronic
marketing terms are the same for all
buyers, allowing for improved price effi-
ciency over individual private treaty bids
that may have different terms.  Standard-
ized terms require that a trained grader
make an accurate representation of your
livestock compared to other livestock.
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The grading reputation of an electronic
auction needs to be evaluated closely
since a misrepresented grade that has
been lowered will cost a rancher more
than if no grade had been given at all.

Adequate volume is necessary to attract
many buyers so that top dollar is paid for
all lots sold.  If buyers discover that low
numbers of livestock are offered for sale
at an electronic auction, they may be
unwilling to invest the resources for get-
ting into a particular electronic auction.
Prices could also fall significantly lower
than the prevailing market, if available
volume exceeds the number of orders
that buyers have to fill.  Lack of sufficient
participation in electronic markets is one
of the chief concerns among both sellers
and buyers.  When considering an elec-
tronic market, buyer participation ex-
pected for each specific sale needs to be
examined carefully.  An advantage of
electronic markets is that a minimum sell-
ing price can be specified prior to the sale,
but a fee comparable to regular commis-
sion rates will still be charged if the mini-
mum selling price is not met.

Locational considerations that relate to
shrink, trucking costs, and disease en-
dangerment are potentially beneficial fea-
tures of electronic auctions over local
auctions.  First, trucking costs can be
lowered significantly by a more direct
route, and the elimination of one unload-
ing and loading of the livestock.  Remote
ranch areas can significantly reduce their
shrink by having livestock weighed on or
closer to the ranch.  Reducing the
livestock’s exposure to diseases gives
the buyer an advantage, especially if the
cattle are going to a feedlot with cattle
from only one or two ranches.

Primary disadvantages of electronic auc-
tions to local auctions are the frequency
of sales and discounts incurred for small
lots.  Any lot that doesn’t make a full
truckload (generally 50,000 lbs.) can ex-
pect to be discounted.  Commission
charges are often higher too to cover
costs associated with grading and the
electronic auction.  Specific electronic

markets of a) tele-auction, b) video auc-
tion, and c) computer auction are further
discussed below.

Tele-Auction

Many times ranchers will join a marketing
cooperative with a tele-auction so that
more sellers are committed to market
through the cooperative.  This organiza-
tion and seller commitment is given to
attract more prospective buyers.  Live-
stock are graded on each individual’s
ranch by a trained grader.  Load lots are
then assembled on paper according to
location, number, weight, quality grade,
and other noteworthy descriptions.  After
buyers receive this written description of
cattle offered for sale, a prearranged con-
ference phone call connecting potential
buyers and an auctioneer must be set up.
The auctioneer offers each lot for sale
with buyers calling out their identification
number over the phone if they wish to bid
at the current asking price.  A lot is sold
when no higher bid is received, unless
the seller’s minimum price set before the
auction is not obtained.

Video Auction

A video auction is very similar to the tele-
auction except that more information is
given to potential buyers.  Two compo-
nents comprise the video auction — a
visual component provided by a video
and a written component given by a sale
catalogue.  A videotape of animals sold is
generally made by  a regional represen-
tative of the video auction company prior
to soliciting buyers.  About a $2.00/head
videotaping fee is required and this fee is
generally included in the sales commis-
sion.  Sales catalogue descriptions are
prepared by the seller and regional video
representative when the cattle are video-
taped.

The sale is conducted with buyers as-
sembled in one or more rooms looking at
a large screen TV monitor — possibly
connected by satellite to other buyers at
very distant locations.  Buyers must reg-
ister with the auction and go through a
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credit check and clearance before the
sale like in telephone and computer auc-
tions. Videotapes of about two minutes in
duration are shown while an auctioneer
solicits bids.  During the sale, buyers bid
on livestock over the telephone like in a
tele-auction but they also “see” the ani-
mals when bidding.  The video auction
representative oversees delivery and is
responsible for ensuring contract compli-
ance with both seller and buyer.

Cows and heifers that are guaranteed
bred and/or with a negative bangs test
are to be tested prior to delivery.  This
requires certification from a licensed vet-
erinarian and these costs are usually paid
for by the seller, unless stated otherwise.
Although many efforts are made to en-
sure that the “catalog” description and
terms are up-to-date, all announcements
from the auction block take precedence
over previously printed matter.

Computer Auction

Computer auctions are similar to video
and tele-auctions except that information
and bidding is conducted with electronic
computers.  Cattle are described before
the sale with information transmitted via
computer connections.  When the sale is
conducted, buyers indicate a bid by acti-
vating the bid key on a computer terminal.
Initially, the offering price for a lot of cattle
may drop by $1.00/cwt. every 5 seconds
until a buyer activates their bid key.  This
buyer has the bid until another buyer
raises the bid.  Bids are generally raised
in smaller increments than they are low-
ered.  The Electronic Auction Market
(TEAM) from Calgary Stockyards in-
creases bids by $.25/cwt. and drops the
price by $1.00/cwt. to secure a bid (Rust
and Bailey).   If a higher bid is not received
within the buying interval for bid increases
(e.g. 20 seconds), the lot is declared sold.
Unlike video and tele-auction, buyers have
no way of telling who they are bidding
against in the absence of  any collusion.
With the conference call associated with
video and tele-auction, the voice signals
of prominent bidders can be recognized
fairly quickly.  The computer identifies

who has made every bid to the auctioneer
but buyer bids are not identifiable to other
buyers.

Slide Considerations

Virtually all feeder cattle are sold on a
sliding scale when sold electronically or
direct.  A slide establishes the discount or
premium from a base price depending on
differences in actual base weight (after
shrink) from those expected.  Since
heavier weight feeders generally sell for
less than light feeders, a slide is part of
the terms of trade.  Many contracts allow
for a small weight allowance of like 10
lbs./head before any weight adjustment
is made.  A slide is defined in $/cwt. and
can have a range from $0.00/cwt. to
$10.00/cwt.

The slide is effective for both over and
under weight cattle so that light (heavy)
weight cattle will receive a premium (dis-
count) from the bid price.  The net price
received can be calculated as follows:

1) Determine if the weight after shrink is
within the weight allowance.  If within
weight allowance then,

2) If heavier than the maximum weight
allowed after shrink before the slide
is effective then,

net price = {bid price - [weight after
shrink -  max. weight allowed] x
slide/100}  x  (1.0 - shrink %).

3) If lighter than the minimum weight
specified after shrink before the slide
is operative then,

For example, what is the net price re-
ceived if the bid price is $80/cwt., the
base weight after shrink is 480 lbs. with a
10 lb. weight allowance and 4% shrink,
and a slide of $4.00/cwt. is utilized?  A calf
weighing 510 lbs. would have a net weight

net price = bid price x (1.0 -
 shrink %).

net price = {bid price + [min. weight
specified - weight after shrink] x
slide/100}  x (1.0 - shrink %).



Ranch Business Management 1994 76

after shrink of 489.6 lbs. (510 x .96),
within 10 lbs. of the specified base weight
of 480 lbs.  Thus, the net price would be
$76.8/cwt. ($80/cwt. x .96) or $391.68/
head.  If the calf had a gross weight of 550
lbs., the net price received would be

$75.34/cwt. ( {80 - [(528-490) x 4.0/100]}
x (1.0 - .04) ).  If the calf weighed only 480
lbs. on the scale, the net selling price
would be $77.15/cwt. ( {80 + [(470 -
460.8) x 4/100]} x (1.0 -.04) ).  The figures
to the left net price of cattle with different
shrinkage rates, bids, and slides illus-
trates how net prices vary based on gross
weight.

All livestock are weighed on certified
scales and sell FOB (not including trans-
portation charges) at the ranch, unless
otherwise stated.  Any cuts made from a
pen are made after the cattle are weighed.

PRIVATE TREATY

Private treaty refers to individual buyers
and sellers negotiating one-on-one the
terms and price of sale.  This method
generally works best when the buyer
knows the quality of livestock available
and the rancher knows that the reputation
of the buyer is reliable.  Under these
conditions, negotiations can occur over
the telephone without the need for travel
and inspection of animals.

Price efficiency is generally lacking under
a private treaty method due to insufficient
information.  All potential buyers don’t
have adequate and equal information on
a particular rancher’s livestock and all
rancher’s don’t have full information on
the trustworthiness and legitimacy of all
buyers.  In general, buyers must be
bonded and licensed in order to buy live-
stock.  Verify that these qualifications are
met.  Insist upon a wire transfer of funds,
certified check, letter of credit, or cashiers
check to lower the risk of not receiving full
payment.  A personal check is the least
expensive for the buyer, but also a high
risk for the rancher selling livestock.  It is
always a safe practice to retain title of
livestock until the final payment has
cleared the buyer’s financial institution.  If
a personal check doesn’t perform in full
the seller has to pursue legal procedures
in order to obtain funds.  Legal fees can
add up in a hurry and when livestock are
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removed from the state of origin it is very
difficult to even repossess them.  An
example of what a “Livestock Bill of Sale
and Contract” (Bahn, Brownson, and
Rust) might include is noted on the
following page.

LOCAL AUCTION

Local auctions are a centralized market
where buyers, sellers, and animals
merge to a particular location and spe-
cific time.  Livestock are generally sorted
so that each lot is somewhat uniform.
The disadvantage of sorting animals
into more uniform lots is that smaller lot
sizes receive a discounted price (Gum
and Daugherty).  Sellers may be able to
combine small lots with one another in
order to avoid some of this price dis-
count, but this requires more organiza-
tion, weighing, and agreement that all
cattle are of equal quality and value.

Livestock are generally displayed in a
round ring or pen at the local auction
while buyers look on and call out bids.
Animals are weighed immediately be-
fore or right after they enter the sale ring.
Modern sale rings often display the total
and average weight of a pen simulta-
neously while bids are requested by the
auctioneer.  Buyers generally don’t see
the cattle until they enter the ring but
they develop a very trained eye for
weight, yield, grade, and other charac-
teristics.

Marketing costs of a local auction are
relatively high due to increased trans-
portation costs, higher shrink/weight
losses, and the costs of maintaining
facilities and staff to run a local auction.
However, a local auction provides good
liquidity to ranchers with sales occurring
on a much more frequent basis than
other marketing methods.  Also, the
auction insures the legitimacy of buyers
rather than the seller as in a private
treaty sale.  The magnitude of strengths
and weaknesses for a local auction are
often site, animal, and season specific.

full address and phone

full address and phone

location and method

_________________________19 ____

LIVESTOCK BILL OF SALE AND CONTRACT

This certifies that ______________________________  of _______________________________________________

has this date bargained and agreed to sell to ____________________ of ____________________________________

_______________________ head of __________ to be delivered F.O.B._____________________________________

on or before the ____ day of _________ 19___ at $_____ per head or at $_____ per cwt., to be weight on _____ hours

shrink or ____% shrink at _____ with _____% cut back.  Received as part payment $ ______, with balance of $______

to be paid on delivery, I hereby guarantee title thereto, viz:

Location of Price
No. Head Description Brands Brands Per Head

1. On the delivery date specified above, the seller hereby reserves the right to demand full payment for the described
livestock by a) cash, b) wire transfer of funds to the seller’s requested destination, c) cashier’s check drawn on
purchaser’s financial institution, d) certified check drawn on purchaser’s financial institution.

2. The seller further stipulates that title does not change on the above described livestock until the payment is made in full.
Therefore, the seller retains title to the above described livestock until payment is made in full.

3. Should the purchaser fail to meet any of the above noted terms, the down payment will be forfeited to the seller.
4. All of the above stock is free from encumbrances, except as noted in paragraph 5 below, including taxes for year of

delivery, and will pass federal and state inspection for interstate shipment. Health and brand certificates will be furnished
to the purchaser, free of charge, on delivery.

5. The stock is subject to encumbrance(s) held by the following named person(s) with address and nature of
encumbrances set forth as follows:

6. Time is of the essence in this agreement, and this agreement shall apply to and bind the heirs, executors, administration,
successors and assigns of the respective parties and constitutes the entire agreement between the parties herein.

7. The law of the State shall govern the constriction and interpretation of this agreement.

(Seal)________________________________Seller

Witness __________________________________                 _____________________________________________

_____________________________________Purchaser

Billsale.chr/file/5/20/90/pcr

Extension Project GPE-9 serving Colorado, Kansas, Nebraska, New Mexico, North Dakota, Oklahoma, South Dakota,
Texas and Wyoming.  The Cooperative Extension Service does not discriminate because of race, sex, color, handicap, or
national origin in its programs and activities, and is an equal opportunity employer.  Issued in furtherance of Cooperative
Extension work, Acts of May and June 30, 1914, in cooperation with the U.S. Department of Agriculture.  The information
given herein is for educational purpose only.  Reference to commercial products or trade names is made with the
understanding that no discrimination is intended and no endorsement is implied.

Source:  Great Plains Beef Cattle Handbook, GPE-4115.4.

signaturedate

For example, many buyers may be bid-
ding for heifer calves in the spring but
few in the fall.

SPECIAL AUCTION

Special auctions are generally feeder
cattle sales that are held seasonally or
on an infrequent basis.  A special auction
usually has more publicity and promo-
tional efforts to increase the number of
sellers and buyers at the auction.  A
livestock association will often sponsor a
special sale.  The association can give
greater credibility to the quality and quan-
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tity of livestock available for sale.  Assur-
ing buyers of quantity and quality is cen-
tered at increasing buyer attendance.  An
additional small commission fee is usu-
ally charged with a special auction to
cover greater  advertisement and promo-
tional efforts.

Similar to local auctions, the magnitude
of strengths and weaknesses are usually
sale specific.  If a special feeder auction
occurs every year about when your calves
are weaned, the liquidity of special auc-
tions may be adequate.  One disadvan-
tage of following a rigid special auction
marketing strategy is that you may sell all
of your “crop” at the low price for the year.
Spreading out the timing of sales can
diversify some of the price risk associ-
ated with marketing, but may make ship-
ping livestock more difficult and costly.
Utilization of CME futures and options is
one way ranchers can “enter the market”
at different times and still ship all of your
livestock on the same day.

COOPERATIVE
ARRANGEMENTS

Cooperative arrangements for marketing
can range anywhere from a formal coop-
erative agreement to a marketing “pool”
with a rather loose commitment.  Coop-
erative legislation was initiated in the early
1900s with the general goal of enabling
producers to “empower themselves” to
provide goods and services required by
member patrons.  The Capper-Volstead
Act places no size on the market share
that can be attained by a cooperative and
be legal.  Thus, all the cattle in Arizona
could be marketed through one coopera-
tive and not be subject to any anti-trust
legislation.  Ownership and control of a
cooperative must be in the hands of those
that utilize its services and business op-
erations shall be conducted so as to ap-
proach a “cost basis.”  Cooperatives op-
erate for a profit motive like a private
company but the return on capital accu-
mulations are limited.  Profits are distrib-
uted back to member patrons through a

dividend that is generally in proportion to
the dollar patronage by members.  Chief
control of a cooperative lies with a Board
of Directors elected by patron-owners.
Voting is generally 1 vote for each mem-
ber although some cooperatives vote in
relation to dollar patronage.  Liability of
the cooperative is generally limited to the
assets of the cooperative.

Cooperatives have not been a big tool for
ranchers marketing livestock in the US.
In 1986, it was estimated that 8% of all
livestock and livestock products were sold
through cooperatives.  This compares
relatively low to dairy products (83%),
cotton (41%), fruits and vegetables (35%),
and grains and soybeans (34%) (Kohls
and Uhl).  Nonetheless, they may still be
the best avenue available for some ranch-
ers at attaining top dollar for their prod-
ucts.

Obtaining the initial equity for something
like a livestock cooperative can be diffi-
cult.  The sale of common or preferred
stock often provides capital for coopera-
tives but the market for such stock must
come primarily from cooperative mem-
bers.  Preferred stock customarily has a
fixed dividend and no voting rights.  Al-
though limited, it is often the best tool for
attracting “outside capital.”  Various meth-
ods and rules apply from one association
to another for owners withdrawing capi-
tal.  Usually a member can sell his stock
and/or earnings to another member, sub-
ject to approval of the board.  Some
cooperatives have a fixed time for re-
deeming stock certificates as well.  This is
often referred to as the “use of a revolving
fund” since these funds generally do not
accrue interest.  Disbanding an entire
cooperative can be a long and compli-
cated process with many legal fees.
Ranchers in an area need to know for
sure that a marketing cooperative is what
they want before making the commitment
to start a marketing cooperative.  USDA,
Agricultural Cooperative Service has put
together a 31 minute videotape on “How
to Start a Cooperative.”  This videotape is
a good starting place and something all
ranchers should watch together as a group
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and discuss before taking the first steps
to forming a cooperative.  A copy of the
videotape can be obtained by sending a
$25 check or money order payable to
Agricultural Cooperative Service, and mail
to ACS, P.O. Box 96576, Washington,
DC  20090-6576.

A more informal organizational structure
for marketing livestock could be an asso-
ciation sale or “pool.”  An association or
pool generally commits ranchers to bring-
ing a specific product like yearling bulls,
steer calves, bred heifers, lambs, or wool
for a particular sale.  The association
spends money on advertising and solicit-
ing buyers for everyone so that these
costs can be reduced on a per unit basis.
These costs are generally covered by
charging a small percentage of the gross
selling price.  The success of association
or pooling sales largely depends on the
ability and reputation of assuring buyers
that a sufficient volume of an identified
class of livestock or livestock products
will be sold.  A legally binding commit-
ment may be necessary for the initial sale
years to attract a “competitively viable”
number of buyers.  Increasing buyer at-
tendance is key to attaining higher sale
prices and better ranch profits.

CHICAGO MERCHANTILE
EXCHANGE (CME) FUTURES

CME futures is a method for hedging
price risk that is similar in form to forward
contracting.  Because they are similar
one may ask why utilize the CME?  A
chief reason for utilizing the CME is li-
quidity.  A decision to sell can be made
immediately knowing that the prevailing
market price on the exchange will be
received.  The CME consists of many
traders that are receiving buy and sell
orders from individuals all over the world.
Because all contracts are standardized,
no differentiation is made between offers
and bids.  All bids and offers are made
with vocal outcries so that all traders in
the pit have equal price trading informa-
tion.   Standardization of contracts and

equal information are necessary condi-
tions for a market to operate in a price
efficient manner.

The CME market is considered a “base
point” or reference market for local mar-
kets throughout the world.  Trading oc-
curs for the months of January, April,
May, August, September, October, and
November for feeder cattle.  Contracts
trade in 50,000 lb. increments, up from
44,000 lbs. prior to January 1993. Be-
cause local markets follow the CME, a
rancher can hedge by taking a position in
the futures market that is opposite of his
cash position.  After January 1993, feeder
cattle futures contracts can be “cash
settled” to the new CME Composite
Weighted Price for 700-799 pound a)
Medium Frame #1 and b) Medium and
Large Frame #1.  Feeder futures con-
tracts were previously settled to the U.S.
Feeder Steer Price (USFSP) for 600-800
pound feeder steers as calculated by
Cattle-Fax.  The new cash settlement
index is expected to have a lower basis
variability than the previous USFSP in-
dex.

Some reasons why basis variability should
be lower with the new index are:

1) The weight range has been nar-
rowed from 600-800 lbs. to 700-
799 lbs., eliminating more price
variation due to weight.

2) The region from which sale trans-
actions are used to calculated the
index has been narrowed.  Feeder
cattle transactions have been re-
duced from 27 states to the 12
states of Colorado, Iowa, Kansas,
Missouri, Montana, Nebraska,
North Dakota, New Mexico, Okla-
homa, South Dakota, Texas, and
Wyoming.  A smaller and more
homogeneous geographic region
is expected to make the cash settle-
ment index better for the feeding
industry, but the impact of a re-
duced geographic region for
Arizona’s ranchers and feedlots is
more ambiguous.
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3) The new index is a true volume-
weighted average price rather than
a regional weighting formula.  That
is, there is no distinction between
boundaries or cattle sold at a local
auction, direct sale, or electronic
market.  Every pound of livestock
sold has equal impact in determin-
ing the CME Composite Weighted
Average Price.  All direct and elec-
tronic sales included are quoted on
an FOB basis, 3% equivalent stand-
ing shrink.

4) The description of cattle used in
calculating the index has been
changed.  The new index will in-
clude livestock of Medium Frame
#1 and Medium and Large Frame
#1, as determined by Federal-State
Market News reporters.  The old
criteria was a “60-80% choice grade
criteria” that was inconsistent ter-
minology for current USDA grad-
ing definitions.

For hedging an October weaned calf crop
in the summer, one could sell an October
feeder contract in the summer through a
local broker.  Then at weaning in October,
concurrently buy an October feeder con-
tract while selling in the local cash mar-
ket.  If the differential between the cash
market and futures (basis) is the same
when October futures were sold as when
they were bought back, a “perfect hedge”
is said to have occurred.  Thus, a $5 cwt.
price decline in the cash market would be
offset by a $5 cwt. gain in the futures
market (i.e., buy back at $5 cwt. lower in
the futures than sold for) with a constant
basis or “perfect hedge.”  An increasing
basis (cash minus futures) would be de-
sirable for the rancher hedging with fu-
tures but a decreasing basis would de-
crease a rancher’s net price received.
Understanding what the basis will be when
a hedge is completed is key to predicting
a final net price.

As previously mentioned, one advantage
of hedging with futures is that futures can
allow one to enter the market at several
different times throughout the year but

still have one delivery date.  Because
futures are sold in 50,000 lb. increments,
approximately 100 head of feeder cattle
are “sold” with every contract.  If one has
a herd of 200, a strategy for reducing
price risk could be to sell one futures
contract in the spring and one later in the
summer, rather than selling both at the
same time in the spring or summer.

Because hedging with futures “locks in a
price” the net price received will only be
affected by changes in the basis rather
than the general price level.  This is
desirable when the price level is declining
but prices can increase too.  Not selling
100% of your anticipated feeder sales on
the futures market is one way of reducing
the “risk” of not benefiting from price
increases in the market.  But another
approach is to hedge utilizing CME op-
tions.

CHICAGO MERCHANTILE
EXCHANGE (CME) OPTIONS

An option is the right but not the obliga-
tion, to sell or buy a commodity traded on
the futures market for a limited time pe-
riod at a specified price.  In order to obtain
the right to sell feeder cattle or live cattle
futures (put option) on the CME at a pre-
specified price level or strike price, a
premium must be paid.  A put option
works very much like auto or accident
insurance.  The premium you pay for auto
insurance will depend on the driving record
of other drivers in your class (e.g., neigh-
borhood, age, distance of daily commute)
and level of insurance.  Similarly, the
premium you would pay for a put option
depends on how volatile market condi-
tions have historically been and the level
of insurance or strike price (how much
above or below current futures prices).
More distant time horizons will require a
higher premium than nearby contracts,
due to more uncertainty.  If feeder cattle
futures remain or fall below the previously
specified strike price, a put option will be
exercised like an insurance claim would
be filed if one had an auto accident.  That
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is, futures can be sold
at a higher price (strike
price) than the current
futures price so the op-
tion is exercised.  If
futures rise about the
strike price pur-
chased, the option is
left to expire and the
cost of the premium is
absorbed in the same
way that an auto in-
surance holder ab-
sorbs the cost of a pre-
mium when a policy-
holder is not involved
in any accidents.  If
prices drop, a put op-
tion will give price pro-
tection much like an
auto insurance policy provides coverage
for an auto accident.  The amount of
coverage in a put option depends on the
strike price (i.e., higher the strike price the
higher the premium and level of cover-
age) and time period covered.

MARKET OUTLOOK

An individual’s financial position, risk aver-
sion, market outlook, and personal pref-
erences need to be accounted for in de-
veloping a marketing plan.  The figure
above  illustrates how market strategy
and tools utilized will differ depending on
a rancher’s market outlook.  Market strat-
egies of cash sale, bull spread, forward
pricing, and bear spread are compared.

Cash Marketing:  A bullish market outlook
is consistent with the cash marketer
since the rancher receives the full
benefit of any price advances.  Cash
marketing is appealing in that mini-
mal transaction costs are required,
and the method is straightforward
and familiar.  On the down side, the
rancher also absorbs the full risk of
any price declines in the market.
Another disadvantage is that a
rancher can only sell when delivery is
possible.  This limits the ranchers
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ability to reduce price risk.  If a
rancher can market livestock
throughout the year, cash market-
ing is somewhat diversified and risk
averse in that an average price
somewhere between the high and
low seasonally adjusted price for
the year is realized.  But marketing a
few animals at a time throughout the
year has increased round-up, trans-
portation, calving, and other man-
agement considerations that gener-
ally make this strategy prohibitive.
Other price risk management tools
that don’t require delivery to “enter
the market” are briefly described
below.

Bull Spread:  Bull and bear spreads are
very common market positions taken
by future traders and equivalent po-
sitions are available to ranchers.  A
bull spread is appealing in that a
rancher is protected from a price
decline but can still benefit  from
higher prices, albeit less than the
cash marketer if prices increase a
lot.  A rancher can take a bull spread
position by: 1) writing a call option
(right to buy at a specified strike
price) for say November with a strike
price that is above current Novem-
ber Futures, and 2) buying a No-
vember put option (right to sell at a
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Futures Hedge or
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Cash/Futures Price at Expiration
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specified strike price) that is below
the November Futures price.  The
spread will be determined by how
much the strike prices of the call and
put options differ.  In writing a call
option, one receives a premium —
amount associated with taking the
risk that November Futures will in-
crease above the specified strike price
before November.  The premium
received from writing the call op-
tion can offset all or most of the
premium required for purchasing
the put option.  But when writing a
call option, margin calls have to be
made if November Futures advance
above the strike price.  Losses in-
curred when the market advances
above the call option’s strike price
are offset by advances made from
feeders on the ranch that will be sold
in the spot market.  This is why the
figure shows a net price ceiling for
large market advances.  Similarly,
the net price received is a price floor
for large market declines.  The put
option purchased increases in value
as the market declines, offsetting
losses incurred from selling feeders
in the spot market at a lower price.

Forward Pricing:   As described earlier,
forward contracting or hedging with
futures are two common ways to “lock
in a price.”  Forward contracting has
a simple and straightforward ap-
proach with appeal similar to cash
marketing.  Forward contract specifi-
cations can be written so that a
rancher’s net price is known for cer-
tain when the contract is signed, pro-
viding weight, and specified stan-
dards are met.  Pricing terms should
describe a schedule of discounts and
premiums that is at least as detailed
as that described in the “Livestock
Bill of Sale Contract” discussed un-
der private treaty sales.  Forward
contracting is no better than the reli-
ability of the contractor and terms
specified.  Hedging with futures has
an edge over forward contracting in
liquidity.  That is, numerous buyers
and sellers trade in a competitive

environment on the Chicago
Merchantile Exchange, insuring that
a fair market price is obtained when-
ever buy and sell decisions are made.

Bear Spread:  A bear spread uses the
same tools as a bull spread.  A
rancher can take a bear spread po-
sition by:  1) writing a call option for
a strike price that is below the pre-
vailing November Futures price and
2) purchasing a November put op-
tion that is above the current No-
vember Futures price.  As above,
the magnitude of the “spread” will be
determined by how much the strike
prices of the put and call options
differ.  The spread is bearish since
the strike price of the put purchased
is above the strike price specified on
the call written.  Both put and call
options are “in-the-money” since they
both have value if exercised now.
The put and call options for a bull
spread  are both  “out-of-the-money”
since they have no immediate value
if exercised.  Most options are traded
out-of-the-money so that trading is
often very thin for a bear spread.  A
licensed broker can provide up-to-
date information on the volume or
liquidity for a specified option.  As
above, market declines are offset by
an increase in value from the put
option purchased and market ad-
vances are reduced by decreases in
value from the call option written.

When hedging with futures or following a
bear or bull spread market strategy us-
ing options, a rancher’s net price can be
reduced or increased from basis (cash
minus futures) fluctuations.  If the basis
declines (increases), the net price re-
ceived by the rancher will decrease (in-
crease).  The basis for Arizona steers
and heifers of varying weight classes are
described for feeder contracts of No-
vember and May in Figures 1 and 2,
respectively, on the following pages.
These graphs illustrate that the basis
can vary greatly depending on sex,
weight, and year.  However, the range in
basis values for 700-799 lb. steers, what



Ranch Business Management 1994 83

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

300-399 lb. Steers

Contract Maturity

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

400-499 lb. Steers

Contract Maturity

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

500-599 lb. Steers

Contract Maturity

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

600-699 lb. Steers

Contract Maturity

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

700-799 lb. Steers

Contract Maturity

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

800+ lb. Steers

Contract Maturity

Figure 1.   November Basis (Cash-Futures) Range and Average, 1980-93.



Ranch Business Management 1994 84

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

400-499 lb. Heifers

Contract Maturity

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

600-699 lb. Heifers

Contract Maturity

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
$-26

$-21

$-16

$-11

$-6

$-1

$4

$9

$14

$19

$24

$29

Week of Calendar Year

$/cwt.

80-93 Lower Range

80-93 Upper Range

80-93 Average

700-799  lb. Heifers

Contract Maturity

Figure 1 (continue)

Data Sources:   Chicago Merchantile Exchange and Cattle-Fax.
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Figure 2.   May Basis (Cash-Futures) Range and Average, 1980-93.
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Figure 2 (continue)

Data Sources:   Chicago Merchantile Exchange and Cattle-Fax.
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the futures market primarily reflects, has
been quite narrow.  Average basis val-
ues shown between 1980 and 1993 for
the calendar week of the year you plan to
sell your steers or heifer give a reason-
able estimate for calculating an expected
net price.

For example, in mid-November (week
46) the average basis for 400-499 lb.
steers is $6.75/cwt.  If in March the
November feeder cattle futures is trad-
ing at $80.00 cwt., a net price of $86.75/
cwt. would be a reasonable price esti-
mate for hedging with futures.  Novem-
ber futures would be sold at $80.00 in
March.  Then, feeder steers weighing
400-499 lbs. would be sold in mid-No-
vember locally at the same time the
November futures contract is bought
back.  If the cash price is $6.75 above the
futures as anticipated, a net price of
$86.75 (less a small commission fee and
some interest accrued or expensed from
margin calls) is realized by the rancher.
If the cash price were only $2.00 above
the future in November, then the net
price received would decline by $4.75.
The difference between the cash and
futures market or basis is the key factor
rather than the overall price level.  Gains
(losses) in the futures market are offset
by declines (advances) in the cash mar-
ket for all livestock hedged with a futures
contract, if the basis remains constant.

Many other market tools and strategies
are available than the few briefly de-
scribed.  Combinations of cash and hedg-
ing with futures can attain similar out-
comes to the bear, and bull spreads
described.  The range and number of
strategies available is only limited by the
understanding and creativity of every
marketer.

Margin calls may be required for hedging
with futures or writing a call option.  One
reason the purchase of a put strategy
has appeal is that no margin monies are

ever required.  But premium costs can
add up with a put strategy.  It is impor-
tant that your banker or source of fi-
nancing understands your hedging strat-
egy if margin calls are a possibility.  A
hedging strategy can turn sour for the
rancher if adequate cash is not avail-
able to meet margin expenses.  Also,
the hedging legitimacy of writing a call
option and receiving a premium may be
under question by the IRS.  This may
require the consultation of a tax advisor
and futures broker since each individual
situation can vary.
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Table 1.  Pros and Cons of Marketing Methods

Method Advantages Disadvantages

Cash Marketing * Full benefit of price advances. * Only sell when delivery is possible.
* Full risk of price declines in market.
* Basis risk.

Electronic Marketing * Lower costs of shipping, inspecting * Infrequent sales.
   and buying cattle. * Discounts likely for small lots.
* Standardized terms, more buyers—
   increased price efficiency.

Private Treaty * Terms can be tailored to * Few buyers may be interested
   specific situation.    in making a bid.
* Can develop a long-standing * Integrity of buyer can be question-
   reputation and business relationship.   able regarding settlement price.

Local Auction * Auction insures legitimacy of buyers. * Transportation, shipping, and
* Frequent sales.    selling costs high.

Special Auction * Target buyers for a particular sales. * Special sale may be a “dud”-
   may be unsatisfied with sale price.

Cooperative * If cooperative is successful, * May be difficult to get all ranchers
     Arrangements    returns will go back to member    to agree on business decisions.

   patrons. * Obtaining equity for forming a
* Cooperation may increase    cooperative can be difficult.
   number of buyers.

Forward Contracting * Can be tailored to specific * No upside price potential.
   situation and needs.
* No basis risk.

Hedging with Futures * Widely traded competitive * No upside price potential unless
   market.    basis change is favorable to target
* Hedging costs minimal.    basis level.

* Basis risk.
* Margin monies required.

Put Option Hedge * Allows for significant upside * Premium costs can be significant
   price potential.    for your minimum price targeted.
* No margin expenses. * Trading sometimes thin.

* Basis risk.

Bull Spread * Premium costs minimal. * Trading sometimes thin.
* Allows for limited upside * Basis risk.
   price gains. * Margin monies required.
* “Wide spreads” generally plausible.

Bear Spread * Premium costs reduced. * Trading generally very thin.
* Allows for limited gains * Magnitude of “spreads” limited.
   in a bearish market. * Basis risk.

* Margin monies required.
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risk. However, if hedgers are viewed as
investors, the motive for all market
activities is to earn a return.  Risk
associated with an investment is
considered by risk averse investors to
be a by- product of market activity, not
the object.  The incentive for any action
is the expected return, whereas risk is a
disincentive.  With this perspective it is
unrealistic to assess business deci-
sions using risk as the only criterion.
This view of all investors being profit
maximizers1  does not preclude hedg-
ers from acting like risk minimizers at
some points in time. For example, if
stable prices are expected, all hedgers
behave as risk minimizers during that
period even though they are still
maximizing utility.

Since profit is defined as a function of
cash and futures prices, factors which
influence hedging objectives and
hedging potential include a hedger’s
risk aversion, confidence in a forecast
of expected prices, correlation between
cash and futures prices, the nature of
basis, and the ratio of basis variance to
cash price variance.  This analysis
focuses on the correlation between
cash and futures prices, the nature of
basis and the Variance Ratio (see
Blank and Thilmany).  Together these
three statistical measures illustrate how
effective hedging is as a tool to accom-
plish either of a hedger’s potential
objectives.

Hedging Potential  Across Time,
Space, and  Product Form

Differentiation of products can be
based on elements of a product’s form,
geographical location, or the time it is
available to the market (Bressler and

1  Profit maximizers are substituted for
utility maximizers here, with the under-
standing that risk considerations enter
into their business decisions.

HEDGING POTENTIAL IN
CALIFORNIA CATTLE

MARKETS

Steven Blank 1 and Dawn Thilmany 2

Introduction

The potential of any futures market to
serve as an effective hedge against
price risk depends on the relationship
between that market’s futures price and
the local cash price relevant to an
individual hedger (Blank et al., p. 217).
However, cash prices of commodities
vary over time, space, and product form
(Bressler and King), therefore each
futures market’s potential as an effective
risk management tool will vary for
hedgers pursuing different objectives
and involved in different temporal,
spatial and product markets.

The goal of this paper is to demonstrate
the relationship between an individual
hedger’s objectives and the potential for
successful hedging in various markets
and to analyze these relationships for
California cattle markets.  The results
derived from a simple model are used in
an empirical analysis of the hedging
potential in the case of California cattle
markets. These results are intended to
help readers understand the influence of
price behavior over space, time and
product form on the effectiveness of
using a futures market as a hedging
tool.  The results also offer guidance to
hedgers in the specific cattle markets
evaluated.

The Objective of Hedging and
Hedging Potential

For decades, it was assumed that the
objective of hedging has to reduce price
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King). The California cattle industry is
especially interesting because cattle
are less storable and more expensive
to transport than most commodities.
Commodities which are storable and
relatively inexpensive to transport, such
as corn, have a basis2  which can be
reliably estimated using the cost of
storage and transportation.   However,
delivery on cattle futures contracts is
not economically feasible for California
producers and, consequently, basis will
not necessarily converge to any
specific value at a futures contract’s
maturity date.

Commodity prices are related across
time by storage costs, but cattle is not
truly “storable.”  Some production
flexibility allows producers to market
their cattle in more than one time
period, so prices are expected to be
somewhat related across seasons.
However, the change in basis across
seasons (i.e., April vs. October contract
maturities) may  differ.

There is potentially a separate spatial
equilibrium between California markets
(where intra-market transportation may
be feasible) and more distant markets.
As a separate spatial market, the
California industry will share some
widespread shocks with other, U.S.
markets, but there are factors that
affect California only.  Although prices
in a local area may be related to prices
in regional markets, the price in a local
market depends on local supply and
demand and the costs of transportation
into or out of the local market (Bressler
and King).

A market may also be viewed as
extending through alternative and
successive forms of a product with a
consistent structure of prices interre-
lated through processing costs

(Bressler and King).  For this reason,
feeder and slaughter animal contracts
will have related, but not perfectly
correlated cash and futures prices.
Also, there are likely to be unique
market conditions for alternate product
forms such as steers versus heifers.

Empirical  Analysis

The theoretical analysis discussed in the
previous sections and derived in Blank
and Thilmany  will be illustrated by
presenting empirical estimates for three
measures of hedging potential for the
California cattle industry. There are
basically three regions with significant
cattle production in California: the
Southern San Joaquin Valley, the
Northern San Joaquin Valley, and the
Sacramento Valley.3   This study will use
market prices from Visalia, Stockton,
and Cottonwood as the available cash
price for producers in each of these
regions, respectively, although some
inter-regional transportation may occur.

The product specifications of each
contract and delivery point used are
listed and defined in Table 1. Futures
prices from the Chicago Mercantile
Exchange (CME) and monthly average
spot prices (USDA) from each of the
regional markets  between January,
1987 and August, 1991 are included in
the sample.  To illustrate temporal price
differences, Table 1 includes the mean
futures price and the mean basis for
both the April and October contracts for
all cattle products and locations.  In
general, these statistics show two
primary results: the October futures
price is, on average, consistently below
the April futures price and, the October
mean basis is consistently less than the
April mean basis for these California
markets.

2  “Basis” is defined as the difference
between futures and cash prices of a
product.

3  These regions include the mountains on
both sides of the valley.  For example, the
Sacramento Valley includes cattle sold in
the Sierras to the east and the Coastal
Range to the west.
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used to measure whether a contract
exhibited systematic basis.  Using the
statistical results (see Blank and
Thilmany), the hedging potential for
various combinations of market at-
tributes was broadly categorized.
Exhibit 1 summarizes the likely hedging
objective and potential for the twenty-
four combinations of product form,
hedging season and cash market
location.

Applications of Results

The empirical results of this study have
useful applications for the California
cattle market.  There are many similari-
ties in potential hedging objectives
across location, time and product form,
as demonstrated by the large number
of cases where the best potential
objective for hedging is utility maximiza-
tion (see Exhibit 1).   Yet, it is interest-
ing to note that there are distinct
differences in the potential for various
hedging strategies throughout the three

The nearby futures contract price series
was used to estimate the long-run (five-
year average) price correlations and
Variance Ratios (VRs are defined as
basis variance divided by cash price
variance; see Blank and Thilmany).
The price correlations were less than
one in the majority of the cases. The
estimated Variance Ratios were greater
than one in 42 of the 96 cases, (and
significantly greater in six cases).

The systematic nature of basis can be
measured several ways, based on
various theories of basis. The primary
criteria of this study was to estimate
whether basis has  systematic or
seasonal patterns that producers can
predict.  In this analysis, an equation to
estimate basis was developed for each
location that included lagged values of
basis and a time trend, as well as other
information available to producers (see
Blank and Thilmany).

Statistical estimation of the cattle price
data was performed and four tests were

TABLE 1-CONTRACT DEFINITIONS AND SUMMARY STATISTICS

         Seasonal Contract April Contract October Contract

Mean Futures Mean Futures
Contract , Product and Delivery Location Price Mean Basis * Price Mean Basis *

Cottonwood Slaughter  Bulls, Utility $72.54 $13.16 $69.57 $10.19

Cottonwood Slaughter  Cows, Utility $72.54 $25.05 $69.57 $21.88

Cottonwood Feeder Steers #1, 600-700 lbs. $79.65 -$3.92 $78.87 -$4.71

Cottonwood Feeder Heifers #1, 500-600 lbs. $79.65 $1.92 $78.87 $1.14

Stockton Slaughter Steers, 1100-1300 lbs. $72.54 $0.12 $69.57 -$2.85

Stockton Slaughter Heifers, 100-1200 lbs. $72.54 $1.87 $69.57 -$1.10

Stockton Feeder Steers #1, 600-700 lbs. $79.65 -$2.28 $78.87 -$3.06

Stockton Feeder Heifers #1, 500-600 lbs. $79.65 -$1.47 $78.87 -$2.25

Visalia Slaughter Steers #2 & #3, 1100-1300 lbs. $72.54 $0.03 $69.57 -$3.00

Visalia Slaughter Heifers #2 & #3, 1000-1200 lbs. $72.54 $1.57 $69.57 -$1.40

Visalia Feeder Steers #1, 600-700 lbs. $79.65 $0.27 $78.87 -$0.39

Visalia Feeder Heifers #1, 500-600 lbs. $79.65 $0.62 $78.87 -$0.12

Sample:  Monthly data from January 1987 to August 1991.
*Where basis is defined as the difference between the futures and cash price.
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regional markets included in this study,
as well as among product forms and
seasons.

Cottonwood

The Cottonwood region illustrates how
independent a local market’s prices can
be from futures prices determined at a
distant, centralized market.  This

independence is realistic since Cotton-
wood is the most remote of the three
California delivery points and because
this local market deviates from the
futures contract with respect to product
form.  In the case of slaughter cattle,
Cottonwood trades utility beef from
slaughter cows and bulls instead of
higher grade beef from steers and
heifers.  This deviation also may

Contract Combination Potential Objective Supporting Evidence

Cottonwood Slaughter Bulls ,
    April Contract Utility Maximization High VR, systematic basis
    October Contract Limited potential for utility max High VR, High correlation, systematic basis

Cottonwood Slaughter Cows ,
     April Contract Utility maximization High VR, systematic basis
    October Contract Utility maximization High VR, systematic basis

Cottonwood Feeder Steers ,
    April Contract Risk minimization Low VR, High correlation, non-systematic basis
    October Contract Utility maximization High VR, systematic basis

Cottonwood Feeder Heifers ,
    April Contract Both objectives possible, but risk

     minimization may dominate Low VR, High correlation, systematic basis
    October Contract Utility maximization High VR, Low correlation, systematic basis

Stockton Slaughter Steers ,
    April Contract Utility maximization, but only

     limited potential High VR, Low correlation, non-systematic basis
    October Contract Utility maximization High VR, Low correlation, systematic basis

Stockton Slaughter Heifers ,
    April Contract Limited potential for hedging High VR, non-systematic basis
    October Contract Utility maximization High VR, Low correlation, systematic basis

Stockton Feeder Steers ,
    April Contract Utility maximization High VR, systematic basis
    October Contract Utility maximization High VR, Low correlation, systematic basis

Stockton Feeder Heifers ,
    April Contract Utility maximization, but only

     limited potential High VR, High correlation, systematic basis
    October Contract Utility maximization High VR, Low correlation systematic basis

Visalia Slaughter Steers ,
    April Contract Limited potential for hedging High VR, non-systematic basis
    October Contract Utility maximization High VR, Low correlation systematic basis

Visalia Slaughter Heifers ,
     April Contract Utility maximization, but only

     limited potential High VR, Low correlation non-systematic basis
     October Contract Utility maximization High VR, Low correlation systematic basis

Visalia Feeder Steers,
    April Contract Utility maximization High VR, Low correlation systematic basis
    October Contract Limited potential for hedging High VR, High correlation

Visalia Feeder Heifers ,
    April Contract Risk minimization, but only

    limited potential Low VR, High correlation non-systematic basis
    October Contract Both objectives are possible Low VR, systematic basis

Exhibit 1 - Potential Hedging Objectives Among Space, Time and Product
Form Combinations
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account for the weak relationship
between local cash and futures prices.

Among the different product forms
(feeder vs. slaughter) and delivery
dates (October vs. April) there are few
differences in the potential for different
hedging objectives by players in the
cattle futures market.  With the excep-
tion of the April contract for Feeder
Steers and Feeder Heifers, potential
hedging objectives focus on utility
maximization.  As evident by the high
variance ratio and systematic nature of
the basis in the majority of contracts,
seasonal basis patterns dominate the
relationship between cash and futures
prices.   In this case, hedging would
not guarantee a fixed price at the local
market, so utility maximization, rather
than risk minimization, is the only
potential objective.

It is interesting that the two exceptions
to the norm in the Cottonwood market
occur in the April feeder markets.  The
market conditions surrounding these
two contracts allow for hedgers to
effectively minimize their risk.  Theo-
retically, the potential to minimize risk
using the April contract for both feeder
markets is primarily based on the low
variance ratio, which shows that the
hedger’s basis is less volatile than the
cash market.

In terms of product form, it is possible
to retain feeder cattle until they reach
slaughter weight, unlike slaughter
cattle that will only slightly increase (or
possibly decrease) in value if left in the
feedlot.  The option to process feeder
cattle into a different product form
(slaughter cattle) makes another cash
market available in the future, if local
cash prices are not favorable.  This is
especially true in the case of April
contracts as many cattle producers
only have resources to feed out during
the summer season when grazing land
is available.

Cottonwood offers good potential for
hedgers in general.  The opportunities

for utility maximizing hedgers are
strong in all but three cases evaluated
here. Two of the exceptions are the
April Feeder Heifer and Steer con-
tracts which demonstrate good poten-
tial for risk averse hedgers.  The other
anomaly, the October Slaughter Bull
contract, is the only case with limited
potential for any hedging objective.

Stockton

Stockton is similar to Cottonwood in
that the prevailing potential objective
for hedgers is utility maximization.
However, the Stockton market offers
no potential for the producers who use
hedging as a risk minimization tool,
and offers only limited potential for
utility maximization in several specific
contracts.  The majority of the con-
tracts demonstrate low correlation, as
well as high variance ratios between
cash and futures prices.  These market
conditions make it possible for hedgers
to maximize profit, but not to effectively
minimize risk, meaning that relatively
sophisticated hedging strategies are
needed.

Further, the April Slaughter cattle
contracts and April Feeder Heifer
contracts display limited potential for
either hedging objective.  The most
clear case is the April Slaughter Heifer
contract where the market conditions
make it difficult for a hedger to benefit
from using the futures market.  The
April Feeder Heifer and April Slaughter
Steer contracts have limited potential
for utility maximization by hedgers for
two separate reasons.  April Feeder
Heifer cash and futures prices have a
strong and predictable relationship.
However, the basis is more variable
than the relatively stable cash price
which indicates little potential for
profiting from hedging and the chance
of increasing the hedger’s risk.  The
April Slaughter Steer futures and cash
prices have a weak and unpredictable
relationship which allow for little profit
maximizing or risk minimizing poten-
tial.
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cash price changes are seasonally
correlated with changes in the futures
market.

In general, Visalia has a diverse set of
opportunities for hedgers.  Similar to
Cottonwood, April Feeder contracts offer
risk minimizing hedgers good potential
and October Slaughter contracts present
hedging possibilities to utility maximizing
hedgers.  The October Feeder Heifer is
unique in that it is the only case which
offers good potential to both risk mini-
mizing and utility maximizing hedgers.
The remaining cases are not reliable
markets for hedgers to participate in as
they offer little potential for either objec-
tive.

There are also some similarities across
hedging seasons.  Hedging in October is
best for traders pursuing the broader
objective, utility maximization, because
the chance of hedging failures is lower.

Across locations, Cottonwood has the
best potential for successful hedging,
while Stockton offers little potential for
risk minimization, and Visalia has volatile
potential.  The totals for the four product
forms clearly indicate that feeder mar-
kets  offer more hedging  potential than
do markets for slaughter animals.  Risk
minimization may be pursued success-
fully in either feeder animal market while
California slaughter animal markets offer
no apparent potential for risk minimiza-
tion and significant chances of hedging
failure.

Conclusions

The California cattle industry provides a
unique opportunity to examine the
potential for hedging by producers for
whom delivery to the futures market is
not practical.  Although there is evidence
of correlation between futures and local
cash market prices, this relationship
varies across time, space, and product
form.  The variable nature of the futures-
cash price movements reduces the

Stockton offers good opportunities for
utility maximization in some cases, but
there are several markets where limited
potential for either objective exist.  In
sum, hedging in these markets may not
be advisable except for the most
experienced of traders.  Price risk may
be better managed using forward
contracts, if available.

Visalia

The Visalia markets have the most
diversity with respect to the availability
and type of objective available to
hedgers.  There appears to be some
similarities among seasonal contracts
and product forms.  The April Slaughter
contracts have potential for profit
maximization, whereas April Feeder
contracts have potential for risk minimi-
zation.  The October Slaughter contracts
present opportunities for profit maximi-
zation, whereas October Feeder Heifers
may be effective for both objectives and
Feeder Steers have limited opportunities
for either objective.

Similar to the Cottonwood market, the
April Feeder contracts both offer an
effective means for hedgers to minimize
risk.  The strong, yet unpredictable,
relationship between cash and futures
prices, as well as the relatively low
variability of basis, makes risk minimiza-
tion possible.  The market conditions
which may affect the relationship
between cash and futures prices are
explained above in the Cottonwood
section.

Similar to the Stockton case, the Visalia
October Slaughter contracts offer
hedgers the ability to maximize profits.
On the other hand, the April Slaughter
contracts and the October Feeder Steer
contracts have only limited potential for
either objective because of weak,
unpredictable relationships between
futures and cash prices.  The most
general case is the October Feeder
Heifer contract where both hedging
objectives may be viable because local
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potential for successful hedging for
California cattle producers pursuing price
risk minimization. While potential for
utility maximization (which requires
sophisticated hedging strategies) is
widely offered by the markets analyzed,
the more restrictive objective of risk
minimization can be pursued success-
fully much less often.

These results may provide insight to the
issue of why producers have been
reluctant to use the futures market for
hedging.  If risk minimization is the
objective of hedgers who are aware that
achieving it is questionable in these
markets, then it is reasonable for them to
avoid hedging.  Ultimately, the results of
this study imply that increased hedging
activity will occur more rapidly if produc-
ers are educated as to how a broader
definition of hedging, that involved in
utility maximization, can be incorporated
into their business decision making.
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make one telephone call to the broker
handling his account.  The quantity of
cattle, delivery date and location are
standardized on each futures contract,
thus making trading easy.  The pro-
ducer tells the broker how many
pounds of live beef is to be sold and the
month in which they are to be delivered
and the broker relays that information
on to the futures exchanges in the form
of a trade order.  Live cattle futures
contracts, for example, are available
with delivery dates in February, April,
June, August, October, and December
of each year.  Each contract covers a
standardized quantity of 40,000 pounds
and specifies quality requirements.
Standardized delivery locations are
specified also, however, none of those
locations are in California, thus hedgers
here must close their futures market
positions by making an equal and
offsetting trade.  For example, if a
producer established a hedge by selling
a December 1996 live cattle futures
contract, he must buy a December
1996 live cattle contract to close his
futures hedge position.  The hedge’s
net effect would be to add to (or
subtract from) the cash market receipts,
making the final value of the inventory
approximately equal to what it was at
the time the hedge was placed, thus
reducing the risk of decreases in that
inventory value.

What is an Option?

An option is a contract that gives the
buyer the right, but not the obligation, to
buy or to sell a futures contract at a
specific time period.  The right to sell at
a fixed price is a “put” option and the
right to buy at a fixed price is a “call”
option.  The price at which the underly-
ing futures contract may be bought or
sold is the “exercise” or “strike price”.

Although most option positions are
closed when the buyer makes an

LIVESTOCK HEDGING
USING FUTURES OR

OPTIONS

Steven C. Blank 1

Livestock Futures and Options

Commodity options and futures are two
of the tools producers can use to reduce
the price risks they face in agricultural
markets.  Whereas futures markets are
familiar to many livestock producers,
options require some explanation.  This
paper will introduce options trading by
describing the advantages and disadvan-
tages of this marketing tool compared to
those of hedging with futures.  First,
futures trading is described briefly.  Then,
options on futures are discussed and
their use as a hedging tool is illustrated.
Finally, the processes of hedging with
futures and options are compared.

Hedging With Futures

Hedging normally refers to holding
positions in both cash and futures
markets simultaneously.  The goal of a
hedger is partly to reduce the risk of
holding a cash inventory by “locking in”
the price to be received or paid.  For a
livestock producer, hedging usually
involves locking in the value of animals
to be sold in the cash market some time
in the future by selling futures contracts
in the present.  The hedging process is
illustrated later in this paper in an ex-
ample.

Trading futures contracts is simple with
the assistance of a broker.  To place a
hedge, a livestock producer must only
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offsetting trade, option contracts can be
exercised.  For example, assume that
the right to sell one February live-cattle
futures contract at 80 cents/lb is avail-
able from an option seller for 5 cents/lb.
Such an option would be a put option
(the right to sell) with an 80-cent strike
price and a premium of $2,000 (5 cents/
lb times 40,000 lbs).  A cattleman who
purchased such a put option could
exercise the right to sell at 80 cents any
time up to the expiration date.

Assume February live-cattle futures are
72 cents/lb during December and the
rancher exercises the put option.  The
broker is so instructed and the commod-
ity exchange assigns the rancher one
short (sell) position in February live-
cattle futures at the strike price.  To
complete the transaction, the rancher
immediately buys back the futures
contract at the current market price of
72 cents, making an 8-cent/lb gross
profit (3-cent net profit after subtracting
the 5-cent price of the option).

On the other hand, if February live-cattle
futures rise above 80 cents/lb at market-
ing time, the rancher will not exercise
the option since the market price is
higher than the option exercise price.  In
this situation, the rancher lets the option
expire.  In either situation, the seller of
the option keeps the premium.

Similarly, a cattle buyer could pay
$2,000 for a call option—the right to buy
February live-cattle futures at a price of
80 cents/lb at any time between the
purchase and expiration date of the
option.  The buyer would let the option
expire if cash prices stayed below the
strike price until February because cattle
could be purchased cheaper in the cash
market.  However, if cattle futures prices
are more than 80 cents/lb at the time of
the desired purchase, the buyer would
exercise the option to purchase cattle
futures at 80 cents/lb, thus saving the
difference between the available cash
price and the lower option price (minus
the premium).

Comparing Options and Futures

The two illustrations above point out the
major differences between options and
futures contracts.

..

..

. A put option establishes a
minimum selling price but does
not eliminate the opportunity to
receive higher market prices.

..

..

. A call option establishes a
maximum buying price but
does not eliminate the opportu-
nity to pay lower market prices.

..

..

. A futures contract sets a
relatively fixed net cash price
since futures market gains or
losses are approximately offset
by  cash market losses or
gains.

Options, therefore, permit producers to
establish desired selling prices without
sacrificing their potential to benefit if
market prices increase after the put
option is purchased.  If prices rise, the
option is not exercised and the user
loses only the premium.  If prices fall,
the user can exercise the put option
and obtain a price higher than what the
market is offering.  Thus, with a put
option, a user eliminates most down-
side market risk while retaining the
opportunity to benefit from higher
prices.

With a call option, a user eliminates
price risk above the exercise price
while retaining the opportunity to buy at
lower market prices.  Therefore, options
provide ranchers and other users with
insurance against undesirable price
changes while allowing them to benefit
from favorable price changes.

The degree to which ranchers and
other agribusiness people will use
options depends largely upon the cost
of the option (the premium).  As in any
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other “insurance policy,” agricultural
commodity options offer a possible
benefit at a definite cost.  If potential
users do not feel the value of the
possible benefit exceeds the cost, they
will not buy the insurance.

Mechanics of Options Trading

Options trading is permitted only at
exchanges approved by the Commodity
Futures Trading Commission (CFTC).
As in the futures market, trading in
options is conducted in a pit by open
outcry and hand signals.  Trading is
observed and regulated by the ex-
changes and the CFTC.  All trades are
reported to and cleared by a clearing
corporation, which makes sure each
option contract has a buyer and a seller
at the same price and that all margin
requirements are met.  This process
guarantees performance on all con-
tracts.

For options buyers, the premium
payment is the largest amount that can
be lost, regardless of the price move-
ment of the underlying futures contract.
Hence, buyers of commodity options do
not receive margin calls.  The option
seller (also called the writer) must
deposit a margin and may receive
margin calls because he or she has the
potential liability to provide a futures
contract to the option buyer should the
buyer elect to exercise the option.

This margin procedure assures the
buyer that the seller will always have
sufficient funds on deposit with the
clearing corporation to pay the differ-
ence between the option strike price
and current market price should the
buyer exercise the option.  If the option
price never increases, the option writer
will receive no margin calls and the
option will expire worthless.  If the
option expires “out of the money,” the
buyer will lose the premium and the
option writer will keep it as payment for
providing the buyer with price insur-
ance.

In addition to the premium, option
buyers and sellers pay small commis-
sions to their brokers.  There is great
variability in the level and manner in
which commissions are charged:  some
brokers charge a separate commission
for each purchase and sale; they may
establish commissions as a fixed rate
or a percentage of the price with a
minimum fee; some may assess an
additional charge when an option is
exercised.

American options can be bought and
sold on any business day.  Therefore,
an option holder can always trade out
of (offset) an options position before the
option expires.  Due to this feature, an
option buyer does not need to exercise
the option in order to realize a profit.
The trader can simply liquidate the
option position by making an offsetting
trade, without having to become
involved in trading the underlying
futures contract.  The ability to trade in
and out of options on a daily basis
means that users can buy and sell price
insurance as they deem it desirable.

The decision to exercise an option lies
with the buyer.  If, for example, a cattle
rancher decides to exercise a put
option rather than to offset the position
in the options market, the following
should happen.  For a put, the clearing
corporation assigns the buyer a “short”
(sell) position in the futures market at
the strike price.  Simultaneously, the
writer of the option is assigned a “long”
(buy) position in the futures market
using that day’s futures settlement
price.  At this point, the option contract
has been terminated and both parties
are free to trade their futures positions
as they see fit.

Hedging Examples:
Options vs. Futures

The following example illustrates how
option pricing strategies work and how
their results compare with those of
hedging with futures.  For ease of
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exposition, the put option contract is
exercised rather than sold at the time of
cash market delivery.  In practice, most
options will be sold rather than exer-
cised, thus yielding larger returns.

Selling Futures Contracts

In December a feedlot operator takes
delivery of a lot of feeder cattle to go on
feed until April, at which time the total
weight of the animals is expected to be
40,000 pounds.  The cattleman,
expecting the cash price to be 75 cents/
lb in April, can sell one April live-cattle
futures contract at 75 cents/lb to lock in
that cash price.1

If futures and cash prices fall to 65
cents/lb between December and April,
the futures gain of 10 cents/lb will
compensate for the lower cash price
received, resulting in a net price
received of 75 cents/lb.  The same net
price would have been received if cash
and futures prices had both risen 10
cents/lb over the same period.  In this
latter case, a futures loss of 10 cents/lb
would have reduced the cash price of
85 cents/lb to give the same net price.
Subtracting an estimated $50 for
commission on the futures contract
leaves a total net revenue of $29,950
for the sale of the cattle.

Buying Put Options

Now assume the cattleman buys one
April put option with a strike price of 75
cents/lb instead of hedging with futures.

Assume that the price of this option is 5
cents/lb for a premium of $2,000.  With
a 0 (zero) basis, the minimum cash
price assured to the cattleman is 75
cents/lb.  However, if prices increase,
the cattleman can let the option expire
and sell at the higher cash market price
(85-75=10 cents/lb = $4,000 gross
increase, minus the premium and
commissions, leaves a net return of
$31,950).  If  prices fall at least 5 cents/
lb, the option would be exercised, giving
the minimum net return of $27,900, no
matter how far prices fall.

As this comparison shows, three factors
will influence the relative attractiveness
of options over futures:  (1) the size of
the premium, (2) the probabilities of a
price rise or decline, and (3) the magni-
tude of price changes over time.  The
minimum return in the example is lower
for options than it is for futures by an
amount equaling the premium and
commission.  This will be true generally.
Therefore, the desirability of options
strategies depends greatly on premium
levels.

Also, the net returns from a futures
hedge will always be greater than those
from options strategies if the price falls
during the trading period.  This means
that the higher the probability of  price
decline, the more desirable are futures
and the less desirable are options.
Finally, the buyer will consider the
magnitudes of potential price increases
and decreases.  If over a number of
years the magnitude of price increases
is substantially larger than the price
declines, then option strategies will be
more profitable than futures strategies.

Even if the average returns are lower for
the option strategy in a particular case,
some livestock producers may prefer it
because it involves no margin calls,
while futures strategies may involve
margin calls.  The possibility of margin
calls requires that hedgers have a credit
reserve or an arrangement with a lender
for financing margin calls.  Some
livestock producers may feel that the

1 This assumes that the cash and futures
market prices will come together at the time
of the futures contract’s maturity — that
there is a “basis” (defined as the difference
between futures and cash prices) of zero.
In most locations, such as California, this is
not likely to happen; there is usually some
transportation cost between the local
market and the nearest delivery point for the
futures contract, as reflected in a positive
basis.
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potential costs involved in meeting
margin calls more than offset the larger
returns from futures.

One final note:   The example assumes
that the option  contract is held until it is
exercised or expires worthless.  In fact,
the original options position can be
offset on any business day until the
expiration date, thus recapturing part of
the premium cost.

The decision to offset an options
position will depend on expectations
concerning the price level of the under-
lying futures contract.  The added
flexibility of being able to trade  options
any time means that users may be able
to have price protection when they need
it without losing the entire premium,
hence reducing the cost of the option
strategy.

Advantages and Disadvantages:
Options vs. Futures

In summary, the basic advantages and
disadvantages of options vs. futures are:

Buying Put Options

Advantages:

..

..

. Permits establishing a minimum
selling price while retaining the
opportunity to benefit from
higher cash prices.

..

..

. Option buyers does not receive
margin calls.

..

..

. Maximum loss is equivalent to
original premium cost.

Disadvantages:

..

..

. Option premiums may be
relatively expensive.

..

..

. In most years, the option will
expire worthless.

Selling Call Options

Advantages:

..

..

. Cash market returns can be
increased by the amount of the
premium received.

Disadvantages:

..

..

. The call option seller does not
have price insurance against
falling prices.

..

..

. Maximum return is equivalent
to the option premium.  Losses
can be virtually unlimited if
prices go up.

..

..

. Options sellers receive margin
calls if premiums increase after
the option is written (sold).

Selling Futures

Advantages:

..

..

. Establishes a selling price
within a narrow range bounded
by basis change.

..

..

. Commissions are relatively
inexpensive compared to
premium for options.

Disadvantages:

..

..

. Eliminates the opportunity to
participate in higher cash
market prices.

..

..

. Requires a margin deposit, and
margin calls may occur if prices
move higher.

Extension Economist 1

Agricultural Economics Department
University of California
Davis, California
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USING OPTIONS TO
CONTROL LIVESTOCK

FEED COSTS

Steven C. Blank 1

Feeding livestock is a risky business.
To deal with the various types of risks
faced, livestock feeders should make
use of all available risk management
tools.  One valuable tool which can
reduce the risk from volatile input prices
is hedging with commodity options.  This
paper describes how feed costs can be
controlled by using options to both raise
average profits and reduce input price
risk.

Feed costs are second only to feeder
animal costs in terms of operating

Table 1.   Break-even Purchase Price
Assumptions

In weight 750 Conversion rate 8.5

Out weight 1,150 Average daily gain 3.0 Interest rate 11.5

Corn price

   (dollars per bu.) 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

Finished  price Break-even feeder purchase price (750 lbs.)

64.00 76.48 74.42 72.35 70.29 68.23 66.17 64.11 62.05 59.98

66.00 79.39 77.33 75.27 73.21 71.14 69.08 67.02 64.96 62.90

68.00 82.30 80.24 78.18 76.12 74.06 72.00 69.94 67.87 65.81

70.00 85.22 83.16 81.10 79.03 76.97 74.91 72.85 70.79 68.73

72.00 88.13 86.07 84.01 81.95 79.89 77.82 75.76 73.70 71.64

74.00 91.05 88.98 86.92 84.86 82.80 80.74 78.68 76.62 74.55

76.00 93.96 91.90 89.84 87.78 85.71 83.65 81.59 79.53 77.47

78.00 96.87 94.81 92.75 90.69 88.63 86.57 84.50 82.44 80.38

80.00 99.79 97.78 95.66 93.60 91.54 89.48 87.42 85.36 83.30

82.00 102.70 100.64 98.58 96.52 94.46 92.39 90.33 88.27 86.21

Source:   Cattle-Fax

expenses incurred by a livestock
feeder.  Therefore, a feeder should
pay close attention to feed prices when
making production decisions.  For
example, the National Cattlemen’s
Association’s Cattle-Fax produced
Table 1 to show the impact of corn
prices on the break-even purchase
price for feeder cattle.  According to
Cattle-Fax, with cattle on feed for
about four months feedlot operators
expect to finish three lots of cattle each
year.  Such a constant feeding opera-
tion requires a constant flow of feed
grain, regardless of feed prices.  Table
1 shows that with corn at $2.50 per
bushel and a $74/cwt price expected
for finished cattle, feeders can break
even paying $82.80/cwt for feeder
calves.  However, if corn goes to $3/bu
before operators contract for that batch
of feed, the break-even point moves
out to $78.68.  In other words, opera-
tors that have paid $82.80 for feeder
cattle would lose almost $4/cwt if corn
prices rose $.50 without being hedged.
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Producers can “lock in” their feed price
using either forward or futures con-
tracts, but that may not be the most
profitable course of action.  Hedging
with options enables cattlemen to lock
in feed costs to protect against market
price increases, but with flexibility which
may allow feeders to pay lower prices if
the market price decreases.  An
example of the weaknesses of forward
and futures pricing is presented below,
followed by an illustration of how
options hedging avoids these weak-
nesses.

Forward and Futures Contract
Inflexibility

Hedging using either forward cash or
futures contracts locks in a feed price,
but gives the hedger no flexibility to
take advantage of lower market prices
which might be available at a later date.
Consider the case of a cattleman who
thinks that the current price of corn,
trading at $2.50/bu, could go up to
$3/bu by the time he needs to lay in
additional supplies.

He could lock in the $2.50 market price
using a forward cash contract.  This
guarantees his feed cost, no matter
what feed prices do in the future.
However, if prices fell after the forward
contract was signed the cattleman
would still be obligated to pay the
contract price of $2.50.

If the cattleman used a futures hedge
he would lock in the current $2.50
price, plus or minus any change in
basis.1  The hedge would be placed by
buying a corn futures contract with a
delivery date on or after the date he
actually intended to take delivery of
cash grain.  If he was right and both
cash and futures prices go to $3 before

the hedge is liquidated, he would have
a $.50/bu profit on his futures position
to compensate for the higher cash price
which is paid; the net price paid is still
the $2.50 his hedge locked in ($3 - .50
= $2.50).  He would capture the futures
profit by liquidating the futures position
by making an equal and opposite
transaction in the futures market.  In
this case it would be to sell a futures
contract identical to the one he pur-
chased when placing the hedge.  The
hedge would be closed on about the
same day the cash feed price is set.  If
the cattleman was wrong and prices fell
after the hedge was placed the net
price does not change (assuming no
basis change).  If cash and futures
prices fell to $2/bu the hedger would be
able to buy cash corn for $2, but he
would have a $.50/bu loss on his
futures position which raises the total
cost of the hedged corn to the price
locked in:  $2.50 (= $2 + .50).  In this
situation, the inflexibility of the futures
hedge and forward contract led to a
higher net price than would have been
paid by the cattleman if he had hedged
using options.

Options Hedging

If the same cattleman had placed a
hedge using options, he would have
benefitted from any price decreases
which occurred while the hedge was in
place, yet he would have received the
same protection against price increases
as that provided by futures hedging.
The simplest option strategy would be
to buy a call option on corn prices.  A
“call option” gives the option buyer the
right, but not the obligation, to buy the
commodity at a specified exercise price
any time before the option expires.  An
example of hedging with calls follows.

If the cattleman believes that the
current corn market price of $2.50/bu
could rise, he could hedge by buying a
call option with an exercise price of
$2.50.  For that option the hedger will
have to pay a premium of, say $.10 in

1 “Basis” is simply the difference between futures
and local cash prices for the same product.  Even
though the two prices will move in the same direc-
tion over time, they will not always move in the same
amounts, thus basis will change.
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this case.2   If market prices never
change during the time period in
which the option can be exercised the
hedger would not “exercise his
option”, thus it would expire worthless
just like other insurance policies.
However, if corn price increase during
the option’s life, the hedger would
exercise the call.  For example, if
market prices rise to $3/bu the hedger
would profit by $.50.  Exercising the
call in this case enables the hedger to
purchase a corn futures contract at
the exercise price of $2.50/bu, and he
could instantly sell it in the futures

market at the going market price of $3,
netting the difference as a profit to
compensate for the rise in cash corn
prices paid.  The net price paid for corn
would be $2.60: $3 (from the cash
market) minus the $.50 options profit,
plus the $.10 premium paid to get the
option, or the $2.50 he intended to lock
in with the hedge plus the option
premium paid.

If corn prices fell during the life of an
option, the flexibility of options hedging
becomes clear.  Options give the buyer
the right, but not the obligation, to make
a transaction at the exercise price.  For
a cattleman using calls to hedge
against feed price increases, no options
would be exercised in a falling price
market.  If corn prices fell to $2/bu, for
example, the hedger would pay $2 for
cash corn plus the premium, $.10 in
this case.  Thus, the cattleman would
pay $.40/bu less for his feed if he
hedged using options rather than
forward cash or futures contracts in this
falling price market.  To gain this
potential benefit, the hedger did have to
pay an extra cost, the option’s pre-
mium.  However, in volatile markets,
such as this example, the cost proved
to be a good investment.

Extension Economist 1

Agricultural Economics Department
University of California
Davis, California

2 The “premium” is the amount paid by an option
buyer to get the option.  This amount is determined
by market and can go up or down over the short run.
As the option approaches its expiration date, the
premium will decrease because part of its value is
determined by the amount of “time” before it ex-
pires; the more “time” before an option expires, the
more “time value” it has in its premium.  At the date
an option expires it obviously has no “time” left, so
its time value decreases to zero.  At that point, an
option’s premium will equal its “intrinsic value”,
which is the value of the option if it were exercised
at that point in time.  A call option will have intrinsic
value only if the current market price is above the
option’s exercise price.  If an option has no intrinsic
value, it will be worthless at the time it expires.  If it
does have some intrinsic value, the option buyer will
exercise the option to capture the intrinsic value at
that time.
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BEEF COW SHARE
LEASE ARRANGEMENTS

James Oltjen,1 Daniel Drake 2

and Mark Nelson3

Leasing arrangements between ranch
operators and cattle owners are being
used more in livestock production today
than ever before. Leasing has long
been used to acquire control of land,
but now it is being used with livestock.
It is used for a number of reasons—it
allows one with little capital to lease
cows and, perhaps, land as well; it
allows for intergenerational transfers of
the cow herd. Cow leasing is not new,
but there is relatively less historical
precedent compared to other agricul-
tural leases. What is fair is still a
common question.

This publication discusses the practice
of leasing a cow herd. The owner of the
cow herd is referred to as the owner
and the party who leases the cow herd
is referred to as the operator.

Purpose of Leasing
Arrangements

Ranching requires control of large
amounts of capital if the operator is to
have adequate net income for a
comfortable living. It is difficult, if not
impossible, for ranch operators to
acquire adequate capital without
borrowing.

Leasing livestock is a form of acquiring
control of additional capital. However,
rather than borrowing this capital from a
bank or lending institution, the operator
borrows from another individual or firm.
The operator acquires the use of a cow
herd and shares the costs and returns

of the cow herd operation with the
owner. Borrowing may still be required
for short term operating expenses.

Advantages of Leasing
Arrangements

1. Allows the operator to acquire
the use of resources without
making a direct monetary
investment in the assets.

2. Allows the risk and profit
associated with livestock
production to be shared.

3. Can provide a more efficient
use of resources (land, labor
and capital).

4. Can allow the owner to spread
the sale of a cow herd, and
avoid potentially large capital
gains.

5. Can allow the owner to convert
taxable income from “self-
employment earnings” to “non-
participation income.”

Disadvantages of Leasing
Arrangements

1. Both owner and operator give
up some individual control and
income earning potential.

2. Takes more time, effort and
records.

3. Could be difficult to prove that
the owner is not materially
participating.

“Cow Herd” Versus “Cow”
Leases

The first step in developing a lease
between two individuals is to decide
whether the lease is for a cow or a cow
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herd. For the purposes of this paper,
let’s define a “cow” lease as one where
no one furnishes replacements. The
lease, then is viewed as a single cow
lease, when the cow is culled, the owner
receives the income. When the entire
herd is sold, the lease is over. This type
of lease works well for producers who
wish to get out of business, yet spread
the sale of the cow herd over a period of
years. It also provides for ownership
transfer between generations.

A “cow herd” lease is viewed as an on-
going business arrangement whereby
the owner is responsible for providing
replacements. The replacements may
be purchased from outside the lease
arrangement, or can be raised within the
leased cow herd by the operator but
subtracted from the owners “share.” In
either case, the owner would receive all
cull income.

What Is a Fair Leasing
Agreement?

In developing a lease, owners and
operators want an arrangement that is
fair to both parties. As a rule, leasing
arrangements are considered fair if the
parties involved each receive approxi-
mately the same percent of income as
the percent of costs they contribute.
Bargaining may have an important
influence on the value placed on contri-
butions.

Forms can be used to determine the
basic contributions of both owner and
operator. These are especially helpful
when working out a leasing arrange-
ment for the first time. In such cases
there may be no past record of ex-
penses involved in production.

It is best if an owner and operator can
work together in determining their
respective contributions. They might
work independently at first; then they will
be better prepared to resolve any
differences.

Costs To Be Considered

There are two types of costs to con-
sider when determining the amount that
each party contributes towards an
operation. These are fixed and variable
costs.

Fixed costs are incurred due to owning
property, and are often referred to as
ownership costs. Usually these costs
are called the DIRTI five - depreciation,
interest, repairs, taxes, and insurance.
It is assumed that these costs are
incurred regardless of operating levels
and returns.

Variable costs are incurred in day-to-
day operations. In a livestock operation,
variable costs include feed, labor,
veterinary, drugs, trucking, and market-
ing, as well as miscellaneous costs.
These costs are sometimes called
operating costs.

In most leasing agreements, the owner
is responsible for fixed costs of the
livestock and perhaps for some variable
costs. The operator is generally respon-
sible for most of the variable costs, and
may also furnish some fixed costs. In a
cash lease, the operator may pay the
owner cash rent equal to the owner’s
fixed costs.

Other Factors To Consider

Other factors besides fixed and variable
costs also need to be considered when
preparing a livestock leasing agree-
ment. In the case of a cow herd, some
other factors include:

1. Who provides/pays the breed-
ing bill?

2. Contingencies (e.g. drought,
death loss): how will they be
handled?

3. Who makes which manage-
ment decisions (e.g. culling,
sale time)?

114



Ranch Business Management 1996

4. The lease itself: length, renew-
ability, termination?

5. How is income divided?

6. How will price be set if one
party purchases the other’s
share?

Determining Sharing
Arrangements

Three things need to be determined for
an equitable leasing arrangement.
These need to be done by the operator
and owner working together:

1. Determine the costs to be
considered.

2. Determine the contributions of
each party.

3. Determine the percent of costs
contributed by each party.

When these three factors are deter-
mined, the operator and owner should
share in income in the same proportion
as they contribute to the operation.

Evaluate the leasing agreement
occasionally to assure an equitable
arrangement over time. Fluctuating
prices and management changes can
cause the proportion of the contribu-
tions to shift over time.

Costs for a Cow Herd

A worksheet (Table 1) can be used to
estimate the various costs involved in
the operation of a cow herd. The
amount each party contributes can be
credited to the party making the contri-
bution. A short explanation of each cost
item may help in arriving at an equi-
table figure.

When historical costs are well docu-
mented, proposed new contributions by

each party may be set based on
historical costs. In such cases, valida-
tion of the proportions with current
records is important.

Consider these estimates (Example 1)
valid only under the costs, production
level, and prices specified. Individuals
or groups using the information pro-
vided should substitute costs, produc-
tion levels, and prices valid for the
locality, management level to be
adopted, and marketing circumstances
for the location and time period in-
volved.

Variable Expenses

Feed

1. Pasture is a feed cost. If the
pasture is owned by the party
providing it, the pasture cost
could be a reasonable rate of
return (2 to 6 percent) based
on its value, or it could be the
amount for which it could be
rented to someone else. If
the pasture is rented by the
party providing it, then his
contribution is the actual
cash rent.

2. Supplemental pasture in the
form of crop or pasture
residue or other grazing is a
contribution towards feed
costs and credit should be
given to the party who
provides this feed.

3 & 4. Hays are considered as feed
costs and should be valued
at market prices.

5. If grain is used in the opera-
tion, value at market price.

6. Protein, mineral, and vita-
mins are valued at market
price. These items should be
furnished by the same party
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who provides hay and forage
so there will be no conflict
concerning rations.

Other Expenses

7 - 11. Other expenses should
include the costs of the cow
herd. For example, the cost
of operating capital for the
operator may be a significant
expense. Sources of informa-
tion include tax returns and
detailed financial analysis
(e.g. SPA, FINPACK).

12. Labor is a contribution of the
party who provides it. If labor
is hired, its cost is the actual
cost to the party who pays for
it. If labor is furnished by one
or both parties, then labor
should be valued at the
current cost of labor as
though it had to be hired.
Labor required per cow per
year will vary with the size of
the herd. For herds of less
than 30 cows, 10 to 15 hours
per cow per year may be
required. Large herds will
require 5 to 6 hours per cow
per year. Use actual costs, if
available.

13. Management of a cow herd
should be the responsibility
of both parties. The owner of
the cow should decide which
cows to cull and the operator
should be responsible for the
day-to-day decisions involved
in managing the cow herd to
produce optimum returns.
Placing a dollar figure on the
value of good management is
difficult, but no other factor is
more critical when determin-
ing overall cow herd profit.
Helpful guides include 5 to 8
percent of gross income or 1
to 2 percent of total capital
managed.

Fixed Expenses

Cows and Bulls

14. Interest on cows as an
investment contribution of
the owner. The interest rate
used should be the approxi-
mate interest rate that could
be earned if money were
invested in other alterna-
tives. If interest rates are 5
percent and the average
value of a cow is $600, then
the annual contribution of
the owner is 5 percent of
$600 for 12 months or $30.
Cow value for one-year
leases is her market value
minus capital gains taxes;
for longer term leases it is
balance sheet value (a
conservative base value or
cost less depreciation).

15. Depreciation on cows is a
contribution of the owner
because he is responsible
for providing replacements.
It is the difference between
the value of the cow when
she is placed in the herd
and her salvage value when
she is removed from the
herd. To arrive at annual
depreciation, divide this
figure by the number of
years the cow is expected to
remain in the herd. If a cow
going into the herd is valued
at $600 and you expect her
to be worth $350 when she
is removed from the herd in
7 years, then annual depre-
ciation is $600 minus $350
divided by 7 or $35.71 per
cow. Depreciation is also a
contribution of the owner in
the typical “cow” lease
arrangement, because the
cow is usually worth more at
the beginning of the lease
than she will be when culled.

116



Ranch Business Management 1996

16. Insurance on livestock will
usually be about .1 to .25
percent of the value of the
breeding herd. Bull value is
estimated by dividing its cost
by the number of cows
serviced, e.g. $2,500 ÷ 25
cows/bull = $100.

17. Death loss of cows should be
considered a contribution of
the owner. Death loss is
usually computed at 1 to 2
percent of the value of the
breeding herd. There should
be contingencies written in
the lease for cases where
actual death losses are
greater than the percent used
in the lease worksheet.

18 & 19. Annual interest and deprecia-
tion on bulls are determined
the same as for cows (items
14 & 15) except bull value is
estimated by dividing bull
cost by the number of cows
serviced. This determines the
amount to charge against
each cow.

Buildings and Equipment

20 & 21. Interest and depreciation on
buildings and equipment
used in the operation is a
contribution of the party who
owns the buildings and
equipment. Again, figure the
interest on the value of the
buildings and equipment
according to an interest rate
that approximates investment
returns. Depreciation is the
decrease in the value of the
property in a year’s time.

22. Taxes and insurance on
buildings and equipment is
the cost for taxes and
insurance incurred against
property used for livestock
during the year. This will
amount to 1 to 1.5 percent of

the current value of buildings
and .5 to 1 percent of the
current value of livestock
equipment.

Determining Contribution of
Each Party

After it has been determined which
costs each party contributes, list these
amounts in the appropriate column on
the worksheet. The totals of the owner
and operator columns will show the
total contribution of costs for each
party.

These totals might make both parties
concerned as to the profitability of the
cow herd operation. This is the risk that
each party assumes. If returns per cow
exceed the value of all contributions,
then each party will get full value of all
contributions. If contributions are
greater than the returns, then each
party will not receive full value of his
contributions. However, this does not
mean that each party does not benefit
from the operation. There are benefits
such as capital gain advantages, way
of life, and pride of ownership realized
by the owner. There may also be
advantages in the use of otherwise
unsalable feed and in the use of off-
season labor for the operator.

Determining Percent Contributed
by Each Party

As illustrated in Example 1, a simple
way to calculate the percent contributed
by each party is to separate the total
contributions into the amount contrib-
uted by each party and then divide by
the total contribution.

In Example 1, the owner receives
22.07% of the calf crop and all of the
cull income from sale of cows (7 year
life, 100 cows ÷ 7 years = 14.29 cows/
year) and bulls (6 year life, 100 cows ÷
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25 cows/bull = 4 bulls, 4 bulls ÷ 6 years
= .6667 bulls/year). If 100 cows had
been exposed to a bull and a 85% calf
crop was weaned, the owner would
receive:

In addition it is important to note, the
owner would be responsible for replac-
ing the 14.29 culled cows, the 1 dead
cow (100 cows @ 1% death loss), the
.6667 culled bulls, and the .04 dead
bulls (4 bulls @ 1% death loss).

The operator would receive 77.93% of
the calf crop:

Profit or Loss?

In this example, the operator’s costs
are $31,930 ($319.30 x 100 cows),
resulting in a profit of $860 ($32,790 -
$31,930).

The owner’s calculated costs from
Example 1 are $9,041 ($90.41 x 100
cows), but his total estimated expenses
include replacing the cull animals since
he is providing the cow herd. These
expenses are $14,508 which include
replacing the salvage value of what
was sold ($5,467). His out of pocket
expenses are:

The $35.70 per cow cost is $30 interest
on cows + $5 interest on bulls + $.70
insurance. The owner’s net result is a
profit of $244 ($14,752 - $14,508).
Another way to consider or check profit

85 calves  (550 lb. @ $.90/lb.) x .2207 9,285
14.29 cull cows  (@ $350)  5,000
.6667 cull bulls (@700)     467

$14,752

85 calves  (550 lb. @ $.90/lb.) x .7793 $32,790

15.29 replacement cows @ $600 9,171
.7067 bulls @ $2,500 1,767
Total other costs of $35.70
                 X 100 cows   3,570

$14,508

Income
85 calves  (550 lb. @ $.90/lb.)
                  x .2207 9,285
14.29 cull cows  (@ $350)  5,000
.6667 cull bulls (@700)     467

$14,752

Costs
15.29 replacement heifers
                (550 lb. @ $.90/lb.) 7,566
Growing phase cost estimate,
                pay to operator 2,136
.7067 bulls @ $2,500 1,767
Total other costs of $35.70
                X 100 cows   3,570

$15,039

Amended Income (-$287)

is to exclude cull and death income and
expenses. Then the owner would have
an income of $9,285 and expense of
$9,041 for a net gain of $244.

Thus, each party receives the same
proportion of net returns as they
contribute in costs. Total returns are
$42,075 (85 calves x 550 lb @ $.90/lb);
total costs are $40,971 ($409.71/cow x
100 cows). Total net returns are thus
$1,104 ($42,075 - $40,971). The
operator nets $860, or 77.93% of
$1,104; the owner nets $244, or
22.07% of $1,104.

Accounting Procedures for Raising
Replacements Within the Cow Herd

When the owner is furnishing replace-
ments to replenish the cow herd, and
they are selected and raised from the
calf crop, the value and cost to raise
these replacements must be subtracted
from the owner’s share. In Example 1,
the owner’s share of income could be
amended to include the value of the
replacements:

The costs to grow the replacement
heifers from weaning age to 15 months
for breeding is estimated by using a
monthly charge (based on the annual
cost per cow adjusted to 3/4 of an
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animal unit) times the number of
months from weaning to breeding age
(3/4 X 15.29 females X $319.30 annual
cost / 12 months X 7 months). In the
example, heifers are weaned at 8
months of age and grown for 7 months
before reaching breeding age at 15
months. Specific growing period costs
should be used when available.
If additional replacements are saved for
later culling, their costs and cull income
would be assigned to the owner.
In the above example, from a strictly
out-of-pocket cash basis, raising
replacements is clearly less profitable
compared to purchase of breeding age
females. The additional cost is $1,136
($7,566 + $2,741 - $9,171). However,
long-term genetic gains, improved
animal health, and pride of ownership
are possible offsetting benefits, which
may also improve income from future
calf and cull sales.
In the event the owner purchases
replacements of under-breeding age,
growing costs from purchase until
attainment of breeding age should be
assigned as in the example above.

Conclusions

The methods described in this publica-
tion are not the only ones available, but
these are accepted as fair for the
assumptions stated. Other lease
options available include cash leases,
fixed percent of calf crop, and lease
with the option to buy. In all cases,
records are important to both establish

a lease, as well as to evaluate it
through time. Current estimates and
projections are needed to adjust the
lease as described above, and histori-
cal analyses allow one to factor risk
and temper any changes. Communica-
tion and negotiation between the two
parties is important for keeping this
form of lease equitable.
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Example 1.   Beef “ Cow” Lease or “ Cow Herd” Lease with replacements
purchased outside the arrangement ($/cow).

Total Owner’s Operator’s
Contribution Share Share

Variable Expenses
FEED:  $ / cow
1. Pasture 82 82
2. Crop residue pasture 16 16
3. Hay:  ________________ 90 90
4. Hay:  ________________
5. Grain
6. Protein, minerals and vitamins 5 5

OTHER EXPENSES: $ / cow
7. Veterinary and drugs 7 7
8. Fuel, oil and utilities 11 11
9. Repairs and supplies 9 9
10. Marketing and trucking 6 6
11. Miscellaneous:        operating capital 4 4
12. Labor         7     hrs @  $6.00  /hour 42 42
13. Management

 475.42    gross income/cow @    5    % 23.77 23.77

Fixed Expenses
COWS AND BULLS:  $ / cow
14. Interest on cows       600    @    5    % 30 30
15. Depreciation on cows
          (    600    -    350    ) /    7     years 35.71 35.71
16. Insurance on herd
          (    600    +    100    ) @     .1    % .70 .70
17. Death loss
          (    600    +    100    ) @     1     % 7 7
18. Interest on bulls         100    @    5    % 5 5
19. Depreciation on bulls

  (   2,500   -   700   )/  6   years/  25   cows 12 12

BUILDINGS AND EQUIPMENT: $ / cow
20. Interest on buildings and equipment -

value    230   /cow @    5     % 11.5 11.5
21. Depreciation on bldgs. and equip. ($/cow) 10 10
22. Taxes & insurance, bldgs. and equip.

  120    @  1.25  % +   70    @    0.75   % 2.03 2.03

TOTAL CONTRIBUTIONS (sum of lines 1-22) 409.71 90.41 319.30

PERCENT OF TOTAL CONTRIBUTIONS 22.07 % 78.93 %
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Total Owner’s Operator’s
Contribution Share Share

Variable Expenses
FEED:  $ / cow
1. Pasture
2. Crop residue pasture
3. Hay:  ________________
4. Hay:  ________________
5. Grain
6. Protein, minerals and vitamins

OTHER EXPENSES: $ / cow
7. Veterinary and drugs
8. Fuel, oil and utilities
9. Repairs and supplies
10. Marketing and trucking
11. Miscellaneous:        operating capital
12. Labor               hrs @ $           /hour
13. Management

                gross income/cow @          %

Fixed Expenses
COWS AND BULLS:  $ / cow
14. Interest on cows              @           %
15. Depreciation on cows
          (           -            ) /             years
16. Insurance on herd
          (           +             ) @            %
17. Death loss
          (            +            ) @            %
18. Interest on bulls                @           %
19. Depreciation on bulls

  (           -          )/        years/         cows

BUILDINGS AND EQUIPMENT: $ / cow
20. Interest on buildings and equipment -

value               /cow @            %
21. Depreciation on bldgs. and equip. ($/cow)
22. Taxes & insurance, bldgs. and equip.

             @          % +             @             %

TOTAL CONTRIBUTIONS (sum of lines 1-22)

PERCENT OF TOTAL CONTRIBUTIONS        %    %

Table 1.  Fill in values in the worksheet to evaluate possible arrangements ($/cow).
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VALUE OF PREGNANCY
TESTING

Russell Tronstad1 and
Russell Gum2

An earlier article in this Ranchers’
Guide investigated optimal culling
decisions for range cows given cow
age, pregnancy status, and market
prices (i.e., Optimal Economic Range
Cow Culling Decisions:  Biological
and Market Factors Combined by
Tronstad and Gum).  The analysis
found conditions where it was optimal
to keep a sound cow even if the cow
was open.  This result indicates that
pregnancy testing doesn’t always
have economic merit.  The economic
value of pregnancy testing is quanti-
fied in this article for different biologi-
cal and market conditions.

Biological, market, and cost informa-
tion on which these pregnancy test
and culling alternatives are evaluated
include:  cow age, recent history of
calf fertility, replacement cost of bred
heifers, calf prices, cull cow values,
and the cost differential (feed and/or
performance cost) between spring
and fall calving.    Biological produc-
tivity estimates were taken from a
prior article in this Guide entitled,
“Range Cow Culling:  Herd Perfor-
mance.”  Market price relationships
estimated in the prior article of
“Market Impacts on Culling Decisions”
were updated to reflect more recent
prices and to categorize prices in
narrower intervals. The cost differen-
tial between spring and fall calving is
considered since the analysis has

allowed for spring and fall calving.
Biannual calving was found to be an
important factor for culling decisions
since a cow has the potential to be
productive six months earlier than
under a strict annual calving system.

Management Alternatives

Range cow culling and replacement
decisions are driven by future cow
productivity, feed costs, and the
market value of replacements, calves,
and slaughter cows.  As the spread
between market prices changes
through time the value of pregnancy
testing and optimal culling decisions
also change.  To simultaneously
evaluate the dynamics of physical
productivity, market prices, and
production costs a computer model is
used to evaluate the culling decision.
The model incorporates statistical
price relationships while evaluating
the long-term economic implications
of decision alternatives.  Decision
alternatives evaluated are:

1. Whether to keep or cull a cow
without a pregnancy test?
Economics may conclude that
older cows should be replaced
or younger cows should be
kept, irrespective of preg-
nancy status.  If young cows
are open, should they be bred
immediately or at a later
period?

2. If pregnancy testing has
economic justification, what
should be done with cows
that are open?  Should they
be culled and replaced with
a bred heifer now or at a
later time in the future?  Do
market factors justify main-
taining, expanding, or con-
tracting herd size?
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Comparing Alternatives

In order to assess the value of
pregnancy testing, the economic
returns from making decisions with
pregnancy test information is com-
pared to returns generated without
pregnancy test information. Without
pregnancy test information, the
likelihood that a cow is open or
pregnant is made solely on the basis
of cow age and recent calving his-
tory. These estimates were made
from data collected on the San Carlos
Apache Experimental Research
Registered Herd, located at Arsenic
Tubs, AZ.  The odds that a cow was
pregnant or open with a sale calf at
side were found to be influenced by
cow age (see Table 1).  If a cow had
no calf at her side because she was
previously open or lost her calf, cow
age was not found to be a factor that
influenced whether the cow would be
open or pregnant (see Table 2).

In calculating the value of pregnancy
testing, the economic value associ-
ated with applying the same culling
decision to all cows of a given age
and calf status was first obtained.
Say the decision under consideration
is to keep and allow for immediate
breeding of all cows 7.5 years of age
that have a sale calf at their side.

Given the information in Tables 1
and 2, 83.57% are expected to be
pregnant and 16.43% open.  The
economic value of making a keep
decision is made by multiplying the
value of keeping a pregnant cow by
83.57% and adding the value of
keeping an open cow by 16.43%.
Four non-pregnancy test alterna-
tives for a given cow age and calf
status are compared:  (a) keep all
and allow for immediate breeding,
(b) replacing all with a bred heifer,
(c) keep all cows but don’t allow
for breeding any open cows until 6
months from now, and (d) cull all
cows and don’t replace with a bred
heifer this period.  The highest
value from the four non-pregnancy
testing alternatives is the best
decision one can make without any
information regarding pregnancy
status. This value is compared to the
best decision possible with preg-
nancy testing.  Two economically
viable options under pregnancy
testing are;  (a) keep all pregnant
cows and replace open cows with a
bred heifer, or (b) keep all pregnant
cows and cull the open cows without
replacing them with a bred heifer.
The optimal decision is the highest
value attained from evaluating all
options.  The model assumes a cost
of $2 per head for pregnancy testing.

Table 1.  Fertility Rates for Cows with Sale Calf at Side.

Cow Age 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5

 %

Pregnant 86.20 85.73 85.13 84.41 83.57 82.61 81.54 80.34 79.02 77.59 76.03

Open 13.80 14.27 14.87 15.59 16.43 17.39 18.46 19.66 20.98 22.41 23.97

Table 2.  Fertility Rates for Cows with No Calf at Side.

Cow Age 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5

 %

Pregnant 74.03 74.03 74.03 74.03 74.03 74.03 74.03 74.03 74.03 74.03 74.03

Open 25.97 25.97 25.97 25.97 25.97 25.97 25.97 25.97 25.97 25.97 25.97
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The value of pregnancy testing is
determined by subtracting the best
uniform culling decision  from the
highest of the two pregnancy test
alternatives.  The value of preg-
nancy testing varies depending on
market prices, cow age, calving
season (spring or fall), the cost
differential between spring and fall
calving, and recent cow fertility.
Whether a cow has a sale calf at
her side or no calf at side is the
information used for recent cow
fertility.  Cows that were sound
with a newborn calf at side were
automatically kept in the herd and

thus not pregnancy tested.

Market Prices

Market prices for replacements
(2.5 year old bred heifers),  calves,
and slaughter values are consid-
ered in the analysis.  Table 3 gives

long-term price probabilities of
replacement and calf prices for May
based on biannual prices from 1971
through 1991.  These probabilities
are for a range of prices rather than
for an exact price.  For example,
historical prices indicate that for
any year in May the odds that calf
prices are between $80 to $88 per
cwt. while replacement prices are
between $555 to $645 per head is
4.03 percent.  However, as shown
in Table 4 for the month of Novem-
ber, the odds of this price combina-
tion are lower at 3.07%.  Historical
prices show sale calves to be lower
for  November than in May.   On
average,  $6.66/cwt. lower in the
fall than spring using long-term
price probabilities.

Prices have been observed to
follow predictable patterns from one
period to the next for shorter time
intervals.  These patterns are highly
dependent on the level of current

Table 3.  Long-term Probability Price Levels Estimated for May.

Replacement Calf Prices ($/cwt.)

Prices ($/head) < 64 64-72 72-80 80-88 88-96 96-104 > 104

< 465 0.0507 0.0345 0.0248 0.0138 0.0065 0.0025 0.0008

465 - 555 0.0234 0.0324 0.0358 0.0267 0.0158 0.0076 0.0035

555 - 645 0.0148 0.0276 0.0406 0.0403 0.0300 0.0176 0.0109

645 - 735 0.0070 0.0168 0.0313 0.0400 0.0383 0.0283 0.0234

735 - 825 0.0024 0.0074 0.0172 0.0277 0.0338 0.0319 0.0370

825 - 915 0.0006 0.0023 0.0066 0.0132 0.0201 0.0243 0.0428

> 915 0.0001 0.0005 0.0019 0.0050 0.0096 0.0151 0.0547

Table 4.   Long-term Probability Price Levels Estimated for November.

Replacement Calf Prices ($/cwt.)

Prices ($/head) < 64 64-72 72-80 80-88 88-96 96-104 > 104

< 465 0.0863 0.0227 0.0139 0.0069 0.0026 0.0007 0.0001

465 - 555 0.0592 0.0325 0.0259 0.0164 0.0080 0.0027 0.0007

555 - 645 0.0451 0.0381 0.0389 0.0307 0.0186 0.0079 0.0026

645 - 735 0.0250 0.0298 0.0390 0.0392 0.0298 0.0159 0.0066

735 - 825 0.0103 0.0164 0.0270 0.0348 0.0340 0.0228 0.0124

825 - 915 0.0030 0.0063 0.0127 0.0206 0.0266 0.0235 0.0171

> 915 0.0006 0.0018 0.0047 0.0096 0.0164 0.0219 0.0318
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prices. Table 5 illustrates how price
levels in November influence where
prices will be in the following May.
Given  a November calf price less than
$64 per cwt. and replacement costs
between $555 - $645 per head, the
odds of going to the price category
described above (calf prices of $80 to
$88 per cwt. and replacement prices
between $555 to $645)  is only 2.27
percent rather than the long-term odds
of 4.03 percent. The odds are lower
because current calf prices are low.
The value of pregnancy testing is
based most heavily on current price
levels since the impact of distant prices
is reduced by a discount rate.  Future
returns are discounted at a real dis-
count rate of 6 percent. Because
current prices play the biggest role in
determining the value of pregnancy
testing, the value of pregnancy testing
and optimal culling decisions are not
very sensitive up to  a 4 point increase
or decrease in the discount rate.

Costs of Production

Costs directly influence the bottom line
of profitability and the differential in
feed costs for a replacement versus an
older cow impacts the culling decision.
Added feed costs of a first calving
replacement heifer need to be evalu-
ated against the performance of an
older cow with lower feed costs. The

model uses a feed cost of $100 per
head every six months except for
replacements during their first year. An
additional feed cost of $25 per head
every six months was added for
replacements in the period that they
gave birth and the following nursing
period.

Costs of production are allowed to vary
for spring versus fall calving.  In gen-
eral, spring calving is the norm since
most areas can better match their
forage availability with nutritional
demands associated with a spring
calving season. Lower calf prices in the
fall than spring reflect this seasonal
phenomena. In total, 11 different cost
differentials of $0.0, $10, $20, $30,
$40, $55, $75, $100, $130, $165, and
$205 were evaluated.  A cost differen-
tial of $30 implies that it costs $30 more
to calve a cow in the fall than the
spring. The highest cost differential
implies a spring only calving system.
The cost differential can be associated
with more feed requirements, more
labor, lower fertility, and/or lower calf
weights.

Culling Decisions and Value of
Pregnancy Testing

The number of possible price combina-
tions (49, 7•7), age (20), calf or no calf
at side (2), spring or fall (2), and cost

Table 5.  Six Month Transition Probabilities Given November Calf Price<$64 per
cwt. and Replacement Price Between $555-$645 per Head.

Replacement

Prices in May May Calf Prices ($/cwt.)

($/head) < 64 64-72 72-80 80-88 88-96 96-104 > 104

< 465 0.1272 0.0221 0.0053 0.0006 0.0000 0.0000 0.0000

465 - 555 0.1120 0.0615 0.0266 0.0054 0.0005 0.0000 0.0000

555 - 645 0.0776 0.0887 0.0651 0.0227 0.0037 0.0003 0.0000

645 - 735 0.0264 0.0580 0.0721 0.0426 0.0119 0.0016 0.0001

735 - 825 0.0042 0.0171 0.0362 0.0363 0.0172 0.0039 0.0004

825 - 915 0.0003 0.0023 0.0082 0.0140 0.0113 0.0043 0.0008

> 915 0.0000 0.0001 0.0009 0.0026 0.0038 0.0027 0.0012
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Calf Price
See Figure 1b

Age
See Figure 1c

Season
See Figure 1d

Age
< 8.25    > 8.25

Replacement Price
< 555.0     > 555.0

Calf Price
See Figure 1e

Cull Value
See Figure 1f

Replacement Price
< 555.0     > 555.0

Age
< 9.25    > 9.25

differentials (11) considered for evaluat-
ing culling decisions number 43,120
possibilities. Because this number is
unduly large, these decisions have been
categorized into a decision tree frame-
work. Figures 1a through 1f describe the
43,120 different possibilities into 110
categories or terminal nodes. The six
possible culling decisions are defined
as: 1)  K - keep and breed immediately,
2) R - replace with a bred heifer, 3) K6 -
keep and breed in 6 months, 4) RN - cull
and don’t replace, 5) PR - pregnancy

test cows, keep pregnant cows and
replace open cows with a bred heifer,
and 6) PN - pregnancy test cows, keep
pregnant cows and don’t replace open
cows that are culled at this time.

Condensing 43,120 decisions into 110
general categories comes with a cost
since most of the nodes are not classed
100% correctly.  In technical terms they
have some "node impurity."  In order to
assess how much node impurity exists,
average one period cost of mistake

PR
1

PN
2

RN
3

Cull Value
< 475.0     > 475.0

Cost Differential
< 65.0    > 65.0

PN
4

PR
5

Cost Differential
< 25.0    > 25.0

Season
Spring          Fall

PR
6

R
7

PR
8

Replacement Price
< 465.0    > 465.0

Calf Price
< 72.0    > 72.0

RN
9

PR
10

Season
Spring          Fall

Cost Differential
< 87.5      > 87.5

R
11

RN
12

Cost Differential
< 65.0    > 65.0

R
13

Season
Spring          Fall

Calf Price
< 80.0     > 80.0

Age
< 8.25    >8.25

RN
14

PR
15

PR
16

R
17

Calf Price
< 72.0   > 72.0

Age
< 8.25    > 8.25

Season
Spring          Fall

Cost Differential
< 115.0       > 115.0

R
18

RN
19

Cost Differential
< 65.0     > 65.0

R
20

PR
21

Replacement  Price
< 465.0    > 465.0

R
22

Age
< 3.75     > 3.75

Season
Spring          Fall

R
23

RN
24

Cost Differential
< 65.0    > 65.0

R
25

PR
26

Replacement Price
< 465.0    > 465.0

R
27

Age
< 3.75     > 3.75

Season
Spring          Fall

Calf at Side
Yes    No

Calf Price
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PN
28

K
29

Season
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30

PN
31

RN
32
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33

Season
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Cost Differential
< 47.5    > 47.5

Cost Differential
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34
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35
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36
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37
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< 25.0    > 25.0

Season
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38
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39
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< 825.0    > 825.0
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Season
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41

RN
42

PN
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Season
Spring          Fall

Age
< 5.75    > 5.75

PN
44

Calf Price
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Cost Differential
< 25.0    > 25.0

Replacement Price
< 645.0    > 645.0

Calf Price
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45
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46
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47
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48
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Cost Differential
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49
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Cost
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52
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Cull Value
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55
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56

R
57

Calf Price
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58 
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Season
Spring          Fall

Cost Differential
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Figure 1a.

Figure 1b.

Figure 1c.

Figure 1.  Culling Rule Recommendations of Decision Tree by Terminal Nodes.

Legend

K   - Keep and breed immediately
R   - Replace with a bred heifer

K6  - Keep and breed in 6 months

RN - Cull and don't replace

PR - Pregnancy test cows replace open cows
with a bred heifer

PN - Pregnancy test cows, don't replace open
cows that are culled.
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values are given in Table 6. One period
cost of mistake values are determined by
comparing a non-optimal decision one
period followed by optimal culling
decisions to a continuous stream of
optimal culling decisions. All splits and
categories were selected on the basis of
minimizing average one period cost of
mistakes for each category. For ex-
ample, the first split at the top of Figure
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Cost Differential
< 47.5   > 47.5
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97

R
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Cost Differential
< 25.0    > 25.0

Season
Spring          Fall
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100
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Age
< 11.25   > 11.25

RN
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Replacement Price
< 825.0    > 825.0

Season
Spring          Fall
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103

R
104

Calf Price
< 88.0   > 88.0

RN
105

Cost Differential
< 35.0   > 35.0

RN
106

R
107

RN
108

R
109

Calf Price
< 104.0    > 104.0

Replacement Price
< 735.0    > 735.0

Cost Differential
< 47.5   > 47.5

Season
Spring          Fall

RN
110

Replacement Price
< 825.0   > 825.0

Calf Price
< 80.0   > 80.0

Replacement Price
< 645.0    > 645.0

Cull Value
< 535.0    > 535.0

Figure 1d.

Figure 1e.

Figure 1f.

1a was selected on the basis of splitting
all decisions into two categories or
nodes so that the average cost of
mistake for all decisions is minimized.
All variables and levels were numerically
searched. Cow age of 9.25 years is the
variable and level identified that splits all
43,120 culling decisions into two groups
so that the average cost of mistake is
minimized. Subsequent splits were

Legend

K   - Keep and breed immediately
R   - Replace with a bred heifer

K6  - Keep and breed in 6 months

RN - Cull and don't replace

PR - Pregnancy test cows replace open cows
with a bred heifer

PN - Pregnancy test cows, don't replace open
cows that are culled.

Figure 1 (cont.)
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Term- Average Value Average
inal Recommended of Preg Present Average Cost of Mistake Values For Different  Decisions*
Node CART  Testing by Value K R K6 RN PR PN
Number Decision  Node by Node Decision 1 Decision 2 Decision 3 Decision 4 Decision 5 Decision 6

1 PR $31.8 $1965.2 -$35.9 -$46.5 -$46.0 -$135.3 -$4.2 -$22.4

2 PN $6.4 $1403.2 -$9.1 -$106.9 -$23.2 -$21.6 -$20.2 -$2.7

3 RN -$10.3 $1447.4 -$33.8 -$79.2 -$42.6 -$3.5 -$29.5 -$13.8

4 PN $2.5 $1897.1 -$5.0 -$75.1 -$9.1 -$53.3 -$7.0 -$2.5

5 PR $23.5 $1645.2 -$34.6 -$49.8 -$26.3 -$131.9 -$2.8 -$19.7

6 PR $23.9 $1723.8 -$31.8 -$33.0 -$30.6 -$66.7 -$6.7 -$14.1

7 R -$20.1 $1834.5 -$68.0 -$8.4 -$65.9 -$92.0 -$28.5 -$46.9

8 PR $8.8 $1779.1 -$44.0 -$20.8 -$42.1 -$51.5 -$12.0 -$18.8

9 RN -$21.9 $1335.0 -$47.2 -$112.6 -$49.7 -$0.1 -$46.8 -$22.0

10 R -$2.9 $1439.8 -$64.6 -$9.0 -$42.5 -$110.0 -$11.9 -$34.2

11 R -$46.3 $1958.6 -$105.0 $0.0 -$107.6 -$117.4 -$46.3 -$72.2

12 RN -$42.2 $1440.8 -$76.6 -$55.8 -$77.6 $0.0 -$54.6 -$42.2

13 R -$13.1 $1886.5 -$58.6 -$9.8 -$49.5 -$79.9 -$22.9 -$38.4

14 RN -$33.0 $1446.8 -$48.2 -$127.0 -$58.5 -$0.4 -$59.8 -$33.4

15 PR $30.1 $1573.2 -$67.8 -$48.1 -$33.4 -$162.6 -$3.3 -$26.9

16 PR $8.3 $1319.2 -$69.0 -$13.6 -$32.2 -$101.6 -$5.3 -$24.7

17 R -$34.9 $1565.9 -$113.3 $0.0 -$76.5 -$141.0 -$34.9 -$66.0

18 R -$48.4 $2361.8 -$97.6 -$2.1 -$100.4 -$163.4 -$50.4 -$75.7

19 RN -$57.1 $1822.9 -$83.4 -$37.5 -$86.0 -$4.1 -$66.5 -$61.2

20 R -$31.7 $2179.6 -$71.3 -$0.6 -$62.0 -$157.0 -$32.4 -$53.8

21 PR $13.8 $2100.2 -$37.5 -$18.7 -$29.1 -$120.5 -$4.8 -$18.8

22 R -$39.7 $2246.3 -$84.9 -$2.9 -$73.1 -$132.0 -$42.6 -$63.2

23 R -$43.1 $1849.7 -$123.9 -$1.7 -$128.8 -$163.1 -$44.9 -$86.8

24 RN -$50.6 $1310.8 -$92.0 -$37.5 -$96.8 -$4.1 -$63.3 -$54.7

25 R -$27.5 $1688.5 -$103.6 -$0.5 -$85.9 -$156.9 -$28.0 -$68.6

26 PR $11.6 $1609.1 -$68.2 -$16.0 -$52.3 -$117.8 -$4.4 -$30.8

27 R -$35.5 $1733.6 -$107.8 -$2.5 -$88.7 -$131.7 -$38.1 -$71.6

28 PN $17.1 $1804.7 -$18.1 -$226.4 -$28.7 -$125.2 -$21.5 -$1.1

29 K -$1.5 $1734.2 -$1.9 -$263.1 -$16.9 -$76.4 -$41.2 -$3.5

30 PN $11.2 $1517.4 -$11.4 -$244.8 -$21.9 -$91.0 -$31.3 -$0.2

31 PN $13.1 $1407.6 -$15.0 -$275.6 -$32.1 -$35.2 -$50.6 -$2.0

32 RN -$41.8 $1401.4 -$55.7 -$349.8 -$72.9 -$0.9 -$113.3 -$42.7

33 PN $13.3 $1436.4 -$36.5 -$243.6 -$13.7 -$107.4 -$28.0 -$0.4

34 PR $39.8 $2233.1 -$41.9 -$42.0 -$51.5 -$118.6 -$2.1 -$17.6

35 RN -$38.4 $1742.8 -$62.1 -$126.2 -$74.3 -$1.7 -$65.3 -$40.1

36 PN $11.5 $2126.2 -$12.1 -$67.6 -$16.0 -$29.4 -$8.4 -$0.6

37 PR $31.2 $1872.8 -$50.5 -$47.4 -$32.4 -$125.9 -$1.2 -$17.0

38 PR $34.3 $2177.0 -$35.7 -$94.4 -$44.7 -$127.6 -$1.3 -$8.1

39 PN $32.3 $2132.2 -$32.3 -$187.4 -$41.7 -$98.1 -$18.1 -$0.1

40 PN $9.2 $2090.2 -$9.6 -$180.0 -$20.2 -$51.8 -$26.2 -$0.3

41 PN $27.3 $1791.2 -$40.7 -$214.6 -$41.5 -$70.4 -$42.4 -$13.4

42 RN -$21.2 $1789.8 -$66.8 -$227.8 -$76.4 -$12.5 -$78.3 -$33.7

43 PN $18.6 $1766.5 -$39.2 -$140.7 -$19.9 -$67.7 -$16.3 -$1.2

44 PN $33.3 $1888.1 -$51.6 -$145.6 -$49.5 -$55.9 -$34.3 -$16.2

45 PN $17.5 $1731.4 -$19.1 -$130.2 -$18.6 -$55.5 -$17.0 -$1.1

46 PR $22.2 $2113.5 -$38.1 -$28.1 -$38.5 -$51.4 -$5.9 -$10.9

47 RN -$24.9 $1641.6 -$57.3 -$116.2 -$63.0 $0.0 -$49.7 -$24.9

48 PR $4.2 $1702.3 -$59.8 -$10.9 -$41.1 -$99.9 -$6.6 -$25.6

49 R -$37.5 $2240.1 -$101.8 $0.0 -$103.3 -$104.8 -$37.5 -$59.9

50 RN -$48.5 $1749.8 -$90.4 -$65.5 -$91.9 $0.0 -$62.5 -$48.5

51 R -$22.6 $2131.0 -$71.5 -$7.8 -$62.9 -$55.1 -$30.4 -$40.5

52 PN $30.6 $2179.3 -$44.4 -$128.4 -$47.9 -$34.8 -$24.1 -$4.1

Table 6.  Value of Pregnancy Testing, Present Value, and Cost of Mistake Values
for Terminal Nodes in Figure 1.

* See Figure 1 for a description of decisions.
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Term- Average Value Average
inal Recommended of Preg Present Average Cost of Mistake Values For Different  Decisions*
Node CART  Testing by Value K R K6 RN PR PN
Number Decision  Node by Node Decision 1 Decision 2 Decision 3 Decision 4 Decision 5 Decision 6

53 RN -$26.8 $1743.3 -$66.6 -$237.3 -$71.8 -$1.1 -$78.3 -$27.9

54 PN $20.4 $2095.4 -$29.3 -$158.3 -$22.4 -$24.3 -$30.6 -$2.0

55 RN -$79.1 $1749.2 -$115.6 -$305.1 -$121.0 $0.0 -$144.2 -$79.1

56 PR $19.0 $1602.2 -$56.0 -$52.9 -$20.5 -$84.8 -$1.5 -$8.3

57 R -$29.5 $1805.3 -$111.2 $0.0 -$75.7 -$121.8 -$29.5 -$55.5

58 PN $19.7 $1748.6 -$57.3 -$142.3 -$21.8 -$38.5 -$24.2 -$2.1

59 PN $33.2 $1844.9 -$37.1 -$53.0 -$40.5 -$42.3 -$6.3 -$3.9

60 R -$32.1 $2231.5 -$96.3 -$0.7 -$97.5 -$83.2 -$32.8 -$51.0

61 PN $7.3 $2111.4 -$50.4 -$102.2 -$51.9 -$12.8 -$25.2 -$5.5

62 RN -$20.7 $2054.7 -$72.5 -$194.9 -$73.2 -$0.6 -$64.2 -$21.3

63 RN -$65.4 $1766.9 -$108.8 -$256.5 -$111.0 -$0.3 -$122.3 -$65.7

64 PN $13.7 $1818.4 -$32.8 -$57.7 -$16.7 -$40.5 -$6.8 -$3.0

65 RN $8.4 $2121.5 -$33.1 -$33.0 -$30.9 -$1.3 -$16.7 -$9.7

66 R -$36.5 $1868.1 -$99.7 -$0.3 -$77.6 -$89.1 -$36.7 -$56.3

67 PN $11.9 $2085.9 -$42.0 -$108.4 -$25.8 -$16.6 -$25.0 -$4.7

68 RN -$15.1 $2022.3 -$58.2 -$222.9 -$41.9 $0.0 -$64.3 -$15.1

69 R -$34.1 $1712.3 -$81.3 -$0.2 -$84.0 -$101.9 -$34.3 -$58.0

70 RN -$14.4 $1228.7 -$40.0 -$46.9 -$40.6 -$0.2 -$25.5 -$14.6

71 PN $9.4 $1653.5 -$12.3 -$47.1 -$10.0 -$33.7 -$3.8 -$0.6

72 R -$21.5 $1386.3 -$64.1 -$1.8 -$52.5 -$86.4 -$23.4 -$43.1

73 R -$6.9 $1657.3 -$52.9 -$4.8 -$55.6 -$61.6 -$11.7 -$24.9

74 RN -$18.2 $1235.2 -$48.3 -$69.9 -$49.4 -$0.6 -$34.9 -$18.8

75 PN $13.6 $1625.2 -$16.9 -$66.1 -$13.6 -$20.6 -$10.6 $0.0

76 PR $1.3 $1295.4 -$42.0 -$7.3 -$28.8 -$46.9 -$6.0 -$15.2

77 RN -$29.4 $1229.0 -$56.9 -$138.6 -$57.7 $0.0 -$61.8 -$29.4

78 R -$20.4 $1308.5 -$90.1 -$2.6 -$55.1 -$90.7 -$23.1 -$43.6

79 R -$74.2 $1876.8 -$136.1 $0.0 -$138.0 -$127.3 -$74.2 -$104.1

80 RN -$45.1 $1359.0 -$78.9 -$69.4 -$79.1 $0.0 -$61.4 -$45.1

81 PR $14.8 $1831.7 -$20.1 -$21.5 -$17.8 -$24.0 -$3.0 -$3.5

82 R -$62.7 $1592.5 -$131.1 $0.0 -$107.5 -$129.9 -$62.7 -$93.3

83 R -$85.5 $2208.3 -$155.3 -$0.4 -$156.4 -$129.7 -$85.9 -$116.0

84 RN -$64.8 $1670.1 -$105.7 -$68.5 -$105.9 -$0.7 -$81.3 -$65.5

85 R -$18.0 $2111.8 -$47.2 -$2.4 -$46.0 -$43.4 -$20.3 -$29.9

86 PN $3.6 $2039.8 -$23.5 -$28.6 -$22.3 -$6.6 -$8.1 -$3.0

87 R -$67.2 $1934.5 -$136.7 -$0.8 -$115.6 -$127.9 -$68.0 -$97.5

88 R -$127.6 $2335.6 -$209.8 -$0.6 -$210.0 -$157.7 -$128.1 -$164.8

89 R -$85.9 $1779.6 -$132.2 $0.0 -$132.2 -$15.0 -$85.9 -$89.4

90 RN -$88.4 $1745.4 -$136.0 -$48.7 -$136.0 $0.0 -$99.7 -$88.4

91 R -$102.3 $2220.3 -$178.9 $0.0 -$161.3 -$142.5 -$102.3 -$135.5

92 PN $20.9 $1642.0 -$38.9 -$41.1 -$40.9 -$26.9 -$9.3 -$6.0

93 RN -$35.9 $1285.3 -$70.3 -$195.7 -$71.6 -$0.8 -$82.3 -$36.7

94 PN $11.9 $1669.3 -$37.8 -$83.5 -$20.3 -$13.7 -$18.2 -$1.8

95 R -$56.2 $2213.0 -$121.5 -$0.6 -$122.5 -$82.4 -$56.8 -$75.9

96 RN -$74.1 $1748.5 -$121.2 -$116.6 -$121.5 -$0.8 -$101.9 -$75.0

97 RN -$11.3 $2104.1 -$39.3 -$42.1 -$36.9 -$1.2 -$22.0 -$12.5

98 R -$47.1 $1850.7 -$113.5 -$1.4 -$90.2 -$75.2 -$48.5 -$65.8

99 RN -$51.3 $1685.6 -$96.7 -$268.2 -$97.5 -$1.0 -$114.6 -$52.3

100 PN $5.2 $1661.1 -$38.2 -$121.1 -$21.1 -$6.4 -$27.5 -$1.2

101 RN -$8.9 $1609.3 -$52.4 -$106.8 -$34.3 $0.0 -$34.6 -$8.9

102 RN -$16.2 $1654.1 -$60.2 -$253.5 -$42.8 -$0.1 -$75.5 -$16.3

103 RN -$11.0 $1777.6 -$66.1 -$29.0 -$66.9 -$7.1 -$23.2 -$18.1

104 R -$38.5 $2151.9 -$104.4 -$3.5 -$104.7 -$44.6 -$42.0 -$51.6

105 RN -$76.3 $1778.2 -$129.1 -$157.6 -$129.5 -$1.2 -$113.9 -$77.4

106 RN -$19.8 $2068.1 -$54.3 -$63.3 -$49.7 -$1.3 -$35.6 -$21.1

107 R $30.5 $1726.6 -$97.6 -$1.8 -$69.3 -$43.0 -$32.2 -$41.8

108 RN -$8.0 $1578.3 -$65.8 -$31.5 -$37.5 -$1.8 -$16.7 -$9.7

109 R -$35.0 $1669.7 -$102.6 $0.0 -$74.3 -$16.6 -$35.0 -$38.9

110 RN -$55.6 $2034.4 -$110.8 -$176.4 -$102.1 $0.0 -$96.8 -$55.7

* See Figure 1 for a description of decisions.

Table 6.  (cont.)
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made below each category until the
average cost of mistake for a node was
less than $5 or a split could not be found
such that the number of cases in the
smaller branch was at least 10 percent
of the number of cases to be split at this
point in the tree.

Terminal node 1 gives a culling recom-
mendation of pregnancy test and
replace open cows with a bred heifer.
This category describes cows that are
less than 8.25 years in age, replace-
ment prices less than $555/head, calf
prices less than $88/cwt., spring deci-
sion period, and a cost differential for
spring calving that is $65/head less than
fall calving. The amount of node impurity
associated with this decision is identified
by looking at the cost of mistake value
for the recommended decision. This
value is $4.17 (cost of mistake value for
PR), about $17 less than the next best
decision of pregnancy test and not
replacing open cows (PN). Under the
conditions described, the decision of cull
all and don’t replace (RN) is the worst
decision one could make. The average
cost of mistake for RN is $135.30,
significantly more than all the other
possible decisions. Terminal node 17
has an average cost of mistake of $0.00
for the decision R since none of the
decisions are incorrectly classified.

Table 6 also gives  the present value for
an animal unit that is classed into each
terminal node (20 year planning hori-
zon). The category with the highest
present value is node 18, at $2,362.
This node represents the following;  a
cow less than 9.25 years of age with a
sale calf at side, spring season, an
operation where the cost of fall calving
is not $65/head more than spring
calving,  calf price is greater than $88/
cwt. and replacement prices less than
$555/head. This cow and calf are not
worth $2,362 but expected future
returns from this starting point and
subsequent optimal replacement
decisions for a 20 year planning horizon
yield  a present value of $2,362 (6% real
discount rate utilized).

The value of pregnancy testing for one
period is determined by subtracting the
lowest cost of mistake value for preg-
nancy testing (i.e., PR, or PN) from the
lowest uniform culling decision (i.e., K,
R, K6, or RN) cost of mistake. For
example, for node 1 the lowest uniform
cost of mistake value is K at $35.93.
The lowest pregnancy test cost of
mistake is PR at $4.17. Subtracting
$4.17 from $35.93 yields a value of
pregnancy testing of $31.76. Node 11
has a value of pregnancy testing equal
to -$46.28. The value of pregnancy
testing can go much lower than -$2/head
or the assumed cost of pregnancy
testing each cow. This is because cows
that test open are always culled from the
herd  even if market prices and age
indicate that these cows should be
maintained in the herd.  And pregnant
cows are always maintained in the herd,
even if market prices and biological
factors are conducive to replacing these
cows with a bred heifer or culling them
and not replacing them in the current
period. The lower limit of -$2/head would
only occur if cows that tested open or
pregnant were kept or culled according
to optimal culling decisions.

Figure 2 compares the long run eco-
nomic merits that accrue to (i.e., present

Figure 2. Present Value of Selected
Culling Strategies.
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value of a 20 year planning horizon) six
different culling strategies.  The strate-
gies considered are: 1)  optimal culling
decisions with pregnancy testing
allowed and herd size variable, 2)
decision tree rule presented in Figure 1
that simplifies the 43,120 decisions
from the dynamic programming model
(decisions used to obtain 1), 3) optimal
culling decisions with a fixed annual
herd size, 4) optimal culling decisions
made with herd size variable and no
pregnancy test information, 5) keep if
pregnant and cull if open culling
decisions with a fixed annual herd size,
and 6) keep if pregnant and replace
open cows immediately with a bred
heifer. The present value of a slot in the
herd is at a maximum of $1,678 if the
cost differential between spring and fall
calving is $0.0 and optimal culling
decisions are made with a variable herd
size and  pregnancy testing is allowed.
The present value falls quite rapidly as
the cost differential increases to $55
and then levels off to a value of $1,359
with a spring only calving season.  A
biannual calving season has an ex-
pected net worth of $319 ($1,678-
$1,359) more than a spring only calving

season when the cost of spring and fall
calving are equal. Two items contribute
to this increase in profitability. First, sale
calf prices have been historically higher
in the spring than fall. As described in
Figure 3, on average around 70% of the
herd should have a newborn calf at side
in the fall. These calves will be sold in
the spring at a relatively higher price
than if they were sold in the fall. Second,
open cows can be brought back into
production six months earlier (by
allowing the cow to switch calving
seasons) than with a spring only calving
system.  As described in Figure 3, a
small percentage of open cows  are
maintained in the herd when the cost
differential of fall minus spring calving is
less than $40 or when biannual calving
seasons are viable. Figure 3 indicates
that about half of the calves should be
born in the spring and the other half in
the fall if the cost of fall calving is $30 to
$40 greater than spring calving.

The decision tree culling rules shown in
Figure 1 capture anywhere from 96.4%
of the optimal returns with a $0.0/head
calving cost differential to 98.5% with a
calving cost differential above $40/head.
The third management alternative
evaluated is a biannual calving season
with a fixed herd size. As shown in
Figure 3, around 10% of the slots in a
herd are not replaced immediately in the
current period. This means that on
average price conditions are often not
conducive for immediately bringing a
replacement into the herd. The impact of
not allowing herd size to vary can be
seen by comparing the present value of
optimal decisions with herd size variable
(strategy 1) and annual herd size fixed
(strategy 3). The fixed herd size is 5%
less profitable over the long run than
optimal culling decisions with a $0.0/
head calving cost differential and
decreases to over 13% less cumulative
profit with a calving cost differential
greater than $75/head. Size is fixed in
an annual sense because replacements
are not  forced to take the place of a
cow that may die or be determined
physically unfit in the spring. That is,
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Figure 3.  Long Term Status of Herd in the Fall
for Different Calving Cost Differentials.
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replacements are not forced into the
herd to calve in the fall when the cost of
fall calving is not economically viable.

Table 6  describes the value of preg-
nancy testing for one season.  Figure 2
quantifies the long run value of preg-
nancy testing by comparing the optimal
returns generated when pregnancy
testing is allowed (strategy 1) to those
when pregnancy testing is not allowed
(strategy 4).  The fourth management
strategy considered allows for biannual
calving and a variable herd size, but
optimal culling decisions are made on
the basis of not having the ability to
obtain any pregnancy test information.
The long run value of pregnancy testing
is estimated at $183 when the differen-
tial is $0.0/head. This value falls to
$105 with a $40/head calving cost
differential and levels off at around
$98 with a cost differential above
$100/head.  Although pregnancy testing
is not always profitable, having the
technology to obtain pregnancy status
information at $2/head allows for
increasing long term ranch profitability
from 7% to 11%.

The fifth management strategy keeps all
cows that are pregnant and culls all
open cows. Open cows must be
replaced within a year since annual
herd size is fixed.  As seen in Figure 2,
this strategy yields $413 less expected
wealth with a $0 cost differential  than
optimal biannual calving seasons.  As
the calving cost differential  increases
above $55, expected  wealth is $188 or
about 13% less than optimal biannual
calving seasons. Clearly, pregnancy
testing alone is not the answer to
increasing ranch profitability.  In fact the
more traditional management strategy
of pregnancy testing all cows and
culling all open cows (strategy 5)
results in anywhere from 8% to 18%
less profit than optimal culling deci-
sions made without any pregnancy
test information. The last management
strategy considered forces open cows to
be replaced  with a bred heifer immedi-
ately.  Plus cows that test pregnant must

be maintained in the herd. Cows that
die or are determined to be unfit in the
spring, must be replaced with a bred
heifer even if the cost of fall calving is
$100/head greater than spring calving.
This strategy illustrates the impact that
bringing cows into the herd to calve in
the fall has when the cost of fall calving
escalates. As the cost of fall calving
exceeds spring calving costs by over
$55, profits plummet in almost direct
proportion to the increase in the cost of
fall calving.

Age Distribution

Figures 4 and 5 give the anticipated
age distribution in the fall under optimal
biannual culling decisions (strategy 1).
Panel b gives a cumulative age distri-
bution from the percentages in panel a.
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The cost of spring and fall calving are
equal in Figure 4, whereas the cost of
fall calving exceeds spring calving
costs by $205 in Figure 5. Cow age is
slightly higher for the $0 than $205
calving cost differential. In the fall, an
average cow age of 4.8 years is
expected with a $0 cost differential,
one-half a year more than when fall
calving costs exceed spring calving by
$205.  Cow age is determined after
replacement decisions have been
made. With essentially a spring only
calving season, about 25% of the herd
is expected to be composed of 2.5 year
old bred heifers after culling decisions
have been made.  This greatly contrib-
utes to a relatively young cow age.

A $205 calving cost differential implies
that essentially all bred heifers will
enter the herd in the fall to coincide with
a spring calving cycle. Whereas with a

$0 cost differential, bred heifers are
more likely to enter the herd in the
spring so that sale calves can be sold at
a relatively higher spring market the
subsequent spring. During the spring
season, the average age for a $0 and
$205 cost differential is 4.5 and 4.6,
respectively.  When averaging  age
across seasons, $0 and $205 cost
differentials have a combined fall-spring
average age of 4.65 and 4.45 years,
respectively. Biannual calving with no
cost penalty for fall calving increases the
optimal age of the herd by about 1/5 of a
year. All cows are culled by 12 years of
age with a $0 calving cost differential.
When the calving cost differential
increases to $205, essentially all cows
are culled before they reach 11 years of
age.

The analysis assumes that the cost of
bringing a bred heifer replacement on
the ranch is the market price plus $10/
head for veterinary costs and $10/head
for trucking costs. Feed and/or manage-
ment costs were increased by $50/head
over older cows for bred heifers during
their first year of ownership. A 4%
shrink, 1.5% sale commission and $.01/
lb. in trucking costs were deducted from
the revenues obtained from selling cull
cows.  Any increase in these transaction
costs of replacing culled cows with
replacements would increase the long
term age of the herd.  Also, replacement
prices may be relatively high for some
remote local areas. If this were true, this
would also increase the long term age
distribution of the herd. However, results
suggest that a relatively young and
thrifty herd is the most economically
viable management strategy.

Conclusions

A good culling strategy has the potential
to increase your long run ranch profit-
ability to the tune of 7 to 10 percent over
many of the simple strategies used in
the past. The following questions are
critical to ask about your culling strat-
egy:
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1. Should I preg test. If so which
cows?

2. Should I maintain a constant
herd size?

3. Should I calve in the spring, fall
or both?

These are not simple questions. The
results presented for our biological data
suggest that in general you should preg
test, not maintain a constant herd size,
and depending on your cost differential
between fall and spring calving, calve
part of your herd in spring and fall. The
specific recommendations change as
market conditions change. This reac-
tion to market conditions is in one of the
keys to increasing profits by using our
culling strategy system.

To simplify the development of culling
recommendations for situations similar

to our baseline herd we have set up a
World Wide Web (WWW) site with an
interactive version of our decision tree
that will give you culling recommenda-
tions for specific market conditions.
Check it out at http://ag.arizona.edu/
AREC/cull/culling.html.

1 Russell Tronstad is an Associate Specialist
in the Department of Agricultural and
Resource Economics, The University of
Arizona.

2 Russell Gum is owner/operator of
Philocomp -Pmax a consulting firm special-
izing in WWW content development for
agriculture. See http//www.pmax.com/
pmax.html for more information.
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Source:  1993 Statistical Abstract of the United States
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IS A BED AND BREAK-
FAST RANCHING?

Russell Tronstad1

Situation

Ranchers have heard for years that the
demand for beef has been slipping due
to perceived health concerns and in-
creased competition from other meat
products.  With cattle numbers increas-
ing and prices looking bearish many
ranchers may be wondering if they are
in the right business.  In general, food
products haven’t faired as well at fetch-
ing consumers’ dollars as other indus-
tries.

As shown in the accompanying bar
chart, consumer expenditures of food
purchases for home consumption have
increased at an annual rate of less
than 1% since 1970 after adjusting for
inflation.  Even restaurant food and
beverage purchases have not kept up
with average expenditure increases.
Annual consumer purchases of all
goods have increased slightly under
3%.  Not surprisingly, the medical care
industry has been a big growth industry
by increasing 4.3% annually and ac-
counting for 16.9% of all consumer ex-
penditures in 1991, as shown in the pie
chart on the following page.  But an in-
dustry that has grown more rapidly
than health care is recreation.  After
adjusting for inflation, Americans have
increased their expenditures on recre-
ation activities and goods more than
5.3% annually since 1970.  Other ex-
penditure groups above average are

clothing, hotel and other lodging pur-
chases, and personal business ex-
penses.  Some of the items and activi-
ties included in recreation are expendi-
tures on books, magazines, video and
audio products, amusement park fees,
flowers, lottery purchases, pets and
pet care services, golf fees, boats,
pleasure aircraft, and many other rec-
reational services.

Many ranchers have recognized that
recreation is a growth industry and
they been complimenting their existing
operation by offering  ranch tours, big
game hunting, horse back riding, cattle
drives, and Bed & Breakfasts (B&B)
with various amenities.  Other ranch-
ers have indicated that getting people
on their ranches is the best way to
educate the public.  Public education
may be key to the survival of many
ranches that have public land grazing
rights.  If people can see first-hand
how they run their operation and de-
pend on the land for their living they
will see that ranchers are not out to ex-
ploit the land.  Public land manage-

1970 to 1991 Average Annual Percentage
Change of Expenditures in Constant Dollars
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10.5%
Away from Home Meals & Beverages 5.1%

Clothing 6.7%

Medical Care 16.9%

Recreation 7.5%

Hotels & Other Lodging 1.2%

Transportation 11.3%
Housing 14.8%

11.4%

Personal Business 8.2%

Other 6.6%

Personal Consumption Expenditures for 1991

Total of $ 3,887.7 Billion

Food Purchases for
Home Consumption

Household
Operations

Source:  1993 Statistical Abstract of the United States

ment issues will continue to be debated
over what is the most appropriate
stocking rate and fee for grazing public
lands.

Strategies

Some ranchers have been able to edu-
cate the public first-hand on how they
operate their ranch while capitalizing on
some of the recreational demands that
tourists are demanding.  For example,
Peggy Monzingo of Benson, Arizona
started up a ranch B&B a few years
ago in order to educate the public on
environmental and public land issues.
“Ranchers need to do their part in edu-
cating the public first-hand and cor-
rectly since so many are misinformed,”
says Peggy.  She has a love for the
land and a concern for how encroach-
ing urbanization and public policies can
disrupt an ecosystem.  These factors
ultimately impact both the aesthetic ap-
peal and economic viability of the land.
The B&B has given her an opportunity
to educate individuals one-on-one in
the field, meet many interesting people,
and receive some “positive cash flow”
for the first time in her life.  Positive
cash flow is non-existent in the check-
book ledger of most ranchers.

Wyoming has an established ranch
B&B industry with over 60 registered in
the 1994 Wyoming Homestay & Out-
door Adventures (WHOA) guide.  Wyo-

ming has set their own regulations and
definitions for a ranch B&B.  A ranch
B&B is defined as “a private home
which is used to provided temporary
accommodations for a charge to the
public with not more than four lodging
units or not more than a daily average
of eight persons per night during a thirty
day period and in which no more than
two family style meals are provided per
24 hour period.   A minimum of 160
acres is needed to qualify for a ranch
recreation enterprise.  These opera-
tions are definitely not “dude ranches,”
and virtually all are businesses that
earn most of their living through live-
stock or crops.  Although B&B rates are
seasonal, the most common price
charged falls between $50-$75 per
night.

As with any business, you must decide
what audience you want to attract and
tailor your business for that group.
Identifying the natural resources on
your ranch  and the people skills you
possess will help determine what audi-
ence you want to target.  If you are lo-
cated near a large urban population
you can probably attract many families
that want to get-away and relax for the
weekend.  Note that most people are
looking for space and the more empti-
ness you have to offer, the better.  Re-
member that you are selling an experi-
ence that goes beyond sleeping quar-
ters and meals.  If you have a trout
stream that runs through your property
you might tailor your operation for fish-
ing.  But again remember that you are
probably selling an experience that al-
lows a father and son to fish in solitude
rather than just selling fish.  National
parks and monuments, and other tour-
ist attractions nearby can be an asset
for you in attracting customers to a
ranch B&B.  B&Bs allow travelers the
opportunity to experience a new flavor
of vacationing that deviates from what
they may be accustomed to.  While
today’s travelers may want to taste a bit
of the roughing and romance that goes
with some experiences like ranch
chores and branding, most want a pri-
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vate bath, soft bed, and hot shower ev-
ery morning.

Having something unique to offer is a
definite plus for selling a recreational
experience.   J. Irwin Young of
Alamosa, Colorado decided to concen-
trate on raising tilapia fillets in the geo-
thermal waters of southern Colorado in
1987.  He didn’t like the idea of throw-
ing all the bones and other fish remains
away so he got the idea that he would
use this as feed for alligators.  But once
people found out that alligators were
alive in the Rocky Mountains it wasn’t
long before they were spending more
time giving tours than raising fish.
That’s when J. Irwin decided they
needed to start charging for their farm
tours.  Last year they had over 30,000
tourists and charged  $2.00 per person
for tourists to view their alligators and
fish ponds.

Implications

Ranch B&Bs are continuing to grow as
an industry as consumers lure to the
appeal of open space and new adven-
tures.  Recreation expenditures con-
tinue to show that recreation is a high
growth industry.  Although “ranch recre-
ation” is definitely not in the personality
genes of all ranchers, ranch recreation
should not be ignored as being a viable
tool for enhancing ranch income, im-
proving cash flow, educating the public,
and meeting interesting people.  Test-
ing the waters by starting small and us-
ing existing facilities is a good strategy.
Word of mouth from satisfied custom-
ers is commonly the most effective ad-
vertisement for “recreation experi-
ences.”  Many people find B&Bs by
calling the chamber of commerce be-
fore they go to visit an area.  The typi-
cal ranch B&B consumer is interested
in what you grow, how it grows, and
why your operation grows it.  This con-
sumer differs remarkably from the trav-
eler that pulls into a Motel 6 off the free-
way at 10:00 o’clock at night and is
ready to hit the road again at 6:00 a.m.

Competition is often an element of
concern for ranch B&Bs.  But two
neighboring ranches starting a B&B at
the same time may be more compli-
mentary than competitive.  Overflow
customers can be forwarded to the
neighboring ranch rather than to the
nearest town.  As mentioned above,
the beauty and desirability of your area
is often best spread by word of mouth.
Recreation ranches benefit from more
first-hand exposure by being in the
same general area than if they are in
two different locations.

Liability insurance is a concern of all
individuals involved with ranch recre-
ation.  First, make sure that you iden-
tify dangerous situations on your op-
eration and eliminate these conditions
where possible.  If a dangerous condi-
tion cannot be eliminated then restrict
the accessibility of this area.  Make
sure that your employees are alert and
trained to identify situations that are
potentially dangerous.  After informing
individuals through a checklist of the
risks inherent in an activity they are
contemplating, have individuals ac-
knowledge in writing that they were in-
formed of these risks.  Finally, liability
insurance has no good substitute and
should be included in your costs of
providing “recreational experiences.”
Insurance carriers may limit the activi-
ties that you can provide and still main-
tain coverage with them.

Opening your ranch to the public is
definitely not for everybody.  How
much you enjoy people and are able to
deal with a group of “greenies” on your
property is the first resource needed to
be successful at ranch recreation.  As
Jeff Powell of Wyoming notes, “you
may not have to be friendly to your
cows all the time but with visitors you
have to or they won’t come back.”  Jeff
Powell and Susan Rottman of
Laramie, Wyoming have established
RLS International (307-635-5746), a
business that specializes in giving
seminars and workshops on “recre-
ational ranching.”  They discuss vari-
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ous aspects from marketing, advertis-
ing, and liability insurance to planning
menus.  Some ranching communities
in the Western States have brought in
this kind of expertise to access and
help develop their recreation potential.

Another source for ranch recreation in-
formation is the Handbook entitled "Di-
rect Farm Marketing and Tourism," by

Arizona Cooperative Extension and Ari-
zona Department of Agriculture.  To ob-
tain a copy send a check for $25.00
payable to Arizona Department of Agri-
culture/DFMT to:

Office of Commodity Development
    and Promotion

P.O. Box 234
Phoenix, AZ  85001

Associate Specialist  1

Cooperative Extension
College of Agriculture
The University of Arizona
Tucson, Arizona
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INTRODUCTION

This article provides an overview of a
spreadsheet template developed to
help cow-calf producers in Arizona
analyze the profitability of common
ranch management decisions. Impor-
tant requirements for a ranch analysis
tool are the ability to easily conduct
economic analyses of management
decisions and to narrow in on the
strengths and weaknesses of a
ranching operation. These requirements
are satisfied in the spreadsheet template
presented through a compilation of
several worksheets linked together. For
example, cash expenditures and
revenues are linked with biological
livestock inputs, such as cow fertility
and sale weights, so that biological
impacts are incorporated into the
economic evaluation of a manage-
ment practice, such as supplemental
feeding.

USING THE TEMPLATE

The following seventeen different
worksheets are placed together in the
same spreadsheet template file to help
analyze ranch profitability.

1) Actual Cash Flow — Allows the user
to input monthly cash receipts and
expenditures into several categories.
Information entered on the actual cash
flow spreadsheet occurs at the end of
each month throughout the yearly
business cycle of the ranch. Actual
cash flow values can be used to
evaluate historical cash performance
per exposed cow or be used as a guide
for future cash flow needs.

2) Projected Cash Flow — Cash
expenses and revenues are monthly
projections rather than actual expendi-
tures and revenues as in the actual
cash flow worksheet. The projected
cash flow should be completed before
the start of the year so that it can show
when and where irregular transactions
occur throughout the year or identify if
total expenditures are increasing at an
unanticipated rate.

3) Net Cash Position — Graphical view
by month of actual and projected cash
positions of the ranch. This worksheet
can be used to see how close projections
are to actual cash flow values.

4) Biological Cow Data — Worksheet
includes total cow numbers by age
along with accompanying conception
rates, calving percentages, death
losses, and percentage of cows culled
because they are unfit. Livestock
numbers are linked to the planning
worksheet of production, health, feed,
and grazing.

5) Production Planning Sheet — The
herd production planning sheet is basic
to developing total revenue and expense
figures for the ranch. Livestock categories
of steer and heifer calves (spring and
fall born), steer and heifer yearlings,
cows by age, bulls by age, and horses
by working condition are provided.
Planned livestock purchases are placed
in column E for every livestock category.
Heifer calves planned for use as
replacements are entered in column F.
Death losses for calves between birth
and weaning, yearlings, bulls, and
horses are entered in column H. Sale
weights and prices received (columns L
and M, respectively), plus beginning
(column C) and ending (column N) year
cash values are also entered in this
worksheet. From these inputs, the total
change in livestock inventories for the
year is easily calculated.

6) Fixed Costs Planning Sheet —
Vehicle and equipment purchases,
fencing, building improvements, grazing

OVERVIEW OF RANCH
FINANCIAL ANALYSIS

SPREADSHEET

Russell Tronstad1 and
 Trent Teegerstrom2
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Note that a value of 1 is placed next to
all items in column H that trigger a
value to be called from the planning
sheet. Values from planning sheets link
to column I of the Control Sheet so that
year-to-date cash values, projected
cash values, and projected totals from
the planning sheet can be seen side-
by-side. A value other than 1, say 0 in
cell H4, will reflect just cash transaction
values in the ranch diagnostic and
financial sheets. See Figure 3 for a
graphical snapshot of how all the
sheets link together and note that the
Control Sheet is a flow control sheet.
Note that throughout all of the
worksheets, user input can be provided
whenever a cell is shaded inside a
line-box—otherwise values are auto-
matically calculated from prior input.

8) Cost & Returns — This report gives
a legend summary of total and per unit
cash receipts and expenditures by
major category. Returns after cash

Figure 1. Control Sheet Headings and Decision Control Cell

resources, and other related non-
livestock asset costs are entered in this
worksheet. This sheet calculates
annual payments and depreciation
(straightline) utilizing purchase price,
estimated useful life, salvage value,
down payment, interest rate, and loan
term (years) values. Other values
entered include the beginning and
ending year cash value of the asset.
Cash values are used to determine
changes in owner’s equity.

7) Control Sheet — This sheet is a
control sheet for determining whether
cash flow values (actual shown in
column G or modified as entered in
column E of Figure 1) or values associ-
ated with all planning sheets feed into
the diagnostic worksheets. A value of 1
entered in cell H4 activates values from
all planning sheets associated with
livestock inventories and fixed asset
information to be transferred to the
ranch diagnostic and financial sheets.

Decision Control cell (type
1 in cell H4) for activating
planning sheets.

Tabs below indicate that
the worksheet of "Control
Sheet" is selected.
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outlays, returns after inventory
changes, and returns to unpaid labor,
management, and risk are provided.
Break-even steer prices ($/cwt.) for
each cwt. of steer calf sold are also
provided at each level. Note that only
gross income less the cash outlay
calculations are valid unless cell H4 in
the Control Sheet equals 1 or “planning
sheets” are in use.

9) Total Diagnostic Tree — Total cash
and accrual profit values are decom-
posed into the general areas of gross
sales (calves, yearlings, cows, bulls, and
horses), cash production costs, cash
overhead costs, depreciation, adjusted
cash value of fixed assets, and live-
stock adjusted inventory income. Note
that the accrual profit value is relevant
only if the planning sheets are utilized
(i.e., cell H4 in the Control Sheet equals
1). This sheet can be used as a visual
snapshot to identify critical areas of
ranch management depending on how
large the expenses and revenues by
general category are for the ranch. A
management change of building a new
tank that increases the grazing capacity
of the ranch by 5 AUYs can be easily
analyzed from this sheet.

10) Diagnostic Tree Per Exposed
Cow — This sheet takes the information
from the total diagnostic tree worksheet
and displays it on a per exposed cow
basis. This sheet has great value for
comparing expenditure and revenue
performance across categories for
different ranches. Management deci-
sions such as creep feeding calves can
be easily evaluated from this sheet,
while focusing on the final cash and
accrual profit per exposed cow. Creep
feeding will directly increase labor and
feed costs, but it will also impact
weaning weights and sale prices. How
all of these factors fit together can be
easily evaluated by looking at the final
cash and accrual profit values per
exposed cow in this sheet.

11) Finance Measures — Common
financial measures such as current

assets and liabilities and owner’s equity
are reported in this sheet. Financial
ratios associated with liquidity and
solvency are also presented.

12) Health Expense Planning Sheet —
Veterinary expenses associated with
pregnancy testing, bull testing, vaccina-
tions, and implants can be itemized out
in this sheet for all livestock given in the
production planning sheet.

13) Feed Expense Planning Sheet —
Cost of supplement, minerals, salt, and
hay is calculated from the inputs of cost
of the feed ($/ton), pounds of feeding
per day, and the number of days on
feed. Livestock numbers provided in
the production planning sheet are also
linked to calculate total feed costs.

14) Grazing Planning Sheet — This
sheet is tailored for public grazing fees
of Bureau of Land Management, U.S.
Forest Service, and State land. Grazing
fees for these agencies are generally
different, so the number of grazing
months for each class of livestock on
these different lands, along with any
Animal Unit Month (AUM) conversion is
required to calculate total grazing costs.
Private grazing months and costs
should also be included, if applicable.
Grazing costs associated with land that
is owned comes from the fixed cost
planning sheet.

15) Labor Expense Planning Sheet —
Hired labor associated with a manager,
a bookkeeper, or cowboys is easily
input into the labor expenses of the
ranch using this sheet. Benefits such as
FICA, Workman’s Compensation, or
other benefits can be easily calculated
in this sheet to determine total labor
costs.

16) Actual Cash Flow Charts — Several
figures display total cash income and
expenses, operating receipts, variable
costs, and overhead costs by major
category and month. These charts
display values from the actual and
projected cash flow worksheets.
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17) Retained-Own Evaluation Sheet —
Retained ownership is considered a
separate enterprise from the ranch, so
this worksheet is not linked to any of
the other worksheets given above. This
sheet provides the expected return
from retained ownership, utilizing future
market data available for when animals
would be placed in the feedlot. Five
different initial feeder weights (i.e., 400,
500, 600, 700, and 800 pounds) are
evaluated side by side for five different
“purchase dates” or days for entering
the feedlot. Most current futures prices
(all time horizons), along with expected
basis values (cash minus futures) need
to be entered. Figure 2 shows some
of the key output values, such as:
expected profit per head (columns AJ
and AM) and annual adjusted percent-
age rate (columns AK and AN); feed
(column AD) and total cost of gain
(column AF); and break-even price for
purchasing feeders (columns AP and
AR). A total of 25 different purchase
date and weight combinations are
provided. Purchase date and weight
combinations that are too far into the
future for a feeder to be sold using the

fed futures when purchased are
displayed with “######”.

Figure 3 displays how all the worksheets
described above fit together. Four
general categories of information are:
1) cash expenditures and revenues
(e.g., calf sales, checkbook transac-
tions); 2) biological livestock data (e.g.,
sale weights, cow fertility, cull rates,
death losses); 3) livestock inventory
values (e.g., head counts, cash values);
and 4) fixed asset information (e.g.,
land, equipment depreciation, cash and
book values). Figure 3 describes how
these general categories of information
flow from one worksheet to the next.
Note that planning sheets must be in
use (i.e., cell H4 in the Control Sheet
equals 1) for any accrual values
associated with livestock inventory or
fixed asset information to feed forward
into financial measures, costs and
returns, and diagnostic tree
worksheets.

The spreadsheet template is available
from the authors for free, but you still
need to input your baseline data. After

Figure 2. Key Output Associated with Retained Ownership Worksheet
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entering data from your ranch, you can
evaluate your operation using the
diagnostic trees and see where you
should target changes in your manage-
ment. Management decisions can be
easily evaluated once you have entered
your baseline data. For example, if you
are considering supplemental feeding
as a way of increasing calving rates,
you could enter the proposed feeding
schedule into the feed expense planning
spreadsheet and change the calving
rates in the biological cow data spread-
sheet. A quick look at either the diag-
nostic tree per exposed cow or the cost
and return worksheet would display the
estimated impact on expected profits.
Other potential management plans
could be evaluated in a similar fashion.

Once a plan has been selected and
implemented, it must be monitored. This
includes physical aspects, such as
calving rates, as well as economic
aspects, such as expenses and market
prices. When differences occur between
the plan and reality, it is time to evaluate

the reasons for the differences and
possibly develop a revised management
plan. At this point, the spreadsheet
template presented can again be used as
a tool to assist in the planning process.

CONCLUSIONS

Although spreadsheets are not struc-
tured to capture all the dynamics that
can be associated with management
decisions, they are relatively easy to
follow and understand. Once a spread-
sheet template is developed, it can
easily be modified and tailored to a
specific situation. Another advantage of
using spreadsheets for planning is that
you may get new ideas about manage-
ment strategies by going through the
planning process.

Figure 3. Flow Diagram of Excel Ranch Analysis Workbook

1Associate Extension Specialist,
Agricultural and Resource Economics,
The University of Arizona

2Research Specialist, Agricultural and
Resource Economics, The University of
Arizona
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INTRODUCTION

This article describes the actual and
projected cash flow worksheets that
are included in the ranch analysis
spreadsheet template (see previous
article).

Cash-flow analysis is an important step
in taking control of any agricultural
business. This is especially true in the
ranching industry. In ranching, ex-
penses happen on a daily basis, but the
main income occurs only one or two
times a year. The allocation of income
to cover expected costs throughout the
year will help ensure that all credit
obligations are met. It is equally impor-
tant not only to track current cash flows,
but also to project at the start of the
production year all expected income
and expenditures. Once expected
income and expenditures are recorded,
comparisons can be made between
projected and actual cash flows to help
point out any discrepancies.

Actual cash flow allows the user to
summarize all cash receipts (inflows)
and expenditures (outflows) affecting the
ranch during the yearly business cycle.
Daily receipts and expenditures are
organized into categories and entered
on the actual cash flow worksheet for
the end of each month. Actual cash flow
values can then be used to evaluate
historical cash performance of the
business, as well as serve as a guide for
future cash flow needs throughout the
current business year.

The projected cash flow worksheet is a
summary of monthly cash receipts and
expenditures projected or expected for
the upcoming year. The projected cash

flow worksheet should be completed
before the start of the year so that it
shows when and where irregular
transactions occur throughout the year
and identifies if total expenditures are
increasing at an unanticipated rate.

The projected cash flow worksheet in
the spreadsheet template is linked to
the actual cash flow worksheet and
provides a monthly and year-end
comparison between the two
worksheets. Differences between
monthly and projected transactions are
reported below each of the totals and
subtotals. A graphical presentation of
the ending monthly cash balance is
automatically shown on the net cash
position worksheet.

COMPONENTS OF THE
WORKSHEETS

Both of the cash flow worksheets are
broken up into twelve main areas by
type of receipt and expenditure. Under
each of the main receipt and expendi-
ture areas are subcategories further
defining each cash entry. Each of the
twelve main areas is presented below
with descriptions of what is contained
within the areas and, where appropriate,
examples of data entries are pre-
sented. Data should only be entered in
the areas shaded in green on the
worksheets. All other areas are calcu-
lated fields and fill in when the informa-
tion is provided in the green shaded
sections.

1) Price and Number of Head—This
area is for recording the number of
head sold and the price received per
head for the different classes of animals
sold: fall and spring calves, yearlings,
cull cows, and cull bulls. Operating
receipts and some of the capital
receipts are calculated from this
information and reported in the proper
area of the worksheets.

Example 1 demonstrates the first two
sections of the cash flow worksheet. In
this example, a ranch sells 100 spring

ACTUAL & PROJECTED
CASH FLOWS

 Trent Teegerstrom1
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the sale of horses and equipment need
to be entered in the shaded sections.

4) Capital (Cash) Expenditures—Capital
cash expenditures are expenditures on
a capital asset such as breeding
livestock, working horses, or equipment
where no financing is required. Expen-
ditures are recorded in the shaded area
for the type and month in which the
transaction occurred.

5) Variable Costs—Variable costs are
those costs that vary with output for the
production period under consideration.
There are five subcategories contained
under the variable cost heading:

Grazing fee costs include fees
associated with grazing permits on
BLM, USFS, state, and private lands.

Feed costs include hay, supple-
ments, salt, minerals, and ranch
feedlot charges.

Livestock management costs
include supplies (tack, shoeing),
and veterinarian services (medi-
cine, services, supplies).

Example 1. Operating Receipts

steer calves in October for $318.75 per
head. On the worksheet, 100 steer
calves is entered in cell M3 for the
steers sold in October and then 318.75
is entered in cell M4 for the correspond-
ing price per head.

2) Operating Receipts—Operating
receipts are receipts generated from
the yearly operation of the ranch, such
as calf sales. These receipts are
calculated from the information provided
in the prices and number of head
section. No entry of information is
needed in this area.

In Example 1, the total amount received
($31,875.00) for the spring steer calves
appears in cell M20.

3) Capital Receipts—Capital receipts
are generated from the sale of a capital
asset, such as breeding livestock,
working horses, or equipment. These
capital items are usually part of the
business for more than one operating
year. Capital receipts from the sale of
cull cows and bulls are calculated from
the prices and number of head area.
However, total monthly receipts from

100 Steers at
$318.75 per head.

The gross income from the steers is
automatically calculated into the correct
cell under the operating receipts.
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Livestock transportation costs
include contract trucking and other
hauling costs associated with
moving animals.

Marketing costs include commis-
sions, inspection fees, checkoff,
and any other costs associated with
selling animals.

Example 2 shows the Variable Costs
area of the worksheet. In this example,
the ranch purchased a load of hay for
$4,200 in March. In the feed costs
section, 4200 is entered into cell F57.
This adds $4,200 to variable costs
under the subheading “hay” for March.
In this same example, the ranch
purchased  $111.00 worth of vaccines
for the herd in January. In the livestock
management section, 111 is entered in
cell D77. This adds $111.00 to variable
costs under the subheading “pharma-
ceuticals” for January.

6) Overhead Costs—Overhead costs
are those which do not vary with
changes in output for the production
period under consideration. There are
five subcategories contained under the
overhead cost heading:

Administration costs include dues
and subscriptions, bank charges,
advertising/promotion, donations,
offices supplies, utilities, insurance,
interest expenses, professional
(legal & accounting), business
travel, and income tax.

Labor costs include state & federal
withholding, Medicare, Social
Security, contract help, day help,
wages, and benefits.

Equipment costs include parts, tires,
fuel/oil, and repair/maintenance
associated with equipment, such as
a bulldozer used for dirt tank repair.

Example 2. Variable Costs

In March, the
ranch buys hay
for $4,200.

In January, the ranch
buys vaccines for
$111.00.
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Auto/vehicle costs include parts,
tires, fuel/oil, and repair/mainte-
nance associated with vehicles
used on the ranch.

Land costs include land taxes and
repairs/maintenance. For example,
the construction of a road on the
ranch would be included under this
category.

In Example 3, the ranch paid both the
electricity bill for $397.00 and the
telephone bill for $40.00 in June. In the
worksheet, 397 is entered in cell I116
and 40 in entered in cell I117. These
transactions are summed up next to the
subcategory “Utilities” for June.

7) Debt/Credit Flows—All interest and
principal payments are recorded, along
with the acquisition of new funds for
short, intermediate, and long term loans.

8) Total Ranch Flow of Funds
Summary—The difference between all
cash receipts (inflows) and expenses
(outflows) excluding non-ranch effects
are calculated for each month of the
production year. This area shows if
there is a negative cash balance or
positive cash balance.

9) Non-business Transactions—All
income generated outside of the ranch
and all expenses outside of the ranch
are recorded in this area. Income items

Example 3. Overhead Costs

Ranch pays utility bill
for June.
 Electricity: $397.00
 Telephone: $40.00

Shows subtotal
for month.
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Example 4. Total Ranch Flow-of-Funds Summary

may include earnings from a town job,
gifts, dividends, and interest. Expense
items include food, clothing, home
furnishings, and recreation.

10) Total Non-Ranch and Ranch
Flow-of-Funds Summary—The
differences between all cash inflows
and outflows including non-ranch
related items are calculated for each
month of the production year. This
area shows if there is a negative cash
balance or positive cash balance (see
Example 4).

CONCLUSIONS

While cash flow analysis is an impor-
tant tool in managing today’s ranches,
care should be used when interpreting

cash-flow analysis. Remember that a
cash flow only looks at cash transac-
tions when they are either paid or
received, not when they are actually
incurred (accrual accounting). There-
fore, cash flow is only a measure of
cash profits. To get at true profits,
accrual accounting is needed to
account for not only non-cash items,
but also changes in inventories,
accounts receivable, and accounts
payable. It is a well-known fact that a
business can be going broke and still
generate a positive cash flow for
several years. To overcome the cash
flow shortcomings, the spreadsheet
template contains many other
worksheets to account for information
not found on the actual and projected
cash flow worksheets.

Flow of funds with non-
ranch transactions.

Tracks the flow of funds throughout
the year. This is without non-ranch
transactions.

1Research Specialist, Agricultural and
Resource Economics, The University of
Arizona
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INTRODUCTION

A cash flow budget is needed to assure
that daily financial obligations of the
ranch can be met just as an individual
needs adequate cash reserves to cover
daily account withdrawals. Because
ranch expenditures and revenues are
much more difficult to predict than
typical wages or living expenses, a
cash flow budget needs to be more
thoroughly planned and developed. If
available, historical cash flow values
can be used as a basis to make cash
flow projections. As the year
progresses, actual expenses and
revenues are likely to deviate from
projections, resulting in a need to
analyze how these deviations will affect
the financial liquidity and economic
performance of the ranch. Within the
Control Sheet, cash flow projections
can be easily modified in a separate
column (Column F) so that financial
implications can be easily evaluated.
Modifications can be made on indi-
vidual categories that are shaded in
light blue. Consistent with the rest of
the ranch analysis worksheet, cells that
are not shaded are determined from
formulas. It is important to note that
when the modification column is
activated, the projected year end totals
are used, not the actual cash year end
totals. The following is an example of
how the effects of two unforeseen cash
flow changes can be evaluated.

EXAMPLE

It is mid-May and you have just been
informed that your 4WD ranch truck
has had an engine seize up from a hole
that was knocked in the oil pan by a

ranch employee. A local mechanic
quotes you a price of $2,500.00 to put a
rebuilt replacement engine in the truck.
To top things off, five steer and five
heifer calves have been found dead
and are believed to have been killed by
a lion that recently moved on your
ranch. You would like to assess how
these items will affect your overall cash
profit per cow for the year.

Steps for evaluating these cash flow
changes:

1) Go to the Control Sheet and verify
that the Decision Control column is
not activated. That is, if a “1”
appears in cell H4, type a “0” in this
cell to deactivate the planning
sheets (see Figure 1).

2) Then enter the number “1” in cell
F4. This will activate the modified
column and override the Actual
Cash Flow totals with the Planning
Sheet totals.

3) Next record the net cash profit per
exposed cow as reported in cell
B21 of the Diagnostic Tree Per
Exposed Cow. You are now ready
to make the changes to the pro-
jected cash flow.

4) Return to the Control Sheet and
enter -5 in cells F5 and F7, as
shown in Figure 2, for the five
spring steer and heifer calves lost.

5) The next change needed is the
additional cost of the truck engine
replacement. Make sure you are
still on the Control Sheet. Scroll
down to the Overhead Cost section
of the Control Sheet until you reach
cell F127 and enter $2,500 (see
Figure 3). This will be added to the
current projected Repairs & Mainte-
nance expenses of $3,282 for a
final adjusted total of $5,783. If you
would prefer to keep the engine
replacement as a separate item,
then you could enter the $2,500 in
cell F128 (see Figure 4). However

MODIFIED CASH
PROJECTIONS

Trent Teegerstrom1, Russell
Tronstad2, and Jim Sprinkle3
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to properly track the expense, you
will have to go to the Actual Cash
Flow sheet and enter Truck Engine
Replacement in cell A165. The new
heading will then automatically
show on both the Projected Cash
Flow Sheet and the Control sheet.

6) Once you have finished adding in
the truck engine replacement,
return to the Diagnostic Tree Per
Exposed Cow and record the net

cash profit per exposed cow in cell
A19. The new number is -$28.80
per exposed cow. So the net effect
of the changes is an additional loss
of -$4.88 (-$28.80 minus -$23.92)
per exposed cow.

From the example above you can see
that the ranch must generate an
additional income of $4.88 per exposed
cow if it is going to maintain the level of
income projected at the start of the

Figure 1. Modified Cash Flow

Enter “1” in Cell Cell H4 should be blank

Figure 2. Calf Head Changes

Change in Steer and
Heifer Numbers
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year. By determining this shortfall prior
to the end of the fiscal year, you can
possibly make adjustments to compen-
sate for the shortall and increase the
chances of ending the year with a
positive cash flow.

1Research Specialist, Agricultural and
Resource Economics, The University of
Arizona

2Associate Extension Specialist,
Agricultural and Resource Economics,
The University of Arizona

3Area Extension Agent, Animal Science
University of Arizona

Figure 3. Truck Repair

Truck Engine
Replacement Cost
No Tracking

Figure 4. Truck Tracking

Moved expense from cell
F127 to cell F128

Added new heading on the
Actual Cash Flow Sheet
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INTRODUCTION

One of the main reasons for entering
ranch information in a spreadsheet
template is to easily evaluate manage-
ment decisions. A few numbers related
to different management decisions can
be changed and the computer can
instantly provide answers about eco-
nomic consequences that would most
likely take hours to do by hand. This
article presents a couple examples on
how the ranch financial analysis
spreadsheet can be used to evaluate
the economic returns of different
management decisions. We illustrate
how the computer can be used as a
tool to answer “what if ”  questions. An
evaluation of decisions before they are
actually made allows producers to avoid
costly mistakes and hopefully capitalize
on the best economic decision. Although
the computer can do computations
efficiently, quantifying all components of
a management decision can be difficult.
This is particularly true when dynamics
are involved or when a management
decision made today impacts future
productivity relationships. For these
reasons, results from the ranch spread-
sheet template need to be interpreted
within the context of the management
decision under consideration.

Economic returns are calculated for the
ranch on a calendar year basis for total
and per unit (i.e., exposed cow) returns.
Both cash and accrual profits are
calculated. An accrual profit measure
that accounts for changes in livestock
inventories and depreciation of fixed
assets is reported in the spreadsheet
template. If a management decision

does not involve a change in herd
composition or animal numbers, the
profit per exposed cow should be
focused on. An example of this analysis
would be supplemental feed to improve
weaning weights and possibly herd
fertility. Total ranch profit should be
analyzed if a management decision
involves any change in herd composi-
tion or numbers. An example of this
type of analysis would be running fewer
cows to increase fertility and weaning
weights.

In order to compare how much of an
impact any management decision will
have on ranch profitability, a “base line”
of current ranch practices needs to be
entered into the ranch financial analysis
spreadsheet template. This “base line”
of current or normal practices provides
a reference point from which alternative
management strategies can be evalu-
ated. If one is solely concerned with
cash profits, a comparison can be
made between alternatives by appropri-
ately modifying cash expenses and
revenues in the Control Sheet. How-
ever, the planning sheets will generally
be the easiest and most relevant tool
for evaluating alternative management
decisions. Expenses and revenues are
built from biological relationships and
per unit inputs in the planning sheets so
that the impact of a change in grazing
fee or health expense can be readily
evaluated. An example of using the
planning sheet for supplemental
feeding follows. Please note that to
enable the planning sheet, a value of 1
must be entered in cell H4 of the
Control Sheet (see article entitled,
Overview of Ranch Financial Analysis
Spreadsheet).

SUPPLEMENTAL FEEDING
EXAMPLE

The following example assumes that a
“base line” has been established or all
planning sheets have been filled out to
reflect normal practices. Please note
that “green shaded” areas of the
worksheet indicate areas for the user to

EVALUATING
MANAGEMENT

DECISIONS

Russell Tronstad1, Jim Sprinkle2,
and Trent Teegerstrom3
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provide input, and numbers that are not
shaded are determined from formulas
that key off entered data. The following
example uses data obtained from the
University of Arizona, V bar V Ranch
for the 1998 calendar year.

Supplemental Feeding Scenario: The
proposed management change involves
feeding 2 lbs. of protein supplement for
60 days to cows and 80 days to “bred
heifers/2-year-olds.” These bred heifers
at the beginning of the calendar year
turn 2 years old and have a calf before
the end of the calendar year. Protein
supplement will cost $180/ton and we
expect to see an increase in weaning
weights of 20 lbs. per calf.

Steps for evaluation of the proposed
change:

1) Verify that the planning sheets are
in use or that cell H4 of the Control
Sheet equals 1. Then print the
sheet of Diagnostic Tree Per
Exposed Cow or write down the
resulting cash and accrual profit
values per exposed cow. For the
V bar V “base line” example,
-$42.37/exposed cow for cash profit
(cell B21) and $44.76/exposed cow
for accrual profit (cell B23) is
calculated.

2) The cost of supplemental feed is
entered in the Feed Expense
Planning Sheet. Under the column
heading Supplement (Column G),
go to shaded cell G18 (bred
heifers/2-year-olds) and enter 2 for
2 lbs. of supplement per day. Now
enter 2 in cells G19 through G27.
This will feed the entire herd 2 lbs.
per day. Next, under Column H
(Day), go to cell H18 and enter 80
to feed the bred heifers/2-year-olds
for 80 days. Now enter 60 in cells
H18 through H28 to feed supple-
ment to the rest of the herd for 60
days. Finally, enter or check that
180 is entered in cell J5 to reflect
the cost of supplement at $180/ton.
This will calculate the cost of feed

for each age group of cows and
transfer totals to the rest of the
spreadsheet template. Your before
and after screens in the Feed
Planning Expense Sheet should
look as depicted in Figure 1.

3) Next, go to the Herd Production
Planning Sheet and in the shaded
cells (L8 through L12) under the
column Sale Weight increase each
of the sale weights by 20. This will
increase the weaning weights for
steers and heifers for both the
spring born calves and the fall born
calves. Figure 2 illustrates these
changes to the Herd Production
Planning Sheet.

4) Finally, go back to the Diagnostic
Tree Per Exposed Cow and
compare the new values in cells
B21 and B23 with the original
values you wrote down earlier. How
have they changed?

As shown in Figure 3, cash and accrual
profits both decreased by $1.66 (drop
from -42.37 to -44.03 for cash and
44.76 to 43.10 for accrual) per equiva-
lent exposed cow. Equivalent exposed
cow is from the Biological Cow Data
worksheet and accounts for cows
exposed to the bull last year and any
yearlings that were on the ranch.
Because this supplemental feeding
example did not affect livestock inven-
tories or depreciation adjusted
overheads, the change is the same for
both cash and accrual profits.

This example could be further extended
by inquiring about additional issues. For
example, what is the economic impact
if calf prices change due to the 20 lb.
increase in calf weights? What is the
impact on next year’s profit level if the
fertility for the herd improves? Although
the spreadsheet template is not dynamic
(i.e., one-year snapshot) in nature, the
template can be used to gain insights
into multi-period decisions such as herd
fertility. First, determine the difference
in economic return generated by the
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spreadsheet template from increasing
fertility. Then multiply a discount rate
(i.e., 1/[1 + interest rate]) to any increase
in return from fertility improving. If
market prices remain basically the
same for the following year, this
approximation is fairly accurate.

EXAMPLE THAT EVALUATES
OPTIONS AFTER A RANGE FIRE

Range Fire Scenario: A fire recently
swept through your USFS allotment,
eliminating the ability to use a 7,000-
acre pasture you had planned on
grazing for 3 months. At the time of the
fire, you had 489 cows and 37 bulls.
Because of poor precipitation the
previous year, other USFS allotments
in the vicinity are currently stocked and
unavailable for grazing. The USFS
range conservation officer says you can
use a 5,300-acre pasture on your
allotment that was scheduled to be
rested this year, but it will only accom-
modate 369 cows, 120 less than you
have, and 37 bulls for the same 3-
month period. You have recently culled
some open cows and do not wish to
sell any more cows at this time. Most of
the cows are already bred. You have
three different options you wish to
evaluate: (1) Leasing Pasture for Extra
Cows, (2) Early Weaning Calves, and
(3) Drylot Cows on Ranch.

Steps for Leasing Pasture Option
evaluation:

1a) A contact you have in Nevada has
informed you that irrigated pasture
is available for 3 months for 120
cows at a price of $15 per month
for each cow/calf unit. You would
not haul any bulls since cows
should already be bred. You will
take only cows that have a spring
born calf as side to Nevada. Go to
the Grazing Expense Planning
sheet (see Figure 4), and enter the
number of cows by age that you
expect to take to Nevada (cells K16
to K24). Then enter 3 in cells L16
through L24 for 3 months of

grazing. The pasture price of $15/
month is entered in cell M4.

1b) The pasture is 500 miles away and
trucking costs $2.00 per loaded
mile for each semi-load of cattle. It
will take 4 semi-loads going to
Nevada (30 cows + calves per
load) and 3 semi-loads coming
back from Nevada (sell calves in
Nevada; 40 cows per load return
trip). Go to the Herd Production
Planning Sheet (see Figure 5)
under column Q (Paid/Contract
Trucking Costs Without Selling)
and enter 500 in cell Q8 for the
total miles per trip, 7 in cell Q11 for
total number of trips, and 2 in cell
Q13 for the cost per mile. Total
trucking expense of $7,000 is
automatically calculated and shown
in cell Q6. Calves shipped to
Nevada are expected to weigh 20
lbs./head more than those kept on
the ranch. This increases the
average sale weight of all spring
born calves by 7 lbs./head ([120/
341] • 20 = 7.0). Increase the sale
weight of calves by 7 lbs. in cells L8
and L9.

1c) Finally, go to the Diagnostic Tree
Per Exposed Cow and record what
the cash and accrual profit is for
this leasing pasture option.

Cash Profit (Cell B21) ________

Accrual Profit (Cell B23) _______

As another alternative, you may
wish to save the entire file with a
different name that associates
these numbers with the leased
pasture option after the fire. This is
especially helpful if you also want
to study how the financial ratios
and cost and return measures
compare under different scenarios.

Early Weaning Calves Option. Since
a nonlactating cow will eat only about
70% of a cow/calf unit, by early
weaning calves you will be able to
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maintain all your cows on the 5,300
acre pasture for the next 3 months.
The USFS range conservation officer
is familiar with the concept of reduced
forage intake for nonlactating cows
and has allowed similar things to be
done on other grazing allotments
during drought. You will not have to
truck cows to Nevada or rent addi-
tional pasture, but calves will weigh
about 150 lbs. less when you sell
them. Because the calves are 150
lbs. lighter and corn prices are
relatively low, you also think that you
can sell your calves for $20/cwt. more.

Steps for Early Weaning Calves:

2a) Reverse the steps and entries that
were made above in the Grazing
Expense Planning and Herd
Production Planning Sheets for the
leased pasture option so that “after
screens” look like “before screens.”
If you saved the changes made in
the leased pasture option under a
new file, just open the original file
without any of the leased pasture
option changes. Before (i.e., base
line) and after values in the Herd
Production Planning Sheet for
reducing calf weight by 150 lbs. and
increasing the price per lb. received
by $.20 are depicted in Figure 6.

2b) Go to the Diagnostic Tree Per
Exposed Cow and record what the
cash and accrual profit is for this
early weaning option.

Cash Profit (Cell B21) ________

Accrual Profit (Cell B23) _______

Figure 7 compares cash and
accrual profit values in the Diag-
nostic Tree Per Exposed Cow for
the leasing pasture and early
weaning options. The leasing
pasture option is $12.30 (difference
of -59.84 and -72.14 for cash or
27.32 and 15.02 accrual profit) per
unit more profitable than the early
weaning option.

In addition to looking at changes in total
profit, financial ratios, and cost and
return measures, the spreadsheet
template can be used to get an idea of
what you could actually afford to pay for
pasture. Simply go to the lease pasture
scenario and increase cell M4 in the
Grazing Expense Planning Sheet until
profitability is the same from the leasing
pasture or early weaning scenarios.
The cost of pasture has to exceed
$32.53/month before it is more profit-
able to do early weaning than lease
pasture.

Drylot Option. Another option is to put
the 120 additional lactating cows and
their calves into a drylot and feed them
purchased hay for 90 days rather than
lease pasture or early wean calves.
Hay can be shipped in for $95 per ton
and each pair is expected to consume
25 lbs. per day for the 90-day feeding
period. Weaning weights are expected
to be the same as if they were shipped
to Nevada and put on the leased
pasture. But there will be some addi-
tional health costs for calves under the
drylot option due to crowded conditions
and dusty corrals. Health costs are
expected to be $.80/head more for
calves placed in the drylot.

Steps for Drylot Option:

3a) Reverse the steps and entries that
were made above for the early calf
weaning option. If you saved the
changes made to a new file for the
early weaning option, just open the
original file without any of the early
weaning option changes. In the
Feed Expense Planning Sheet,
feed consumption is calculated for
all cows in an entire age group.
Using a calculator, 25 lbs. per day
for 120 cows for 90 days equals
135 tons ([25•120•90]/2000) of hay.
Note that in the Herd Production
Planning Sheet, 175 cows are in the
category of “Unknown > 4.” We can
adjust the hay consumption to 17.14
lbs. per day (i.e., [120/175]•25) for
all the cows in this category to get
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135 tons total. That is, enter 17.14
in cell B27 and 90 in cell C27; cell
D27 reveals that an additional 135
tons are being bought. The price of
$95 per ton is given in cell E5.
Figure 8 illustrates these before
and after changes.

3b) Go to the Health Expense Planning
Sheet (see Figure 9), and add
additional medicine costs for calves
by entering the vaccination label of
“LA200” in cell N5. Next, enter the
cost per head or .80 in cell O5.
Enter 60 in both cells N8 and N9 to
reflect the number of steer and
heifer calves expected to be given
this vaccine.

3c) In the Herd Production Planning
Sheet, weaning weights need to be
increased to the same level as the
leased pasture option. Calves in
the drylot are expected to weigh 20
lbs. per head more than calves on
the range. This increases the
average sale weight of all spring
born calves by 7 lbs./head ([120/
341]•20 = 7.0). Increase the sale
weight of calves by 7 lbs. in cells L8
and L9. Also, check to see that
trucking costs have been reduced
to zero (i.e., cells Q9, Q11, and
Q13 equal 0).

3d) Go to the Diagnostic Tree Per
Exposed Cow and record what the
cash and accrual profit is for this
drylot option.

Cash Profit (Cell B21) ________

Accrual Profit (Cell B23) ________

As described in Figure 11, cash
return from the drylot option is
-60.85, or $1.01 less per exposed
cow than the return associated with
the leasing pasture option (-60.85
minus -59.84). The major expense
for the hay feeding option is 135
tons of hay at $95 per ton, or
$12,825. Major expenses for the
leasing pasture option were $7,000

for trucking and $5,400 for pasture
for a total of $12,400. Note that the
spreadsheet tool can easily deter-
mine at what hay price it becomes
more economical to drylot than ship
to pasture. By changing cell E5 or
the price of hay in the Feed Expense
Planning Sheet, a hay price of
$92.19 per ton results in the same
cash return of -59.84 as in the
leasing pasture option. If hay can
be delivered to the ranch for less
than $92.19 per ton, 120 pairs in
the drylot would then be the most
profitable option. Hay quality would
also impact the rate of gain and
health expenses.

It is very important to keep in mind that
the results produced from the spread-
sheet template are no better than the
inputs behind the results. For example,
you may expose your cows to a dis-
ease by shipping them to Nevada and
this could increase future vaccination
costs and even your death losses.
Labor costs might increase from
feeding hay in the drylot. These factors
could be built into your analysis using
the spreadsheet template, but it is very
important to realize that results pro-
duced are no better than the inputs
behind the results.

1Associate Extension Specialist,
Agricultural and Resource Economics,
The University of Arizona

2Area Extension Agent, Animal Science
University of Arizona

3Research Specialist, Agricultural and
Resource Economics, The University of
Arizona
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Figure 1. Supplemental Feeding: Feed Expense Planning Sheet Changes

Before

After

Changes
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Figure 2. Supplemental Feeding: Herd Production Planning Sheet Changes

Before

After

Changes
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Figure 3. Supplemental Feeding: Diagnostic Tree Per Exposed Cow Changes

Before

After
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Figure 4. Range Fire (Leasing Pasture Option): Grazing Expense Planning Sheet Changes

Before

After

Changes
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Figure 5. Range Fire (Leasing Pasture Option): Herd Production Planning Sheet Changes

Before

After

Changes
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Figure 6. Range Fire (Early Weaning Option): Herd Production Planning Sheet Changes

Before

After

Changes
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Figure 7. Range Fire: Leasing Pasture vs. Early Weaning Comparison

Leasing Pasture

Early Weaning



Ranch Business Management 2001 169

Figure 8. Range Fire (Drylot Option): Feed Expense Planning Sheet Changes

Before

After

Changes
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Figure 9. Range Fire (Drylot Option): Health Expense Planning Sheet Changes

Before

After

Changes
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Changes

Figure 10. Range Fire (Drylot Option): Herd Production Planning Sheet Changes

Before

After

Changes
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Figure 11. Range Fire: Leasing Pasture vs. Drylot Comparison

Leasing Pasture

Drylot
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DROUGHT ASSISTANCE
PROGRAMS AND TAX

IMPLICATIONS OF
DROUGHT INDUCED
LIVESTOCK SALES

Russell Tronstad1

Government payment assistance
during or after a drought is a very real
possibility. Drought assistance has
been more likely ever since the Disas-
ter Assistance Act of 1988 was legis-
lated. Through this act the Secretary of
Agriculture can authorize feed assis-
tance payments for a county or reser-
vation due to a natural disaster or
livestock emergency. Programs of
relevance for Arizona include the
Livestock Assistance Program (LAP),
Livestock Indemnity Program, and the
American Indian Livestock Feed
Program (AILFP).

DROUGHT ASSISTANCE
PROGRAMS

Livestock Assistance Program: LAP
provides direct payments to eligible
livestock producers who have suffered
grazing losses due to a natural disas-
ter. A county must have suffered a 40
percent or greater loss of available
grazing for at least three consecutive
months as a result of damage due to
drought, hot weather, insects, etc.
Producers must meet certain criteria
which include having a financial risk in
eligible livestock that they have owned
for at least three months before the
payment period. LAP assistance is
based on the value of feed calculated
on a corn equivalent basis. Information
needed to apply for LAP benefits
includes: 1) number and share of
livestock owned, 2) acres, location and
type of grass or forage used to support

livestock, 3) estimated percentage of
grazing loss, and 4) dates of any
significant livestock inventory changes.

Livestock Indemnity Program: Another
program administered by the Farm
Service Agency is the Livestock
Indemnity Program. LIP assistance is
possible for areas that have received a
Presidential Disaster Declaration or
requested a Secretarial Disaster
Designation and received this status.
This program provides partial reim-
bursement of livestock losses to eligible
producers. If a producer’s livestock
losses exceed the normal mortality rate
for the animal category under consider-
ation, a producer may be eligible for
payments. Producers must provide
documentation to support their claims,
and animals used for purposes other
than human food or the production of
food are not eligible. To not discourage
private means of insuring livestock
losses, Livestock Indemnity Program
payments are not reduced to account
for any insurance indemnity payments
received from other sources.

American Indian Livestock Feed
Program: The purpose of AILFP is to
provide emergency financial feed
assistance to livestock owners on tribal-
governed land affected by a natural
disaster. Under AILFP, the Commodity
Credit Corporation contracts with
governments of affected tribes to
administer the program. When a tribal
government determines that a livestock
feed emergency exists, the tribal
government may submit a request to
implement the program. Damaging
weather conditions, such as drought,
which cause more than a 35 percent
reduction of feed produced in a region
for a defined period may qualify for
payments. Livestock owners need not
be American Indian nor a member of a
tribe in order to receive payments
under this program. Eligible owners
must own or lease tribal governed land
in the approved region and have had
livestock on this land during the time of
the qualifying disaster. Payments of this
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program are based on the smaller of
either a) 30 percent of Animal Unit Day
feed minus any feed sales, or b) actual
livestock feed purchases minus sales of
livestock feed.

All of the above programs are generally
subject to a fixed sum of dollars that is
allocated to a program, region, and/or
nation. Thus, even if your county or
tribe has been declared eligible to
receive disaster assistance, judging
how much reimbursement or assis-
tance you will actually receive can be
difficult. You may have to decide to sell
livestock, buy hay, or lease pasture
from another region before drought
assistance programs are known.
Uncertainties surrounding payment
assistance, the weather, future market
prices, and potential income tax
liabilities make decisions regarding
livestock sales during a drought diffi-
cult. Both drought assistance benefits
and added revenues from drought-
induced livestock sales need to be
considered.

DROUGHT-INDUCED SALES

Managing tax liabilities during a drought
can be a challenge due to more live-
stock sales than “normal” and the tax
consequences of drought assistance
payments. Special tax treatment is
generally available to producers that
are forced to sell animals because of a
shortage of water, feed, or other
drought-induced consequences. There
are two basic tax treatments to defer
income from drought sales. Both
require that drought sales exceed the
normal level of sales. Eligibility for the
two different treatments depends on the
class of livestock sold and whether the
federal government has designated
your area as eligible for assistance.

TAX TREATMENT #1—
POTENTIALLY ALL LIVESTOCK

The deferred sales receipt method has
the broadest class of animals which
qualify. That is, only breeding livestock

are eligible for the involuntary conver-
sion tax method which follows. Year-
lings and even“sporting livestock” are
potentially eligible for the deferred sales
method described here. Income from
livestock sold in excess of normal
sales, whether raised or purchased,
may be deferred for up to one year if
the following are satisfied:

1. Your (the taxpayer’s) principal
business is farming or ranching.

2. You utilize the cash method of
accounting.

3. You state you are making an elec-
tion under I.R.C. section 451 (e) and
attach it to your drought-year return.
You also attach a statement explain-
ing the reasons that forced sales
were necessary (lack of water, feed,
etc.).

4. You provide evidence that “excess
livestock” sales are due to drought
and not a sell-off that is beyond
drought-induced conditions. A three-
year average is used to compute
normal sales levels when making the
calculation for “excess livestock”
sold.

5. Your county or a neighboring county
is designated as eligible for federal
disaster assistance. The designation
may be made by the president, an
agency of the federal government
(e.g., the Federal Emergency
Management Agency or the Small
Business Administration), or a
Department of Agriculture agency
(e.g., Farm Service Agency). The
sale of livestock can occur before or
after an area is designated a disas-
ter area.

6. You total the number of animals sold
this year and the number sold
because of the drought. Any gain
realized from weather-related sales
must be provided. Income from
normal sales is reported on this
year’s Schedule F while excess
sales are reported on next year’s
Schedule F.

Livestock held for sale (e.g., steers,
feeder heifers) can only qualify for tax
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treatment #1 or a one-year postpone-
ment in drought-induced income. Not
all income needs to be deferred to the
following year though. An advantage to
this treatment is that some drought sale
income can be taken as income for that
year and some can be deferred to the
following year. How much income is to
be reported in the year of the sale or
the following year must be decided by
the due date of the return for the tax
year in which the drought sale oc-
curred. Another advantage to this
treatment is that the tax basis for
purchased replacements is not reduced
by the amount of the postponed gain.
Thus, if a raised cow is sold for $500
and a replacement is later purchased
for $500, the entire $500 paid for the
replacement is depreciable.

If prices are low and you expect to be in
a zero or low marginal tax bracket,
counting some if not all drought-
induced sales as income for the
drought year may likely be your best
alternative. Keep in mind that any
drought-assisted aid will need to be
declared as income for the tax year that
monies are received regardless of the
method used for reporting livestock
sales. See the box below for an ex-
ample of the deferred tax treatment
method. A disadvantage to this method
is that you must rely on your area being
declared eligible for federal disaster
assistance. Also, the “involuntary
conversion” tax treatment below for
breeding animals may be preferred
since it allows for drought-induced
gains to be deferred for two years or
one year beyond the one-year post-
ponement described above.

Example of Tax Treatment #1 [election under I.R.C. 451 (e)]

Every year in the fall, Rancher Joe normally sells 100 yearlings, 13 cows, and 2
bulls (most recent 3-year average). Due to the drought this year, Joe sold 100
yearlings in May along with 15 pairs (30 head). In June, Joe sold 30 cows, 5 bulls,
and 50 lightweight calves that were born earlier in the year. Normally, Joe doesn’t
sell any pairs or calves that are less than a year old.

Sale prices were $275/head for the yearlings, $400 average for the 15 pairs sold,
$325/head for the 30 cows sold, $600/head for each bull, and $150/head for the
calves that were less than a year old.

An election is made for each generic class of animals (e.g. cattle, sheep), not
specific to an animal’s age, sex, or breed. Thus, the average sale price for cattle is
determined by dividing the total income received by the number of all cattle sold
($53,750 / 215 hd. = $250/hd.).This average is multiplied by the excess number sold
(i.e., 215-115=100) due to drought to give the “excess sales.” In this example, 115
hd. x $250/hd., or $28,750 in sales may be deferred for up to one year.

The election of how much income to postpone must be made in the tax year of the
drought sale. After accounting for drought assistance benefits and other income and
expenses, a plan should be devised for minimizing tax liabilities. The decision to buy
breeding stock or retain more heifers in the following year needs to be considered in
determining the amount of income to postpone for one year.
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TAX TREATMENT #2—
BREEDING CATTLE

Tax treatment #2 fits under the termi-
nology of “involuntary conversion” in
the tax guides. Gains from livestock
sold as the result of a drought do not
have to be recognized if the proceeds
are used to purchase replacement
livestock within two years from the end
of the tax year in which the sale takes
place. An advantage to this treatment is
that your area need not be declared a
disaster area by the federal govern-
ment. Basic rules of this treatment,
many similar to Tax Treatment #1,
include the following:

1. Your drought-induced sales must
exceed a normal three-year average.

2. You must purchase an equal or
greater number of replacement

livestock within two years of the end
of the tax year of sale.

3. There is no minimum holding period.
That is, bred heifers that you may
have just purchased last year qualify
as breeding livestock.

4. You must use replacement livestock
for the same purpose.

5. An area need not be declared a
federal disaster area, but there must
be evidence that a drought occurred.
For example, newspaper clippings or
rainfall reports are generally suffi-
cient proof.

6. You must provide a computation of
the number and kind of livestock
sold by category and the accompa-
nying gain realized from drought
sales.

When you buy replacements, attach to
the tax return the date replacements

Example of Tax Treatment #2 [election under I.R.C. 1033 (e)]

Rancher Bob normally sells 20 cows and bulls from his beef herd every year but this
year he sells 50, 30 more than normal due to the drought. The average selling price
for all 50 head is $300/head. Thus, Bob defers the income of 30 head or $9,000 for
this year if the cows were raised and have a zero basis.

If in the following two years Bob buys only 25 cows to replace the 30 sold, a gain of
$300/head for five head must be reported regardless of what was paid for the 25
replacements purchased. Bob would need to report an additional $1,500 ($300 x 5)
of income to an amended return for the year in which the drought sales occurred
and any additional taxes must be paid.

If Bob purchased replacements for $400/head, then the tax basis for the 25 replace-
ments would be $100 (replacement price minus the gain on the drought-induced
sale that wasn’t taxed). But if Bob purchased 25 replacements for only $250/head
then an additional $1,250 gain ($50/head x 25 head) would have to be filed to an
amended tax return for the drought year.

Keep in mind that any gains associated with feed assistance or indemnity payments
have to be claimed for the tax year that they are received. It is conceivable that feed
assistance combined with having to file an amended return of additional income
could push a rancher into a higher marginal tax bracket for a drought year than
planned.
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were purchased, the cost of replace-
ment animals, and the number and kind
of replacements. Carefully consider
your future intentions for rebuilding your
herd when opting for the involuntary
conversion treatment. Raised replace-
ments are not eligible for “replacement
livestock.” Also, attention needs to be
given to the selling price and expected
purchase price. Consider the example
of involuntary conversion on page 178.

Since every tax situation and ranch
plan is different, no standard recom-
mendation can be given as to whether
the one-year postponement is preferred
to the two-year involuntary conversion.
Close consultation and planning with a
tax advisor or accountant is likely to
pay a heavy dividend if you have or
plan to make substantial drought sales

this year. Please refer to the Farmer’s
Tax Guide (Publication 225) or contact
the IRS (1-800-829-1040) for more
current and complete tax information.
The Farmer’s Tax Guide along with
other tax forms and publications are
available on the Internet at

http://www.irs.gov
Current information related to drought-
assisted aid programs can be found at

http://www.fsa.usda.gov

1Extension Economist, Department of
Agricultural and Resource Economics,
College of Agriculture and Life Sciences,
The University of Arizona.
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Rigid sale dates are sometimes
adopted to take advantage of seasonal
forage availability or aggregate num-
bers for a given sale to attract more
buyers. Arizona ranchers that primarily
depend on winter rains for forage
typically sell their calves in the spring
while regions that most heavily depend
upon monsoon rains for forage (e.g.,
southeast Arizona) sell in the fall. Both
regions sell mainly according to the
time of year, irrespective of the weight
of their calves and very few supplement
calves to increase their calf weights.
Because ranchers often question the
economic trade-offs between sale calf
weights, herd size, rates of gain, and
feeding supplement with a spring
versus fall sale date, our primary
objective is to analyze these issues.

The tradeoff between sale weight and
timing of sales is complicated by
seasonal forage and price conditions
along with dramatic variation in the
price spread between light and heavy
calves. Generally, lighter calves sell for
a higher per pound price than heavier
calves and calf prices in the spring are
greater than in the fall, but exceptions
to these generalities occur. Selling
calves at a heavier weight generally
comes with an opportunity cost of
reducing the number of cows that can

TRADE-OFF BETWEEN
COW NUMBERS,

CALF SIZE, AND SALE
DATE INCORPORATING
SEASONAL FACTORS
AND SUPPLEMENTAL

FEEDING

Russell Tronstad1

Trent Teegerstrom2

Xing Gao3

be maintained on the ranch or calves
that can be sold. In addition, variability
in seasonal rainfall and the ability to
feed supplement complicates analyzing
the trade-offs between rates of gain,
sale weight, herd size, and the timing of
calf sales.

BIOLOGICAL CONSIDERATIONS

Quantifying the future rate of gain for a
calf kept on the ranch is a critical
element for evaluating the profitability
of selling the animal now or at a later
date. This analysis defines the calf
growth cycle from birth to 20 months of
age and evaluates the profitability of
sale weight and season (i.e., mid-May
or mid-November) under non-supple-
ment and supplement range feeding
scenarios. Weight gain was estimated
as a function of age, sex, rainfall,
compensatory gain, and prior weight
levels. Weight data was collected from
the Registered Hereford herd of the
San Carlos Apache Tribal Ranch,
Arsenic Tubs, Arizona for the eight
years of 1980, 1981, 1983 to 1986,
1988, and 1989. A birth date and calf
weight at birth was recorded for each
calf. In addition, weights were taken
when the entire calf crop was at an
average age of roughly 3, 8, 12, and 20
months of age. Weight and animal
combinations are such that we have
1,368 calves and 5,862 unique calf
weights. Different calving dates provide
age variation around each weighing
date so that we can estimate daily
weight gains as a function of age.

The solid line in figure 1 shows our calf
weight estimates as a function of age
for a steer calf with normal rainfall and
no compensatory gain effects. The dots
in figure 1 represent the weight of a
given animal at a specified age and
year. On average, calf weights at the
12 month weighing were 8.47 lbs. less
than at their 8 month weight due to
weaning and poor seasonal forage
conditions that typically followed
weaning. At any given age, heifer
calves were estimated to weigh 4.97%
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less than a steer calf. Figure 2 provides
weight predictions for each animal
weighing. Variations from the solid line
in figure 2 are due to differences in sex,
cumulative rainfall from a prior weighing,
prior weight from the estimated growth
function, and compensatory gains.

To gain insights into the trade-off
between different sale weights and
dates, average real profits for two
different ranching regions were simu-
lated from 1980 through 1998 using
either mid-May or mid-November sale
dates for steer calves that weighed
either 350, 450, 550, 650, or 750 lbs. A
350 lb. sale weight was matched with
Cattle-Fax sale weight categories of
300 to 400 lb. sales and similarly for the
heavier sale weights. The two regions
examined have distinct seasonal forage
differences. Regions that mainly
depend on winter rain for forage rely on

cooler season grasses and legumes
like jojoba while “monsoon dependent
regions” count mainly on warm season
grasses for their primary forage production.

Table 1 shows the expected daily gains
estimated for different sale weights and
dates by region plus the equivalent cow
numbers than can be maintained for
each scenario. Rates of gain for the two
regions were set up to mirror each
other with the most favorable gains
occurring prior to November and May
sales for the “monsoon” and “winter”
rain dependent regions, respectively.
The most favorable forage conditions
under supplementation assume a
growth rate of 1.77 lbs./day for weights
from birth to 350 lbs. and 1.75 lbs./day
for weights from 450 to 750 lbs. These
rates of gain were reduced by 10% for
when forage is less abundant in each
region prior to the animal’s sale date.
To calculate the cows that could be
supported on an Animal Unit Year
(AUY) of forage, reductions of .5, .6,
and .7 AUYs were charged for the
number of days it took calves to go
from 450 to 550, 550 to 650, and 650 to
750 pounds, respectively. The AUY
reduction for producing calves heavier
than the 450 lb. weight has the effect of
reducing total cow numbers and
thereby reducing the number of calves
available for sale.

Birth dates and supplement require-
ments to meet the daily rates of gain in
table 1 are described in table 2. Birth
dates were calculated working back-
wards from the sale date and the
corresponding rate of gain for each
protocol. The amount of supplement
required is dependent upon sale
weight, sale date, and region. Respect-
able gains of 1.77 and 1.65 lbs. per day
are viewed as attainable without
feeding any supplement for 350 and
450 lb. sales in November and May for
the monsoon and winter rain dependent
regions, respectively. Supplemental
feeding ranged from 100 to 400 lbs. per
Animal Unit (AU), varying in average
annual cost from $10.31 to $41.23 per

Figure 1. Calf weight data and estimated growth function

Figure 2. Calf weight estimates based on growth function, rainfall,
compensatory gain, prior calf weights, and sex
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Table 2. Supplement requirements and birth dates by sale date,
sale weight, and location

Calving Date Supplement Requireda

Monsoon Winter
Dependent Rainfall

May Sales Nov. Sales Sale Weight (lbs.) Calf (lbs.) Calf/Cow (lbs.)

Nov. 27 May 30 350 — —

Sept. 21 Mar. 24 450 — —

July 19 Jan. 19 550 200 0

May 17 Nov. 17 650 250 50

Mar. 14 Sept. 14 750 300 100

Nov. Sales May Sales

June 16 Dec. 14 350 — —

April 16 Oct. 14 450 — —

Feb. 18 Aug. 18 550 0 100

Dec. 23 June 22 650 0 200

Oct. 27 April 26 750 0 300

a 50:50 Corn & Cottonseed Meal Ration

AU. The retail cost of a 50:50 corn
meal and cottonseed meal mixture
was charged for supplement. Be-
cause some ranchers may be able to
obtain more of a wholesale than
retail price for supplement, we did
not charge additional labor or fuel
expenses for distributing supplement
to the cow herd. However, the
distribution costs for supplement may
be very noticeable, depending on the
terrain of the ranch.

Cull cows were assumed to weigh
1,000 lbs. when they were culled,
irrespective of the herd’s mix or
supplementation regime. In addition,
a calf crop percentage of 85% per
exposed cow, calf death loss after
birth of 2.5%, and a culling percent-
age of 16% with a 4% annual death
loss for cows was applied to all
scenarios. The calf crop is assumed
to be a 50:50 mix of steers and
heifer. Thus, 40% of all heifers or
20% of all calves are retained each
year to replenish the cull cows that
either die or are sold. For example, a
100 AUY ranch selling 350 lb. or 450
lb. calves would expect to sell 16.0
cows, 41.4 (i.e., 100•0.85•0.975•0.5)
steer calves, and 24.9 (i.e.,
100•0.85•0.975•0.3) heifer calves
annually.

Another expense item that varied
with different sale date and weight
options was the opportunity cost of
money. That is, calves sold at 450
lbs. could have been sold at 350 lbs.

and fixed cash expenses for all sale
weight and date combinations are given
in tables 3a. and 3b. Gao provides more
detail to the cost items incorporated.

ECONOMIC RESULTS

Calf weights were estimated as a
function of age, sex, climate, 20 month
compensatory gain, and prior weights,
as described in equation (1). Table 4
provides the parameter estimates and
corresponding statistics for this model.

and so forth. The opportunity cost of
funds was charged at a real annual
interest rate of 4%. Except for grazing
expenses, cash costs for each scenario
were obtained from Economic Re-
search Service’s cow-calf production
costs for the west. Cash grazing costs
were calculated using the grazing fees
and accompanying percentages of
grazing land in Arizona owned by the
State (33%), Bureau of Land Manage-
ment (17%), Forest Service (40%), or
Private entity (9%) as reported in
Mayes and Archer. Common variable

Table 1. Average daily gain (ADG, lbs./day) and equivalent cow
numbersa (ECN)

“Monsoon “Winter Rain
Dependent Regions” Dependent Regions”

No Supplemental Feeding

Calf Weight May Sales Nov. Sales May Sales Nov. Sales
(lbs./head) ADG  ECN ADG  ECN ADG  ECN ADG  ECN

Birth to 350 1.593 (1.000) 1.770 (1.000) 1.770 (1.000) 1.593 (1.000)

350 to 450 1.485 (1.000) 1.650 (1.000) 1.650 (1.000) 1.485 (1.000)

450 to 550 0.396 (0.743) 0.440 (0.763) 0.440 (0.763) 0.396 (0.743)

550 to 650 1.530 (0.688) 1.700 (0.710) 1.700 (0.710) 1.530 (0.688)

650 to 750 0.981 (0.606) 1.090 (0.631) 1.090 (0.631) 0.981 (0.606)

Supplemental Feeding

450 to 550 1.575 (0.920) 1.750 (0.927) 1.750 (0.927) 1.575 (0.920)

550 to 650 1.575 (0.839) 1.750 (0.853) 1.750 (0.853) 1.575 (0.839)

650 to 750 1.575 (0.762) 1.750 (0.780) 1.750 (0.780) 1.575 (0.762)

a Equivalent cow numbers were obtained by reducing available Animal Unit Years for cows by 0.5,
0.6, and 0.7 for the number of days it took calves to go from 450 lbs. to 550 lbs., 550 lbs. to 650
lbs., and 650 lbs. to 750 lbs., respectively. No distinction was made for weights less than 450 lbs.
since these calves always reached their weight before 8 months of age, within the normal bounds
of a one-year breeding and calving cycle.
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Table 3a. Common real ($1999 dollars) variable and fixed cash expenses for each Animal Unit Year, 1980–1989

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

 Variable Cash Expenses

Grazing Fees 62.15 56.66 46.12 36.29 35.34 34.03 30.58 28.81 32.96 35.97

Protein Supplement 23.80 20.55 19.84 17.36 18.12 15.54 15.80 15.37 17.27 17.53

Salt & Minerals 2.93 2.98 2.99 2.93 2.78 2.81 2.82 2.76 2.66 2.67

Vet & Medicine 9.91 10.02 10.42 10.31 10.39 10.14 10.14 10.03 9.95 10.29

Livestock Hauling 4.04 4.15 4.34 4.22 4.16 4.17 3.94 3.84 3.78 3.87

Custom Rates/Operation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Marketing 5.49 5.54 5.81 5.75 5.77 5.80 5.76 5.71 5.86 5.94

Hired Labor 36.62 35.83 35.00 34.43 33.56 33.08 33.70 31.73 32.21 32.29

Fuel, Lube, Electricity 29.77 30.83 28.06 25.67 20.78 19.81 15.90 15.66 15.67 17.20

Machinery & Bld. Repairs 28.42 28.90 30.29 30.78 28.86 29.15 28.86 28.16 28.46 28.35

Other 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

 Total Variable Cash Exp. 203.13 195.45 182.87 167.74 159.75 154.54 147.51 142.06 148.83 154.12

 Fixed Cash Expenses

General Farm Overhead 43.67 37.76 34.53 31.18 38.48 33.55 42.96 55.42 34.90 35.29

Taxes & Insurance 32.05 25.16 24.66 23.91 20.54 19.26 25.13 33.93 35.19 35.62

Interest 94.55 81.93 80.57 72.78 74.19 66.25 58.58 60.04 69.58 64.30

 Total Fixed Cash Exp. 170.26 144.85 139.76 127.87 133.20 119.06 126.66 149.40 139.67 135.22

 Total Cash Expenses 373.39 340.30 322.63 295.61 292.95 273.60 274.17 291.46 288.50 289.33

Table 3b. Common real ($1999 dollars) variable and fixed cash expenses for each Animal Unit Year, 1990–1998 a

1990 1991 1992 1993 1994 1995 1996 1997 1998 AVG.

 Variable Cash Expenses

Grazing Fees 34.04 35.31 34.16 33.04 33.82 30.47 31.36 30.08 30.47 36.40

Protein Supplement 22.93 21.93 22.47 22.01 23.46 21.83 10.04 9.78 0.00 17.66

Salt & Minerals 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.49

Vet & Medicine 14.30 12.51 14.98 18.44 18.90 18.39 26.56 27.28 35.33 15.17

Livestock Hauling 4.21 5.27 5.08 6.02 0.00 0.00 0.00 0.00 0.00 3.22

Custom Rates/Operation 0.00 0.00 0.00 0.00 0.00 0.00 43.94 45.13 55.17 7.59

Marketing 6.75 6.39 3.36 3.78 3.87 3.77 6.14 6.31 4.59 5.39

Hired Labor 43.95 43.58 44.65 42.16 40.64 41.65 62.17 64.63 15.39 38.80

Fuel, Lube, Electricity 19.27 19.70 17.53 17.88 0.00 0.00 0.00 0.00 22.44 16.64

Machinery & Bld. Repairs 22.98 23.14 23.05 23.02 23.35 24.39 22.94 23.44 18.74 26.07

Other 4.56 4.49 4.50 4.28 0.00 0.00 0.00 0.00 0.00 0.94

 Total Variable Cash Exp. 173.00 172.32 169.77 170.63 144.03 140.51 203.16 206.65 182.12 169.38

 Fixed Cash Expenses

General Farm Overhead 47.28 36.70 36.14 47.40 45.06 46.40 39.09 45.09 50.57 41.13

Taxes & Insurance 21.35 18.07 17.86 22.36 21.89 21.93 17.34 17.07 30.49 24.41

Interest 75.25 60.40 51.33 59.38 52.71 59.09 58.58 35.17 12.62 62.49

 Total Fixed Cash Exp. 143.88 115.17 105.33 129.14 119.66 127.42 115.01 97.33 93.69 128.03

 Total Cash Expenses 316.88 287.49 275.10 299.76 263.70 267.93 318.16 303.99 275.81 297.41

a Changes in USDA reporting classifications occurred from 1994 to 1998 and account for the large dollar changes in several categories from one year to the next. See
the 1982–1998 Cow-Calf Production Cash Costs and Returns report for more detail on these changes.
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Note that the model to estimate calf
weights is constructed so that if
climate, compensatory gain, and
prior weight deviations are “normal,”
weight gain is an 8th order polynomial
function of calf age in months with a
constant weight percentage differential
between steers and heifers.

If rainfall was above (below) the 30
year average for the months prior to
their last weighing, calves would
weigh more (less) than otherwise.
For example, if the accumulated
rainfall between the 3 and 8 month
weighing was above (below) the 30
year average by 1 inch, calves would
weight 11.196 lbs. more (less) than than November account for the largest

share of the $17.05 per AUY favorable
revenue differential between these two
seasons. Cull cow sales account for
$9.39 or 55 percent of the revenue
differential, while 450 lb. steer and
heifer calf sales account for $5.22 and
$2.44, respectively, of the favorable
revenue for May sales.

Without feeding supplement, the growth
function estimated is essentially flat
after reaching 7 months of age or 450
lbs. for the next 5.5 months. Thus, the
opportunity cost of lower cow numbers
and lower calf prices outweigh the
gains from heavier sale weights for
weights beyond 450 lbs. without
supplement. However, heavier weights
offset lower calf prices when going from
350 to 450 lb. weights carrying the
same cow numbers. No opportunity
cost of fewer cows is added when
going from 350 to 450 lb. weights since
450 lb. calves are weaned at about 7
months of age, which allows ample
time for cows to breed back in a year-
round calving system.

Supplemental feeding is able to remove
the long flat period for range calves
from 7 to 12.5 months of age. Given the
supplement requirements and weight
gains described in table 2, supplemen-
tation has a considerable impact on
returns when selling heavier calves. For
example, supplementation for May

otherwise. The magnitude and statistical
significance of the rainfall variable
decreased as the animal increased in
age. We believe that this result is
because of the 20 month compensatory
gain effect and the greater importance
of lagged weight components as the
animal increased in age. That is, these
factors were able to better capture both
genetic and environmental components
as the calves increased in age com-
pared to the rainfall variable.

The average and standard deviation of
real returns for different sale dates and
weights are given in table 4. These
figures are determined using the rate of
gains estimated, Cattle-Fax prices for
calf and cow sales, and the opportunity
cost of forage described in table 1 (i.e.,
reduced cow numbers for heavier calf
weights). With no supplemental feed-
ing, a sale weight of 450 lbs. for May is
the most profitable alternative for both
regions. Under this management plan,
an average real return of $86.87/AUY
for the monsoon dependent and
$87.52/AUY for the winter rainfall
dependent region was realized for the
19 years from 1980 to 1998. November
sales of 450 lbs. are the next most
profitable strategy for both regions, and
this strategy has a somewhat lower
standard deviation of return than the
May sales of 450 lbs. It is interesting to
note that cull cow sales in May rather

Table 4. Average real return (APR) and standard deviation (SD) of
returns ($ / Animal Unit Year), 1980–1998

“Monsoon “Winter Rain
Dependent Regions” Dependent Regions”

Sale Weight No Supplemental Feeding
(lbs./steer) May Sales Nov. Sales May Sales Nov. Sales

350 36.15 (61.78) 23.66 (57.58) 36.49 (61.85) 23.32 (57.52)

450 86.87 (67.70) 70.60 (63.90) 87.52 (67.82) 69.97 (63.79)

550 4.72 (50.84) 2.30 (50.34) 15.19 (52.67) -7.79 (48.54)

650 1.00 (49.18) 6.91 (51.40) 13.75 (51.38) -5.55 (49.11)

750 -20.71 (46.01) -17.77 (63.14) -5.08 (48.68) -32.83 (60.20)

Supplemental Feeding

550 70.53 (66.10) 69.29 (64.57) 85.18 (66.97) 54.91 (63.78)

650 50.57 (63.10) 60.51 (65.41) 68.81 (64.62) 42.52 (63.97)

750 28.55 (61.55) 52.70 (84.79) 50.23 (63.70) 13.35 (79.38)
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sales and 550 lb. calves increased the
average revenues per AUY by $65.81
and $69.99 for the monsoon and winter
rainfall dependent regions, respectively.
The $85.18 return associated with
supplemental feeding and 550 lb. May
sales for the Winter rainfall dependent
regions almost attains the $87.52 return
for 450 lb. May sales and no supple-
mental feeding for this region.

Table 5 illustrates what the return to
different sale weights and dates would
be if a rancher had “extra grass” so
that supplemental gains were obtain-
able without feeding supplement or no
reduction in AUYs was charged for
selling calves at heavier weights. Even
when supplemental gains are available
at no extra feed cost, 550 lb. sales are
the most profitable except for Novem-
ber sales in the monsoon dependent
region. However, the difference
between 550 and 750 lb. sales for this
scenario is rather modest at $4.19 per
AUY. In general, the opportunity cost
associated with foregone calf numbers
and lower prices does not outweigh
the benefit of heavier calf weights,
even when supplemental gains are
imposed with no added feed cost. But
if no AUY reduction is charged for
producing heavier calves, the heaviest
calf weight of 750 lbs. yields the
highest return with May sales still
somewhat preferred over November
sales for both regions.

CONCLUSIONS

We found that the benefit of higher
sale weights was not enough to
overcome lower calf prices and fewer
calf and cull cow sales for calf
weights above 450 lbs. While feeding
supplement was never the optimal
strategy, supplemental feeding
increased average returns by $45 to
$70 per AUY for sale weights above
550 lbs. May sales were found to be
more profitable than November sales,
even with discounted rates of gain.
More favorable market conditions for
May than November sales are the
main reason why May sales were

often more profitable than November
sales. It is also interesting to note that
cull cow sales account for the largest
share of the favorable revenue differen-
tial between these two months. Cull cow
sales accounted for 55 percent of the
favorable revenue differential, while 450
lb. steer and heifer calf sales accounted
for 31 and 14 percent, respectively, of the
favorable revenue for May sales in the
mainly monsoon dependent rainfall region.

It is important to note that a more flexible
sale date, weight combination, and
supplemental feeding strategy could
have generated more net return than the
“fixed strategies” above. In addition,
fertility was assumed to be high enough
so that no increase in fertility was
associated with feeding supplement. An
increase in fertility from feeding supple-
ment would most likely make a supple-
mental feeding regime as one of the
most profitable strategies. But high labor
and distribution costs to remote and
difficult to access range sites would also
make supplemental feeding less attrac-
tive than what we have expensed in our
analysis. In addition, a strategy that
could take advantage of market opportu-
nities for buying replacements when
they are cheap or feeding calves to a
heavier weight when corn prices are
high and forage is available would
probably outperform the best “fixed
strategy” of always producing and
selling 450 lb. calves in May.

Table 5. Average real return (ARR) and standard deviation (SD) of
returns ($ / Animal Unit Year) for extra grass year scenarios,
1980–1998

“Monsoon “Winter Rain
Dependent Regions” Dependent Regions”

Sale Weight Supplemental Gains at No Supplement Cost
(lbs./steer) May Sales Nov. Sales May Sales Nov. Sales

ARR    SD ARR    SD ARR    SD ARR    SD

550 91.42 (66.31) 79.63 (64.63) 95.63 (67.08) 75.59 (63.87)

650 81.96 (63.46) 81.22 (65.44) 89.75 (64.87) 73.62 (63.99)

750 70.47 (62.07) 83.82 (84.03) 81.69 (64.10) 54.90 (78.34)

Non-Supplemental Gains with No AUY Reduction

550 116.09 (70.86) 101.04 (68.81) 118.08 (71.23) 99.10 (68.46)

650 147.05 (75.36) 139.61 (77.01) 149.42 (75.80) 137.29 (76.59)

750 178.59 (82.20) 161.28(103.80) 181.64 (82.75) 158.28 (103.42)



Ranch Business Management 2001 187

REFERENCES

Cattle-Fax. 1998, Cattle-Fax Feeder
Cattle Cash Prices for Arizona
1981–1998.

Gao, Xing “An Evaluation of Hedging
Strategies for Alternative Sale
Dates and Weights.” Unpublished
Masters Thesis, The University of
Arizona, Tucson. May 1996.

Mayes, H.M., and T.F. Archer. Arizona
Cattle Ranches on Public Land.
University of Arizona, College of
Agriculture, Range Task Force
Report. Tucson, Arizona, 1982.

U.S. Department of Agriculture. 1982–
1998 Cow-Calf Production Cash
Costs and Returns. Economic
Research Service, Washington
D.C., available at http://
www.ers.usda.gov/Data/
CostsAndReturns/car/
cowcalf2.htm, accessed December
2000.

Western Regional Climate Center.
“Monthly Total Precipitation for San
Carlos Reservoir, Arizona.” avail-
able at http://www.wrcc.dri.edu/,
accessed June 2001.

1Associate Extension Specialist,
Agricultural and Resource Economics,
The University of Arizona
2Research Specialist, Agricultural and Resource
Economics, The University of Arizona
3 Former graduate student, Agricultural and
Resource Economics, The University of Arizona

FROM:

Arizona Ranchers’ Management Guide
Russell Tronstad, George Ruyle, and Jim Sprinkle, Editors.
Arizona Cooperative Extension

DisclaimerDisclaimerDisclaimerDisclaimerDisclaimer

Neither the issuing individual, originating unit, Arizona Cooperative Extension, nor the Arizona
Board of Regents warrant or guarantee the use or results of this publication issued by Arizona
Cooperative Extension and its cooperating Departments and Offices.

Any products, services, or organizations that are mentioned, shown, or indirectly implied in this
publication do not imply endorsement by The University of Arizona.

Issued in furtherance of Cooperative Extension work, acts of May 8 and June 30, 1914, in
cooperation with the U.S. Department of Agriculture, James Christenson, Director, Cooperative
Extension, College of Agriculture and Life Sciences, The University of Arizona.

The University of Arizona College of Agriculture and Life Sciences is an Equal Opportunity
employer authorized to provide research, educational information, and other services only to
individuals and institutions that function without regard to sex, race, religion, color, national origin,
age, Vietnam Era Veteran’s status, or handicapping conditions.


