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This study expresses the hypothesis that historical patterns of
national beef cow herd accumulation and ligquidations (the cattle cycle)

have been related to investment incentive differences across cow ages

through time, resulting each year in changes in herd age structure,
performance and potentials for adjustment in subsequent years.

A review of national cattle cycle literature reveals the common
assumption of variable heifer recruitment levels through time to the
mature cow herd. A review of firm level cattle cycle stategy studies
shows that most which considered heterogeneous herds (distinguishing
performance by cow age) ironically assumed constant recruitment in
proportion to cow numbers.

Farmer interviews indicated that heifer recruitment may vary
widely in proportion to cow numbers from year to year and that there
are strong tendencies to cull non-pregnant and unsound cows from the
herd at any age. The present study assumes both variable recruitment

and age heterogenity.

A search and synthesis of the biological literature allowed




expression of economically important attributes as point estimates
from continuous functions of cow age. These attributes are conception
rates, health rates, cow survival rates, cull cow body weights,

calf survival rates and weaning weights. Besed on these biological
parameters, and on the assumption that non-pregnant and unsound cows
would be culled, retainment and culling rates are defined as management
expectation parameters. These biological and expectation parameters
are the building blocks of a simulation model designed to make value
comparisons between cows of different ages and pregnancy status and

to trace out changes in the national cow herd age structure through
time.

A budget generator produces estimates of expected net annual
revenues for each of the 26 discrete age and pregnancy classes of
heifers and cows, in each year from 1950 through 1378, based on
exogenous price and cost series. These estimates are used to project
the present values of expected future net revenues for each class
of breeding animals. The ratio of future breeding value to present
cull slaughter value is calculated for each of the 26 classes, each
year. These V-ratios, in turn, are decision variables for determining
the proportions of animals in each class to be retained in the herd,
simulated by a national beef cow demography model.

annual summations from the demography model are compared with
objective historical series of January 1 inventories of beef cows and
replacement heifers, and annual numbers of cull cows slaughtered and
beef calves born. The model's simplicity, ignoring related livestock
sectors, is one of its significant features. With its few exogenous

price and cost variables, simple biological relationships and manage-~




ment assumptions, the model is able to track the historical
numbers of beef cows and calves born quite well.

Mean proportional absolute deviations (MPAD) of the simulated
series from the objective historical series were computed in addition
to simple correlation coefficients and Theil's coefficients of
inequality. 1In a display run, the tracking behavior of the model was
best for cow inventories and calves born, and worst for heifer
recruitment and cull cows, with MPAD's of .029, .036, .172, and .261,
respectively. Theil's coefficients of inequality were .405, .587,
.962, and .842, respectively.

In an alternative run, with parameters set to reflect the
assumption that all cows have the same performance characteristics
across ages, the tracking behavior of the model was in several
aspects about as good as the display run. Thus, the null hypothesis
that performance differences across cow ages are of no importance
in explaining investment behavior could not be rejected.

Simulated national beef cow herd age structure changes through

cattle cycles are shown from 1950 through 1978.
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SIMULATION OF CATTLE CYCLE DEMOGRAPHY: COHORT ANALYSIS OF
RECRUITMENT AND CULLING DECISIONS IN THE NATIONAL BEEF COW HERD

CHAPTER 1

INTRODUCTION

The Enigma of the Cattle Cycle

The historical cycles of cattle numbers and prices in the U.S. and
other countries have been as regular and damaging as they have been mys-
terious. The damages are in the form of systematic misallocations of
resources. These include periodic over-investment in beef cow inven-
tories followed by liquidation, under bankruptcy conditions, to inventory
levels below those which might be maintained in stable equilibrium.

Figure 1.1 illustrates the extraordinary regularity of cow inventory
cycles in the U.S. The January 1 inventories of dairy and beef cows and
their total numbers are indicated. Over the 50 year period shown, there
has been considerable specialization in cattle types, most spectacularly
in dairy cows. While the dairy cow inventory of 1979 was about half
that of 1949, total milk production was greater in 1979 than in 1949.
Dairy calves, egpecially the males, contribute to veal and beef produc-
tion. Essentially, all veal calves slaughtered are of dairy origin,
though many dairy calves are raised as beef cattle for slaughter at
heavier weights.

Figure 1.1 shows a dramatic upward secular trend in beef cow num-
bers, which occurred in great steps of roughly 30 percent at about 10

year intervals. These beef cow inventory cycles, and their demographic
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anatomy, are the focus of this study. A brief review of the cattle cycie
literature is given as background for a more precise statement of the

thesis ckjectives and methodclogy.

National Cattle Cycle Literature

A considerable body of literature has evolved in the sustained con-
cern over the nature and the causes of the cattle cycle. A chronological
summary review of national cattle cycle literature is given in Table 1.1.
This briefly annotated chronology is by no means a complete list, but is
representative of past work on the subject. The review in Table 1.1
illustrates fhe recent proliferation of studies which deal with the
cattle cycle, a sign of sustained and growing interest in this chronic
ailment of the beef industry.

The studies which stand out as major works on the subject are Hop-
kins (1926), Lorie (1947), DeGraff (1960) and Ehrich (1966). Hopkins
considered the cyclical buildups and liquidations of cattle numbers and
associated prices from the late 1800's to the mid 1920's, attempting to
explain them in terms of various exogenous forces. These included large
changes in the amount of grazing land available, changes in animal hus-
bandry methods, wars and other factors (such as the business cycle) caus-
ing sudden changes in the costs of beef production or in the demand for
beef (1926, p. 339).

Twenty-one years later, with the benefit of having observed an addi-
tional two cyclic peaks in cattle numbers, in 1934 and 1945, Lorie (1947,

PP. 50-51) labeled Hopkins "the leading exponent of the theory of exog-

enous causation," and proceeded point by point to discount those explana-




TABLE 1.1 CHRONOLOGY OF NATIONAL CATTLE CYCLE LITERATURE

Hopkins (1926): the first major study of the cattle cycle:
inventories, flows and prices: attributed chiefly to
exogenous causes

Voorhies and Koughan (1928): noted a cycle of 14 to 16 years
in U.S. cattle numbers, in a study focusing on the California
beef industry

Hultz (1930): graphical exposition of cattle price and production
cycles (1867-1925)

Potter (1930): asserted that there have always been long periodical
fluctuations in the supply and price of beef cattle

Ezekiel (1938): cycles in cattle prices and numbers implied to
be a demonstration of the cobweb theorem

Schumpeter (1939): Kitchin and Juglar cycles, acting through
consumer expenditures, asserted to be at the roots of hog
and cattle cycles

Goodwin (1947): the role of producer price expectations in
cyclical behavior

Lorie (1947): the seminal study of the cattle cycle: statistical
and theoretical review and exposition

Burmeister (1949): review of regional differences in cyclical
patterns of cattle numbers

Breimyer (1955): review of cattle cycle literature: national
cattle number balance sheets and inventory compositions
through time

Ensminger, et al (1955): detailed survey of problems and practices
of cattlemen in 24 states, noted that 17.8 percent of beef cows
were culled in 1954

Wallace and Judge (1958): econometric analysis of the beef and pork
sectors, recognized differences in culling pressure across cow
ages through cattle cycles

DeGraff (1960): a landmark study of the cattle cycle, focusing
on marketing questions

Fuller and Ladd (196l): dynamic guarterly model of the beef and
pork economy (1949-1960)




TABLE 1.1 CHRONOLOGY OF NATIONAL CATTLE CYCLE LITERATURE (cont.)

Oppenheimer (1961): anecdotal account associating one or two year
downswings with distress liguidations due to widespread drought

Maki (1962): decomposition of beef and pork cycles: recursive
chain of market and production variables

Larson (1964): the hog cycle as harmonic motion: suggested that
the same technigue may be applied to the cattle cycle

Marshall (1964): trends, cycles and seasonal variations in
Canadian cattle inventories and marketing

Waugh (1964): 1long production lags for cattle mentioned in cobweb
model context

Wilson (1964): 1lists 1l citations alleging cattle production cycles,
and 24 alleging rythmic cattle price cycles

Williams and Stout (1964): cobweb cattle cycle review, noting
that inventory composition changes affect production cycles

and that heifers have a principle role in these changes

Crom and Maki (1965): dynamic model of & simulated livestock-meat
economy

Egbert and Reutlinger (1965): dynamic long-run model of the
livestock~feed sector

Nordquist and Ottoson (1965): extension circular: popular
language review of cattle cycle history

Walters (1965): single equation prediction models for beef
inventory classes (1947-1964)

Bray (1966): beef productivity increases in the Southeastern states
of the U.S., showing pronounced inventory cycles

Ehrich (1966): harmonic motion model of cycle generation in the
U.S. beef economy

Reutlinger (1966): short-run beef supply response model (1947-1962)

Trierweiler and Erickson (1966): extension article: popular
language interpretation of a cow/calf sector model (1950-1963)

Uvacek (1966): focus on cattle feeding in Texas in context of
U.S. cattle cycle




TABLE 1.1 CHRONOLOGY OF NATIONAL CATTLE CYCLE LITERATURE (cont.)

Gray (1968): idealized cattle cycle phases defined in textbook
format

Gruber and Heady (1968): a large econometric study correlating
price and inventory series (1925-1962), employing "upswing"
and "downswing" dummy variables

Uvacek (1968 and 1969): postulated abrupt shifts in beef demand
for buildup and liquidation phases

Folwell (1969): questioned Uvacek's demand shift tests

Crom (1970): dynamic price-output model of the beef and pork
sectors

Kim (1970): U.S. beef cow inventory (total) model (1931-1964)

Franzmann (1971): sine curve fitted to deflated 1921-1969 series
of average U.S. cattle slaughter prices: called for cyclical
low prices in 1974

Franzmann and Walker (1972): 10 year cattle price cycle assumed
in short=-run trend models

Kulshreshtha and Wilson (1972): econometric model of Canadian
beef sector: demand, supply, price, and export variables
(1949-1969)

McCoy (1972): review of U.S. cattle cycle (1896-1972) in
textbook format

Paulsen, et al (1973): quarterly model of beef, pork, sheep,
broiler and turkey sectors: projected beef cow inventories
5 years into future (to 1978)

Ehrich and Usman (1974): demand and supply functions for beef
imports

Jarvis (1974): econometric analysis of the Argentine cattle
sector (1937-1967)

Kulshreshtha and Wilson (1974): spectral analysis: 10 year cycle
in Canadian cattle slaughter

Tryfos (1974): Canadian supply functions for livestock and meat
(1951-1971)

Elam (1975): questions positive price coefficients found by Tryfos
for cattle inventories



TABLE 1.1 CHRONOLOGY OF NATIONAL CATTLE CYCLE LITERATURE (cont.)

Freebairn and Rausser (1975): associzted higher beef import levels
with small increases iIn the number of beef cows in simultaneous
equation model

Shirk (1975): graphical analysis of U.S. cattle number cycle
(1870-1975)

Keith and Purcell (March and August 1976): a quarterly model of
beef slaughter (1949-1974) which "failed to identify the exact
set of circumstances necessary to precipitate a general
liguidation of cow numbers," with the assertion that improved
cow slaughter data is the "key to the cycle"

Choi (1977): spectral analysis: 7 year cattle cycle of "surprising
regularity” in West Germany

Folwell and Shapouri (1977): econometric analysis of the U.S. beef
sector (1949-1973)

Ginn (1977): study of grain prices and beef feeding: slaughter
composition (1965-1977)

Jacobs (1977, 1978, and 1979): popular language explanations of
the national cattle cycle process and firm level decisions,
especially with regard to backgrounding

Drovers Journal (1978): panel discussion on solutions to the
cattle cycle

Everett and Vickery (1978): periodic droughts in South Australia
in relation to cattle and horse populations (1886-1975)

Hinchy (1978): spectral analysis: Australian beef and the U.S.
cattle cycle

Ospina and Shumway (1578): annual beef supply response model
(1956-1975) showing positive short-run supply elasticity

Pope (1978): suggested that tomorrow's beef producer may have to
"surrender certain key decisions to larger organizational
structures" to merchandize his output more efficiently than
during the disastrous mid-1970's liquidation

Cattle Fax (1978): national production accounts focusing on
cow inventory per 100 people

Doran, Low and Kemp (1978): cattle as a store of wealth in
Swaziland; cyclical patterns shown
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TABLE 1.1 CHRONOLOGY OF NATIONAL CATTLE CYCLE LITERATURE (cont.)

Hertzler and Cothern (1979): control theory analysis; showing
that the beef cycle is sub-optimal

Martin and Meilke (1979): model of U.S. feed-grain, beef and
pork sectors (1969-1977)

Matsuda (1979): spectral analysis: 7 year cycles in wholesale
prices and quantities of beef in Japan (1960-1977)

Minish and Fox {(1979): brief discussion of the cattle cycle in
animal husbandry text

Riley (1979): speech lamenting our lack of understanding of
the cattle cycle

Valdes and Franklin (1979): 6 to 8 year cattle price cycle shown
in Colombia

Farmbank Research and Information Service (1980): projections of
cattle numbers and prices to 1987

Gustafson, Remele and Shaw (1980): calculated that the "value"
of the national herd more than doubled from Jan. 1, 1978 to
Jan. 1, 1980, although total inventory of cattle and calves
fell

Minsky and Shellenberger (1980): popular article on the cattle
cycle process: producer and consumer responses

Reeves (1980): U.S. and Australian beef trade, institutional
constraints and price stabilization..... catastrophe theory
applied to the cattle cycle

Yanagida and Conway (1980): annual livestock model of the U.S.:
investment demand as function of herd size and lagged
profitability

Conable (1980): changes in U.S. meat import law in 1979 to
include a "countercyclical" factor in the formula for annual
quota establishment




tions. Lorie then turned (pp. 51-53) to attack Ezekiel's (1938) asser-
tion that the "cobweb theorem” provides an adequate explanation of the
cattle cycle.

While Lorie's model of the cattle cycle could be classed with the
cobweb theorem as belonging to a school of endogenous causation hypcth-
eses, it made some important distinctions. These involved separating
the notions of production and marketing, and discerning their effects on
prices and the responses of producers.

Lorie aimed to define the interrelationships among value, marketing
and numbers of cattle on inventory. The term "value" was defined as the
market price of cattle per unit of weight multiplied by the weight per
head or, alternately, the weight of all cattle on inventory. The same
meaning is intended in the concept of "purchasing power of cattle." The
distortions which arise in appraising the value of the entire breeding
herd inventory at prices determined in the marginal slaughter market have
a central role in Lorie's model.

Lorie (p. 53) discussed the reaction of beef cow owners to a general
rise in slaughter prices. He said that American farmers have character-
istically reacted by increasing their herd sizes at the expense of de-
creased current marketings in order to increase production in +he future.

The decrease in current marketings would, ceteris paribus, cause a rise

in slaughter prices, reinforcing the original incentives to increase the
size of the breeding herd.

Lorie (p. 54) suggested the existence of a "normal" price, above
which farmers would tend to increase their herd size, and below which

they would tend to liquidate part of their breeding herds. On a farm by
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farm basis, this "normal" price may differ with local costs but might be
considered as the price level at which all cut-of-pocket costs would be
covered by the sale of steer calves, non-rregnant or unsound cows, and
about 75 percent of the heifer calves.

As the heifer calves, which are withheld from the slaughter stream
over several years, mature and contribute their own offspring to the
total weaned calf crop, and ultimately to the slaughter market, the self-
reinforcing increases in prices and inventories cease. As slaughter
prices fall below the "normal" level, herd growth would stop as ligquida-
tion of breeding animals begins. The liquidation of cows on the slaugh-
ter market in addition to a large number of younger slaughter animals
may be reflected in plummeting slaughter prices.

As liquidation of the breeding herd painfully proceeds to flood the
glaughter market the total productive capacity of the market falls; in
gross terms, fewer cows will wean less calves. Eventually, current
‘marketings reach a maximum level ard slaughter prices, a minimum. With
reduced herd size, and reduced marketings, prices begin to rise. As
slaughter prices rise, but remzin below the "normal" level at which
breeding herd variable costs would be covered, herd liguidation may con-
tinue.

Herd building (accumulation) begins again as slaughter prices rise
enough to allow fewer calf sales to cover the herd’s variable costs.
This brings Lorie's (1947) account of the cattle cycle process back to

its beginning. He recognized the limits of this ceteris paribus; explana-

tion, allowing for some of the exogenous influences mentioned above. The

regular, successive herd accumulations and liquidations which Lorie
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traced from 1890 to the mid 1940's have continued quite regularly to the
present.

The decision process behind the "reaction" of farmers to increase or
decrease their breeding herd inventories was not defined by Lorie other
than in terms of general tendencies. He suggested that the increments to
herd size will be greatest when market prices are at their peak, and that
decrements will be greatest when market prices have reached their minimum
(p. 57).

Lorie's (1949) study has endured as the foundation of our under-
standing of the cattle cycle process. Writers since then have para-
phrased Lorie quite shamelessly, often with only vague reference tc their
source. What is most surprising is that our received knowledge of the
cattle cycle-has expanded since 1947 little more than in terms of our
Observations on its vigorous continuation. The explanations of the pro-
cess offered in the current literature have not advanced much beyond
those of 1947.

The American National Cattlemens Association must be credited for
initiating and supporting important studies of the beef industry. For
example, Ensminger, et al., (1955) conducted a questionnaire study of the
practices and problems of cattlemen in 24 states. The purpose stated for
that study was tc document the locations and natures of the industry's
problems to facilitate the acquisition of research funds. The national
beef cow inventory had expanded to its greatest size in history over the
6-vear period immediately preceding the survey, and slaughter prices had
begun to fall only the year before, yet no mention of these points was

made. Concerned mestly with disease frequencies, feeding practices and
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other aspects of animal husbandry, the survey included only a few gues-
tions about marketing methods and sources of market information. The
cattle cycle was hardly what cattlemen would have wanted to contemplate.
A year following publication of the survey of the beef industry's
problems, the abysmal cattle prices of 1956 accompanied a significant
liquidation of beef cow inventories. By 1957, the American National
Cattlemens Association had organized a major study of the marketing ques-
tions associated with the cattle cycle, then regarded as the chief
affliction of the beef industry, dwarfing the problems identified in
their earlier survey. This excellent study (DeGraff, 1960), titled

Beef Production and Distribution, still stands as the most comprehensive

and complete documentation of the cattle cycle. It pointed out (pp. 43-
44) that analysis of the cattle industry is complicated by the fact that
managers face a wide range of decisions regarding disposition of their
cattle:

"An animal may be marketed at any age. A calf may be

sold as veal when only a few weeks old or raised as a

beef calf and slaughtered while still in calf flesh,

or raised to maturity on grass. It may be put into a

feedlot after grazing and fed for either a short or

long period before slaughter -- or, as still another

alternative, it may be kept as breeding stock and not

sold for slaughter until it reaches the age of perhaps

as many. as 15 years."

In his preface, DeGraff (1960, pp. v-vi} noted that three genera-
tions of cattlemen had lived through repeated successions of boom or
bust; and that the most recent of these busts had caused such great

hardship that cattlemen were ready to face "the need to smooth out the

historic cyclical pattern of the cattle industry." Though admonishing

cattlemen to stabilize their culling and replacement proportions, con-
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tinuation of the cycle was correctly anticipated, as if realizing that
the cattlemen could not or would not stabilize.

Perhaps the Greeks were the earliest sufferers of the cattle cycle.
Aristotle (334-322 B.C., Book VI, Ch. 21) may have been referring to the
economic climate for cattlemen as he wrote:

"When kine in large numbers receive the bull and con-
ceive, it is prognostic of rain and stormy weather.”

The next major study framed the cattle cycle in terms of a "har-
monic motion" model: stimulus, response, and feedback for delayed alter-
ation of the stimulus. 1In this study, Ehrich (1966, p. 12) provided a
more empirical version of Lorie's (1947, p. 56) model of the interrela-
tions of beef market prices, quantities marketed, and beef cow numbers.
While Ehrich explained (p. 8) that his cattle cycle model was derived
from Larson's (1964) harmonic hog cycle model, Larson (p. 38C) had
stressed that "in all essential respects" his hog cycle model was iden-
tical to Lorie's {(1947) cattle cycle model!

Ehrich's statistical analysis allowed him to conclude that exogen-
ous forces were not the primary cause of these cycles, and that the cycle
in prices is significantly affected by inventory decisions at the pro-
ducer level (p. 17). Ehrich further affirmed the "view that producers
respond incremently to deviations of price from equilibrium" and, there-
fore, denied "the existence of a conventional supply function for beef
cattle" {(p. 25}.

Business cycle thecry provides some useful notions for considering
the cattle cycle. Tinbergen (1938, p. 35) pointed out the importance of
the initial conditions assumed for the relative levels of capital good

inventories, product marketings, and demand, in a business cycle model.

.
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The initial levels are an expression of the phase of the cycle, implic-
itly determining the direction the model will take. Metzler (1941)
discussed cycles of inventories in consumer goods, noting that replace-
ment demand is destabilizing. The peculiar nature of cow inventories, as
living capital investment items which are instantly convertible to
slaughtered beef on the same market as their main product gives the
cattle cycle a self-reinforcing mechanism not present in other indus-
tries. The breeding cows thus comprise a standing inventory of consumer
goods as well as an inventory of capital goods.

Tinbergen and Polak (1950, pp. 178-181) described the "echo prin-
ciple" of cyclic business investment patterns. That process begins as
a large guantity of capital equipment, with limited useful life, is
acquired at a given time. Another large investment in replacement egquip-
ment is undertaken as the original equipment is scrapped at the end of
its useful life. Thus, the "echo" of the original investment is repeated
at intervals roughly equal to the useful life span of the equipment. The
authors cast doubt on the operation of this principle by noting that
equipment items of a given type may provide varying lengths of service
and are often repaired, part by part, rather than replaced completely.
Tinbergern later (1951, p. 134) reiterated that "technical data on the
lifetime of machinery make it plausible that the echo principle cannot
be the only explanation of the business cycles."

For young heifers recruited to the cow herd there is irreparable
attrition through natural death and culling (slaughter) for ill health

in addition to culling by management choice on attributes such as current
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pregnancy. As with machines with variakble useful lives, some of these
recruits may eventually reach an age of 15 years in the breeding herd.
Decisions at the level of individual herd investments in heifer
recruitment and cow retainment thus seam central to the cattle cycle
process. The durability ané productivity of these investments are also

of great interest.

Firm Level Cattle Cycle Strategies

The obvious "buy low and sell high" strategy is devilishly difficult
to implement. Biological, financial and forecasting problems all enter
the picture. Except when entire herds are sold at bankruptcy or estate
liquidation auctions it is difficult to purchase sound commercial breed-
ing stock. Cows sold through ordinary auctions are often the culls (or
rejects) from local herds.

It is often difficult to obtain financing for the purchase of beef
cows during a notoriously depressing national liquidation. During such
times annual cow maintenance costs (for interest, feed, labor, etc.) may
far exceed the sales value of the calf crop. This difficulty would not
be so great if it were possible to accurately foresee future costs and
prices.

Reviewing the historical price and cost series, unfortunately,
provides little reliable information about the future. It is difficult
to say, until after the fact, that cattle prices have indeed bottomed

out or irreversikly passed their peak. Goodwin (1947, p. 196) wrote:

"If only a small part of the producers are cycle con-
scious they may profit heavily, and, what is remarkable,
render a public service by unintentionally ameliorating
the cycle."”
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How to be accurately "cycle conscious” is not revealed, and remains
problematic. Nerlove (1958) has also contributed to the explanation of
cyclical investment behavior in terms of "adaptive expectations". Wwhile
helpful in understanding past behavior, one is left to speculate on the
future. 1In the aggregate, cow/calf operators seem to have persisted in
a "buy high, sell low" pattern while intending to do the opposite.

In what began as a study of firm level strategies for cow/calf
operators through cattle cycles, the author carried out a number of in-
tensive farmer interviews aimed at understanding the relevant decision
space. Calf producers indicated that the guestion "at what age are cows
culled?” could not be answered directly ... that it depended on too many
things. 1In addition to the cattle price and feed cost situation, each |
cow was considered as an individual with respect to current pregnancy
status, health, and mothering ability. A commonly expressed rule of
thumb was that timely pregnancy is a key regquirement for retainment.
Cows not pregnant at weaning time are the main candidates for culling.

A number of studies have examined the options of cow/calf producers
given the existence of long-run price cycles. A briefly annotated
chrenology of these studies is given in Table 1.2. While by no means
a complete listing, these do indicate a variety of viewpoints for deal-
ing with cattle price cycles.

A search for information on cow pregnancy and survival by age re-
vealed that others had also sought such data for similar purposes (Kim,
1970; Rogers, 1971; Bentley, et al., 1976; and Jaske, 1976). The authors
of thess earlier studiss had also been frustrated somewhat by the lack

of organized information on the economically important attributes dis-
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TABLE 1.2 CHRONOLOGY OF FIRM LEVEL CATTLE CYCLE STRATEGY LITERATURE

Potter (1930): admonition for cattlemen to avoid regarding
cyclical price movements as permanent changes

Vrooman (1956): break-even analysis for weaner calf, yearling and
2 year old sales under cyclicly extreme price sets

Gray and Plath (1957): survey results noting that only yearling
steers were sold from most ranches in 1953, while in 1955
heifers comprised half of the yearling sales

DeGraff (1960): budget analysis of several recruitment and
culling strategies through a price cycle

Jenkins and Halter (1963): dairy replacement decision model
which shows changing optimal culling ages through time
according to prices and cow performance by age

Wheeler (1968): optimal herd inventory systems under conditions
of certain and uncertain prices and forage production, with
homogeneous cows

Kim (1970): beef cow investment model: uniform age distribution,
with no culling for conception failure

Rogers (1971 and 1972): economics of "replacement”" through price
cycles, with uniform age distributions

Oppenheimer (1972): perceived a 7 year cycle in cattle numbers,
but noted that there is enough variation between the "peaks
and valleys" that people can still go broke

Castle, Becker and Smith (1972): discussion of decisions on
adding or eliminating cattle enterprises in light of price
cycles

Helmers (1974): effects on the cattle price cycle and credit
limitations on the growth of ranch firms

Jarvis (1974): microeconomic beef cattle investment theory
development: responses to price changes

Bentley, Waters and Shumway (1976): simulation analysis approach
to optimal "replacement" age decisions at various price levels

Keith and Purcell (March 1976): gquestionaire study of the
expectations of Oklahoma cattlemen regarding the cattle cycle
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TABLE 1.2 CHRONOLOGY OF FIRM LEVEL CATTLE CYCLE STRATEGY LITERATURE
(continued)

Jacobs (1977, 1978, and 1979): lucid explanations of firm level
options for cow/calf operators through cattle cycles

Bentley (1979): simulation analysis of a cow/calf enterprise
in a whole farm plan

Valdes and Franklin (1979): beef price cycles in Colombia as
background in a production risk simulation analysis

Trapp and King (1979): recruitment and culling strategy model
for a perfectly forseen price cycle, by simulation analysis

Whitley (1979): simulation analysis indicating minimum losses by
selling weaned calves in periods of falling prices, and profit
maximization in periods of rising prices by long vearling sales
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SIMULATED CYCLIC CHANGES IN COW HERD AGE STRUCTURE
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tinguishing cows of different ages. The expedient assumptions they used
were distilled from individual animal science studies and practical rules
of thumb.

Seeing the physical attributes of cow age couched in economic frame-
works led to some general insights on the likely age structure of the
national aggregate beef cow herd and those of the individual herds which
comprise it. The author recognized that the very regular period of the
cattle cycle could be associated with changes in the aggregate cow herd
age structure.

Using Rogers' (1971) conception and survival rate assumptions, and
decision rules suggested in the farmer interviews, the author designed a
simple simulation model of cow demography, beef marketing levels, and
price feedback. That model provided the graphic representation in
Figure 1.2 of what might be called a "demographic pulse" in the aggregate
beef cow herd. As illustrated in Figure 1.2,.the age structure of the
herd may undulate dramatically through a ten year cycle.

Changes in the apparent investment values of cows of different ages
through times of relatively high or low prices (due largely to low and
high quantities of beef marketed) are hypothesized to be at the root of
such a demographic pulse. Wallace and Judge (1958, p. 16) wrote:

"Cattle producers, anticipating continuing price increases,

retain young heifers and cows past prime productivity that

would ordinarily be marketed in an attempt to restock de-

pleted inventories.”

The retainment of elderly cows was also noted in the U.S.D.A.

Livestock and Meat Situation report of November, 1962:

"Aged cows have been accumulated in breeding herds and will
have to be replaced by heifers in future years. As this
process of replacement gets under way, more heifers will
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have to be diverted from feedlots to the breeding herd ..."
(p. 11).

The presence of a large proportion of "aged" or "past prime" cows
during an accumulation phase of the number cycle is suggestive of the
"echo principle" described above. Referring to the simulated percent-
age-age-distribution graphs in Figure 1.2, years 1, 2 and 3 depict the
last 3 years of an accumulation phase. Large numbers of young and old,
but few of middle age, are shown. Year 4 marks the beginning of a liquid-
ation phase, in which fewer heifers are recruited and many of the oldest
cows are culled.

Year 7 depicts the hypothesized age structure of the herd at the end
of the liquidation process. The bulk of the herd would be comprised of
cows in their prime productive ages, with relatively few young or very
old animals on inventory.

With the diminished herd size, and reduced slaughter marketings,
cattle prices rise and in year 8 a new accumulation phase is under way.
By year 10 the hypothesized age distribution appears very much like that
of year 1. The 1 year old heifers in year 1 experience the least culling
pressure through their lives. By the time the liguidation phase begins,
they would be 4 years old entering their years of prime productivity.
Furthermore, these animals contribute to the next accumulation phase as
they are retained in the herd as 10 year olds in year 10. Finally, they
would be among the first large group of "past prime" cows culled at the
start of the subsequent liquidation phase, in year 13 or 14 (analogous
to years 3 and 4).

The intuitive demographic pulse model expressed above gave rise to

the idea of creating a value modzl which would consider historical costs
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and prices to derive, for each age and pregnancy class of cows, relative
value ratios through time. Such a ratio would express the present value
of expected net future income relative to the cow's present slaughter
value. It was hypothesized that such value ratios could ke used to
control a model of the internal age structure dynamics of the aggregate
U.S. beef cow herd through cattle cycles.

Limitations on available data resolution, such as annual estimates
of total beef cow numbers, have resulted in the fact that the "demo-
graphic pulse" has been largely invisible. The bioeconomic model devel-
oped in this thesis is designed to make that process visible for the

first time.

Thesis Objectives

Four objectives are defined for the present study:

1. To describe the economically important biological charac-
teristics of beef cows which change with cow age;

2. To develop a model of relative values of beef cows which
considers the productive prospects for the futures of cows
by age and through time;

3. To develop a national beef cow demography model which
simulates recruitment and culling decisions through time,
based on the value model;

4. To estimate the demographic changes of the U.S. beef cow
herd , and the resultant changes in herd productivity,
through cattle cycles.
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Methodology

Mathematical simulation was chosen as the most convenient way to
organize large amounts of information into operational relationships and
to trace behavior which cannot be observed by examination of isolated
system elements (Suttor and Crom, 1965). Unlike optimizing algorithms,

a simulation model may be "as complex and as realistic as desired within
the confines of available data and detailed structure of the system being
modeled" (Dent and Anderson, 1971, p. 7). Trebeck and Hardaker (1972,

p. 118) also noted the relative power imparted to simulation due to its
freedom from the binding constraints on the form and size of optimizing
algorithms.

Validation is an essential and ongoing part of the simulation model-
ing process. Overton (1977, p. 71) explained that "begiﬁning with the
first steps of the development of model structure and ending with the
final steps of fine tuning ... validation and model building essentially
end simultaneously".

Model structure ought to be compatible with knowledge of the real
world processes modeled. There is a considerable element of art, and a
strong role for intuition, in the choice of model structure. Overton
(1977, p. 56) describes model building as an iterative process of struc-
ture specification, comparison with prescribed behavior, followed again
by respecification and comparison until adequate behavior and "sufficient
realism (adherance to accepted knowledge and theory)" are obtained.
Halter and Dean (1965, p. 557) also described a process of incremental

model revision "until it is an acceptable representation of the real

system"”.
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A model structure may have theoretical validity ex=~ante but may be
proved unable to meet the behavioral specifications and require modifica-
tion. Another essential regquirement is that the computer program for
solving the model must be "debugged"; that is, it must be a true repre-
sentation of the specified model, correctly executing the desired calcu-
lations. The "debugging" process may be a non-trivial and essential
task but results only in validation of the computer program, not the
model (Trueman, 1977, p. 633).

The subject of model structure validity comprises a good portion of

1

Chapters 2, 3 and 4 of this study, on an equation by equation basis. The
behavior of the whole model is compared, in Chapter 5, with available U.S.
historical series on the annual inventories of (1) beef cows and (2) heif-
ers and on the annual flows of (3) beef cows slaughtered and (4) calves
born. Appended to the model and built-in to the computer program are a
number of statistical routines, designed by the author, to facilitate
this comparison. 1In addition to creating data files for comparison plots
of each of the four series (simulated vs. historical), the model computes
mean proportional absolute deviations, correlation coefficients, Theil's
coefficient of inequality (U), and its decomposition statistics (Theil,

1966).

Synthesis

The model developed in this study is a synthesis of information and
methods from four disciplines: economics, demography, animal husbandry
and animal science. Thus, validity of the model may be judged from four

viewpoints. Agricultural economists have often been guilty of over-
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simplifying the decision space for livestock problems from the viewpoint
of the animal scientist. Animal scientists, too, have sometimes been
guilty of providing economic "bum steers" in their advice to farmers.
This study is an attempt to strike a realistic balance that will be use-~
ful to both economists and animal scientists.

Only the essential details of the system should be included in the
simulation model itself, not all that is known about cows nor all details
of the beef market. The model is an abstraction, the aim of which is to
capture the essence of the subject process.

Some brief preliminary notes regarding demography and cattle simu-
lation models are given below. These provide part of the "picture of
reality" against which the cattle demography model will stand for compar-

ison.

Demography

Demographers have long been concerned with population age structures.
The age structure graphic method in Figure 1.2 was adapted from the age
pyramids of human populations. Demographers usually put the males on
one side and the females on the other side, showing the numbers (or pro-~
portions) of each population by age group, with the youngest at the
bottom and the oldest at the top. These graphs are used to compare popu-
lation structures of different countries (see: Jones, 1965; Keyfitz and
Flieger, 1971; or Vielrose, 1965), or to compare changes in the age
structure of a given country through time (see: Baldwin, 1975;

Kuznets and Thomas, 1957; or Thomlinson, 1976).



26

The beef cow herd age pyramids are one-sided (the males are ignored)
and shown with the youngest heifers at the left side and the oldest cows
at the right. It is simply assumed that bulls are present in constant
proportion (1 to 20) to the numbers of heifers and cows to be bred.

The scars of war may be clearly seen in human age pyramids as gouges
in certain age groups (or birth-year cohorts). The distractions and sep-
arations associated with wars often are reflected in sharply lowered
birth rates, followed by "baby booms" echoing the end of hostilities.
Rarely have human populations been managed as ruthlessly as cattle popu-
lations. There are Biblical accounts of instances when death sentences
were pronounced for all individuals in specific age classes. On one
occasion the Egyptian Pharoah ordered the slaying of all male infants of
the Hebrews (Exodus 1:22). On another, Herod ordered the deaths of all
male children, 2 years old and younger, in the Bethlehem area (Matthew 2:
ie),

Walters (1965, p. 10) referred to the tendency of the cattle indus-
try to periodically be seized with "spontaneous optimism", and then
"spontaneous pessimism"”. Such alternating outlooks are imputed to
cattlemen from their investment behavior. The analogy of cattle cycle
age structure changes with "baby booms" in human populations is not com-
plete, but strong.

Though limited by the number of heifers weaned each year, the number
cf heifers recruited to the breeding herd is strictly a matter of choice
by herd managers. Likewise, whether a cow of any age is retained in the

herd for breeding, or culled from the herd and slaughtered, is a manage-

ment decision. Because cows individually represent such large capital




investments, these retainment and culling decisions are usually made on
an individual basis, considering the attributes and future prospects of
each animal in relation to the others and in relation to its present

slaughter market value.

Cattle Simulation Models

A number of national-scope simulation studies involving beef cattle
have been developed. Several, which considered the cattle cycle process,
are listed in Table 1.1. Others, not dealing with the cattle cycle, have
been designed to allow national policy makers to consider the long=run
consequences of different national cattle programs within development
strategies. For example, Hayenga, et al. (1968) discussed the general
usefulness and power of simulation in development studies, while Manetsch,
et al. (1971) described a specific agricultural sector model, including
the beef industry, of Nigeria. Miller and Halter, (1975) and Halter,
et al. (1976) reported on systems simulation modeling of the Venezuelan
beef industry. While distinguishing between the younger beef cattle
classes and mature cows, it is fair to say that all of these studies, and
all of those reviewed in Table 1.1, implicitly considered mature cows as
a homogeneous class undifferentiated by age. Due to the lack of data,
this is understandable.

In a number of firm level beef cow management models, cows are
distinguished by age. Six of the studies listed in Table 1.2 consider
different age classes of mature cows. However, five of these six con-
sidered "replacements" in the literal sense of replacing with a heifer

any cow which dies or is culled from the herd for any reason. These were
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studies by Jenkins and Halter, (19£€3), Kim (1970), Rogers (1971 and 1972),
Bentley, Waters and Shumway {(1976) and Bentley (1979).

Only Trapp and King (1979) correctly separated the culling and
"replacement”" decisions. They were correct in the sense of portraying
the observed practices of cattlemen through cattle cycles: sometimes
recruiting many heifers to the herd and sometimes recruiting few. Jarvis
(1974) also assumed variable recruitment proportions, but with homogene-
ous mature cows.

Outside the list of firm level cattle cycle strategy studies (Table
1.2) are two others which distinguish mature cows by age: Schwab (1974)
and Gebremeskal (1977). These are whole-farm models where breeding cows
are one of several enterprises. Yager, Greer, and Burt (1980) studied
strategies of feeding culled cows and deferring their sales to possibly
take advantage of price seasonality. One point apparent in reviewing the
above studies is that the decision space for regarding the retainment and
disposition of beef cows is complex and not very well defined.

The national aggregate models reviewed commonly allow variable
recruitment of heifers to a homogeneous mature cow herd; while most of
the firm level models of heterogeneous herds, ironically, assumed con-
stant recruitment proportions. The present national cow demography study
assumes both variable recruitment and age heterogeneity.

Hierarchical decision models are conveniently handled by simulation
(Gladwin, 1975 and 1976), thus the population dynamics of the national
beef cow herd is susceptible to analysis by such means. For an individ-
ual herd, Powers (1975, pp. 13-14) shows samples of flow charts of hier-

archical ageing and attrition processes by which weaned heifers become
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cows through time. A similar process is develoved in Chapter 4 of this

thesis,.
FLEX

A simulation modeling paradigm named FLEX has been developed at
Oregon State University by W. S. Overton, Curtis White and others. It
is based on the general system theory of George Klir (1969) and oriented
toward ezological modeling, but not limited to that area of study (White
and Overton, 1977). The FLEX modeling paradigm allows separation of the
tasks of modeling and programming, organizing communication between the
two through FLEXFORM model documentation.

The FLEXFORM document of the present model is given in Appendix A.
The model is developed in a verbal text format in Chapters 2, 3 and 4,
and the appernded statistical routinés are described in Chapter 5. The
reader is often referred tc the FLEXFORM for the uncluttered display of
equations. The author has found the FLEXFORM method of documentation
very convenient in keeping track of the model's development, especially
in the "debugging" process. Every variable, parameter, and equation in
the model is cross-referenced in the FLEXFORM for the specific purpose of
facilitating criticism and implementation on other computing systems.

Too often, large and interesting models are designed, implemented
and the results published, without preparing useable documentation. Such
personal models do not lend themselves to criticism or communication
easily, and may cease to exist, for practical purposes, when the program-

mers who designed them move on to other tasks. The author has spoken to
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one programmer, who shall remain unnamed, who stated: "I don't like to
document programs because I like to be indispensable!"

The authors of the FLEX modeling paradigm wisely insist on pre-
documentation of models before computer implementation is commenced.
Emphasis is placed strongly on modeling and communication rather than the
details of programming (See: Overton, 1974 and 1975; white, 1977; Stimac,
1977; and Overton and White, 1978).

A brief explanation of FLEX notation is in order here, since it is
used throughout the remainder of the text. This short list will serve as

an introduction.

zi = input variables
X, . = state variables
i, 3
95 5 = internal or intermediate functions
r
fi j = flux functions to update state variables
r
Y. . = output functions
i,J
bi = constant parameters

Plan of the Thesis

Chapter 1 has served to introduce the reader to the general cattle
cycle phenomenon, the author's "demographic pulse" hypothesis, the objec-
tives of the thesis and its methodology.

Chapter 2 is devoted to a literature review and synthesis to organ-
ize the available information on the economically important biological
attributes of beef cows which are functions of age. These are: concep-
tion rates, (gl,j)’ unimpaired health rates (g2,j)' survival rates (g3'j),

body weights (g4 j), calf weaning weights (g6 j), and calf survival rates
14 14
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(g8,j)' Considerable emphasis is placed on defining these "biological
parameters"” as point estimates from continuous functions of age, calcu-
lated by the intermediate functions (gi,j) indicated above. In the
current form of the model, these "biological" functions of age keep the
same numerical values through the length of a simulation run, thus are
referred to as "parameters". Management "expectation parameters" are
also defined in Chapter 2.

Chapter 3 is concerned with defining the input variables (zi).
Prices and costs are exogenous to the model. Cull cow price differences
by age are modeled as functions of feeder steer and utility cow prices
(annual input variables, zi). Standard year (1978) budgets are then
developed for five classes of breeding animals: weaned heifers kept for
breeding, pregnant yearling heifers, non-pregnant yearling heifers, preé-
nant mature cows and non-pregnant mature cows. These 1978 annual vari-
able cost budgets are comprised of 10 cost items on a dollars-per-head
basis. The budgeted costs, item by item, are identified as "cost param-
eters” (bi) for the model. Cost indices (1978 = 1.0) for each of the 10
cost items are developed for each year from 1950 to 1978, and identified
as annual input variables, (zi).

Chapter 4 develops the core of the beef cow value and demography
model. The model is designed to operate with a time resolution of 1
year, receiving annual input variables each year of the 29 year run.

The value model begins by estimating present and future cull cow
prices, by age. Annual cost budgets are generated with the standard

1978 budgets and the annual cost indices (zi). This process may be

likened to the revarse of Laspeyres' indexing process; here, multiplying
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the base year (1978) bundles of costs by the subject year's respective
cost indices (Longworth and Bos, 1978). Expected net annual revenues,
and expected present values of net future revenues, are computed for each
of 26 discrete age and pregnancy classes of heifers and cows. Ratios of
these future incomes to the respective present slaughter values are com-
puted for each of the 26 classes of breeding animals. These "V-ratios"
link the value model to the demography model.

The number of animals in each of the 26 classes is carried as a
state variable (xi,j) in the demography model. Pre-culling inventories
(after deaths, breeding and ageing) are computed for new pregnant and
non-pregnant classes of each age. The proportion of animals in each pre-
culling inventory class to be retained in the herd is a function of the
respective class V-ratio. For each class, the numbers retained and the
numbers culled are calculated. Summations are made for comparisons with
the historical series of cows, heifers, culls and calves. All of the
functions listed above for Chapter 4 are internal (or intermediate) gi,j
functions. Finally, the xi,j state variables are updated by their re-
spective flux functions, fi,j'

The list of functions above are presented as a catalog of Chapter 4.
The logic of this hierarchy of functions is given in some detail there.
The functional forms are also given in the FLEXFORM, Appendix A.

Chapter 5 is devoted to model results, validation and conclusions.
The statistical and gfaphical comparisons of simulated versus historical

series for cows, heifers, culls and calves born are given there. Limita-

tions of the model and indications for future research are also noted.
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CHAPTER 2

BIOLOGICAL AND MANAGEMENT EXFECTATION PARAMETERS

Introduction

A major theme of this thesis is that commercial beef cows of differ-
ent age classes (i.e., from 1 to 14 years of age) have different perform-
ance characteristics. In Chapter 4, a beef cow value and demography
simulation model is developed. The biological characteristics of beef
COws across age classes, and the expectations of cattlemen regarding
the influences of these characteristics, are some of the basic building
blocks of that model. The purpose of the present chapter is to develop
those building blocks.

The literature review and synthesis of mathematical expressions des-
cribing the biological characteristics and management expectations are
carried out in this chapter in the same order that these building blocks

appear in the simulation model:

Conception rates by cow age (gl,j)
Unimpaired health rates by cow age (g2,j)
Cow survival rates by cow age (g3,j)
Cow culling weights by cow age (g4'j)
Maximum aggregate cow weight by cow age (gs)

Calf weaning weights by cow age (g6,j)
Weight of weaned heifers kept for breeding (g7)

Calf survival rates by cow age (g8,j)
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Management Expectation Parameters:

Expected retainment rates

(g9,j)

and Expected fractional culling rates

(glo,j) .

The reader will note the (gi) terms, in the above list, are the
names of the respective functions defined for the simulation model. The
mathematical documentation of the entire simulation model is given in
Appendix A.

Throughout this chapter considerable emphasis is placed on express~
ing the biological characteristics as point estimates from continuous
functions of age. Two reasons for this are offered.

First, in the judgment of the author, the assumption of discontinu-
ous biological character changes across cow ages cannot be justified on
bPhysiological grounds. In this study, the aim is to model the tendencies
of a large population of animals (ranging from 15.9 million beef cows in

1950 to some 45.7 million in 1975). 1In so large a population, and large

age~class subpopulations, within-age distributions of the identified

continuous functions across ages. Computational convenience is the sec—

characteristics may reasonably be assumed to have their centers along

\

| ond reason. Notation is simplified and ease of explication is enhanced
|
\

by the use of continuous functions.

Conceptiorn Rates by Cow Age

The efficiency of a beef calf production enterprise depends on the
fertility of the cows (Preston and Willis, 1970). A chief reason for a

cow's removal from a commercial herd is failure to become pregnant (Greer,

et al., 198C). Natural death and culling because of impaired health are
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other forces of attrition on any group of beef cows. Impaired health and
survival rates are covered in this chapter following the present discus-
sion of conception rates. Assumptions regarding these and other reasons
for cow culling and retainment are covered in the section on Management
Expectation Parameters at the end of this chapter. There is considerable
evidence that cow fertility is related to cow age. The purpose of this
section is to review that evidence and define a set of fertility param-
eters for the aggregate beef cow herd.

Lasely and Bogart (1943, pp. 34-35) reported that fertility of
heifers, between 2 and 3 years of age, was lower than observed for all
older cows up through 10 years of age. Of the heifers exposed for
breeding, only 66.1 percent calved. Cows, aged 5 and 6 years, had the
highest fertility with an 86.2 percent calf crop. From the 6th year,
fertility gradually declined with age, such that cows 9 and 10 years
old had calf crops averaging only 69.2 percent.

Burke (1954) analyzed breeding and calving records for 4,470 pasture
exposures of Hereford females over a 12 year period. This study also
showed a pronounced effect of cow age on fertility, with a peak in calv-
ing rates for cows 6 and 7 years old at breeding. Beginning with heifers
bred at 2 years of age (to calve at 3), there was a gradual increase to
this peak, followed by a gradual decrease through 9 year olds. Cows
older than 9 years showed a sharp drop in calving rates.

Cows as old as 16 years at breeding time, though few in number, were
included in Burke's study. Yet, observations on all cows aged 10 years
and cover were reported as a single age category. The inclusion of such

elderly cows in the study could account for Burke's report (p. 5) that
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cows beyond 9 years of age had significantly lower fertility than any
of the younger age groups. This may be reconciled with Lasely and
Eogart's (1943) inference that the youngest cows were the least fertile
by noting that cows older than 10 years were not considered in their
analysis.

Stonaker (1958, p. 6) reported a large difference in calf crop
percentage between 2 year olds and that for older cows. Over a 6 year
period, only 54 percent of the 2 year olds exposed to bulls raised
calves; while 80 percent of the cows 3 years old and over raised calves.
Though some post-natal mortality must have entered in the determination
of both of these statistics, they generally support the earlier cited
studies in pointing to lower conception rates in young cows than in
mature cows.

Crockett (1967, p. 270) reported that cows 4 through 9 years of
age had similar reproductive performance {overall average conception
rate of 83 percent), while conception dropped to 75 percent after 10
years of age. Baker and Quesenberry (1944, pp. 82-83) called cows aged
6 to 9 years "the mainstays of the herd". They suggested that cows reach
their maximum production of weaned calves at 6 years, partly because the
majority of the infertile, poor-producing cows are disposed of prior to
that age.

Greer, et al. (1980, p. 15) showed, for a group of cows bred to
calve first as 2 year olds, those least subject (under 15 percent) to
culling by management criteria (chiefly, non-pregnancy) were the 4 to
6 year olds. Culling rates by such criteria increased markedly beyond

8 years of age, reaching over 40 percent for the 10 year olds.
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The author's analysis of data on conception rates at the U.S. Meat
Animal Research Center, Clay Center (1974-1879), indicates a rising pat-
tern, beginning at 87 percent for young heifers, and reaching a peak of
about 95 percent for cows ages 4 to 6 years. Unfortunately, concep-
tion rate data from this source is not yet available for the older age
groups.

Long, et al. (1975), Jaske (1976), and Kay and Rister (1977) each
assumed different cow fertility patterns for their economic studies.
With fertility rising to peaks at 4 to 5, 5 to 7, and 6 to 10 years,
respectively, and falling thereafter, their assumptions are in general
agreement with the animal science studies cited above.

When the cow fertility data in any of the studies cited above are
plotted against cow ége, the result generally indicates rising fertility
to a peak at some age (variously between 4 and 10 years) followed by
a decline for cows aged beyond their prime. This suggests the shape of
a downward opening parabola. Dickerson and Glimp (1975) described age
effects on ewe fertility in similar terms, showing very pronounced para-
bolic patterns peaking at 4 to 6 years depending on breed. Evidently,
such a functional form has been used to define cow fertility patterns
by several others. These are discussed below.

A convenient form of quadratic equation has been adopted by the
author for defining conception rate parameters across cow ages. The con-
venience is in regard to the direct biological meaning associated with
two of the terms in the equation. The maximum conception rate, for

example, is specified by the value of the b, parameter. The age of cows

1

at which this maximum should be observed is specified by the value as-
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signed to the b3 parameter. The conception rate function is called g1 ;
14

in the simulation model.

2
C, = + 1 i - + F -
b 32(3 b3) b4(3 b3)

9,5 75 "1
where: g1 . = C, = expected conception rate for a cow aged j years at
rJ ] breeding
b1 = maximum conception rate {When b2 = 0)
b2 = linear correction coefficient
b3 = age of cow for maximum conception rate
b4 = parabolic bend coefficient.

Table 2.1 lists the parameters which fit the above equation to the
fertility estimates used by several other studies. The conception rate
patterns derived from these other studies are plotted in Figure 2.1.
With the exception of data from Burke, fertility patterns used by later
studies were reported as lists of rates by cow ages, with only vague
references to original data sources and no indications of goodness of
fit. This point is mentioned here because, as the low mean error values
in Table 2.1 show, the data lists used in the later studies were appar-
ently taken from quadratic functions of cow age.

Kim (1970) used a set of cow fertility estimates based on those
reported by Burke (1954). The author's own analysis of Burke's data
suggests that Kim's extrapolation of estimates for cows ages 10 to 17
years was biased downward by the assumption that the rate reported for
cows aged 10 and over would apply to cows akout 10 1/2 years old.
Yet, Burke reported that cows 16 years old were included in the data.
The author assumes that the weighted average age of cows in Burke's

"10 and over" class was 12 years, rather than the 10 1/2 years im-
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plicitly assumed by Kim. The author fitted the general conception rate
equation to Burke's live birth data to derive the parameters, shown here
in Table 2.1, and thereby generate the plot labeled "Burke" in Figure 2.1.
The conception rate function plot and parameters based on Kim's (1970) in-
terpretation of Burke's data are labeled "Kim" in Figure 2.1 and Table 2.1.

The studies cited above considered conception rates, calving rates
or fertility rates for individual herds. The term "calving rate" is am-
biguous where the practices of pregnancy testing and culling at weaning
time are used. By removing non-pregnant cows from the herd prior to
calving time, the number of calves born per cow on inventory can be
shifted upward, arbitrarily approaching one. Conception rates, as meas~-
ured by pregnancy testing at weaning time, are unambiguous and thus
favored here for use in the simulation model.

At this point it is assumed that a quadratic conception rate function
can adequately describe the national pattern of conception rates across
cow ages. The specific function parameters, however, are still in gques-
tion. The final assignment of parameter values in the conception rate
function (gl,j) must be deferred until their effects on herd averages can
be examined in the context of the herd demography model's results in com-
parison with historical data series. This is done in Chapter 5 of
the text.

Rogers (1971) assumed a set of “percent calf crop" parameters for
cows 2 to 14 years old. These were partly based on the tendencies
reported by Crockett (1967), Lasely and Bogart (1943) and Stonaker (1958)
reviewed above. Rogers made an upward adjustment in light of Washington

State data (Mueller, 1968) to give an average calf crop of 90 percent




TABLE 2.1 PARAMETERS FOR CONCEPTION RATE FUNCTION FITS TO EARLIER STUDY DATA

Bentley, et al., 1976
Parameter a/ Burke (1954) Kim (1970) Rogers (1971) Alternative 1 Alternative 2
b1 0.8822 0.91 0.94 0.871 0.865
b2 -0.00275 0.0 0.01 0.004 0.0
b3 5.5 5.0 4.0 3.5 6.25
b4 -0.0025 ~0.00475 -0.006 ~-0.0125 -0.0063
Mean Proportional
Absolute Error B/ 0.0025 0.0048 0.0117 0.0079 0.0054
Number of
Data Points n=2>5 n = 14 n =13 n =11 n = 14
. . . . . 2
=] = = L= -+ — + - .
a/ Conception rate, by age (j) of cow at breeding gl,j cJ bl b2(J b3) b4(J b3)
b/ 1 ; D~ C , where D = published data, C = point estimate from fitted function.
n j=1 D

1874
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(assuming a uniform age distribution through 10 years, with attrition
only by death).

Studies by Bentley, et al. (1976) and Trapp and King (1979) adopted
Roger's estimates and extrapolated to find estimates for cows 15 and 16
years old, respectively. Two alternative sets of calving percentage par-
ameters were also assumed by Bentley, et al. (1267) (see figure 2.1).
These were based on two sets of unpublished data fitted separately as
quadratic functions of cow age. Again, no indications of goodness of fit
were offered. This is mentioned here because the pattern Bentley, et al.
called alternative No. 1 shows near-zero calving percentages for cows
bred as 12 year olds. These may be extrapolations from a quadratic func-
tion fitted to a data set for younger animals. All of these patterns are
shown in Figure 2.1 while their function parameters are shown in Table

2.1.

Unimpaired Health Rates by Cow Age

Of all the biological parameters defined in this chapter, unimpaired
health rates necessarily have the highest subjective content. A cow,
after all, may be found to be pregnant or not on a given day. Similarly
unambiguous is the question of whether a cow survived or died over a
given period of time. But whether a pregnant cow is sufficiently
healthy to survive and be productive in the coming year, requires a
strong element of judgement for an answer.

In practice, borderline judgements on the health status of cows may
be conditioned partly on the current economic outlook. For example, in

times when high profits seem in store, a partially lame cow with a bad
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teat, cancer eye and most of her teeth missing may be retained in the
herd if there is some prospect that she will be able to wean a calf one
year hence. 1In times when losses are being projected for the herd, such
a cow would almost certainly be culled.

It is reasonable to expect that some cows, though surviving until
weaning time, will be in such poor health that they will be removed
(culled) from the herd regardless of the economic outlook. There is a
considerable difference between the revenue expected from the sale of
a cow culled for a health problem and the loss expected if she dies while
still in the herd. A cow which is judged to have very poor prospects of
weaning a calf in the next year is most likely to be culled.

Unimpaired health rates are defined in the present model as the
maximum proportion of surviving cows in an age class that would be re-
tained in a herd under the most favorable economic conditions. One might
consider this proportion as the complement of seriously impaired health
and undesirable characteristics. The role of undesirable characteristics
is especially important in the case of rejecting weaned heifers from con-
sideration for retainment and breeding.

In a steady state (constant size) herd, with attrition by natural
death and culling for non-conception, only 40 or 50 percent of the
weaned heifers will be retained for breeding. However, in times when
herd size expansion seems desirable, perhaps as many as 75 or 80 percent
of the weaned heifers may be kept for breeding. With unfavorable eco-
nomic prospects, some herd managers retain none of their weaned heifers

(Harrison, 1978). For the national herd, however, perhaps no fewer than

20 or 25 percent of the weaned heifer calves will be kept for breeding.
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In the common terminology of animal husbandry, weaned heifers re-
tained for breeding are called "replacement heifers" (Ensminger, 1976,
Chapter 22, and Minish and Fox, 1979, pp. 104, 105). The presumption is
that these heifers replace the older cows leaving the herd through cull-
ing or death. However, they are called replacement heifers even when kept
in numbers too small to sustain herd size, or in large enough numbers for
accelerated herd growth. A more proper term for these animals, in line
with usage in other biological disciplines, would be "recruits".

The minimum proportion of weaned heifers not retained for breeding
(but sold as calves) is implicitly included as the complement of the un-
impaired health rate for animals of their age (becoming one year old).
This is done for computational convenience, as a minimum proportion to
be sold also defines a maximum proportion that may be retained for
breeding.

The heifers which are selected for retainment will be the cream of
the crop with respect to desirable conformation, condition, performance
and genetic background. Thus, there is no particular suggestion that the
minimum proportion of heifers sold are unhealthy. However, in the cases
of the older cow age groups, the unimpaired health rates which define
their maximum proportions retained, are based entirely on the expected
incidence of serious health problems.

Baker and Quesenberry (1944, p. 80) described causes for culling, in
addition to extreme age and conception failure, as poor physical condi~
tion, undesirable type and conformation, unsatisfactory calf production,

and incidence of diseases such as brucellosis, lumpy jaw and cancer eye.
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A multi-state survey of U.S. cattlemen in 1954 was reported by
Ensminger, Galgan and Slocum (1955). That study provides estimates of
aggregate frequencies of incidence for a comprehensive list of causes of
bovine mortality and morbidity. A 14 year study of the life histories of
90 heifers kept for breeding was described by Pope (1967, p. 41). Over
those years, 51 of the animals were removed from the herd for known
reasons. Another 2 died and 5 were removed for unknown reasons. Of the
51, 24 were removed for failure to wean a calf in 2 successive years and
27 were removed for causes that could be classed as seriously impaired
health. These were listed as "cancer eye, spoiled udder, disease,
crippled and foreign objects".

Rogers (1971, p. 6) noted that culling diseased and barren cows
would influence the age structure of the herd. Exploring this point
specifically, Greer, Whitman, Woodward and Yager (1979), and Greer,
Whitman and Woodward (1980), summarized the records for about 4,500 cows
(including first calf heifers) which identified age at culling and reas-
ons for culling from 1943 through 1976. Data on proportions of cows
culled because of physical impairment (by cow age, from 2 to 10 years)
was reported in Greer, et al. (1980, Table 8). A guadratic function was
fitted to that data by the author after deleting the anomalous high ob-
servation for 4 year olds. The rejected observation for 4 year olds was
a distant outlier from the otherwise smooth pattern formed by the remain-
ing data points.

IH, = 0.00539 + 0.0010437 52 R? = 0.9867
where: IHj = Proportion ¢f cows Jj years oid culled for impaired health

j = age of cow (years).
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It was the practice at the Livestock and Range Research Station at
Miles City, Montana, to cull all cows before reaching the age of 1l years
(Greer, et al., 1979, p. 4). This was unfortunate since elderly cows
(though rarely past 15 years of age) are found in commercial herds. How-
ever, the data reported by Greer, et al., are the best available and seem
to provide a clear basis for the assumption of rising rates of impaired
health with age. The fitted equation given above is used, in a modified
form, to provide impaired health rate estimates for cows aged beyond
those in the basis data.

The modification of the fitted equation consists of the addition
of a hyperbolic term to accomodate the assumption that some minimum pro-
portion (say 20 percent) of weaned heifers will be sold, even under the
most favorable economic conditions. The constant term is altered also to
give the cows becoming 5 years of age the lowest rates of impaired health.
The modified equation is given here:

IHj = -0.045 + 4§§ + 0.0010437 j2
For computational convenience in the simulation model the complement

of the above equation is used. It is referred to here as the unimpaired

health rate function, g2 5
14

b
6 .2
.= 1.0~ (b, +— + b
92,3 (bg + 3 73 )
where: g, . = Unimpaired health rate: The maximum proportion of surviv-
- ing cows or heifers (becoming j years old) that may be

retained in the herd for the coming year. 3j = 1 to 15.

b5 = -0.045
b6 = 0.25
b, = 0.0010437
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The assumed unimpaired health rate function is plotted in Figure
2.2. The hyperbolic term (b6/j) gives the egquation the desired charac-
teristic of showing progressively increasing maximum rates of retention
for the younger age groups. The case of the weaned heifers was discussed
above. The case of the heifers becoming 2 years old is one in which
yearling heifers face their second selection hurdle. At this stage of
maturity their growth performance, since selection as a weaned calf, re-
ceives considerable attention as does their conformation and condition.
Many young cows, becoming 3 years old, will have experienced their first
parturition. Though difficulties with first born calves are common, a
particularly troublesome calving can be sufficient cause for culling.
Such, but to a lesser degree, can also be the case for cows becoming 4
years old. By the age of 5 years, the normal selection process has elim-
inated most of the shy breeders, poor producers and weak cows (Baker and
Quesenberry, 1944, p. 82). Beyond this age, the wear and tear of time

take progressively heavier tolls on health.

Survival Rates by Cow Age

In commercial cow herds the ruthless annual selection and culling
process sends most cows to slaughter before natural death can take them.
If one includes cow deaths at calving time as accidental, it would be
fair to say that most cow deaths on farms (other than intentional slaugh-
ter) are accidental and unusual; on the order of 1 to 2 percent in the
aggregate. However, in a given year, a particular herd may experience
no cow deaths or, in extreme situations of acute disease outbreaks,

many.
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Ensminger, Galgan and Slocum (1955) reported that their data from
a 24 state survey indicated annual cow mortality rates of 0.59 percent
from non-nutritional diseases and 0.32 percent from nutritional defici-
ency diseases and ailments (with bloat as the biggest killer). Greer,
et al. (1980, p. 18) reported annual death losses for cows from 2 to 10
years of age at between 0.95 percent and 1.65 percent. Calf death losses
are considerably greater, with calf scours and pneumonia as leading
causes at ages under 2 months (Ensminger, 1976, p. 694; and Siegmund,
1967, p. 170 and p. 950). Calf death losses are treated in detail later
in this chapter.

Lotka (1956, p. 110) stated that "in the populations with which the
biologist and the vital statistician deals, the force of mortality varies
very decidedly with age". Lotka shows survival curves for several spec-
ies, including humans and Drosophila (pp. 107-109) noting their remark-
able similarities. The slopes of such curves are, for the youngest ages,
very steep (high mortality rates), gradually flattening to a minimum
death rate (with the inflection for humans at about 12 yvears of age),
then becoming steeper (higher death rates) continuously with advancing
age.

The onset of puberty in beef females may OCCur over an extreme range
in ages from 4 to 16 months {Preston and Willis, 1970, pp. 210-212), but
most commonly at 8 to 12 months. As a safe rule they should be 13
to 14 months of age before they are bred (Ensminger, 1976, p. 1182).

By puberty, the period of high post natal mortality is passed and the
minimum rates of natural mortality are reached. The expected continuous

rise in mortality rates, from puberty onward, however, is considerably
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attenuated by the culling and sale of infirm cows. For economic ends, it
is usually preferred that beef cows die in the slaughter house.

It is assumed in this study that the modified force of mortality on
commercial beef cows can adequately be expressed as an increasing linear
function of age. Further, it is assumed that the rate of increase is
small; on the order of 0.1 percent per year of age. The complement of
mortality is survival; which is, therefore, a decreasing linear function
of age, as follows:

g3'j = b8 + b9-j
where: g3'j = cow surviva% rate from qaturél and accidental death in
the year prior to age (j). Jj = 2 to 15

j = age in years

Py

Pg

Other authors (Bentley, et al., 1976, p. 14, and Trapp and King,

0.99

parameters

-0.001

1979, p. 5), in analyses of replacement and culling strategies, used the
pattern of cow death rates, by age, first assumed by Rogers (1971, p. 3
and 1972, p. 922). This pattern assumes slowly rising death rates, begin-
ning at 2.25 percent, from the ages of 2 to 5 years, followed by a dra-
matic increase to 6.3 percent at 12 years of age, then leveling off at
6.6 percent by the age of 14 years. Such high mortality rates cannot
apply to the national cow herd, in the judgement of the author, though

they may have been observed in a particular herd.

Cow Weight by Cow RAge

The sale of cull cows represents an important source of revenue,

second only to calf sales, for a cow/calf enterprise. The purpose of
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this section is to define a set of weight parameters appropriate for
simulating culling weights by cow age for the disaggregated national
herd.

Carpenter, et al. (1971) and Brown, et al. (1971) estimated param-
eters for models of cow growth for several breeds of cattle. These
models describe growth in cow body weight up to asymptotic mature weight
limits by 4 1/2 years of age, while others required more than 7 years.
Long, et al. (1971, p. 60) show Hereford cow growth patterns which
suggest attainment of peak body weight at about 7 years of age.

The author's analysis of cow weight data from the U.S. Meat Animal
Research Center, Clay Center (1974 to 1979) indicates heavier mature
weights but slower proportional attainment of maximum weight for exotic
crossbeeds.than shown for the early maturing common breeds in the stud-
ies cited above.

The early-maturing Hereford and Angus breeds represent a large pro-
portion (as much as 62 percent, in 1954) of the gene pool of U.S. commer-
cial beef cattle (Ensminger, et al., 1955, p. 46). In recent years,
later maturing, heavier, exotic breeds have made some gains in popularity
for crossbreeding programs (Ensminger, 1976, pp. 88-92).

Economic studies by Bentley (1979) and Trapp and King (1979) assumed
beef cow growth patterns which fall roughly between those of the early
and late maturing breeds when all are plotted as percent of 8 1/2 year
weights, as shown in Figure 2.3.

Trapp and King (1979) borrowed their cow weight assumptions from
Kay and Rister (1977). They showed a constant mature cow weight (at

1100 pounds), from the 6th through the 11th year of age, followed by



FIGURE 2.3

100.00

95.00

80.00

B85.00

80.00

75.00

————o—o
70.00

—_—— —— —O

c—f A=A

COW BODY WEIGHT AS PROPORTION OF 8% YEAR BODY WEIGHT

65.00 "~B---8---8

—F NV

52

DATA ON COW BODY WEIGHT BY COW AGE

5H3

B
]Brown, et al (1971)

BH
Trapp and King (1979)
Bentley (1979)

Clay Center (1974~1979)

—

60.00

" i & " i I }
LS T 13 T T LN T 1

8 S 10 11 12 13 14 15

AGE BECOMING ( j years )



a linear decline (at 25 pounds per year) with further advances in age.
Bentley (1979) assumed a constant mature cow weight plateau (at 1091
pounds), from the 7th through the 9th year of age, followed by a 92
pound drop-off over the next 2 years. Other authors have also sug-
gested that weight declines are associated with advancing cow age.

Burke (1954, p. 6) asserted that nine year old cows often have
higher salvage values than older cows, because they are in better flesh.
Burlakov and Startsev (1961, p. 376) likewise stated that older cows
yield carcasses which are lighter and of poorer guality than those of
middle aged cows. Rogers (1971, p. 2) also assumed an age-related
decline in cow value, but did not separate the weight and price compon-
ents of the decline. Koger (1967, p. 242), in a budget analysis of cull-
ing practices, assumed a lower weight expectation for elderly cows than
for non-pregnant cows in general: 950 pounds for cows culled on the
basis of non-pregnancy and 900 pounds for cows culled for old age.

In addition to the studies cited above, two others by Pope (1967,
p. 278) and Brown, et al. (1980, p. 43), point to the 7 to 10 year
old age groups as representative of cows of mature weight.

The author has taken the growth pattern for the 5H3B cows (see
Figure 2.3, and Brown, et al., 1971) to represent the extreme for early
maturing breeds. It was also assumed that early maturing cow body weight
would gradually fall to about 90 percent of maximum by the age of 14 1/2
years. A hyperbolic function of age (EWj) was fitted by the author to
this pattern to describe cow body weight as a proportion of the maximum

for early maturing breeds (see Table 2.2 and Figure 2.4).




54

TABLE 2.2 COW WEIGHT PROPORTIONS BY COW AGE

FOR EARLY AND LATE MATURING BREEDS

Proportion of Maximum Mature
Cow Body Weight at Age of j% Years
Age Early Late
Approx. Becoming Maturing Maturing
Age (3) (EWj) a/ (LWj) b/
13 2 .712 657
2% 3 .878 .751
3% 4 . 950 .826
43 5 .983 .886
5% 6 . 997 .931
63 7 1.000 . 964
7% 8 . 996 . 985
8% 9 .988 .997
94 10 .977 1.000
104 11 . 964 . 997
114 12 . 948 . 989
124 13 . 932 .978
13% 14 .914 . 966
143 15 .896 .953

a/ Early maturing cow body weight as proportion of maximum (ME):

EW,
J

= b, + b33+ b ,/3

where: b12

b13

b14

b/ Late maturing cow body weight as proportion of

LW,
J

= : : 2
b16 + b17j + b183 + b

where: b16
b17

b18

b19

3
197

= 1.33015
-0.0239
-1.1399

maximum (ML) :
= 0.4107

0.1446
-0.01124
0.0002673
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For the late maturing extreme, the author has assumed a growth
pattern adapted from the Clay Center data (see Figure 2.3). It was
further assumed that late maturing cow weights would gradually decline
to about 95 percent of maximum by the age of i4 1/2 years. A cubic func-
tion of age (LWj) was fitted to this pattern (see Table 2.2 and Figure
2.4). Other functional forms were tried and rejected by the author. The
ones shown had the best fits to the assumed weight patterns.

Maximum mature cow weights (ME and ML) are specified for early and
late maturing breeds, respectively. 1In order to derive specific culling
weight estimates for each age of cow, a linear combination of the two
extreme patterns times their respective maximum weights is calculated.

cwj = (E + ME - ij) + (1.0 - E) (ML -ij)
where: ij = Culling weight of a cow becoming j years of age = g4’j

E = Proportion of the cow herd comprised of early maturing
breeds = b

10
(1.0-E) = Proportion of the cow herd comprised of late maturing
breeds
ME = Maximum mature cow weight of early maturing breeds = bll
ML = Maximum mature cow weight of late maturing breeds = b

15

ij and ij are as described in the text above.
The expanded form of the above cow culling weight function is used

in the simulation model. 1Its terms have already been described above.

_ /- . : . 2 .3
= # + + (1.0-
94,5 T Pro P11 \P12*P133%014/3 (1.0-b) )by 5 { Py ¥Py3¥Dy g3 4D o3

The cow culling weight function (g4 j) is computationally convenient
’
in that it allows easy experimentation with different patterns across cow

ages. The expected cow culling weights are used in the calculation of
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expected cull cow sales values, by the functions g13 5 and g14 5 which
r r
are described in Chapter 4.

.} has the desirable capac~

The cow culling weight formula (CW_,| = 94 3
- r

ity to produce point estimates along a continuous function for any set of
E, ME and ML parameter values. A continuous function is important here
for avoiding biases in cow value estimation that could result from any
sharp departure from trend in cow weight with age. Also, there seems to
be no evidence in the biological literature for anything but a continuous
pattern of cow weights with cow age (other than the usual annual fluctua-
tions due to calving, lactation and changes in feed).

It was noted at the beginning of this section that roughly 62 per-
cent of the U.S. beef cow herd in 1954 was comprised of early maturing
Hereford and Angus breeds. The author, therefore, takeg 0.62 as the ini-
tial value of E (blo)' The maximum weight of early maturing breeds
(ME = bll) is given an initial value of 1050 pounds (Brown, et al., 1980,
P. 44). The maximum for late maturing breeds (ML = b15) will be set at
1200 pounds (slightly below the highest Clay Center cow weights).

The aggregate maximum mature cow weight (MA = gs) is simulated with
the terms defined above. Calf weaning weights (discussed in the next
section) are keyed to this aggregate maximum cow weight:

MA = (E * ME) + (1.0 - E) (ML) = 95 = by * by, + (1.0 - b, )P

Given the initial values assumed for the terms in MA (gs), the
aggregate maximum mature cow weight would be 1107 pounds. Long, et al.
(1975, p. 411) reported an analysis of beef breeding systems which con-
sidered small, medium, and large breeds. The mature cow weights were

948, 1102 and 1322 pounds respectively. It is worth noting that their
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"medium" éows had mature weights less than half of one percent lighter
than the initial MA derived in the present study.

The equation for MA (g5) will yield an estimate as much as 0.83 per-
cent in excess of the maximum CWj (g4'1) for 1.0 > E = blo > 0. The
reason is that ij is maximized at about j = 7 while LWj is maximized at
about j = 10. Since ij (g4'j) is an average of these two functions
(times their respective maximum weights ME and ML), weighted by E and
(1.0 - E), it will be slightly smaller than MA, which is a simple average
of ME and ML, weighted by E and (1.0 - E). However, this small bias is
inconseguential because it can be corrected in the parameters linking MA

to calf weights. The relationship between calf weights and cow age are

discussed in the following section.

Calf Weaning Weights by Cow Age

A considerable body of literature indicates calf weaning weight is
an important distinguishing characteristic separating cows of different
ages. This characteristic is important because calf sales are the chief
source of revenue for a commercial beef cow herd. The purpose of this
section is to define a weaning weight - cow age relationship appropriate
for simulating that of the disaggregated national herd.

A report by the Germ Plasm Evaluation Program at Clay Center,
Nebraska (U.S. Meat Animal Research Center, 1974, p. 3) shows calf wean-
ing weight adjustment factors calculated to put cows of various ages on
a standard basis. The key indications were that 2 year old cows wean
the lightest calves and that weaning weights increase at a decreasing

rate with cow age up to 5 years. Pope (1967a, p. 38) shows similarly
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shaped patterns of calf weaning weights by cows maintained on low, moder-
ate and very high levels of winter nutrition.

Preston and Willis (197C) have provided a comprehensive review of
animal science studies on calf weaning weights. They list the deviations
from overall average calf weaning weights, according to cow age, for each
of 15 studies. Data from seven of these studies were selected for analy-
sis by the author. Each of the selected studies was based on at least
1300 calf records and average weaning ages of at least 190 days. Table
2.3 shows the selected data and the calf weight indices (Ij) derived from
them.

The calf weight indices in Table 2.3 are based on the observation
that the heaviest calves were weaned by the 8 year old cows. A cubic
function was fitted to these calf weight indices by the author to give
smoothed estimates of calf weight, relative to calves weaned by 8 year
old cows, for each age of cow. This function (WIj) yields smoothed
calf weaning weight indices across cow ages, as plotted in Figure 2.5.

. .2 .3 2 _
WIj = b21 = b22 3+ b23 Jj o+ b24 J R™ = .971

where: WIj Estimated weaning weight of calf from a cow j years old,

as proportion of calf weaning weight from 8 year old

cow
b, = 0.770156
b,, = 0.0678788
b, = =0.00642507
23
b,, = 0.000187646

Again, other functional forms were tried and rejected by the author

or. grounds of poorer fits.



TABLE 2.3

CALCULATION OF CALF WEANING WEIGHT INDICES BY COW AGE

No. Of Average Calf Weaning Weight (Kg.) by Age of Dam (j)
Study Calf Calf St.
No. Records In Study W a/
In Study (Kg.) ij
() (Ni)i’ W, )a/ 3=2 5°3 =4 - 35 36 j=7 =8 3=9  j=10 =11 j=12 j=13 j~14
1 1,987 183 159 173 182 188 194 188 188 183 183 178 170 185 175
2 1,306 204 - 190 194 199 202 204 204 204 - - - - -
3 1,372 266 250 260 267 269 267 268 267 273 273 272 272 272 272
4 2,351 189 164 180 187 191 199 200 201 197 194 190 183 182 182
5 1,627 176 170 170 178 178 181 181 181 181 178 - - - -
6 13,937 189 177 177 189 192 195 196 197 197 196 196 195 196 193
7 2,516 212 192 197 197 207 214 215 221 218 218 218 218 218 216
Calf Weight IndexB/ (Ij) .889 .907 .954 .973 .992 .994 1.000 .996 .992 .989 .978 .988 .273
a/ Source of data (Ni' Wi' and W, ,): Preston and Willis (1970) pp. 234-235. Study Locations: i =1, Virginia; i = 2. Hawaii: = 3, Canada;

b/ Calf weight index calculation:

where AD, = available data for j year old cows.

3

i = 4, South Dakota;

j’ﬁi)/(

1, =

J
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FIGURE 2.5 CALF WEANING WEIGET BY COW AGE
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The data in Table 2.3 show that the lightest calves were weaned by
the first calf cows and that maximum weaning weights were obtained with
cows 6 Or more years of age. Only slight declines in calf weaning
weights were recorded for cows aged beyond the occurrence of their re-
spective maxima .

Animal scientists have determined that a cow's potential to wean
heavier than average or lighter than average calves through her produc-
tive life is an inherited trait (Stonaker, 1958, pp. 21-27). Thus, con-
siderable interest has been shown in developing methods for identifying
cows in the herd whose progeny will likely express the high weaning
weight characteristic when recruited into the breeding herd (Minish and
Fox, 1979, pp. 22-34).

The ages of calves weaned from a cow herd in a given year will typi-
cally be spread out with a difference of perhaps 2 months between the
youngest and the oldest. Because calves gain weight rapidly from birth,
weaning weight increases with weaning age. The ages of cows will also
be distributed from young to old, generally with more younger than older
cows (much more discussion of this later). Weaning weights adjusted to
a standard weaning age basis (often 205 days) are usually further ad-
justed for age of dam to a "mature cow" standard. For this latter ad-
justment, one finds various recommendations for use of "additive fac-
tors" (Minish and Fox, 1979, p. 32) or "multiplicative factors" (Ens-
minger, 1976, p. 306).

While the recommended adjustments for age of cow generally follow
the pattern developed in Table 2.3 (and in the function WIj), they indi-

cate discontinuities (long linear segments joined at sharp corners)
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which could unnecessarily bias an economic study of this sort. In fact,
such discontinuous adjustment factors were the basis of assumptions on
calf weaning weights in several firm-level management studies (Rogers,
1971; Bentley, Waters and Shumway, 1976; and Trapp and King, 1979).

Rogers (p. 2) assumed a sharp drop in weaning weights after the
eighth year of age, while Bentley, et al. (p. 14) assumed a similarly
sharp drop for cows beyond ten years of age. It is not surprising that
both of these studies pointed to optimal culling of cows at ages no older
than the year before assumed calf weaning weights took their respective
plunges.

Part of the present study's purpose is to simulate the character of
the aggregate cow herd, which is comprised of tens of millions of animals.
One would expect no discontinuities across cow ages in a characteristic
such as calf weaning weights. Thus, the cubicfuncthl(WIj) shown above
is adopted for the present study.

Carpenter, et al. (1971) reported that cows with heavier weights at
maturity tend to wean heavier calves. From their data (p. 42), the
author has computed the ratios of calf weaning weight to mature cow
weight. Based on 16 or fewer cows each, these ratios had an extraordin-
ary range, with the lowest at 0.364 and the highest at 0.502, compared
with those derived from other studies. For example, Koger and Warnick
(1967) reported 205 day weaning weights for a total of 684 cows, from
which a weighted average ratio of calf to cow weights of 0.4796 was
calculated. 1In a budget study elsewhere, Koger (1967, p. 242) assumed
calf and cow weights which yield a ratio of 0.437. Trapp and King (1979,

P. 5) assumed maximum calf and cow weights which give a ratio of 0.444.
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Pope (1967, p. 278) reported calf and mature cow weights which yielded an
average ratio of 0.416. A similar ratio (0.4177) is derived by adjusting
weaning weight data from Brown et al. (1980) to a 205 day basis and divid-
ing by the mature cow weights they report.

Based on the calf to cow weight ratios noted above, an estimate in
the mid to low 40 percent range would seem appropriate for linking mature
cow weight to maximum calf weight. Thus, the author assumes a ratio of
0.43 as the initial value for MC (bzo); the ratio of maximum calf weight
to maximum aggregate mature cow weight in the simulation model.

Weaned heifers selected for potential recruitment into the breeding
herd (HKB's) will be among the heaviest calves weaned in a given vyear,
though perhaps slightly lighter than the heaviest of their steer siblings.
Thus, the author assumes a ratio of 0.42 as the initial value for HC
(b25), the ratio of HKB weight to maximum aggregate mature cow weight.

Calf weaning weights by cow age, and the weight of heifers kept for
breeding are keyed to MA (gs), the maximum aggregate mature cow weight
(defined above in the cow weight section), as follows:
wwj = (MA « MC - WIj) = 95,5 =95 by, * (b, + b3+ b23j2 + b24j3)
and

HW = (MA - HC) =9, =9; * by

where: WWj = Calf weaning weight for cow aged (j + 1/2) years = g6 3
r

]

Estimated weight of a weaned heifer kept for breeding
(HKB) = g,

MA = Maximum aggregate mature cow weight = 95

MC

Maximum calf weight as proportin of MA = b2O

HC = HKB weight as proportion of MA = b25

o
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WI. = Calf weaning weight for a cow aged (j = 1/2) years as a
proportion of maximum calf weight (described in previous
section).

Given an assumed maximum aggregate cow weight (MA = gs) of 1107

)y

pounds, and maximum calf weight as a proportion of MA at .43 (= MC = b2O
for example, the weaning weight of a calf from an 8 year old cow would
be calculated at 475 pounds. In comparison, the calf weaning weight for
a cow calving as a 2 year old is calculated to be 420 pounds, while that
for a cow calving as a 14 year old would be 464 pounds.

The calf weaning weights, computed by the method above, are assumed
to be the average weaning weight of heifer and steer calves for each age
of cow. The weight expected for weaned heifers kept for breeding is cal-

culated separately, as described above, at 465 pounds (= HW = 9, = g5 .

b25 = 1107 = 0.43).

Cow Age and Calf Survival From Conception to Weaning

Calf deaths constitute very costly losses in the sense of increased
overhead expenses per live calf weaned. The costs of retaining and main-
taining a pregnant cow which subsequently loses her calf must be borne
by other calf and cull cow sales. The purpose of this section is to
define the relationship between cow age and calf survival from conception
to weaning.

Ensminger, et al., (1955, pp. 48, 49) called "appalling”" the 21.3
percent birth-to-weaning calf death losses calculated for all respondents
to their large 1954 survey. By regions, they estimated calf losses at:
12.4 percent for the West; 40.8 percent for the South; 11.6 percent in

the Great Plains; and 15.8 percent in the Pacific Northwest. High calf
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losses have been reported elsewhere, also. Romita (1975, p. 26) esti-
mated beef calf losses at 20 to 30 percent in Italy.

A report by the National Research Council (1968, p. 4) estimated
that "over a period of years, the over-all prenatal and neonatal mortal-
ity of calves in the United States from conception to about 2 months
after birth has been about 10 percent for beef calves". Similar esti-
mates of 11 percent calf mortality, have been reported in the Nether-
lands (Harmsen, 1975, p. 28), and in the Southern U.S. (Temple, 1967,
p. 17).

More recently, the Economics, Statistics and Cooperatives Ser-
vice of the U.S.D.A. (1979, p. 11) reported an over-all birth to
weaning calf mortality rate of 6.4 percent for the U.S. in 1977. The
apparént lack of consistency in U.S. calf loss estimates cited above may
partly be explained by differences in calf losses by cow age and a&if-
ferent herd age structures through time. This point may be explored
with the model developed by this thesis when -herd age structure changes

are simulated.

Ensminger (1976, p. 390) noted that first-calf heifers experience
more difficult births and calf losses than older cows. He estimated
that heifers lose ten percent of their calves compared with a 6 percent
loss for cows of all ages in the U.S. Other sources suggest that losses
by heifers are even greater. For example, expectations of 12 to 15 per-
cent calf losses by heifers were reported by Pope (1967b, p. 175) and
borne out also in data by the U.S. Meat Animal Research Center, as anal-

yzed by the author in Tables 2.4 and 2.5.
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The author has calculated the average percentages of calves weaned
of those born for groups of saveral beef breeds, at cow ages of 2, 3,

4 and 5 or more years (U.S. Meat Animal Research Center, Progress
Report No. 3, 1976, Table 2). Those calf survival percentages were
83.5, 91.4, 93.7 and 94.4, respectively. The calf losses implied are
16.4 percent for first calf heifers, down only to 5.6 for cows aged 5
years and older.

Other data on calf losses by cow age were gleaned from Progress
Reports of the U.S. Meat Animal Research Center, as shown in Table 2.4,
With the assumption that calf numbers were divided evenly among éhe cow
ages, where losses were reported for combined cow age groups in Table
2.4, the author has computed weighted average calf losses for each age of
cow. Subtracting each of the resultant estimates from 100, and dividing
by 100, gave the average calf survival rates shown in Table 2.5.

A hyperbolic function of cow age was fitted to the average calf
survival rate data, for 2 to 10 year old ccws, shown in Table 2.5 (other
forms were tried and rejected). This function was used to generate the
calf survival rate estimates (CS - g8,j) for cows 2 through 14 years of
age, shown in Table 2.5. The point estimates of calf survival rates
across cow ages, given in Table 2.5, are plotted in Figure 2.6. The
estimates for the 11 to 14 year old cows are extrapolations bevond the
base data set. Though only a slight decline in calf survival rates for
the most elderly cows is indicated, there are two sound reasons for al-
lowing these as default estimates.

First, the common practice of selective culling of open (non-preg-

nant) and unsound cows from the herd each vear has the effect of leaving




TABLE 2.4 CALF LOSS DATA BY COW AGE

Referenceé
Age Progress Table Number of Calves Calf lL.osses From
of Report///;umber Born Birth to Weaning b/
Cow Number (For Weighted Averages) As % of Calves Born—

2 2/2 635 11.6

2 4/26 213 11.8

2 5/4 235 14.9

2 5/11 ' 458 16.7

2 6/25 259 ' 8.7

2 7/5 170 14.5

2 7/7 421 9.7
Weighted Average for two year old cows 12.48

3 2/4 427 8.7

3 4/1 664 9.0

3 5/9 210 8.0

3 5/13 220 8.5

3 7/9 268 7.4
Weighted Average for three year old cows 8.51

4 & 5 4/3 714 7.8

4, 5 & 6 5/1 1382 6.8
4, 5, 6 & 7 6/1 2043 7.9
4, 5, 6, 7 & 8 7/1 2678 7.0
4, 5, 6, 7, 8, 9 & 10 4/30 942 5.7

a/ Sources: U.S. Meat Animal Research Center, Progress Reports.
b/ 100X (percent born* - percent weaned*) / (percent born%*)

* Percent of cows alive at calving.

89
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TABLE 2.5 ESTIMATION OF 2 CALF SURVIVAL FUNCTION
{Calves weaned per calf born)

Average Calf

Estimates By
Calf Survival

able.
Cs. = . =b
J gslj
where: b26 =
byg =
b28

Estimates are

+ b27 j + b28/3
. 975463

-.00184144
= -.184779

R

= .929

extrapolations beyond basis data by g8 j function.
’

Cow Age Survival Rate a/ Rate Function b/
(3) by Cow Age (CSj = gs,j)
2 0.8752 0.8794
3 0.9149 0.9083
4 0.9276 0.9219
5 0.9276 0.9293
6 0.9288 0.9336
7 0.9289 0.9362
8 C.9326 0.9376
9 0.9430 0.9384
10 0.9430 0.9386
11 NA 0.9384%
12 NA 0.9380%*
13 NA 0.9373*
14 NA 0.9365*
a/ Derived from Table 2.4 data. See text. NA indicates data not avail-
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only the most exceptional cows in the older age groups (Preston and
Willis, 1970, p. 235). Under such culling pressures, a cow which remains
with the herd into her teens is one which has truly proven her mothering
ability (Baker and Quesenberry, 1944, p. 82). Secondly, there seems to
be no basis for assuming a discontinuous pattern of calf survival rates
with cow age. As with the other age-related biological parameters dis-
cussed in this section, it is very desirable to use point estimates for

calf survival rates which lie on a continuous pattern.

Management Expectation Parameters

Intensive interviews of cattlemen by the author revealed a surpris-
ing degree of agreement on the practice of culling non-pregnant cows.
Of the cow/calf managers questioned on the subject, all said they cull
open (non-pregnant) cows soon after pregnancy testing or, if pregnancy
testing is not done, as soon as non-pregnant cows are discovered among
the calving cows (Buether, 1978; Burnet, 1978; Carlson, 1978; Davis,
1978; Erickson, 1978; Greiner, 1978; Hardie; 1978; Harrison, 1978; Holmes,
1978; Mobley, 1977; and Tatum, 1978). Several of those interviewed men-
tioned extenuating circumstances for keeping a non-pregnant cow in the
herd. For example, "unless it's a good young cow" (Erickson, 1978), or
unless "she's a real good cow" (Carlson, 1978), or "awful good" (Harris-
on, 1978). One said that he may "occasionally" keep an opencow, but that
it "was not a good practice" (Greiner, 1978). Hultz (1930, pp. 78-79)
noted that good cows which miss being bred in one year are not always
dropped from the herd without another trial, while some ranchers make a

strict practice of culling out every cow that does not produce a calf.
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The admonition to cull all non-pregnant cows from commercial beef
herds is found in many animal husbandry textbooks (i.e., Potter, 1930,
p. 59; Ensminger, 1976, p. 1122; and Minish and Fox, 1979, p. 105) and
extension publications (i.e., Fields and Warnick, 1974, p. 1003.4; and
Stonaker, 1958, p. 9). However, from the data tabulated from their 24
state survey, Ensminger, et al. (1955, pp. 59-60) inferred that only
about one-fourth of the barren cows in 1954 were culled. This inter-
pretation is not totally supported by their data, in that another reason
for culling (age), which would not have been mutually exclusive with
barrenness, was listed. It is quite possible that the reason for culling
most of the cows in the intersecting set of non-pregnant and older cows
would have been reported as age. By this interpretation, the 1954 data
could be read as showing that as many as three-fourths of the barren
cows were culled.

One of the main themes in the very useful compendium of papers from
a short course on factors affecting the calf crop (Cunha, et al., (eds),
1967) was that cows which are not pregnant or do not calve should be
culled (specifically see: A.C. Warnick, p. 1, p. 31, and p. 352; Koger,
pP. 239 and p. 242; Reynolds, p. 259; and Cunha and Warnick, p. 365).
These authors cited their own research, and that of others, to demon-
strate the benefits of such culling in terms of increased herd produc-
tivity. They contrasted the potential productivity levels with the
rather poor actual performance of commercial herds in the Southeast.

A consistent summary of the farmer interviews, research papers and
textbook admonitions on the guestion of culling non-pregnant heifers and

cows can be given in a few words: we know we should cull them all, but
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we can't always bring ouselves to do it. An explicit model rationalizing
the retainment of varying prooortions of non-pregnant heifers and cows is
given in Chapter 4 of this thesis. This seems necessary in the context of
simulating the way things were, rather than how they "should have been”.
In any budgeting exercise or present value calculation one must make
assumptions about the likelihoods of the future occurrence of various
states of nature. For example, to budget the expected net revenue from
a cow over the coming year, it will be useful to have an estimate of the
probability of having cull sale revenue from that cow at the end of the
year. Also, where the present value of an expected future stream of
costs and revenues for a cow is to be calculated, it is useful to have
estimates of the likelihoods of a cow's continued retainment in the herd
through the future years. Such estimates are called management expecta-
tion parameters in the present study. Their development is discussed

here.

Expected Retainment Rates

A minimum of three elements enter the a priori expectation that a
cow will be retained in the herd at the end of the coming year: The
rates of conception (gl,j)’ unimpaired hezlth (g2’j) and survival (g3’j).
Clearly, the proportion of cows, in a given age group, which die are out
of the running. Of the survivors, it is assumed that only those which
are both pregnant and healthy will be retained.

It should be emphasized here that retainment expectations defined
according to the above assumptions are to be used only in the present

value calculations of Chapter 4. The simulated demographic changes in



74

the cow herd are only indirectly influenced by these retainment expecta-
tions as they influence the apparent breeding value of a group of cows
relative to their salvage values if sold immediately. Other limitations
on the use of these expected retainment rates are imposed in the present
value calculations described in Chapter 4.

In order to define the proportion of surviving cows which are both
pregnant and healthy, it is assumed that the joint probability is simply
the product of the probabilities of the two independent states: preg-
nancy and unimpaired health. This requires the explicit assumption that,
within a given age group, the non-pregnant animals will have the same
rate of unimpaired health as those that are pregnant; and that the ani-
mals with seriously impaired health will have the same conception rates
as those with unimpaired health. These assumptions are adequate in the
present application because they capture the essence of the observed pro-
cess if not the precise proportions (which are not known). What has been
observed is that the population of cull beef cows going to slaughter is
composed largely of healthy non-pregnant, unhealthy (or unsound) pregnant,
and unhealthy, non-pregnant animals. Conditions under which healthy non-
Pregnant cows may be retained, and conditions under which healthy preg-
nant cows are culled are examined later in Chapter 4.

Computational convenience has influenced the mathematical expression
of expected retainment rates here. The definition of expected retainment
rate is based on the expectations for the future of a weaned heifer kept
for breeding. With the decision to retain a given weaned heifer for
breeding as a 1 year old, the expectation that she will be retained for

her first year in the breeding herd equals unity (g9 1= R =1.0).
14

1
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Now comes the question of +he likelihood that this weaned heifer
will be retained 1 year hence, for breeding as a 2 year old (that is,
for retainment in the second year of her future). BAccording to the as-
sumptions given above, this likelihood may be expressed as:

= . e« H . = = . . .
Ry TR+ Gt By " 895,591 " 9,1 " 9,2 " 93,5

where: R_ = expected likelihood that a weaned heifer kept for breeding
will be retained (surviving, pregnant and healthy) in the
herd for the second year in her future (i.e., for breeding

as a 2 year old) (g9,2).
R1 = 1.0, by definition above (g9,1)
C1 = conception rate for 1 year olds (gl,l)
H2 = unimpaired health rate for heifers becoming 2 years of
age (g, )
82 = survival rate in the past year for heifers becoming 2 years

of age (g3,2).

Recall that conception rates (gl,j)' unimpaired health rateé (g2,j)
and survival rates (g3,j) were defined in the early sections of this
chapter.

The expected likelihood that a weaned heifer will be retained (sur-
viving, pregnant and healthy) for the third year in her future (i.e., for
breeding as a 3 year old) may be expressed as:

R = . . . = = . . .
3Ry "Gyt Hy Sy =gy =95, 09, 92,3 " 93,3

In general, then, the expected likelihood that a weaned heifer will
be retairned (surviving, pregnant and healthy) for the jth year in her

future (i.e., for breeding as a j year old) may be expressed as:

. « H ¢ g

R, = C. . . = .= . . . . . .
j=-1 J J 99,3 gglj-l gllj_l gzlj g3lj

. R,
] j-1
This provides a concise definition of what may be regarded as an

expected steady-state age structure, based on the likelihood of a weaned
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heifer kept for breeding to be retained in the herd for her jth year in
the future. It is clear that these retainment rates depend totally on the
assumed conception, unimpaired health and survival rate patterns across
cow ages. The only safe generalization we can make is that the steady-
state age structure pattern {(with retainment likelihood on the vertical
axis, and cow age on the horizontal) is a monotonic decreasing function

. i =1]. > v, >
of age That is, R1 1.0 > R2 R3

RlS'

Assuming conception rates derived from Burke, and unimpaired health
rates and survival rates defined earlier in this chapter, expected retain-
ment rates for a weaned heifer kept for breeding were calculated. These
rates are shown in Figure 2.7. The real computational convenience of the

present expression of expected retainment rates comes in their use in de-

fining retainment rate expectations for the futures of each of the older

Here, Ri . is defined as the expected likelihood of retaining a cow,
’

presently becoming j years of age, in the ith year of her future, if she

is retained for breeding in the coming year. Using the weaned heifer-

\
|
age classes.
based rates, defined above,
\
|

R. .
R_ . =_l+_tl
3 g, ]
J

Notice that in general, for the first year of the future (i.e., the

coming year),

R, . R. .
1+j-1 _ | _ggl]
R1 5 —_— = = =1.0=
! R. R, .
J J g9,3

The expression above has a simple interpretation. Wwhen the decision

has been taken to keep a cow for breeding as a j year old in the coming
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year, the retainment rate for the jth year in the future of weaned heif-
ers kept for breeding (Rj) becomes the unity basis of retainment expecta-~
tions for the future of the j year old cow. Thus, for example, in the
case of a cow which is to be kept for breeding as a 5 year old in the
coming year, the expected likelihood that she will be retained (surviv-
ing, pregnant and healthy) for breeding in the third year of her future

is given by:

_ Ritg-1 _ R3+5-1 _ 7 _ 59,7

R, R, Ry 9o 5 -

The potentials a cow has for future calf production and cull sale are
defined largely by her expected retainment rate sequence. In the present
value calculations the retainment likelihoods scale down the more distant
future cow costs and revenues relative to those expected in the near fu-

ture. The process is described in Chapter 4.

Expected Fractional Culling Rates

Future cull revenues are weighted by the likelihocd of a cull sale
at the end of the year. A culling likelihood is calculated for each age
group of breeding heifers and cows based on the weaned heifer retainment
likelihood series described above. The likelihood that a cow, retained
for breeding as a j year old, will survive to the end of the year but not
be retained for breedirg in the subsequent year, is defined here as the
fractional culling likelihood. The fractional culling likelihood is com-

puted as a simple proportional residual:
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(Ry * S54) = Rypy 99,5 " 93,541 7 99,541
Exj = - = 910'3 = ;
J 9,3
where: EXj = glO 3 = fractional culling likelihood for next year
r
R, = g, . = weaned heifer-based retaimnment likelihood for jth
J 9,3
year
S = survival rates expected in the next year for

. = g_ .

+

I+l 3,341 a cow kept for breeding as a j year old.
Because the fractional culling rates are functions of the weaned

heifer-based retainment rates, they are also totally dependent on the

assumed conception, unimpaired health and survival rates. The fractional

rates shown in Figqure 2.7.

The fractional culling rates are used in the calculation of net

culling rates plotted in Figure 2.8 are based on the expected retainment

annual revenue projections for cows of each age and pregnancy class, in

the simulation functions =P 3 and 925 3° These are described in Chapter
r r

4, as part of the Cow Value model.

In the FLEXFORM documentation of the simulation model, given in

is used in the model.

Appendix A, all of the age-related biological and management expectation
parameters developed in this chapter are summarized. The FLEXFORM also

provides a function-by-function cross index, showing where each function




o

80

FIGURE 2.8 EXPECTED FRACTIONAL CULLING RATES BY COW AGE (glo j)
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CHAPTER 3

DRIVING VARIABLES: PRICE AND COST SERIES

The purpose of this chapter is to describe the sources and means of
application of historical price and cost data in the present study. It
is clear that calf sales and cull cow sales are the chief sources of
revenue for commercial beef cow herds. Not immediately clear are the
ways in which weaned calf and cull cow values vary by cow age. These
questions are examined here. The variable costs of maintaining pregnant
and non-pregnant heifers and cows of different age classes are separately
budgeted for the year 1978 as a basis for generating cost budgets in each
vear of the simulation run. Cost differences between years are simulated
by multiplying cost indices developed for each of ten cost categories
(for each year of the simulated period 1950-1978) times their respective
1978 base~year~budget amounts.

Calf and cull cow prices, with the cost budgets, are used in the
model to generate estimates of net annual revenue for each age heifer
and cow (from one to 14 years old) in pregnant and non-pregnant classes
in each of the 29 years of simulated time. These net annual revenue
values, in turn, are used as part of the basis for generating breeding
value measures projected to the future for animals of each age and preg-

nancy class.
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Calf and Cull Cow Prices

Annual average per cwt. prices of Choice feeder steers (600 to 700

pounds at Kansas City) comprise the Z_ input series for the simulation

1
model. The 22 input series is the annual average Utility cow price per
cwt. (at Omaha). Both of these price series run from 1950 to 1978, and
are listed at the end of this chapter in Table 3.6. They are found in a
U.S.D.A. data file (U.S.D.A., E.S.S., T-DAM, 1979), under the variable
names "STEPMFEKC6" and "CATPFNF", respectively. The "T-DAM" data file
was compiled and updated by the U.S.D.A. for use in large econometric
forecasting models (see: Tiegen, 1977; and, Yanagida and Conway, 1980).
That file is the source of several other national historical series used
in this study.

It is important to_note that neither of these input series (Z. and

1

Zo) is applied directly in the value calculations of any class of cows

or heifers in the model. Price transformations based on calf gender and
cow age occur in a number of functions (gl3, g14 and 925).

It is assumed in this model that differences in future calf sales
values per head across cow ages are due only to differences in calf
weights. 1In other words, the same expected future calf price per cwt.
will apply to calves from cows of all ages in a given year.

In estimating future weaned calf sales revenues for cows which are

currently pregnant, it is appropriate to use weaning weights representing
the average of those expected for steer and heifer calves, by cow age
(see discussion of the calf weaning weight function, Ie 3 in Chapter

r

2). Likewise, a price representing the average expected for steers
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and heifers ought to be projected for these yet unborn sources of poten-
tial revenue.

Heifers commonly fetch a lower price per cwt. than steers at all
stages, from weaning to slaughter (Ensminger, 1976, p. 1357). 1In the
budget generation equations described in Chapter 4, present salvage
opportunity values of weaned heifers kept for breeding are based on
prices per cwt. assumed to be 86 percent (b3 = .86) of those for feeder

9

steers, Zl {see Rogers, 1972, p. 922, for similar weighting). Consis-
tent with this assumption, average future calf sales prices are taken to
be 93 percent (b38 = ,93) of expected future feeder steer prices (gl2,l)'
The 93 percent figure is based on the assumption that half of the calves
weaned will be heifers and their price per cwt. will be 86 percent of
that for steers.

Normally, some variable proportion of the heifers are kept for breed-
ing and not sold at weaning. However, the model calculations of a cow's
value for retainment in the breeding herd anticipate the sale of all
calves she will likely wean in the future. Planning horizon limits for
these calculations are discussed in Chapter 4.

In the present model, cull cow sales values are taken to be the prod-
ucts of cull cow body weights and cull cow prices per cwt. Body weights
are given as a function of cow age only (g4,j) while cull cow prices per
cwt. are modeled as a function of feeder steer and Utility cow prices as
well as cow age. We may safely presume the aggregate population of cull

cows going to slaughter in the U.S. is comprised of cows of all age

classes, from two to 14 or more years.
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It is also safe to assume that cull cow prices per unit of weight
are a monotonic decreasing function of age. Burke (1954, p. 6) noted
that younger cows tend to be in "better flesh” at culling than older
cows, while Burlakov and Startsev (1961, p. 376) likewise stated that the
carcasses of older cows are of "poorer quality" than those of middle-aged
cows. Koger (1967, p. 242), in a budget analysis of culling practices,
assumed culling prices per unit of weight for younger non-pregnant cows
to be 25 percent higher than those culled for old age. Rogers (1971,

P. 2) wrote that "there is general agreement that the market value of
cows decreases with advancing age", noting further that "no published
data are available to indicate the nature of this relationship".

Rogers (1971 p.2) assumed that cull cow values (implicitly price
times weight) decline with age according to the pattern of a sum-of-the-
years-digits accelerated depreciation system. With cull value in units
of dollars per head on the vertical axis this pattern is convex to the
horizontal age axis.

Bentley, Waters and Shumway (1976, pp. 13-18) tried three alterna-
tive cull cow price patterns in their analysis of replacement policies.
Their initial alternative assumed the sale of all heifers failing to pro-
duce a calf at two years of age (at 950 pounds, after a fattening period,
for Good-Choice grade heifer prices), while all other (older) cows would
fetch Utility grade prices at a common weight of 1000 pounds. Their
other two alterrnatives assumed linearly declining cull prices over the
life of the cow "in an attempt to account for deterioration in carcass
quality with age" (p. 17). The first of these was a decline "from the

average Good-Choice slaughter heifers and Utility cow prices after the
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first calf to Cutter prices after the 14th calf". The second of their
linear decline alternatives ranged only from Utility cow prices down to
Cutter cow prices (p. 17).

In a discussion of relative salvage values of bred yearling heifers
and mature cows, Stonaker (1958 pp. 16, 17) examined the Denver market
prices for the second week of November over a 10 year period (1947-
1956). He found the mean ratios of Utility grade cow prices (per cwt.)
to those for Good to Choice yearling feeder heifers ranged from .6 to
.65. Stonaker suggested that a 1000 pound cow leaving the herd would
have a salvage value just sufficient to pay feor replacing her with a 650
pound bred yearling heifer. Implicit in that suggestion is the question-
able assumption that a pregnant yearling heifer could be purchased at her
salvage value rather than her value as a breeding animal.

Trapp and King (1979, pp. 4,5) assumed a pattern of relative price
declines with cow age, which they attributed to Rogers (1971.) As with
the cull value pattern Rogers used, the cull price pattern of Trapp and
King has the characteristic of discontinuity at the age of 10 years.

That is, cull cow prices were assumed to decrease at a decreasing rate
with age until the age of 10 beyond which they remained constant at
exactly the level of the Cutter-Canner prices.

As in Bently, Waters and Shumway's study (1976), Trapp and King
explicitly separated the weight and price components of cull cow value.
The approach of separating the weight and price components of cull cow
value is also used ir the present study. Here, however, these components

are derived as point estimates from continuous functions of cow age.
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A Cull Cow Price Function

Yearling heifers, almost 2 years old (and weighing over 700
pounds) at the time of potential cull sale, are assumed in the present
model to have cull prices always above those of the oldsr cows and always
below those of lighter feeder calves. The cull price of older cows is
assumed to fall at first rapidly then progressively slower with advancing
age, monotonically decreasing. The most elderly cows, by this process,
will have the lowest price per unit of weight and this will be somewhat
below Utility grade cow prices, in the neighborhood of the lower grade
Canners and Cutters The latter represent the lowest guality grade of
slaughter cattle (McCoy, 1972, pp. 278, 279).

A recent study by Reeves (1980, p. 244) noted serious multicollin-
earity problems when using both feeder cattle prices and non-fed beef
Prices as independent variables in the estimation of slaughter cow beef
production. Linear regression analysis by the author confirms a high
level of correlation between feeder steer prices (Zl) and Utility cow
Prices (22) over the study period (1950-1978).

Z2 = -1.8315 + 0.6724 Z1 R2 = .9789
In general agreement with Stonaker's figures cited above (1978, pp. 16,
17), this eguation indicates that Utility cow prices have been somewhat
less than 67.2 percent of feeder steer prices on a per unit weight basis.
Estimated over a shorter period (1950-1975) the mean annual ratio of Wtil-
ity cow prices to Canner and Cutter cow prices was 1.08, with a standard

deviation of only 0.037. However, over the shorter period (1958-1975) a

somewhat smaller ratio (1.059), and standard deviation (0.0175) is noted.

L
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For the purpose of this study, the assumption of a continuous pat-
tern of cull cow price decline with age seems most appropriate. The
reason, as with the biological parameters described in the previous chap-
ter, is that there is no a priori justification for the assumption of
discontinuous price patterns in so large a population as the number of
beef cows sold for slaughter in the U.S.

The present study requires estimates of cull cow prices for each age
of cow in each of the 29 years of a simulation run. The following func-

tion provides the desired characteristics.

= - -— + -
Cow Pj Zl b4o(Zl Zz) b4o(zl Zz)
1 by
where: Cow P, = current estimate of price per cwt. for a cow if culled

just before becoming j years of age, j = 2 to 15

current feeder steer price per cwt.

N
]

1
22 = current Utility cow price per cwt.
b40 = price spread factor (set at 1.2 initially)
b41 = hyperbolic age coefficient (set at 1.0 initially)

Alternative values of the parameters (b and b,.) are discussed
. 40 41
in Chapter 4.

This cull cow price model uses the Zeeder steer-Utility cow prices
spread to scale the range of estimates each year, tracing a hyperbolic
decline in cull cow price with age. Cull price estimates derived for
1950 and 1978 are plotted in Figure 3.1l. The use of the feeder calf
prices in this case is justified on the grounds that they are highly but
not perfectly correlated with Utility cow prices. The youngest cull cow

age class (becoming 2 years old) will fetch prices closer to the feeder

calf prices than Otility cow prices. 1t is argued here that a greater
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FIGURE 3.1 CULL COW PRICE ESTIMATES BY COW AGE
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(smaller} than average relative price spread betwsen feeder calf prices
and Utility cow prices will be associated with a greater (smaller) rela-
tive price spread between the youngest and oldest cull cow age classes.
The eguation above very simply accomplishes such relative scaling of cull
cow prices in each yvear of the simulation run.

Taking the cull cow price estimates (Cow Pj) in a given year times
the respective cull cow weights (g4'j, developed in the preceding chap~
ter) results in estimates of present salvage value (PSV) for each agé of
cow that year. These values are computed in function g14'j of the simu-
lation model. A smooth pattern of cull cow PSV's, concave to the hori-
zontal age axis, is the result. The age at which maximum PSV occurs is a
function of the assumed proportions of early and late maturing cow breeds
in the national herd as well as the parameters in the cull cow price
model described above. The simulation model compares the estimated PSV's
with estimated values for breeding in order to make culling and recruit-
ment decisions.

An alternative form of the Cow Pj function is developed in Chapter
4. It uses expected future prices of feeder steers and Utility cows
(g12,1 and g12,2, respectively) in place of the current prices,.z1 and Z2.
That function (gl3,j) generates expected future cull salvage values

(FSVj) analogous to the present salvage values (g14 5 = PSVj).
?

Beef Breeding Animal Maintenance Cost Budgets

Annual maintenance cost budgets are developed in this section for
each of five distinct classes of animals in a beef breeding herd:

(1) weaned heifers kept for breeding; (2) pregnant and (3) non-pregnant
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vearling heifers (becoming 2 year olds); (4) pregnant and {(5) non-
pregnant mature cows (becoming 3 vears ©ld and over). The cost bud-
gets here are generally based on a herd budget for 1978 estimated for the
Great Plains region of the U.S. by the Economics, Statistics and Coopera-
tives Service of the U.S.D.A. (1979, p. 44), hereafter referred to as the
E.S.C.S. herd budget. The herd budget showed cash and non-cash direct
costs, ownership costs and other costs on a per-cow and heifer basis.
Thus, for the purpose of this study, it was necessary to decompose the
E.S.C.S. herd budget to its assumed constituent classes of breeding ani-
mals. Of interest here are only the costs which vary with animal numbers,
not those which are tied to interest and taxes on land investment or to
management costs.

The use of the Great Plains cost data is justified because that
region maintains the largest number of beef cows, and has long held that
position. It can also be argued that it is more reasonable to assume
constant technology within a region than across regions which through
time have comprised changing prcportions of the national cow herd. It
is assumed that net revenues for cows in other regions are highly cor-
related with those for cows in the Great Plains region.

The cost indexing method used in this study explicitly assumes con-
stant physical propeortions of inputs for each class of animals, with only
the cost per unit of input changing through time. The 1978 base year
budgets developed in this section in effect define the physical propor-
tions of inputs, class by class. Budgets for any particular year of the
simulation run are created by applying that year's vector of cost indices

(1978 = 1.0) to the base year budgets.
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The three sections which follow describe the feed, husbandry and
common cost parameters for each class of animal. These are later com-
bined in the simulation model as the 1978 base year cost budgets, to be
used with the yearly input cost index vectors. This chapter is concluded
with a description of the sources and applications of the historical cost

series which comprise the annual cost index vectors.

Feed Costs

Feed cost allocations were based on "animal unit" assumptions as
well as assumptions on the age composition of the herd budgeted by the
E.S.C.8. From the E.S.C.S. text (1979, pp. 11, 12) it is clear that the
per-cow budget assumes 17 bred yearling heifers and 83 cows per 100 cows
and heifers in the herd. In order to have 17 bred heifers each year per
83 cows, it is safely assumed that 20 weaned heifers would have to be
kept for breeding (allowing for reasonable conception and survival rates
for that class). Thus, the budgeted herd is comprised of 83 cows, 17
bred yearling heifers and 20 weaned heifers kept for breeding per "100
cows and heifers".

According to Ensminger (1976, p 1502) cows and heifers at different
levels of maturity can be expected to consume certain quantities of range
forage and other feeds. An animal unit month (A.U.M.) is defined as the
forage required to suppcrt a cow for one month, with or without an un-
weaned calf at her side, or a heifer 2 years old or older. Young

cattle, 1 to 2 years old are supposed to require 0.8 animal units per

month while weaned calves to yearlings require only 0.6 animal units per
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month. These definitions may be used for estimating the gross feed bud-
gets for the annual time calendar (weaning to weaning) used in this
study, though their use has come under justifiable criticism in range-
land allocations.

Mature cows are assumed to require feed eguivalent to an animal unit
year, while the annual budgets for yearling heifers and heifers kept
for breeding require further assumptions. Taking the annual feed required
for a growing heifer kept for breeding to be comprised of 1/4 that of a
"weaned calf to yearling" class and 3/4 that of the "young cattle" class,
gives 0.75 animal units for the annual average ((1/4) (.6) + (3/4)(.8)).
Similarly, taking the annual feed required for a yearling heifer (becom-
ing 2 years old) to be comprised of 1/4 that of the "young cattle"
class and 3/4 that of the "mature cow" class we have 0.95 animal units
for the annual average ((1/4) (.8) + (3/4)(1)).

The feed costs from the E.S.C.S. herd budget are decomposed here by
allocation factors derived from the above herd composition and the animal
unit data. Table 3.1 shows that the sum of the products of animal class
numbers per "100 cows and heifers", and their respective "animal unit"
reguirement per head, equals 114.15 animal unit years for the herd. The
feed cost allocation factor for each class of females is derived by divid-
ing their respective number of animal units by this sum of products.

The relevant feed costs (i.e., wvariable non-land) from the E.S.C.S.
(1979, p. 44) budget were multiplied by 100 to derive the herd feed costs
shown in Takle 3.2. The feed cost allocation factors from Table 2.1 are
used in Table 3.2 to estimate the 1978 feed costs attributed to each of

the three maturityv classes in a herd of "100 cows and heifers".
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TABLE 3.1 FEED COST ALLOCATION FACTORS

Herd Composition per Animal Units Animal Units
"100 Cows & Heifers" per Head

83 cows
(3 years old and over) X 1.0 = 83.00

17 yearling heifers
(becoming 2 years old) X 0.95 = 16.15

20 weaned heifers
(kept for breeding) X 0.75 = 15.00

A.U.Y. Sum of Products = 114.3i5

Feed Cost Allocation Factors

83.00/114.15 0.7271 for the herd's cows

16.15/114.13 0.1415 for the herd's 2 year old heifers

15.00/114.15

0.1314 for the herd's weaned heifers kept for breeding




TABLE 3.2 DECOMPOSITION OF HERD FEED COSTS, GREAT PLAINS, 1978

100 Cows and Heifers

1978 83 mature cows 17 2-year old heifers 20 weaned heifers
Herd Allocation Factor Allocation Factor Allocation Factox
Feed Category Total a/ (0.7271) b/ (0.1415) b/ (0.1314) b/
Rented Pasture $1,021.00 $ 742.37 $144.47 $134.16
Hay 3,682.00 2,677.00 521.00 483.81
Grain, Concentrate & Silage 712.00 517.69 100.75 93.56
Protein Supplement 48.00 34.90 6.79 6.30
Salt & Minerals 244.00 177.41 34.52. 32.06
TOTALS (1978) $5,707.00 $4,149,37 $807.53 $749,89

3/ Based on E.S.C.S. Costs of Producing Feeder Cattle in the U.S., U.S.D.A., 1979, p. 44.

9/ Cost allocation factors derived in Table 3.1.

6



TABLE 3.3 FEED COSTS PER HEAD, BASE YEAR BUDGET PARAMETERS, GREAT PLAINS, 1978 E/

Feed Category

Rented Pasture

Hay

Grain, Concentrate & Silage
Protein Supplement

Salt & Minerals

(3 years and older)

Weaned Heifers

TOTALS

2 year old heifers kept for breeding
b55 = § 8.50 b48 = § 6.71
b56 = 30.65 b49 = 24.19
b57 = 5.93 b50 = 4.68
b58 = .40 b51 = .32
b59 = 2.03 b52 = 1.60

$47.51 $37.50

a/ Derived from Table 3.2.
spective values.

Parameter Names (bi) used in the simulation model are shown with their re-

S6
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Feed costs for 1978 were calculated on a per-head basis for each of
the three maturity classes by dividing the class totals in Table 3.2 by
the numbers of z2nimals in each class. These per-head costs (shown in
Table 3.3) are considered to be the base year feed budget parameters in
the simulation model. The parameters names (bi) are shown with their
respective values.

Pregnant or lactating animals may sometimes be given preferential
feed treatment in addition to the extra labor and veterinary care nor-
mally called for. However, in the present model, it is assumed that
pregnant and non-pregnant heifers becoming 2 years old during the year
will have the same feed costs. A similar assumption is made in the case
of pregnant and non-pregnant cows. Adeguate nutritional levels are re-
quired by the non-pregnant animals in order to achieve normal conception

rates for their age classes.

Husbandry costs

Labor and veterinary care are the cost items which most dramatically
distinguish the pregnant animals from their non-pregnant cohorts. These
are defined as husbandry costs here. The E.S.C.S. budget categories for
labor, veterinary and medicine may be distributed over the three maturity
classes according to the numerical compositions used above in combination
with some reasonable assumptions regarding intensity of care.

Of 120 females retained for breeding in the budget for "100 cows
and heifers", it is assumed that 83 are cows (three years old and over),
17 are heifers (2 years c¢ld ) and 20 are weaned heifers to be bred at

1 vear of =zge. Thus, the numerical composition of the herd's three
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maturity classes is (83/120), (17/120) and (20/120), respectively. It is
assumed that most of the mature cows and 2 vear old heifers in the
E.S5.C.s. herd budget would be pregnant at the beginning of the production
yvear (after culling). At that time, of course, none of the weaned heifers
would be expected to calve until more than a year in the future.

It is also assumed that the pregnant cows would require labor and
veterinary care only slightly in excess of their numerical standing in
the herd; say, (85/120) of the herd's requirements. The pregnant heifers
(to calve as 2 year olds) however, may be expected to incur such hus-
bandry costs in considerable excess of their numerical standing; say,
(25/120) of the herd's requirements. The weaned heifers kept for breed-
ing are expected to require relatively the least amount of attention and
veterinary care of all. Their share of the herd's husbandry costs are,
therefore, assumed tobe only (10/120); that is, a propcortion equivalent
to one-half their numerical standing in the herd.

The allocation factors of (85/120), (25/120) and {(10/120), for the
cows, 2 year olds and weaned heifers, respectively, are used in Table
3.4 to decompose the herd's husbandry costs. In the same Table these
costs are also calculatedon a per-head basis as parameters for use in
the simulation model.

The class of weaned heifers kept for breeding is unique in that all
these animals begin the year in a non-pregnant state with the prospect of
rapid growth and a fair chance of being pregnant at the year's end with
little need for labor or veterinary care. In contrast are the cow and
2 year old heifer classes. Pregnant cows and pregnant 2 yearold

heifers are assumed to have had the prospects of incurring labor and




TABLE 3.4 HUSBANDRY COSTS, BASE YEAR BUDGET PARAMETERS, GREAT PLAINS, 1978 E/

83 Mature Cows 17 Two Year 0Olds

20 Weaned Heifers

1978 Allocation Cost per Allocation Cost per Allocation Cost. per
Husbandry Herd Factor in Head b/ Factor in Head b/ Factor in Head b/
cost category Totals herd: (85/120) herd: (25/120) herd: (10/120)
Labor $3,227 $2,285.79 b69=927.54 $672.29 b60=$39.54 $268.91 b53=$13.45
Veterinary
and Medicine 392 277.67 b70= 3.35 81.67 b61= 4.80 32.66 b54= 1.63
TOTALS (1978) $3,619 $2,563.46 $30.89 $753.96 $44.34 $301.57 $15.08

E/ Based on E.S.C.S. Costs of Producting Feeder Cattle in the U.S., U.S.D.A., 1979, p. 44.

b/ Parameter names (bi) used in the simulation model are shown with their respective values.

86
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veterinary costs as shown .in Table 3.4 for 1978. Non-pregnant cows and
non-pregnant two year old heifers, however, are assumed to have had the
prospect of requiring far less labor and veterinary care than their preg-
nant age cohorts. It is assumed that these non-pregnant classes would
have had the same minimal husbandry requirements as the younger weaned
heifers kept for breeding. Thus, the labor and veterinary base year

budget parameters for non-pregnant cows (b71 and b 2) and non-pregnant

7

two year old heifers (b and b63) have the same 1978 dollar values as

62

these shown in Table 3.4 for weaned heifers (b53 and b respectively).

54’

Common Costs

In contrast to the feed and husbandry costs, which vary across cow
and heifer maturity or pregnancy classes, are several cost categories
assumed to accrue equally to all breeding females on a per head basis.
These are: (1) bull depreciation; (2) marketing and hauling costs;

(3) fuel, lubrication and electricity; and (4) machinery and building
repair.

Bulls are essential to most commercial beef cow/calf enterprises,
and the practical concern with proper breeding management is very impor-
tant to herd managers. However, the attention bulls are given in the
present study is slight; that is, only in proportion to their small con-
tribution to operating costs of the female classes.

Bull depreciation costs are treated here as common variable cash
operating expenses, at $10.00 per head in 1978, across all five breeding
female classes. This charge is based on the following assumptions:

$1,000.00 bull purchase price; $400.00 bull salvage price; no bull death




TABLE 3.5 COMMON COSTS, BASE YEAR BUDGET PARAMETERS, GREAT PLAINS, 1978

Head (1978) a/

Common Cost Category Cost per
Bull Depreciation b47
Marketing and Hauling b44
Fuel, Lubrication and Electricity b45
Machinery and Building Repair b46

a/ Except for bull depreciation, these costs are based on E.S.C.S. Costs of

$10.00
= 2.83
= 6.76

= 9.22

Producing Feeder

Cattle in the U.S., U.S.D.A., 1979, p. 44, Parameter names (bi) used in
model are shown with their respective values.

the simulation

00T
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losses; three year useful life for bulls; and a common ratio of 20 cows
per bull per year. Bull maintenance costs {feed, labor, etc. are as-
sumed to be included in the cow and heifer budgets implicitly. However,
only 1/20 of a bull's maintenance cost would accrue to each cow and
heifer (roughly $7.00 per head per year).

The other three common cost categories are assigned in 1978 dollar
values according to the E.S.C.S. herd budget under the assumption that a
herd of "100 cows and heifers" actually refers to 83 cows, 17 2 year
olds and 20 weaned heifers kept for breeding. The figures shown in

Table 3.5 for these categories are simply the herd costs divided by 120 head.

Historical Input Cost Series

Base Year (1978) cost budgets were developed in the preceding
three sections of this chapter. In this section the historical input
cost series (1950-1978) are described in detail. These input cost ser-
ies are transformed into (1978=1.0) base year indices (Zi) which, in com-
bination with the series of feeder steer prices (Zl) and Utility cow
prices (22), discussed earlier, are used to drive the simulation model.
In each of the 29 vears of the simulation run, nominal cost budgets and
net revenues are computed for each age and class of heifers and cows.

Here the source of each of the input cost series is defined indiv-
idually and the rationale for its selection given. One reason for the
choice of the years 1950 through 1978 for the present simulation study
was the common availability of relevant cost and price series over that
period. The cost series are discussed belowin the same order that their

associated budget categories were developed in the preceding sections.
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Pasture Rental

Much of the feed consumed by beef cows has a very low opportunity
cost; that is, unless it is scavenged by cows, it would likely not be
used at all. The grazing of unimproved native forage on owned plots of
non-arable land, and direct grazing of crop residues such as corn stalks,
are examples. The costs of these feed sources (except for the labor and
fence maintenance regquired to make use of them) are not counted in the
present study. These fall in the excluded categcries of land ownership
and management costs.

The pasture costs which are properly counted here are those which
require direct out-of-pocket outlays for their maintenance, such as seed
and fertilizer, roughly in proportion to cow numbers.

Data on cash rents per acre for pasture land in Kansas were selected
for indexing pasture rental costs. The official estimates used were
provided by the Kansas Crop and Livestock Reporting Service at Topeka,
Kansas. That agency reported their source as unspecified issues of the

Economic Research Service (U.S.D.A.) publication; Farm Real Estate Mar-

ket Developments.

Other measures such as state and regional range condition indices
were considered and rejected on the basis of poor geographical represen-
tation of the greatest numbers of cows in the nation. These are available
for the immense arid rangelands of the West which, though chiefly used for
cow/calf production, actually account for only a small fraction of the

country's cows (Ensminger 1976, pp. 62-67).
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The pasture rental rates for each year of the 1950-1978 series
were divided by the 1978 rate of $9.60 per acre to create the ZG index
series (1978 = 1.0). The series is listed in Table 3.6 at the end of

this section.

Bay

Home grown low quality hay and crop residues comprise large portions
of Winter diets for beef cows in this country. Prices paid by farmers

for "other hay", as reported in various issues of U.S.D.A. Agricultural

Statistics, were used for indexing hay costs in the present study.
"Other hay" refers to hay other than alfalfa.

The hay prices reported by the U.S.D.A. are for national averages
weighted by quantities-sold and prices paid in the various regions. As
in the use of pastures, local weather conditions may affect hay prices.
Because of its bulk and low value per unit of weight, hay is seldom worth
transporting great distances. However, a national average price for a
commodity class used chiefly for cattle feed is appropriate in the
present application.

It is worth noting here that a legitimate doubt may be raised about
the use of a market price for a commodity which, in large measure, is
produced and used without ever passing through market channels.

However, fuel, equipment and labor costs associated with cutting,
handling and storing home-grown hay are incurred roughly in proportion to
cow numbers. Such costs are also reflected in hay prices. As with the
pasture costs discussed above, much hay is produced from forage that may

otherwise not be used. Ideally, the hay costs considered in this study
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would represent only the out-of-pocket cash costs which could be allo-
cated on a per cow basis.

The "other hay" prices for each year of the 1950-1978 series were
divided by the 1978 price of $52.70 per ton to create the Z7 index series
(1978 = 1.0). The hay cost index series is listed in Table 3.6 at the

end of this section.

Grain, Concentrate and Silage

Seasonal average corn prices received by farmers in the U.S. were
used for indexing the cost of grain, concentrate and silage. If corn
itself was not being used on given farms in the role suggested by the
cost budgets, it is safe to assume that whatever took its place had a
value pcsitively related to the price of corn.

The source of the corn price series used here was a U.S.D.A. com-
puter data file named "CORPF" (U.S.D.A., E.S.S., T-DAM, 1979). The corn
prices for each year of the 1950-1978 series were divided by the 1978

price of $2.11 per bushel to create the Z_ index series (1978 = 1.0) for

8

grain, concentrate and silage, listed in Table 3.6.

Salt and Minerals

Salt prices paid by farmers were used for indexing salt and mineral

costs. The data source, again, was the U.S.D.A.'s Agricultural Statis-

tics. It is assumed here that the mineral price component of the salt

and mineral cost category followed the same price pattern as salt through

time.
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The salt price for each year of the 1930-1978 series was divided by
the 1978 price of $3.89 per cwt. to create the Z10 index series (1978 =

1.0) for salt and minerals, also listed in Table 3.6.
Labor

In order to trace labor costs through time, the U.S. Composite Farm
Wage Index was used. The source of this index was a U.S.D.A. computer
data file named "WRAHFI" (U.S.D.A., E.S.S., T-DAM, 1979). The base year
for the Farm Wage Index was 1967 (1967 = 100). The index for each year
of the 1950-1978 series was simply divided by that for 1978 (241) to
create the le index series (1978 = 1.0) for farm labor (see Table 3.6).

The use of the nation-wide composite farm wage level could be ques-
tioned on the grounds that much of the labor used in cow/calf enter-
prises is provided by the family of the owner at slack times during the
year when that labor has low opportunity costs. In 1977, nationally,a
mere 21 percent of total labor input for cow/calf enterprises was es-
timated to be hired labor, yet family labor is counted at the aver-
age farm wage rate, just as hired labor, in the E.S.C.S. budgets (1978,

p. 8).

Medicine and Veterinary Care

No cost series could be found for veterinary care. The consumer
price index for human medical care was assumed to be a close substitute.

This index was taken from various issues of the U.S.D.A. Agricultural

Statistics.
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The base year for the medical care C.P.I. was 1967 (1967 = 100).
The index for each year of the 1950-1978 series was divided by that for
1978 (219.4) to create the Zlo index series (1978 = 1.0) for medicine and

veterinary care, listed in Table 3.6.

Marketing and Handling

The labor cost index (le) described above is also used for annual
budget estimates of marketing and hauling costs. This reflects the
assumption that marketing and hauling costs have changed through time at

the same rates as the composit U.S. farm wage rate index.

Fuel, Lubrication and Electricity

A consumer price index for fuel and utilities was used for tracing
the cost category of fuel, lubrication and electricity. The base year
for this C.P.I. was 1967 (index = 1.0). The index for each yvear of the
1950-1978 series was dividea by that for 1978 (2.16) to create the Z3
index series (1978 - 1.0) for fuel, lubrication and electricity, listed

in Table 3.6. The source of the fuel and utilities C.P.I. was a U.S.D.A.

computer data file named "PWO51i" {(U.S.D.A., E.S.S., T-DAM, 1979).

Machinery and Building Repairs

A farm machinery price index was found to cover the period from 1950
through 1972. Beyond 1972 a weighted average of two similar indices for

autos and trucks" and for "other machinery" was used to extend the

desired series to 1978. The weighting for this splicing process was

based on the relative 1972 levels of the three indi-~ecs (the basis for all
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three was 1910-1914 = 100). The index for each year of the 1950-1978
series was divided by that for 1978 (1,213.C) to create the Z4 index
series (1978 = 1.0) for machinery and building repair costs.

The original three series were found in various issues of the

'

U.S.D.A. Agricultural Statistics. The transformed Z4 series is

listed in Table 3.6 at the end of this section.

Bull Depreciation Charges

Slaughter steer prices, for all weights and grades at Omaha, were
used for indexing bull depreciation costs. The source of this data was a
U.S.D.A. computer data file named "CATPFFD" (U.S.D.A., E.S.S., T-DAM,
1979).

The slaughter steer price for each year of the 1950-1978 series was
divided by the 1978 price of $52.34 to create the 25 index series (1978 =
1.0) for bull charges. This series is also listed in Table 3.6 at the end

of this section.

Interest Rates

It is convenient at this point to discuss the Production Credit
Association (P.C.A.) interest rate which is the final driving variable
(213) entering the simulation model. The data sources for this interest

rate were various issues of the U.S.D.A. Agricultural Statistics. This

interest rate is used in the budget generation equations and as an op-
tional influence on the discount rate for present value calculations of
the simulation model. Detailed explanations of these uses are given in

Chapter 4.
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The Z13 input series is comprised of the annual average cost of
loans by the P.C.A. (in percent/100). It is assumed that these rates
represent those which were being charged for short term production loans

to farmers for the purchase of the types of variable cost items des-

cribed above.

Driving Variable Summary

Table 3.6 gives a complete listing of the vectors of driving vari-
ables for the simulation model. The 214 variable indicates the year to
which each row (vector) of variables applies. It is used as a flag for
the execution of certain calculations and in the model's output reports.

Table 3.6 summarizes all the exogenous variables discussed in the present

chapter, in the dimensions used by the simulation model.
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TABLE 3.6 SIMULATION MODEL DRIVING VARIABLES

% 2, 23 4 5 %6 %7 %g %9 Zijg %11 %15 Zi3 294
29.2500 19.2600 ,3520 .2280 .5330 ,2090 .5140 .7200 .37%0 .3370 2120 2450 ,0601 1950
37.0400 24,0300 .3640 .2460 .4530 .2740 .S840 .7870 .40460 .3570 .2370  .2570 ,0408 195t
31.2900 18.5400 .3700 .2540 .5930 .3490 .6510 .7200 .4740 .3450 .2490 .2710 .0633 1952
21,0600 12.0400 .3B840 .2540 .4190 .33%0 .6280 .7010 .4050 .3700 .253¢C .2800 0435 1953
21,2300 11,1100 .3870 .2570 .4330 ,3330 .46020 .4780 .4550 .3780 .24%0 .28%0 L0636 1954
21,6100 10.9900 .3940 .2570 .4090 ,.3590 .5830 .4400 .3700 .3830 L2530 .2930 .0592 1955
19.6700 10.9100 .4040 .2690 .3850 .3700 .5600 .&110 .3430 .3910 2660 3060 .Q0620 1956
22,7100 13.4000 4160 .2820 .4220 .4060 .5540 .5240 L3250 L4010 ,2740 .3190 .0464 1957
29.1000 17,8700 .4250 .2940 .4B90 ,4270 .5350 .5310 .3540 .4040 .2B60 .3340 ,0672 1958
29,7600 17.4700 ,4340 .307C .4990. .4220 ,S180C .4970 .3610 .4110 2990 .3480 .0659 1959
26,3600 15,3100 .4440 .3150 .4640 ,3650 .5500 .4740 .3490 .4140 .3070 L3610 ,0725 1940
25.8600 15,6500 .4500 .3220 .4430 .3390 .5540 .5210 .3850 .4190 .3150 3710 0641 1941
27.0000 15.3700 .4500 .3280 .4840 .3850 .5620 .5310 .3940 .41%0 . 3240 .3810 .0436 1942
25.7800 14,7300 4550 .3340 .4340 .4170 .4110 .9260 .4230 .4240 ,3320 .3900 ,0630 1943
21.9200 12,2400 .4560 .3410 .4110 .4380 .46070 .5550 .4210 .4240 3400 .39B0 .0647 1944
24.1200 14.4400 .4550 .3510 .4650 .4640 .6030 .5500 4240 .4240 .3570 .4080 .0458 1945
27.4300 17.8300 .4570 .3440 .4830 ,5100 .46110 .5880 .4740 .4320 L3900 L4240 L0487 1944
26,4800 17.2200 .44630 .3810 .4750 .,5000 .6130 .4BB0 .4580 .4370 L4150 .4560 ,0729 1947
27.9260 17.9400 _4490 .3990 .5050 .5360 .5920 .5120 4560 .4470 .4560 ,4840 .0734 1948
31.7800 20.2900 .4800 .4200 .5590 .5780¢ .4020 .5500 .4500 .4580 .5020 5170 ,0779 1949
33.7000 21.3200 .4980 .4430 ,5540 .60%0 .6260 .4300 .4800 4830 .5350 .5500 .0898 1970
34,8700 21.6200 .5320 .4720 .4120 .5940 .6640 .5120 L4850 .5140 .9560 .5830 .0728 1971
41,4000 25.2100 .5560 .5060 .4780 6250 .46960 . 7440 .5640 .5370 L9930 L4040 .0702 1972
53.1700 32.8200 .5880 .5410 .BS10 .729¢ .B370 1.,2090 1.1970 .S5760 ,4510 .4240 .0809 11973
17.8800 25,5400 .5950 .4130 .8000 .8960 ,9890 1.4310 .8800 .448¢ .7180 L6790 L0943 1974
33.9100 21,0900 .7770 ,7490 .8520 .9690 1.0450 1.2040 .7580 .7330 L7880 L7410 0891 1975
39.4000 25.3100 .8440 .B490 .7470 .B960 1,1410 1.0190 .9150 .7970 8630 .B420 ,0824 1974
40.1800 25.3200 .9340 .9310 .7710 .94B80 1.1440 .9570 1.1030 .9020 9340 .9230 .0788 1977
58.7800 34.7800 1.0000 1,0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 .0883 1978

Z Z

z, = Feeder steer prices; z_ = Utility cow prices; z. = Fuel, lubri-

1 2
cation and electricity index; z

3

4 = Machinery and building index;

Bull charges index; z6 = Pasture rental index; z7 = Hay index;

= Salt and

]

25

z8 = Grain index; zg = Protein supplement index;

mineral index;

%10

z11 = Labor index; 212 = Veterinary and medicine index;

213 = P.C.A. interest rate; 214 = year
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CHAPTER 4

THE BEEF COW VALUE AND DEMOGRAPHY MODEL

In this chapter the body of the value and demography simulation mod-
el 1s described in detail. The value model involves price estimations and
projections, budget generation, estimation of present values of future in-
comes, and development of investment decisicn variables. These invest-
ment decision'variables link the value model to the demography model.

The demography model simulates changes in beef cow numbers and age
structure of the aggregate herd through time (1950-1978) according to
biological constraints and changes in economic incentives. The demo-
graphy model simulates numbers of cattle in four categories which are
comparable to objective historical series. These are: (1) beef cows;

(2) "replacement" heifers; (3) cull cows; and (4) calves born to beei
cows. The comparisons of simulated numbers to the historical series are
described in Chapter 5.

The biological parameters (gl,j through g8,j) and management expecta-
tion parameters (g9'j and glO,j)' which were defined in Chapter 2, are
all used in the value and demography model. The reader may wish to re-
fer back to the detailed function definitions in Chapter 2 or to the con-
cise FLEXFORM summaries in Appendix A.

The cost and price elements developed in Chapter 3, likewise, are
all used in the value model. Again, the budget parameters and the annual
price and cost series are summarized in Appendix A. For the details of

their development, the reader is referred to Chapter 3.
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Estimates of present and future cull salvage values are made for
each of 15 discrete age classes of heifers and cows in each of the 29
vears of a simulation run, by the value model. Considering input costs
each year, the value model generates estimates of the ratios of the
present value of future opportunities to present opportunities for each
of two discrete classes of animals: V? for pregnant animals becoming j
years old, j = 2 to 1l4; and V? for non-pregnant animals becoming j years
old, j = 1 to 13. Annual decisions (based on these V-ratios) in the
demography model determine the proportions of the pre-culling inventories
of each class to be retained in the herd.

A distinction between the value model and demography model is made
only for the purposes of discussion and computational convenience.
Though both consider the same age and pregnancy classes, the value model
computes budgets and values on a per head basis, while the demography
model deals in units of 100,000 head in the national aggregate herd. The
annual calculation sequence for the value and demography models form an
unbroken chain of eguations from g12 through g43. For descriptive con~
venience the first part of this chapter covers the value WPdel (g12

through g32) and the second part, the demography model.

The Beef Cow Value Model

Table 4.1 lists the value model functions with brief descriptions of
their respective purposes. Their order of presentation in this chapter

generally follows the numerical succession shown in Tablie 4.1.
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Table 4.1 VALUE MODEL FUNCTION LIST

g12 1= Expected future feeder steer price
r
g12 ) = Expected future Utility cow price
r
g13 5 = Expected future cull slavage value (FSVj)
. 14
g14’j = pPresent cull salvage values (PSVj)
g15 = Interest charge factor
996 = Costs common to all budgets
g17 = Cost budget for heifers kept for breeding (HKB's)
g18 = Costs common to yearling heifers
999 = Cost budget for pregnant yearling heifers
g20 = Cost budget for non-pregnant yearling heifers
g21 = Costs common to Eows, aged 3 years and over
g22 = Cost budget for pregnant cows
g,\3 = Cost budget for non-pregnant cows
<
g24 = Net annual revenues, non-pregnant classes
g2R = Net annual revenue, pregnant classes
I = Discount factor for present value calculations
(o]
g27 3 = Expected final culling age decisions
r
£ p 3
g28,j PVBj calculations
g. . = FVP = PVB? / FSV., calculations
29,3 J J 3
VP = P
n . =V, = PVB. / PSV,
gJO,j J J 3
= PVBN calculations
g31,j j alculata

N

N,
g,., . =V, = PVBj / PSVj calculations

32,3 3
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Future and Present Cull Salvage Values

Simple distributed lag systems allow variable weighting of the
preceding and current years' prices for both feeder steers and Utility
cows. By changing the weighting parameters, the expected price may be
specified as a continuation of the most recent l-year trend or as a
weighted average of the previous and current years' prices. The expectad
prices, so derived, are used in the projection of future revenues from
calf and cull cow sales.

Expected feeder steer prices ($/cwt.):

912,1 = Pyaly,1 * Py
where: M4 1= previous year's feeder steer price ($/cwt.),
r
z, = current year's feeder steer price ($/cwt.),
b73 and b74 are distribution parameters.

Expected [tilitycow prices ($/cwt.):
912,2 = P75y, 2 T PygZy

Where: M4 5 = previous year's Utilitycow price ($/cwt.),
14

z, = current year's Utility cow price ($/cwt.),
and b75 and b76 are distribution parameters.

Cull salvage values of different aged cows are functions of both cow
body weight and price per cwt. Cow body weight, as a function of age
(g4'j), has been described in detail in Chapter 2. Cull cow prices per
cwt. are assumed to be a function of feeder steer prices and Utility cow

prices, and of cow age. This relationship was discussed in detail in

Chapter 3. 1In the functions 913 3 and S14 5 below, cull cow salvage
r r
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vaiues on a $/hd. basis are expressed in terms of expected future prices
(as future salvage value, FSVj), and in terms of current prices (as

present salvage value, PSVj), respectively.

For j = 1 to 15 = age becoming,

912,21 97 * Pag P13 =1
913, ~ F%Vy = C b ) ) 240'%12,1 ~ %12,
94,5 ( %12,1 7 P40'912,1 T Y12,2 .
It 0y
, if § > 1
and
z1 . g7 . b39  df 3 =1
g14,j = Psvj = , _ b (z _ ) . b4o(zl - 22)
94,5 1~ Pa0'*1 T %
J b
41 J
, if § > 1

where: FSVj and PSVj = expected future saivage value and present salvage
value, respectively, for animals becoming j years of age at time

of cull sale ($/hd.),

b39 = (heifer price/steer price) factor = 0.86,

g, = assumed body weight of a weaned heifer kept for breeding

(cwt.),

b4 5 = assumed body weight of heifers and cows becoming j years
’

of age (cwt.),
g and g = expected future feeder steer and Utility cow
12,1 12,2

. Prices, respectively, as defined above ($/cwt.),

z, and z, = current feeder steer and Utility cow prices, respec-

tively, ($/cwt.),

b40 = scalar on price spread,

b41 = age coefficient
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For simulaticn runs in which it is desirable to differentiate the

cull prices of cows by age, the author has found that b40 = 1.2 and

b41 = 1.0 produce an appropriate pattern (see discussion in Chapter 3).

An alternative hypothesis, that all culls becoming 2 years old and over
receive the Utility cow price, may be expressed by setting b40 = 99999,

The effect of assigning such a large value to b of course, is to cause

4"
the last term in gl3,j and 914'j to practically vanish.
The future and present salvage value estimates are used in the esti-

mation of net annual revenue budgets, in estimation of the present values

of future net incomes, and in investment decision variables.

Annual Cost Budget Generator

Most of the assumptions for defining annual feed, husbandry and com-
mon cost budgets for five categories of breeding stock were developed in
Chapter 3. Below, the simulation format for the generation of cost bud-~
gets is presented.

An interest factor for inflating short-term operating costs is com-
puted first. It is assumed that virtually all the cost items included in
the budgets are of a type which may be considered as out-of-pocket cash
costs. The Production Credit Association annual average cost of loans
(213) is allowed as a basis for changing interest charges through simu-

lated time. In addition, the parameter b allows the option of using a

36

constant rate through time, either alone or in combination with some

fraction (b42) of the wvariable P.C.A. rate.

b
= (1.0 + (b42 213) + b3 ) 43

915 6



where:

o
it

o
it

With the
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interest factor for inflating short-term operating costs,
P.C.A. average cost of loans {(%/100),

constant multiplier of the P.C.A. rate,

optional constant interest rate,

exponent representing the fraction of a year for which

interest charges are assumed to accrue (initially set =
0.5).

exception of the concentrated labor demands at calving,

marking, and weaning time, and some of the Winter feed costs, most of the

cost items considered are incurred gradually through the course of a year.

Thus, no serious biases are introduced by assuming interest charges on

the full annual budgets for a half year only.

The interest factor 915 is used to inflate the annual cost budgets

for each of the five classes of breeding animals defined in the previous

chapter. These are: (1) weaned heifers kept for breeding; (2) pregnant

yearling heifers; (3) non-pregnant yearling heifers; (4) pregnant mature

cows; and (5)

non-pregnant mature cows. The composition of these annual

budgets proceeds from the common elements to the particular.

The four

cost items defined (in Chapter 3) as common to all

classes of breeding animals are summarized in the annually calculated

function, gl6'
g16 ={b44 . zll marketing and hauling costs
+ b45 "z fuel, lube., and electricity costs
+ b46 Tz, machinery and bldg. repair costs
+ b47 . 25} bull charges

]

costs common to all classes.
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The "z" terms in 916 are annual cost indices (1978 = 1.0) which are
exogenous inputs to the model. The budgeted 1978 common costs (in $/hd.)
are represented by the "b" parameters. The common cost summary (g16) is
first used in computing the annual per head cost budget (gl7) for a

weaned heifer kept for breeding.

/

9.7 % L?16 common costs
+ b48 . z6 pasture rental costs
+ b49 . z7 purchased hay costs
+ b50 . z8 grain and concentrate costs
+ b51 . z9 protein supplement costs
+ b52 * 200 salt and mineral costs
+ b53 . z11 labor costs
+ b54 . zlé} veterinary and medicine costs
. g15 short-term interest factor

= annual cost budget for weaned heifers kept for breeding ($/hd.).

The "z" terms are annual input variables (cost indices, 1978 = 1.0),
while the "b" terms are the 1978 budget levels for keeping weaned heifers
for breeding.

Next, the costs common to pregnant and non-pregnant yvearling heifers

are calculated.

9.9 = {:bSS . z6 pasture rental costs
+ b56 . z7 purchased hay costs
+ b57 . Zg grain and concentrate costs
| + b58 . z9 protein supplement costs
+ b59 * 290 salt mineral costs

= costs commen to yearling heifers, pregnant or not.
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Here again the "z" terms are annual input variables (cost indices,
1978 = 1.0), and the "b" terms are the 1978 budget levels calculated in
Chapter 3. The amount, in $/hd., computed by the 918 function becomes
part of the next two functions. These are for computing annual cost bud-

gets specific to pregnant yearling heifers and to non-pregnant vearling

heifers.
919 = {916 + 9.8 common costs
+ .
b60 z11 labor costs
+ b61 . 212:} veterinary and medicine costs
. g15 short-term interest factor

= annual cost budget for pregnant yearling heifers.

The budget for non-pregnant yearling heifers differs from the above
function only in the cost parameters for labor, veterinary care and
medicine. Considerable labor requirements are associated with first-

calving heifers.

= +
920 {%16 918 common costs
+ b62 . z11 labor costs
+ b63 . 212} veterinary and medicine costs
* 915 short-term interest factor

= annual cost budget for non-pregnant yearling heifers.

Both the 919 and g20 budgets are given in units of $/hd. As usual,
the "z" terms are annual input variables (cost indices, 1978 = 1.0},
while the ﬁb" terms are the respective 1978 budget values.

The costs common to all cows becoming 3 years old and over, whether

pregriant or not, are now computed in 921.
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9,1 = {;b64 Tz pasture rental costs
. h
+ b65 z7 purchased hay costs
+ b66 . 28 grain and concentrate costs
+ b67 . 29 protein supplement costs
+ b68 . zlo salt and mineral costs

= common costs for cows becoming 3 years old and over, pregnant or
not.

Again the annual input variables (cost indices, 1978 = 1.0) are
given as the "z" terms above with their respective 1978 budget levels
("b" parameters ). The same applies in the final two budgets below.

These calculate annual budgets for pregnant and non-pregnant mature cows,

respectively.
922 = {:gl6 + g21 common costs
+ b69 . zll labor costs
+ b70 . zl%} veterinary and medicine costs
* ng short-term interest factor

= annual cost budget for pregnant mature cows, becoming 3 years old
and over.

As in the case of yearling heifers, the budget for non-pregnant
mature cows differs from that for their pregnant cohorts only in the cost
parameters for labor, veterinary care and medicine. The labor demands
associated with calving and subsequent care of the calf account for most

of the difference.
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g23 = {:g16 + g21 common costs
+ b71 *Zqq labor costs
+ b72 . zl%} veterinary and medicine costs
* 915 short-term interest factor

= annual cost budget for non-pregnant mature cows, becoming 3 years
old and over.

The annual cost budgets defined above are used next in the calcula-
tion of expected net annual revenues for 26 distinct classes of breeding
animals: pregnant and non-pregnant heifers and cows, each with 13 age

classes.

Expected Net Annual Revenues

Expected calf sales and fractional culling revenues, along with the
annual cost budgets developed in the previous section, are used to com-
pute expected net annual revenues. These annual net revenue values are
used subsequently in computing estimates of discounted maximum net future
income for each of 26 discrete classes of heifers and cows which may be
retained in the herd for breeding.

An unusual assumption made in the net annual revenue calculations
below is that the annual cost budgets, based on the current year's cost
indices, are proijected to the indefinite future. 1In contrast, the reve-
nues expected from calf and cull cow sales are based on expected future
prices (see 915 and 913 definitions above), not simply on the current
year's prices. An earlier version of the model projected current calf
and cull cow prices to the indefinite future. The poor turning-point
tracking of that version suggested a change to the present model struc-

ture.
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The expected net annual revenues for the non~pregnant yearling
heifers and non-pregnant cow classes are computed in the function, 924,j'
Net annual revenues expected for weaned heifers kept for breeding are
computed in the subsequent function (g25,j) along with all those for the
pregnant cow classes.

The calculation of expected net annual revenues for the non-pregnant
classes is simple because no calf sales revenues are anticipated. The
only source of revenue for these classes when they are kept for breeding
arises from the probability that some fraction of them will be sold as
culls one year in the future, either for reasons of impaired health or
non-pregnancy. The likelihood of culling an animal next year on such
grounds has been defined (in Chapter 2) as a management expectation
parameter‘(glo'j). This likelihood, multiplied by the expected future
sales value (ngIj) of a cow of the appropriate age (becoming j + 1
years of age), provides the estimate of fractional cull revenue. Sub-
tracting from this the appropriate annual cost budget results in the
estimated annual net revenue for non-pregnant heifers and cows.

For j = 2 to 13 = age becoming,

{ - i 1 =
10,2 913,30 ~ 920 p 183 =2
924,35 7
- if 3 >
(910,5 913, (5+1)) ~ 923 p 13> 2
N
where: 924 5 = NAR2 = net annual revenue expected for non-pregnant year=
r
ling heifers (becoming 2 years old if kept for
breeding) ($/hd.),
N
g24'j = NARj = net annual revenue expected for non-pregnant cows

(becoming j years old if kept for breeding, j > 2)

($/hd.),
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910 5 = expected culling rate next year, due to impaired health
r

or non-pregnancy, for heifers and cows presently becoming

j years of age,

g13 j = expected future cull salvage value for a cow becoming j
14
years of age at time of sale ($/hd.),
g20 23 = annual cost budgets for yearling heifers and mature
14

cows, respectively ($/hd.).

The chief feature distinguishing the expected net annual revenues of
the pregnant cow classes from those of the non-pregnant classes is the
expectation of calf sales revenues. Expected calf sales revenues from
pregnant cows vary across cow ages according to differences in calf sales
weights and calf survival rates. The likelihood of a pregnant cow
(presently becoming j years of age) weaning a calf (g8,j)' multiplied by
the expected calf weaning weight (g6,j) and the expected future calf
+ b

price ($/cwt. determines exyrected calf sales revenue.

= \
912,1 38’

For j = 1 to 14 = age becoming,

/
(910,1 913,2) ~ 917 P if 3 =1
925, 4 =<(g10,2 913,30 ~ 919 * 9g,2 95,2 912,71 P3g) pif 3 =2
- if 5 >
i?lo,j 913, (5+1)) T 922 * (95,5 Fg,5 I12,1 P38 p 83> 2
\]
where: g25 1= NAR? = expected net annual revenue for weaned heifers

kept for breeding ($/hd.),

P
g25 " = NAR2 = expected net annual revenue for pregnant yearling
I -

heifers, if retained ($/hd.),

D
= NARj expected net annual revenue for pregnant mature

g .
25,3
cows (becoming j years old if retained, j > 2)

($/hd.),
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I 5 and g6 3 = calf survival rates and weaning weights, respec-
r r
tively, for cows becoming j years old,
. = if i hd.
g12,1 b38 expected future ca price ($/ ),

917, 919, 922 = annual cost budgets for weaned heifers, pregnant
yearling heifers and pregnant mature cows, re-

spectively.

Present Value of Expected Net Future Incomes

Heifer recruitment and cow retainment decisions in the present simu-
lation model are predicated on class by class V-ratios. The V-ratio for
a particular age and pregnancy class of heifers or cows is defined here
as the ratio of discounted future net income expectations for such a cow
(1f retained in the herd) to her present cull salvage value, that is,

the ratio of future to present income opportunities. Such a measure has

a precedent in the cattle investment literature. In their firm-level
dynamic optimization study, Trapp and King (1979) considered that the
most profitable final culling age for cows (beyond the routine culling
for reproductive failure, etc.) may vary between years and would depend
on the ratio of discounted future opportunities to present opportunities,
by age class. Their productive futures being shorter, the most elderly
cows would have the lowest opportunity, or value, ratios. Trapp and King
assumed future prices and cost relationships were known with certainty
and, on this basis, computed the net income opportunities for cows of
each age. The time horizons for these calculations were limited by the
age of cow for which the value ratio was less than 1.0. That is, nho cows

would be kept beyond the age at which they could more profitably be

slaughtered.
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The present model uses a similar approach in computing expected
future net incomes for cows of each age and pregnancy class, though not
in an optimization framework, and with future prices and costs only as
calculated expectations. Here, estimates of the present value of net
future income are computed for pregnant cows; beginning with the oldest
age class (becoming 14 years old) and working down through the younger
classes. These estimates are referred to as PVB?; that is "present
value for breeding" for pregnant cows becoming j years of age. For each
(j) age class of pregnant cows, the V-ratio of PVB? to PSV:j (present
cull salvage value) is used later, in the demography model, to determine
the proportion of cows in the class which are retained in the breeding
herd in a given year of a simulation run. However, in the calculation
of PVB? stricter rules are used. |

A discount factor is needed in the PVBj calculations to express

future years' costs and revenues in terms of current dollars. The dis-

count factor is defined here as the function g26.

90 = 1.0
1.0 + (b80 . 213) + b37
where: Zy3 = P.C.A. average cost of loans (%/100}, an annual input
variable to the model,
b80 = a constant scaling factor for 24 (initially set at 1.0),
b37 = an optional constant discount rate (initially set at zero).

The discount factor (g26) is taken to the power of the ith year of
the future in the "present value for breeding" (PVB,) calculations which
J

follow. The P.C.A. interest rate may be usable as an indicator of inter-
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mediate term capital opportunity costs through the historical period
simulated.

Because an element of expected infiation is implicit in bank loan
rates, and because nominal cash costs and prices are used here for pro-
jecting future costs and prices, an argument exists for the use of a
lower constant discount rate through time. That option is provided by
the parameter b37.

In this model, the calculation of PVB? is based on expectations of
future prices and performance, as well as some limiting rules. The ques-
tion of whether a cow retained in the herd for the coming year is expec-
ted to be retained again in the subsequent year, is handled by one or
more of three rules. The first rule is that all cows are culled before
the age of 15 years. Thus, calculations for a cow presently becoming
14 years of age are strictly limited to a one-year horizon, while those
for a cow becoming 13 years old are limited to a maximum two-year hori-
zon, and so on.

The second rule is that of an arbitrary optional maximum limit on
the planning horizon beyond the first year of the future. A control
parameter (b81), provided for this purpose, may be assigned an integer
value from 0 to 14. 1If b81 is set at a value of 0 the maximum planning
horizon for any age group would be only the first year of the future.

If b81 is set at a value of 1, the maximum horizon would be 2 years in
the future, and so on. Of course, the first rule (on maximum age) still
applies.

The third rule limiting the planning horizon in the PVBS calcula-
3

tions for younger cows depends on the FVj ratio (PVB? / FSV?) of the
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older cows, similar to the method used by Trapv and King (1979). ij
ratios are calculated only for the purpcse of defining expected planning
horizon limits in the oldest-to-youngest iterative calculation of PVB? in
each year of & simulation run. An FVj ratio less than b82 (a parameter

initially set at 1.0) would, by the third rule, cause the planning hori-

zon for the PVBP_

3-1 calculation to be limited to a single year. On the

would allow the PVBP_ calcu-

j-1

other hand, an FVj ratio greater than b82

lations to assume the animal would be retained in the herd as a j year
old, if not limited to a shorter horizon by one of the other two rules.

The effect of the third rule is a general expectation of culling a
cow at the age just beyond which cows appear to be worth more for
immediate cull salvage than for retention in the herd. "Expectations"
and "épparent worth” are key notions in this model's PVBj calculations.
The expected final culling age of a given class of cows, and their appar-
ant worth as breeding animals, have only an indirect influence on deci-
sions (in the herd demography model) regarding the proportion of the
class to be retained in a given year.

A considerable body of literature has evolved on the concepts re-
garding present value calculations for investments with futures defined
in stochastic terms. See for example, Burt (1965), Yotopoulos (1967),
Hirshleifer (1970), Perrin {(1972), Anderson, et al (1977), Dillon(1977),
and Bentley, et al (1976).

The computational algorithim for PVB? involves three basic functions
repeated in an iterative series. The operations proceed in the following

order:
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)4
(PVBl4)
P o /
7 =
F\14 PVB14 FSv14
|
| g h FCA_._ = final culling age for cows
| 27,2 13 :
‘ becoming 13
i
v P
928,2 PVB13
P P
v =
929,2 FVy3 = BVBy; / FSV 4
g. Y - FCA,_, = final culling age for cows
27,3 12 .
. becoming 12
N/ P
928,3 PVBio
1
P P
\ =
929,3 V1o = PVB), /[ FSV,
g vy FCA__ = final culling age for cows
27,4 11 .
becoming 11
1
| h 4
| etc.

i i i . . da .

In the three iterative functions (g27'3, g28,3 an g29'3), the
second subscript (j) refers to the cow age class; specifically, age be-
coming = (15-3j) years.

The class of pregnant cows becoming 14 years old are a special case

in that the planning horizon for them is limited to a maximum of only a
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) begins the

- . P
single year, by definition. Calculation of PVE (g
14 28,1

iterative chain of calculations.

N
i P
= =P
928,1 69,15 / 99,14 912,15 T 925,14 ? + 95 = FVB1,
‘\\ ) W/ kw-j
—~ z
expected final culling NAR14 discount
revenue factor

The term identified as "final culling revenue" in the equation
above is simply the product of the expected future salvage value (FSV15 =
gl3'15) of a cow becoming 15 years old when culled, and the likelihood
that a cow retained as a pregnant animal becoming 14 years old will be
alive, healthy and pregnant when becoming 15 years of age (see Chapter
2 for definition of g9,j)' By assumption, all cows becoming 15 years
old are culled immediately, regardless of their health or pregnancy
status. This assumption was made for the sake of computational conven-
ience, but introduces little bias because very few cows (perhaps one per-

cent) survive to this age.

, P . .
) in the PVE eguation above is the

The additive term (g25 14 14
H

expected net annual revenue for a pregnant cow becoming 14 years of age

(g25'

P . . . . P
(NAR14). As defined earlier in this chapter, NAR,
3

j) is computed
each year of the simulation run to include expected calf sales and frac-
tional cull sale revenues minus thé appropriate annual cost budgst esti-
mates. Thus, the expected future disposition of the 14 year old cow is
entirely accounted for: if it does not die during the year, it is culled,
healthy or not, pregnant or not.

For the pregnant cow becoming 14 vears old, the expected final cull

sale revenue and the expected net annual revenue are reckoned to occur on
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the same date: one year from the time of the present calculation. There-
fore, the sum of thetwo terms is multiplied by the discount factor (g26)

to yield an estimate of the present value of future net income for a preg-

P

14). The ratio of this

nant cow retained to calveas a 14 year old (PVB

value to the expected future salvage value (FSV 4) is computed next in

1
the function g29 1 ( = FV14) for use as a decision variable in determin-
r

ing the expected final culling age (planning horizon limit) for cows

becoming 13 years old.

P P
= FV =
V PV'B14 / FSV

99,1 = 928,1 / 913,14 14 14°

The three rules, described in the text above, for limiting the
. , P .
expected planning horizons for the PVBj calculations may be expressed

concisely as a conditional eguation, (FCAj).

927,35
For j = 2 to 14, (where age becoming =15- j),

-
min {:15, (14 + b81):} ,if 3 = 2 and 99,1 % Py

= i -j + if j 2 b
927,35 < min \g27, (5-1)" (1673 bsl)}'lf 1 2and 955 (45o1) ? a2

L 1 959, (5-1) < Pe2.

Summarizing the earlier explanation of the variable expected final
culling age criteria, it is assumed that: (1) no cows shall be retained
in the herd as 15 year olds; (2) a limit (b81) on the length of the plan-
ning horizon beyond the first year of a cow's future may be imposed; and
(3) culling is planned at an age no older than that at which FVj <b

82

P

(where b__ = 1.0 = critical PVB, / FSV.).
82 3 j

The planned final culling age (FCAj) for a cow of a given age will

be the minimum allowed by the three rules above. For the purposes of
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calculating PVB? in a given year of the simulation run, cows of different
ages may be expected to have different final culling ages. Furthermore,
between years in a simulation run, a given age class of cows (i.e., preg-
nant 12 year olds) may be assigned different planning horizons, depending
on the economic outlook in the particular years.
The PVBj calculations for pregnant cows becoming 13 years old and

under, and for weaned heifers kept for breeding, are carried out in the
iterative precess described above by a single functional form,

928,5"
This function has the same type of elements as g28'1(PVB§4); that is,
a summation of discounted expected future net annual incomes and final
cull sale revenue. The fcrmat is different, however, to allow for the
longer potential planning horizons for younger animals. The functional

form shown here, in fact, allows.up to a 14 year planning horizon for

weaned heifers kept for breeding.

Por 3 = 2 to 14 ( where age becoming = 15-j years
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The PVB? function (g28,j) has the most formidable appearance of
any in the model, yet has a simple interpretation when considered in its
parts. The subscripting scheme allows computation in an iterative loop,
proceeding from the oldest to the voungest animals, as described above.
The final step in the iterative process here is calculation of the
FVj ratios (PVB? / FSVj) for use in the expected final culling age deci-
sions (g27).

For j = 2 to 14 (where age becoming = 15 - j),

/g = ij (used in 927,(j+1))°

929,53 = 928,35 13, (15-1)

Decision Variables

The next functional form (g30,j) yields the V? ratios (PVB? / PSVj)
which are the key links between the value model and the demography model.
These are the ratios of future opportunities to present opportunities for
pregnant cows by age classes.

For j = 2 to 14 (where j = age becoming),

930,5 = Y28, (15-3) / J14,5 = V? = PVB? / BSV.

These V-ratios have an interpretation which particularly suits them
for use as investment criteria. Any cow (pregnant or not) may be ligui-
dated by immediate sale at the cull salvage value of her age class. This
(PSVj) may be considered as her present value for immediate slaughter (a
present and fairly certain opportunity). A pregnant cow obviously has
some potential for weaning a calf, which would be sold at the end of the
year, and a good chance of surviving herself to be s0ld or retained, de-

pending on which option appears most profitable. Subtracting the esti-

mated maintenance costs involved in retaining the cow, and discounting
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the expected future net revenues back tc the present, yields the esti-
mated opportunity value of her retainment (PVBj). This estimate is
unavcidably less certain than that of the cow's present slaughter value.

The comparison of the future to the present opportunities (PVBj to
PSVj) for a cow representative of a given age and pregnancy class of cows
should provide a strong indication of the relative inducements cow owners
face in their decisions regarding the disposition of these animals. For
example, a V-ratio of less than 1.0 suggests incentives fcr heavy culling,
while a v-ratio of 2.0 suggest very high incentives for retainment.

Another useful feature of the v-ratios defined here is that they
provide a common basis for comparison across age classes. They answer
the question: for each dollar of present liguid inventory value, how
much (in present dollars) will one age class yield in the future versus
all other age classes. With a few additional assumptions, described
below, V-ratios are computed for the non-pregnant cows. These are
directly comparable, in the sense of present liquidity value with those
described above for the pregnant cow classes.

The calculation of the present values of future net incomes for the
non-pregnant classes (PVB?) differ from those of the pregnant classes
only by the discounted net annual incomes for the first year. That is,
beyond the first year of their futures, pregnant and non-pregnant cows of
the same age are assumed to have the same streams of net annual incomes.
The planning horizon limits that apply to the pregnant classes in a given
simuiation run will also- apply to the non-pregnant classes.

The expected net annual income budgets for the non-pregnant and preg-

nant classes are calculated each year of a simulation run by the functions
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N P , . , . .
. ( = NAR,) and . ( = NAR.), which were described earlier in this
924, 3 925,3 3
chapter. The first-year adjustments are carried out in the function g31 ]
r
to yield the discounted maximum present values of the expected future net
incomes c¢f non-pregnant heifers and cows becoming 2 to 13 years of age

(PVB) .
J

For j = 2 to 13 (where j

age becoming),

931,35 T 928, (15-3) " {(gZS,j T 94,4 " g26,1}

. N P
that is, PVB, = PVB.

N
(NAR? - NAR.) + discount
J J J ]

factor
Of course, the main differences in the first-year budgets of the pregnant
and non-pregnant classes are due to the expectations of calf sales reve-
nues for the former.
The Qalue model is completed with the following function which calcu- |
lates the V-ratios for the non-pregnant classes (V?).

For j = 1 to 13 (where j = age becoming),

( g28,14/314,1 £ 3
g31,3‘/914,j pif 3> 1.

The V-ratios for non-pregnant heifers and cows, calculated above,

i
=

932,5 °

are the basis for the decisions (later, in g38,j) on the proportions of
animals in these classes to be retained for breeding each year of a
simuilation run. The V-ratios (PVB? / PSVj) for non-pregnant animals are
directly comparable to those computed for their pregnant age cohorts,
having identical denominators; specifically, their present inventory

liguidation values (PSVj).
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The case of weaned heifers kept for breeding is distinguished from
all other classes. 1In order to allow consideration of long planning hor-
)

. . s N |
i1zons for weaned heifers, their PVB, is computed as the last step (

1 928,14

in the oldest-to-youngest iterative process of PVB? calculations. In
that process, the weaned heifers kept for breeding (HKB's) are the only
non-pregnant class considered. The computations for all older classes
are based on the assumption of current pregnancy. The V?- ratio compu-
tations (g32'j) for the non-pregnant classes also distinguish the weaned
heifers kept for breeding from all older classes using g28'14 in the

numerator of the former and 931 3 in those of the latter.
4

Synopsis of the value Model

The description of the value model is now complete and is summarized '
here. Expected calf and utility cow prices were defined in g12 1 and
14

g12 5 On a per cwt. basis. Expected future cull values and current cull
14

values were defined on a $/hd. basis as functions of body weight and
price per cwt. (both functions of age) in g13,j and g14,j, respectively.
Annual cost budgets were defined for five broad classes of breeding ani-
mals in the functions g15 through g23. Then annual expected net revenue
budgets were defined for 26 discrete age and pregnancy classes in the

functions g24'j and g25,j'

A discount factor (g26) was defined for use in the iterative, old-
P . .
est-to-youngest, sequence of PVBj calculations. This sequence runs from

"expected final culling age" (FCA = ), to "present value for breeding"

937

(PVB = g28), to "expected future V-ratio" (FV = gog)’ then repeats for

progressively younger classes. The PVB? for weaned heifers kept for
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breeding, is the last in this sequence. In this sequence, the planning
horizons for present value calculations of future cow incomes are limited
by rules which include the assumption that cow retainment will not extend
to cow ages beyond which they are expected to be worth more for slaughter
than for breeding.

The expected present values of future net incomes (PVB? = g31'j) for
the non-pregnant classes (other than weaned HKB's) are simply those of
their pregnant age cohorts adjusted for the differences in their first
year's expec;ed net annual revenues. There is no expectation of calf

sales revenues from any of the non-pregnant classes until 2 years in

j) for the non-preg-

their future. The calculation of V?-ratios (g32
r

nant classes completes the value model. These, along with the V?—ratios
(g30 j) computed for the pregnant classes, provide the major links be-
r

tween the value model and the beef cow demography model described below.

Beef Cow Demography Model

A simple method is developed to account for the numbers of beef
heifers and cows in each age and pregnancy class through simulated time.
The functions specific to the demography model are listed in Table 4.2
and shown in a flowchart by Figure 4.1. Each year of a simulation run
begins with a post culling age structure; that is, the numbers of heifers
and cows in each class which are retained in the herd after culling. The
number of animals in the beginning inventory of each class are carried by

the model as state variables, and x2 5
’

xl,j

Calving, rebreeding, and natural deaths, are assumed to occur during

a simulated vear. The functions g34 3 and g35 3 are specified to compute
r r
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TABLE 4.2 DEMOGRAPHY MODEL FUNCTION LIST

STATE VARIABLES

X, 17 Weaned heifers not kept for breeding

14

Xy 5 = Post-culling inventories of pregnant cows (j = 2 to 14)
14

X, 5 = Post-culling inventories, non-pregnant heifers and cows
14

(3 =1 to 13)

INTERMEDIATE FUNCTIONS

g34'j = Pre-culling inventories of pregnant animals

g35'j = Pre-culling inventories of non-pregnant animals

g37'j = Proportions of pregnant animals to be retained

g38 3 = Proportions of non-~-pregnant animals to be retained
14

g39'j = Numbers of pregnant animals to be retained

g40'j = Numbers of non-pregnant animals to be retained

g41'j = Numbers of pregnant animals to cull

g42'j = Numbers of non-pregnant animals to cull

g43'j = Summations for output reports

FLUX FUNCTIONS (Updating State Variables)

£, .= A x, . and £ . = A x_. .
1,3 1,3 2,5 7 72,3
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the year-end pre-culling inventories of the {now-one-year-older) new
pregnant and non-pregnant classes, respectively. The V-ratios, developed
in the value model described above, are used in decision rules (937,j and
938,j) to determine the proportions of each class in the pre-culling
inventory to be retained each year of a simulation run.

From the pre-culling inventories and the decisions on what propor-
tions of them to retain, the numbers of animals retained in the post-
culling inventories (939,j and g40,j) of pregnant and non-pregnant classes
are calculated. The numbers culled from each class are calculated as the
residuals (g4l,j and g42,j) between the pre-culling inventories and the
post-culling (retained) inventories.

Other functions are specified to summarize the January 1 inventory
numbers of retained cows and heifers, and annual flows of culls and
calves born. These numbers are used in the model's outpﬁt reports and
for statistical comparisons with historical inventories and flows. The
statistical comparisons are the main subject of Chapter 5. In the
remaining pages of the present chapter the details of the demography

model are described.

State Variables

Two sets of state variables, X, ; and X, 5 are defined to represent
r r

the beginning inventory numbers of heifers and cows becoming j years old.

all x, . variables refer to numbers of preg-

With the exception of xl,l' 1,3

nant animals. Without exception, the X, 3 variables refer to numbers
r

of non~-pregnant animals. For example X,

5 is the number of non~pregnant
<

cows, becoming 5 years cld in the beginning inventory of a given year,
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while X g is the number of pregnant cows, becoming 5 years old. All
14

Xi,j variables are in units of 100,000 head.

In the first year of a simulation run, the initial values of these
state variables must be specified. That is, some initial age structure
must be assumed in terms of numbers cf heifers and cows in each age and
pregnancy class. The initial age structures used in experimental runs
of the model are discussed in Chapter 5. The purpose of the present
section is merely to describe the computational structure of the model.

The arbitrary rule of culling all cows becoming 15 years old (preg-
nant or not) was discussed earlier in this chpater. Another rule has
been estaklished which affects only non-pregnant cows becoming 14 years
old. The rule is that all of these animals shall be culled, that is,
not allowed to enter their 14th year. Thus, for lej (the non-pregnant
classes), j goes from 1 to 13 year olds, while the pregnant classes go
from 2 to 14 year olds.

A special state variable (xl,l) has been established for weaned
heifers not kept for breeding, but which are potentially available for
recruitment as non-pregnant yearlings next year. This was necessary to
allow for two phenomena observed in the national herd. The first is the
fact that many heifers have been bred to calve for the first time as
3 year olds, particularly in the early half of this century. Over
the period examined by this study (1950-1978) it has been more popular
to breed heifers tc calve as 2 year olds. The second phenomenon is the
recruitment of yearling heifers for breeding from the ranks of slaughter-

bound steers and heifers. When a year of suddenly bright prospects fol-

lows a year in which the future had appeared grim, heifers originally
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sold into the slaughter stream as weaned calves may be redeemed as year-
lings by newly optimistic breeders.

The national aggregate cow herd is analogous to an individual herd
which recruits heifers for breeding from amcng its own heifer calves and
which never purchases cows from the outside. Thus, the demography model
portrays an essentially closed herd. For example, the number of cows
becoming 3 years old in a given year's post-culling inventory must
always be less than the number of heifer calves weaned two years before.
Likewise, the number of 5 year olds in the herd next year must always
be less than the number of 4 year olds this year. 1In general, the
model requires the numbers of animals in a given age class in a given
year to be less than the numbers in the next younger age class the previ-
ous year. In-migration to the national breeding herd, as may occur when
individual herds purchase cows or heifers, is not allowed in the present
model.

Heifer recruitment and cow retention decisions, the ageing process
and herd productivity measures are included in the demography model. The
first calculations are of the pre-~culling inventories of the pregnant and
non-pregnant classes. The assumptions that lactating and dry cows of the
same ages will have identical rates of conception, unimpaired health and
survival were discussed in Chapter 2. These assumptions are given ex-
plicit form in the following equations. The pre-culling inventories of
the pregnant classes are calculated by the g34'j functions, in 100,000

nead units.
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For j = 2 to 14 = age becoming,

/

b4 yif J = 2

2,1 93,2 %1

934,35 F 4

[X1,<j-1> i quj-u] 93,5 91, (3-1) At 3> 2
.

The only animals which may become part of the class of pregnant
yearling heifers (g34'2) in the pre-culling inventory are those which
were weaned heifers kept for breeding (HKB's = lel) at the beginning of
the year, which both survived and conceived, at the rates g3'2 and gl,l'
respectively.

The pregnant animals in any age class becoming 3 or more years
of age in the pre-culling inventory are animals which were either preg-
nant (xl,j) oY non-pregnant (XZ,j) in the year's beginning inventory.

The total number of animals in the beginning inventory of a given age
class is multiplied by the appropriate survival and conception rates

(g3,j and gl,(j-l))' The proportions of these pregnant animals which are
subsequently to be retained in the herd depend on their respective retain-
ment functions (g37'j). The numbers of these animals retained are then
calculated in the g39'j function.

The pre-culling inventories of the non~pregnant classes are deter-
mined irn a manner similar to those for the pregnant classes. The pool
cf weaned heifers, from which the youngest recruits to the breeding herd

may be selected, are calculated as g35 1° This equation calculates the
r

sum of the pregnant cows in each age class of the beginning inventory

(x. j) multiplied by their respective calf survival rates (98 j). It is
r r
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further assumed that heifers comvrise exactly half of the calves born
and weaned.

For j = 1 to 14

14
- 1 ] = 1
(1/2) z xl,i g8,i ,if 3
i=2
935,35 © [xz,l 93,2 \1 - g1,1>j+ *1.1 1f 3 =2
. + x . (1 - . if § > 2
["1,(3—1) 2, (3-1) :]g3,3 < gl,(3-1>)> 1113
.
where: = pre~culling inventory (in 100,000 head units) of non-

g .
35,3 pregnant animals becoming j vears of age.

The class of non-pregnant yearling heifers in the pre-culling inven-
tory (g35 2) arises from two sources in the model. The first is the
r
number of weaned heifers kept for breeding in the beginning inventory

(

X, 1) which survive but do not conceive. The second is the special
, :

class of heifers (xl,l) which were not kept for breeding in the preced-
ing year but remain available for potential recruitment as non-pregnant
vearlings.

The numbers of non-pregnant cows becoming 3 years old and over
in the pre-culling inventory are calculated in the same manner as for
their pregnant age cohorts, except for the use of the complements of
conception rates.

The proportions of the pre-culling inventories of non-pregnant
heifers and cows which are to be kept for the next breeding season depend
on their respective retainment functions (g38,j)' Calculation of the

numbers of non-pregnant animals in each age class are subsequently

carried out in the 940 4 functions.
rz
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Retainment Decisions

The concept of limiting the maximuwn proportion of animals retained
in a given class to those having no serious health impairments was de-
veloped in Chapter 2. The proportion of healthy animals retained out
of the pre-culling inventory of a given class depends on the class V-
ratio. For this purpose three general categories of breeding animals are
identified. The first includes pregnant heifers and cows of all ages.
The second includes only weaned heifers and non-pregnant yearlings. The
third includes all non-pregrnant cows becoming 3 years old and over.

The first category, pregnant heifers and cows, is distinguished as
that of the successful breeders. The second category, weaned heifers and
non-pregnant yearling heifers, is comprised largely of untried animals.
That is, most of them will have not yet been exposed for breeding. The
third category, non-pregnant mature cows, is distinguished as that of
recently unsuccessful breeders. Most of these, however, would have
formerly been successful breeders or they would likely have been culled
from the herd.

The first, second, and third categories then are characterized as
successful, untried and unsuccessful animals, respectively. Based on
these characterizations, the three categories of animals in the pre-
culling inventory face different strengths of culling pressure, when com-
pared on a V-ratio-by-V-ratio basis. These different strengths are ex-
pressed in the three retaimnment decision functions given below. In
general, of course, V-ratios well above 1.0 indicate high incentives for
retainmment, while V-ratios well below 1.0 suggest incentives for heavy

culling. The retainment decisions are modeled here as logistic functions
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‘ of V-ratios. These functions have been specified to permit convenient
|

experimentation with a variety of shapes and positions.

For j = 2 to 14 = age becoming, for pregnant animals,
r~ ~
. - b
92,5 7 88
g ., =Db + —
37,3 88 b83(g30,j b84)
| 1.0
| - -
|
Where: g37 5 = the proportion of the pre-culling inventory of pregnant
r
animals becoming j years old which are to be retained in
the herd (see Figure 4.2),
9, 5 = the maximum proportion to be retained = the rate of unim-
r
paired health (asymptotic upper limit) for pregnant ani-
mals,
b88 = the minimum proportion to be retained (asymptotic lower
limit) for pregnant animals,
g3o 5 = V?-ratios for pregnant animals becoming j years old: The
r
decision variables computed by the value model,
b84 = inflection point, establishing the horizontal position of
the decision curve for pregnant animals,
b83 = a parameter establishing the gentleness or abruptness of

the decision curve for pregnant animals.

When the incentives for heavy culling are strong, for a particular
age and pregnancy class, only the most exceptional animals in the clags
will be retained. The asymptotic lower limit to the decision curve ex-
presses the intuition that no matter how grim the future may appear, at
least some animals are retained in everyv age group.

The retainment decisions for the two non~pregnant categcries are
given in the g38,j functions. The asymptotic upper retainment limits for

these animals are constant fractions (b94 and b91) of the respective

I
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rates of unimpaired health (g2 ﬁ)' Otherwise, the functional forms are
r

identical to that for the pregnant animals. These distinguishing factors

express the author's intuition that there never has been a time when

all healthy non-pregnant animals in the nation were retained in the herd.
The second category, weaned heifers and non-pregnant yearling

heifers, and the third, all non-pregnant cows becoming 3 years old

and over, are considered in separate conditional parts of g38,j°

For j = 1 to 13 = age becoming for non-pregnant heifers and cows;
(‘

— =

(Bg49,,5) ~ Pgg
b, + » 1f j € 2,
89 Pgy(935,5 = Pgy) the second

category

1.0 +

N -’

b + , if 3 > 2,
90 Pgs (9 the third
_ category

. = proportion of the pre-culling inventory of non-pregnant

where: g38 3
r

animals becoming j years old which are to be retained in

the herd,

and b91 * 9, 5 = maximum proportions to be retained
r

Pog " 95,5
(asymptotic upper limits) for non-

pregnant classes,

b89 and b90 = minimum proportions to be retained (asymptotic

lower limits) for non-pregnant classes,

N

N . . . . <
g32 ; = Vj—ratlos for non-pregnant animals becoming j years old:
r

the decision variables computed by the value model,
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b93 and b86 = inflection points establishing the horizontal posi-

tions of the decision curves for non-pregnant

classes,

b92 and b85 = parameters establishing the gentleness or abrupt-

ness of the decision curves.

Animals with poor, normal and exceptionally good characteristics are
distributed within each age and pregnancy class. The class means are
represented by the class V-ratios such that the poorest animals of a high
V-ratio class may not look as good as the best individuals in a lower
V-ratio class. Therefore, the structure of the retainment decision func-
tions allow some cows in low V-ratio classes to be retained while some

cows in the higher V-ratio classes are culled.

Numbers Retained and Culled

The numbers of animals tc be retained in the post culling inven-
tories of each age and pregnancy class are calculated as the simple
products of their respective pre-culling inventories and proportional
retainment rates. The post culling inventories of all pregnant classes

are calculated first by 939 5
14

For j = 2 to 14 = age becoming for pregnant animals,

939,35 934,53 937,3

Where: 939 s = the number of pregnant animals becoming j years old in
rJ

the post culling inventory (to be retained in the herd,

in 100,000 head units),

g34 3 = pre-culling inventory of pregnant animals becoming 3
14

vears old,
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935 3 = the proportion of pregnant animals becoming j years old
r

to be retained in the herd.
Likewise, the post-culling inventories cf the non~pregnant classes

are calculated in g40'j.

For j = 1 to 13 = age becoming, for non-pregnant heifers and cows;

940,35 T 935,53 38,3

where: 940 3 = the number of non-pregnant animals becoming j years old
r
in the post culling inventory (to be retained in the herd,
in 100,000 head units),
945 3 = pre-culling inventory of non-pregnant animals becoming j
r
years old,
938 3 = the proportion of non-pregnant animals, becoming j years
r

old, to be retained in the herd.

Calculation of the numbers of each class culled is only a matter of
finding the difference between the pre-culling inventories and the num-
bers to be retained for each age and pregnancy class. Thuas, all the
survivors which are not to be retained are culled. First, numbers culled

from the pregnant classes are determined by g41 5
14

For j = 2 to 15 = age becoming for pregnant animals;

934,5 7 939,35 o AE 3 <15
941,53 ~
*1,14 93,15 » £33 =15
where: 941 3 = the number of pregnant animals culled prior to becoming
r
i years old (in 100,000 head units),
934 5 = pre-culling inventory of pregnant animals becoming j
r

years old,
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939 3 = number of pregnant animals becoming j years old which are
r
to be retained in the herd,
x1 14 = beginning inventery of pregnant cows becoming 14 years
14
old,
93 15 = survival rate of cows in the year prior to becoming 15
r

years old.

Note that all cows are assumed to be culled prior to becoming 15
years old. Similarly, all non-pregnant cows becoming 14 years old are
assumed to be culled; there being little justification for maintaining an
elderly cow for a full year (with no chance of producing a weaned calf),
only to be culled for old age. Their numbers and those of the younger

culls are calculated by 945 - in units of 100,000 head.
iJ

For j = 1 to 14 = age becoming for non-pregnant animals;

935,5 7 40,5 , if § < 14

e

942,35

e
935,14 » 1E 3 =14

While the entire pre-culling inventory of non-pregnant cows becoming

14 years old (g35 ) are assumed to be culled, culling in the younger

,14

classes of non-pregnant animals is simply the difference between their

.) and numbers to be retained

respective pre-culling inventories (g35 j
14

). A

(&}

(g40'j with the pregnant classes, all survivors not to be retained
are culled. An output summary report is made for the cows culled each
yvear. Beyond this, however, these cows are assumed to be slaughtered and
essentially vanish from the demography model.

The totzl retazined breeding herd inventory (pregnant yearlings and

cows, and non-pregnant cows) is summed up by the function The

943,1°
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demography model carries all inventory classes in units of 100,000 head,
while here the total brood cow inventory is translated into units of a
million head. This "total cow numbers" figure is reported as one of the

model's annual output functions, Y

1,2°
" 14 \ 13
93,1 7 <%98 g39,€>+ Logyg ) LT 94,5 ) p 00D
i=3 1=3

where: 43 1 = total brood cow inventory {(including first calf heifers),
r
comparable to the U.S.D.A. January 1 inventory of beef

cows that have calved (million head units),

b98 g39 5 = The number of first calf heifers included in the in-
’

ventory (b98 = adjustment factor),

g39 ;= pregnant cows, becoming 3 years old and over, to be re-
r
tained in the herd,
g4o i = non-pregnant cows, becoming 3 years old and over, to be
r

retained in the herd.
The next summary calculation reflects some uncertainty regarding the
reporting basis of the U.S.D.A. statistics on heifers kept for breeding.

The parameters of 943 > (b 5 and b97) may be set at any values be-
14

96’ b9
tween O and 1.0 as weighting factors for experimental inclusion of var-

ious proportions of weaned heifers and pregnant and non-pregnant yearling

heifers, respectively, in the sum of heifers recruited.

943,2 = § Pgs5 J39,2) + Pgg 940 1) + Py, 940 ) ) (0.1)
where: g43 5 = the number of "heifers for replacements" (in million
r

head units} for comparison with objective historical
series from the U.S.D.A., reported as one of the model's

output functions, Y

1,3’
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(b95 * 939 2) = the numter of pregnant yearling heifers included
r
in the simulated sum,
(b96 * 940 l) = the number of weaned heifers kept for breeding
r
that are included in the simulated sum,
(b97 * 940 2) = the number of non-pregnant yearlings included in
r

simulated sum.

An earlier version of this simulation model only considered yearling
heifers in this category and excluded the pregnant yearlings from the
beef cow inventory. Comparison of the results of the early-version runs
with the objective historical series indicated the need for including the
pregnant yearling heifers in the beef cow inventory, and the weaned
heifers kept for breeding in the inventory of heifers for "replacement”.

As mentioned earlier in the text, the common usage of the term
"replacement” is a misnomer. These animals are, more correctly, referred
to here as heifers recruited to the breeding herd, or simply "recruits"
This is so because heifers are commonly recruited for breeding in numbers
too large or too small to sustain a constant rate of growth. In other
words, heifers have apparently been recruited to the breeding herd at
rates directly related to cow retainment rates. Thus, when cow culling
has been intense, heifer recruitment has also declined.

The sum of simulated cull cow numbers is computed in the function

g again in million head units, for comparison with the objective

43,3’

historical series on annual beef cow slaughter numbers from the U.S.D.A.
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Where: 943 3= simulated number of culled pregnant and non-~pregnant beef
r
cows, becoming 3 years old and over (million head
units).
! g41'i = culled pregnant cows
| 942'i = culled non-pregnant cows

‘ This "cull cows" total is reported in one of the model's annual out-

put functions, Y1'4.

The next summary function (943'4) calculates the number of calves
weaned in the current year of the simulation, in 100,000 head units. The
numbers of pregnant heifers and cows of each age group in the beginning
inventory (xl j) are multiplied by their respective calf survival rates

?

(g, .), then summed across ages. The calf survival rates, developed in

8,2
Chapter 2, account for pre-natal mortality (i.e., spontaneous abortions)
from the time of retainment decisions at culling time to the time of calv-
ing, as well as deaths at birth and deaths from birth to weaning. Recall
that the lowest calf survival rates are assumed to occur with the first
calving heifers.

4

g = (x
43,4 im2

1,i 98,1

The number of calves weaned in a given year, relative to different
measures of herd size, are key indications of herd productivity. For

example, the simulation model output function Y reports the number of

1,6

calves weaned in the current year per cow and heifer exposed for breeding

the previous year . The output function Y reports calves weaned per

1,7

cow and heifer becoming 2 vears old and over in the beginning inventory

of the current year. Yl 8 reports calves weaned per pregnant cow and
14

A
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heifer in the beginning inventory. Finally, ¥ reports calves weaned

1,14
per calf born in the current year. The reader may refer to to the
FLEXFORM model documentation in Appendix A for the specific formulas used
in calculating these outputs.

The total number of cows and heifers on inventory at the beginning

of the current year as pregnant and non-pregnant animals becoming 2

years old or over is calculated by g43 5 in 100,000 head units.
, b

4 X
g = Z 1,1 +
4350\ =2 ) i

=

3 x
2,1

B o1

2

This measure of herd size is used in several herd performance statis-
tics including Y1,7 mentioned above. Non~-pregnant yearling heifers (x2'2)
are not included in the measure of breeding herd size specified in g43'1,
while they are included in g43'5 which is used in measures of herd effic-
ciency.

The last summary calculation in the demography model is an estimate
of the total number of calves born to beef cows in the current year, in
million head units. This number should be comparable to a derived objec-
tive historical series on beef calves born in the U.S.

4

Sl oy g3'(i+1)>\L (0.1)

943,6 .

i=2

It is assumed that live calf births may be estimated as the sum of
the products of pregnant animal beginning inventories (x__L j) and their
14

respective cow survival rates ). In other words, all cow deaths

(93, (541)

are assumed tc take place around calving time and, in pregnant cows,

cause the loss of their calves as well. These assumptions are made for




154

the sake of computational convenience and in the author's opinion ought
to cause little bias in the result. In reality, cows may die at any time
of the year, and new-born calves do sometimes survive the death of their

dams.

FLUX Functions

The updating of state variables through simulated time is accomp-
lished by FLUX (or delta) functions in the FLEX modeling system used here.
For each state variable X, 3 (cattle inventory class) in the model there

?

is a corresponding FLUX function, fi .. The state variable updating pro-
r

cess, where k indicates the current time step, operates very simply:

*L,5040) T *i500 Y500 T %500 T 85000

The state variables in the present model are (with the exception of
xl,l) the post-culling beginning inventories, by age and pregnancy classes,
of animals retained in the breeding herd. The numbers of pregnant animals
to be retained at the end of the current year are calculated by g39'j,
while the numbers of non-pregnant animals to be retained are calculated
by g40'j. A FLUX function is defined to determine the gquantity which,
when added to the old value of its corresponding state variable, gives the
new (updated) value of the state variable. Thus, FLUX functions may have
negative or positive real values as the number of animals in a given age
class shrinks or grows from one year to the next.

For j =1 t?/14 = age becoming,
| b_.) - x

(942,1 Pg7 1,1 , if 3 =1

L S , 1f 3 > 1.
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The special class ( ) of weaned heifers not kept for breeding,

1,1

but potentially considered available for retainment in the future as non-

pregnant yearlings, is assigned the FLUX function fl 1 shown above. The
r

total number of weaned heifers not to be retained ( ) times a con-

942,1

stant fraction ( ) gives the new value of x Subtracting the old

b87 1,1°

value of x yields the change (£ = A ) in this state variable

1,1 1,1 - %11
from the beginning of the current year to the beginning of the coming

year. For j > 1,f very simply calculates the change in the size of

1,3

the xl 3 pregnant inventory class from the beginning of the current year
r

to the beginning of the coming year.

FLUX functions for the non-pregnant classes are equally straight-

forward: for j = 1 to 13 = age becoming,

£ X

2,5 - 940,35 T *2,5

These functions, of course, calculate the changes in the numbers of

non-pregnant animals comprising the x inventory classes from the be-

2,3
ginning of the current year to the beginning of the coming year.

The reader is referred again to Figure 4.1 which shows the flow of
the cattle inventory change process modeled here. The ageing and attri-
tion of a group of animals, born in a given year, may be clearly traced
from the time they were weaned heifers until, 14 years later when a small
fraction of them are culled for old age.

This completes the detailed description of the body of the beef cow
value and the demography model. The FLEXFORM summary version of the model

is given in Appendix A. 1Included also in the FLEXFORM are additional

parameters and statistical functions which compare the simulated and his-
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torical numbers of the four key classes of animals: cows (943 1);

’
heifers (g43,2); culls (g43’3); and calves born (943,6)' The okjective
historical series and the statistical processes for comparing them with

the simulated series are defined in Chapter 5.
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"CHAPTER 5

VALIDATION, RESULTS AND CONCLUSIONS

Behavior of the beef cow value and demography model is evaluated
by statistical and graphical methods in this Chapter. Conclusions
drawn from the study, their limitations and indications for future
research are also discussed. The statistical measures of comparing
the simulated and historical series of cows, heifers, culls and

calf numbers are presented first.

Historical Data

The objective historical series, against which the siﬁulated
numbers are compared, were taken from a U.S.D.A. data source (U.S.D.A.,
ESS, T-DAM, 1979).

The U.S.D.A. beef cow series were derived, before 1965, as
estimates of cows and heifers that have calved, from the historical
series on cows and heifers aged 2 years and older. The latter series
was discontinued by the U.S.D.A. in 1971. January 1 inventories
from 1950 to 1979 are used. The 1950 inventory estimate of 15.95
million cows that have calved is used as the beginning inventory
for all simulation runs. The initial age and pregnancy distributions
of these animals, for the main example run of this Chapter, are given

in the list of state variables in the FLEXFORM (Appendix A). The
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January 1 beef cow inventories from 1951 through 1979 are given as
parameter values in the FLEXFORM also (b101 through b129).
U.S.D.A. estimates of heifer numbers for breeding, on the January

1 inventories from 1951 through 1979, are also given as the parameter

values of b through b

131 respectively.

159’
Annual estimates of beef cow slaughter numbers, from 1950 through

1978, are shown as the FLEXFORM parameter values b through b

160 188’

respectively.

The data on numbers of beef calves born were derived from
U.S.D.A. estimates of total calves born and dairy cow numbers. It
was assumed that the number of dairy cows, multiplied by 0.92,
would yield the number of dairy calves born in the U.S. The numbers
of beef calves born were thus computed as the residual of the total
minus dairy calves. These estimates are given as the values of
parameters b

through b2 for the years 1950 through 1978,

190 18

respectively.

The inclusion of the objective series as model "parameters"
was only for the sake of convenience in making all statistical com-
parisons automatically as the model was run each time. The presence
of these data have no effect on the operation of the value and demo-
graphy model except as they allow instant viewing of the differences

between simulated and historical series at the completion of a run.

Statistical Comparison of Simulated and Historical Series

A number of quantities are simulated for which no historical

data exist, such as the changing age structure of the herd
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through time. These provide the most interesting outcomes and are in
fact the main reason for using a simulation approach. These are
discussed later in this chapter.

The credibility of a simulation model is affected by its theore-
tical tenability and by objective measures of its ability to track
real world behavior. The theoretical tenability of the present model
may be judged by the reader based on its presentation in the previous
chapters. The measures used to compare the model's outputs with ob-
jective historical series are briefly described here. Their computa-
tional details are included in the FLEXFORM, Appendix A.

The author made a strategic decision to append the statistical
comparison algorithms directly to the simulation model, rather than
carry them out in a separate process. This was intended to reduce
turn~around time, data manipulation errogs and costs. This was
weighed against the extra modeling and programming time for including
the statistical comparisons in the simulation program. In the hind-
sight afforded the author, after making over a hundred runs with
different versions of the present model, ﬁhe choice of including
the statistical routines has been well vindicated.

It is a simple matter to change parameter values for a new run of
the present model. The entire process of calling up the files and the
FLEX program, then processing the model and printing out the statisti-
cal summaries could be accomplished at a remote computer terminal in
under 5 minutes. Only if a simulation run had some feature of parti-
cular interest would a full-line printer output be called for or

would data files for plotting be saved.



160

A set of comparison statistics is computed for each of the four
simulated series and their respective historical series during a run.
The four series compared are, again: January 1 inventories of cows
and recruited heifers and the annual numbers of cows culled and
calves born. 1In addition to a side by side listing of the simulated
and historical series in each of these classes the annual ratios of
simulated to historical numbers are calculated. The model then
computes 6 summary statistics comparing the series over the entire 29
year run.

The first is the mean proportional absolute deviation (MPAD)
of the simulated series from the historical series. The proportional
absolute deviations of the simulated numbers from the respective
historical observations are summed, each year of the simulation run,

by the use of memory variables:

Saa,i = My,p t |8y - Hy|/E
where:
Si = simulated, Hi = historical, nb,i.= previous years' sum
i = 1 for cow inventories
i = 2 for heifer inventories
i = 3 for cull cow numbers
i = 4 for numbers of calves born

In the last year of a simulation run the mean proportional

absolute deviations are computed as output functions:
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vhere i1 is as defined above, and b99 = n = 29 years. These "average

| error" statistics are most useful in that their interpretations are
straightforward. Because they are in proportional terms, a ten per-

cent deviation early in the run counts as heavily as a ten percent
deviation near the end of the run where, for example, cow numbers
were historically three times greater.

The remaining comparative statistics are based on transformations
of the series into terms of annual proportional changes, P (predicted

changes) and A (actual changes). Where Sk and Sk—l are the simulated

numbers in the current and previous years and (k and k-1) respective-

ly, P = (S )/ Likewise, where Hk and H_ . represent the

k T Sk-17/5%-1- k-1

historical numbers for the current and previous years (k and k-1)

respectively, A = (H - )/

k Hk—l Hk—l'

Based on the transformed series P and A, standard deviations,

simple correlation coefficient and, in turn, Theil's coefficient of

S

inequality (U), and its decomposition statistics (Um, U, and Uc),

are calculated.

Special formulae are used for computing the standard deviations
and correlation coefficients of the transformed series. Shown in
Appendix B, these formulae are particularly convenient because they

may be computed from sums accumulated time-step-by-time-step.

O
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Transformations and summations are carried out at each time
step (year) in the course of a simulation run. The sums, sums of
squares, sums of products and sums of squared differences are accumu-
lated, as simulated time progresses, to be used at the end of the run
in the calculation of summary comparison statistics of the simulated
and historical series. The details of this summation process {(speci-
fic functions) are given in the FLEXFORM (Appendix A).

In general the calculations proceed, each year, in the following

manner:

=P = -
94i,1 (S = Sp-1)/S1
941,20 "B = B - H _J/E_
g,. =m +g,, ,=212 P
4i,3 i,3 4i,1

94i,4 i,at G451

91,5 =Py,5 7 945, L B

Sai 6 =Myt (9, )0 =L A7

94,7 = ™i,7 T 944,1 943,0) = EFA

a8 “™,8 " 945,01 g4i,2)2 -z - m

The sequence of transformations and summations shown above is repeated

for each of these classes.

where:
i =5 for cow inventory comparisons (in g . and m_ .)
45,3 5,3
i = 6 for heifer recruitment comparisons (in g46 and m6 j)
?
i = 7 for cull cow comparisons ({in . and m_ .)
® 947,73 7.3
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i = 8 for calves-born comparisons (in g48,j and m8,j)'
The m, . terms are memory variables which recall the previous
r
year's value of the equations in which they occur (i.e., m recalls

5,8

the value calculated by 945'8 in the previous year).

Calculations of the standard deviations of the year-to-year
proportional changes in the simulated (SP) and historical (SA) series
are carried out only at the end of a simulation run from the sums
accumulated during the run. BAll the terms for these calculations

are defined above.

_ 2 _ 2 _ 2
41,9 = (1/28) /28 945,4 = (941,30 =S, = A/n) Jn Ip (ZPp)

and

)2 = S_ = (1/n) {nZk 3% - ( ZAJZ .

= (1/28) \J28 g,. o = (9, ¢ A

941,10
The derivation of the standard deviation formula used here is shown
in Appendix B. The reader is referred to the FLEXFORM for the details
of the category-by-category function descriptions.

The standard deviations computed for comparable simulated and
historical period-by-period changes are used in calculating the

correlation coefficients,

(28 g4i,7) - (941,3 g4i'5) nyPA - ( TP)( TA)

g,. .
41,3 (28)° n? (s, S,)

94i,9 941,10
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where all terms are as defined above. The derivation of the function-
al form is shown in Appendix B (see Johnston, 1972, p. 34, for a
similar form).

Of course a positive correlation coefficient near 1.0 is highly
desirable while near-zero or negative values would be disappointing.

Theil's (1966) inequality coefficient, U, was designed for
ex-post evaluation of the quality of single-period forecasts; for
example, a sequence of actual (A) and predicted (P) changes in some
variable of interest. Theil's method has been adopted, for use in the
present simulation validation context, by transforming the simulated
(Sk) and historical (Hk) series into a series of single-period
proportional changes, A and P, as shown above. Koutsoyiannis (1977)
and Paulsen, et al. (1973) offer discussions of Theil's U statistic;
while applications similar to the present use are shown by: Crom
(1970), Rosen and Mathur (1973), Paulsen, et al. (1973), Mathur and
Rosen (1974), Folwell and Shapouri (1977) and Lin (1980).

The formula for Theil's inequality coefficient is given as:

2 2
u =\[<1/n) 2 - a%(/msa’ - [94s 67941 6

For perfect forecasts, where the predicted changes were all equal to

the actual changes, the numerator would vanish, and U = 0. In the
case of naive forecasts of zero change (as when tomorrow's weather

is always forecasted to be like today's), P = 0, leaving the numera-

tor identical to the denominator, and U = 1.0.
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Since it is possible to have forecasting performance worse than
by naive (no change) forecasts, Theil's U statistic provides an objec-
tive measure of how much worse. Obviously, if one's forecasting
method yields U values greater than 1.0, one may objectively state
that the naive forecast would be preferred.

Theil (1966, pp. 19-32) also defined the proportions of inequali-
ty between the A and P series due to mean bias (UV), unequal vari-
ance (Us) and imperfect covariance (Uc). These are based on the fact
(shown in Appendix B) that the numerator of Theil's inequality
coefficient may be decomposed into the following expression:
(1/ny s -m2= F -84+ (s - s)% 4 2(1 - r)(s_5.),

P A PAa
where P = ZP/n, A = Z A/n and the other terms are as defined above.
Theil shows that the three terms in this decomposition may be used
to indicate the source of inequality as:
L ®-B?

U = > = proportion of inequality due to mean bias,
(1/n) Z(P - A)

2
. (SA - SP)
U = 5 = proportion of inequality due to unequal
(1/n) Z(P - B) variance, and
. 2(1 - r)(SPSA)
U = = proportion of inequality due to imperfect

(1/ny Z(p - A)2 covariation,

such that: Um + Us + Uc = 1.0.
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Inequality decomposition statistics, as defined above, are also
built into the model for comparing each of the objective series with

their respective simulated series.

2 Display Simulation Run

The results of one of the better runs of the simulation model
are presented here. The initial conditions for this run, and all of
its parameter values, are given in the FLEXFORM. Table 5.1 shows
the statistics comparing the simulation run numbers of cows, heifers,
culls and calves born with the objective historical series. Figure
5.1 gives a visual impression of the tracking behavior of the model
over the 29 year run.

Visual inspection reveals that tracking is closest for the cow
inventories and numbers of calves born. The mean proportional
absolute deviation (MPAD)} for cow inventories were the best (lowest)
at .029 (or 2.9 percent). The cow inventory tracking also displayed
the highest correlation coefficient of single period changes (.889)
and the best (lowest) coefficient of inequality (U = .405).

Most of the inequality between the historical and simulated
cow inventories was due to the imperfect covariance (Uc = _.798),
and nearly all the rest was due to unequal variance in the two
series (Us = ,200). A small proportion of the inequality was due
to mean bias (Um = .002).

In the statistics comparing simulated and historical numbers
of calves born, there was an average deviation of 3.6 percent

(see: MPAD for calves in Table 5.1). The correlation coefficient



TABLE 5.1 COMPARISON STATISTICS FOR SIMULATED AND HISTORICAL NUMBERS

Comparison Ooutput MPAD r U o u® u®
Class .
Functions
COWS Y 5= .029 .889 .405 .002 .200 .798
r
HEIFERS Yy 5= 172 .426 .962 .000 .051 .949
CULLS Y, 5= .261 .545 .842 .015 .572 .412
’
CALVES BORN Y., g = .036 .731 .587 . 001 .131 .868
- ’

L9T
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was only second best at .731, to that for cow inventories, likewise
in its U statistic.

The tracking performance in heifer and cull numbers were the
worst in all respects. The proportion of inequality due to unequal
variance was especially marked for culls (US = ,572). This fact is
obvious in Figure 5.1 as well. The simulated numbers of culls follow
a nearly straight path until the mid—sevénties, with an average error
of 26.1 percent.

Overall, the simulation performed considerably better than naive
fecrecasting. That is the U statistics were all below 1.0. However,
the tracking performance for heifers and culls leaves something to
bhe desired, as their U statistics are uncomfortably close to 1.0.

In this model, the numbers of calves born affect the numbers of
heifers retained; recall that variable proportions of the heifers
weaned are retained. Numbers of heifers retained affect the cow
herd size, as do the numbers culled. Of course herd size and age
distribution influence the numbers of calves born. The natural
interrelationships between these classes of animals prevents changing
the model to improve the tracking of one class without affecting all
the others.

Model behavior is most sensitive to changes in the inflection

point parameters in the retainment decision functions, and

937,3
938 5 Shifting one of these parameters to the left, in the V-ratio
r

dimension, allows greater proportions of animals in the respective

class to be retained. The effect is a gradual increase in herd size

through many interactions. Nc¢ mathematical algorithm for approaching
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an optimal parameter set was used. Rather, an iterative trial-and-
error method of fine tuning, inspection of the compariscn statistics,
and re-running of parameters was used.

A large number of parameter sets yielded tracking behavior with
average errors- within 10 percentage points of the values shown here.
These were obtained after the present structural form of the model was
reached. Therefore, there is no assurance that the parameter set
indicated in the FLEXFORM is optimal in a statistical least-squares
sense. Had time allowed, in the sense of the author's opportunity
costs, further structural refinements and fine tuning may have prod-
uced better tracking behavior. The present state of the model is

sufficiently revealing for the purpose at hand.

Relative Cow Value Shifts

Figure 5.2 shows the sharply contrasted cow value situations
simulated for 1952 and 1976. Cattle prices were high relative to
costs in 1952, as reflected in the very "optimistic" relationships
of apparent breeding values to slaughter values (PVB? and PVB?
relative to PSVj). Non-pregnant animals 6 years old and younger,
appear to be worth as much, or more, if retained in the breeding herd
than if sold for immediate slaughter. BAll pregnant cows have
apparent breeding values far above their slaughter wvalues.

The case of 1976 is grim indeed. Only pregnant cows in the

prime of productive life (3 to 10 years of age) appear to be worth

saving from the slaughter house. Non-pregnant animals have apparent
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breeding values (PVB?) only about half as high as their immediate
slaughter salvage values (PSVj).

The simulated cow values shown in Figure 5.2 explicitly indicate
the wide range of "optimism” and "pessimism" which Walters (1965)
mentioried as periodically seizing the cattle industry. In this
display simulation run the maximum allowable planning horizon for
retainment decisions was 2 years. Recall that in the case of preg-
nant cows becoming 14 years of age, the maximum planning horizon is
limited to a single year. For that reason, a "kink" appears in the
PVB? curve for 1952; all younger cows are presumed to have 2 year
planning horizons because their futures seem so bright. No "kink"
appears in the PVB? curve for 1978 since the future for all classes
appears so bad that none are considered for more than a one year
planning horizon.

Another point illustrated by Figure 5.2 is the great difference
between apparent breeding values of pregnant and non-pregnant animals
of the same age. This is due chiefly to the expectation of calf sales

from the former in only one year.

Age Structure: Demographic Pulse

In the simulated path of age structure changes, shown in
Figure 5.3, dramatic internal waves or pulses occur through time.
These are due to the combined effects of variable recruitment of
heifers and variable culling pressures across cow ages through time.
Figure 5.3 may be compared with the U.S.D.A. figures on the beef cow

inventory shown in Figure 1.1 at the beginning of this study. The
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SIMULATED CUMULATIVE AGE STRUCTURE OF THE U.S. BEEF COW HERD, 1950-1978
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comparison will not be exact because weaned heifers kept for breeding
are included in the age structure graph but not in the total cow
inventory plot of Figure 1.1i.

In the age structure graph, Figure 5.3, the youngest animals are
on the bottom and the oldest on the top. Attrition, mainly by inten-
tional culling but partly by death, is apparent as successively older
age classes become smaller. The precipitous liquidation of thé mid-~
seventies took cows from all age classes} according to the model, but
not all in the same proportions.

In Figure 5.4, the data used to plot the numerical age structure
graph have been transformed to percentage terms. In the proportion-
al age structure graph, Figure 5.4, a feature barely visible in the
numerical structure plot becomes boldly apparent. A "pulse" in
the proportional age composition of the herd, very simiiar to that
hypothesized in Figure 1.2 is simulated. Recruitment-year cohorts
are indicated for two successions of heavy (cross-hatched cells) and
light (empty cells) recruitment. The cross~hatched cell shown at
1950-51, is comprised of heifers 2 years old and younger recruited
into the herd during a time of high cattle prices relative to costs.
By 1962-63 representatives of those recruitment-cohorts remain in
the herd as 12 to 14 year olds.

Referring still to Figure 5.4, the empty cell at 1955-5¢ repre-
sents heifers recruited during a time of much lower cattle prices than
5 years earlier. The simulated pattern shows a swelling in the

proportions of cows in the middle-aged prime cows and constriction

in the proportions of elderly cows, during such a period of belt-
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FIGURE 5.4 SIMULATED AGE COMFPOSITION OF THE U.S. BEEF
COW HERD, 1950-1978, WITH RECRUITMENT-YEAR COHORTS
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tightening. By 1960-61 the large middle-aged group of the mid-50's

has grown old to swell the ranks of the elderly classes. The middle-~
aged classes comprise a considerably smaller proportion of the herd
than did the same age class 5 years earlier.

The process protrayed as the "demographic pulse" is ponderously
slow, almost glacial in its movement. Herd owners caught up in the
distractions of current expenses, weekly and seasonal cattle price
gyrations, could scarcely be expected to appreciate their contribution
to the process. With only total cow numbers to deal with, government
forecasters may also be forgiven for not having noticed this process,
though it seems likely to be a contributing force in the annoyingly

regular cattle cycle.

Conclusions

A search of the biological literature revealed strong indications
that beef cows perform differently across ages. The major biological
differences with economic importance are conception rates, heglth rates,
body weights, calf weaning weights and calf survival rates.

The above biological features of cows in different age classes
may be used in models of rational investment behavior by beef cow
operators. Earlier firm level models have suffered from the assumption
of incorrect biological parameters or management practices far removed
from the ordinary. National models, due to real data limitations

have unintentionally focused on ageless cow populations.

Simulation models may be used to organize the knowledge already

at hand into powerful logical structures for tracing the probable

consequences of our manipulation of system elements. The current
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study has shown the likely aggregate consequences of investment
response toward beef cows, a very peculiar form of productive capital.

The imperfect tracking behavior of the model, with respect to the
four objective series, may be due to several factors. The annual
budget generator may be too simply specified to capture the true
historical aggregate beef cow variable cost history. The cost and
price variables which drive the model may lack representativeness.
Aggregation errors are undoubtedly present but of unknown dimensions.
The “"objective" series against which the simulated series are compared
may also be in error. Especially suspect are the historical numbers of
heifers recruited to the breeding herd.

Tax considerations have also been ignored. Some feel that these
have in recent years become increasingly important. The model has not
been specified to capture beef cow investment motives other than
enterprise profit. Cow investments as tax shelters and inclusions on
"hobby farms" for aesthetic gratification, have been ignored here.

Cow performance parameters are assumed to have remained constant
over the study period, and across regions. The errors introduced by
such simplification are also of unknown dimensions.

Questions of price formation, clearly an important element in the
cattle cycle process, have been ignored in the present model. With
the evidence at hand there is no support for an assertion that a "demo-
graphic pulse" causes cattle cycles or determines their length . . . .
only that it very likely exists and is susceptible to further study.

A simulation run was made with parameters set to reflect the

assumption that cows of all ages have the same performance levels.
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The model's ability to track the objective historical series was, in
some respects, better than in the display run. For example, an MPAD
of 0.024 for cow inventories was shown, compared with 0.029 in the
display run. Thus, the null hypothesis that differences across
mature cow ages are of no importance in explaining beef cow investment
behavior could not be rejected. 1In the "homogeneous cow" run,
however, costs and revenue prospects were still distinguished between
weaned heifers kept for breeding, pregnant and non-pregnant yearlings,
and pregnant and non-pregnant cows. In all cases, as usual the
greatest differences were due to the expectation of calf sales
revenues for the pregnant animals.

With its few exogenous price and cost variables, simple manage-
ment expectations and biological relationships, the model is able
to track the historical numbers of beef cows and calves born quite
well. The model is very simple in that it considers only the beef
cow/calf sector. No information on dairy or other livestock sectors
is used and the feedback mechanism through fed cattle and price

formation is ignored. Such a biologically constrained investment

reaction model may be most useful because of its simplicity.
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Indications for Further Research

Both firm level and aggregate research are indicated. The sur-
face has only been scratched with this study.

The author has spoken with farmers who mentioned having been
surprised to find that a sizeable propcrtion of their cows in a given
year are very old. It is possible for cattlemen to pay closer
attention to their own herd age structures to avoid such surprises.
Being conscious of age structure should allow more accurate projection
of expected herd performance.

Animal scientists may make valuable contributions to knowledge
of age effects by analysis of past herd records. By focusing on
the attributes of age associated with economic efficiency, they
may provide a more accurate biological picture than that given in
Chapter 2. The truer the biological assumptions made by economists,
the more useful their findings will be.

Prices and costs are exogenous in the present model. Price
formation in the beef industry has long been studied. It is,
therefore, possible to construct a combined model of price formation
and beef cow investment response. Then projection of estimates
could be made for the future, perhaps forecasting age structure
situations which may precipitate large liquidations.

Current age structure estimates and forecasts may be derived
and published regularly. Such information would be more useful to
cattlemen than the too common reports of herd value based on appraisal

of the entire cow inventory at current slaughter prices.
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FLEXFORM AUGUST 1981
Thomas L. Nordblom, Dept. of Ag. and Resource Econ., Oregon State University

TITLE: BEEF COW VALUE AND DEMOGRAPHY MODEL: U.S. 1950 - 1978

PURPOSE: To provide a basis for expressing and testing the hypothesis that the historical patterns
of beef cow herd accumulations and liquidations ( the cattle cycle ) have been related to

investment incentive differences across cow ages through time, resulting each year in

changes in herd age structure, performance and potentials for adjustment in subsequent

years.

TIME RESOLUTION: one year ( beginning with post-weaning/culling inventories each year )

STRUCTURE: see GROSS FLOWCHART, FUNCTION CATALOG, and BEEF COW DEMOGRAPHY MODEL FLOWCHART on
following pages. FLEXFORM CONTENTS: x,. j = state variables
’
z, = annual variable inputs
i
m, ., = memory variables
i,)
gi 3 = intermediate functions
’
fi 3 = FLUX functions (to update state variables)
’
Y. . = output functions
i,3
. H
b, = parameter list Lo
i o



*

BIOLOGICAL *
PARAMETERS

. to .
gl,] 98’3

MANAGEMENT *
EXPECTATION
PARAMETERS

99 5 & g

9,3 10,3

AN

computed at beginning of N\
model run for use in all \\

subsequent iterations

&““*\—“*

BEEF COW VALUE AND DEMOGRAPHY MODEL: GROSS FLOW CHART

~

ANNUAL INPUT
VARIABLES

t
zl o z14

N>

VALUE MODEL

g to g

12,3 32,3

N
\ b

!

\

DEMOGRAPHY MODEL

State variables

X, and x

1,3 r]
Intermediate
Functions

g

Flux Functions
A Xy 3 andA X,

SIMULATED vs. HISTORICAL
COMPARISON STATISTIC

CRALCULATIONS

t .
Ja4,5 ° Ya8,;

OUTPUT FUNCTIONS

Y to Y
1,3 12,3
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BEEF COW VALUE AND DEMOGRAPHY MODEL
FUNCTION CATALOG

FUNCTION LIST: BIOLOGICAL AND
MANAGEMENT EXPECTATION PARAMETERS

BIOLOGICAL PARAMETERS:
. ™ conception rates., by cow age
q = unimpaired health rates. by cow age

cow survival rates, by cow age

o
w
*

-] = cow culling weights, by cow age
95 * maximum cow body weight
g, . * calf waaning weights. by cow age
q. = weaning weight of a heifer kept for breeding
ga'j = calf survival rates, by cow age
MANAGEMENT EXPECTATION PARAMETERS:

q s expected retainment rates, by cow age

9,3

10,4 *» expected culling rates, by cow age
L)

BEEF COW VALUE MODEL FUNCTION LIST

912 , = Expected future feeder steer price

9!.2 2 " Expected future utility cow price
gn ; = Expected future cull slavage value (FSV )

b

9“'3 * prasen:z Sull salvage values (PSVJ)'

915 = Interest charge factor
93¢ = Costs common to all budgecs '
q” = Cost budget for heifers kect for breeding (Hxl':1
qu = Costs common to yearling heifers l
919 » Cost budget for pregnant yearling heifers
qzo = Cost budget for non-pregnant yearling heifers l
ﬂn a Costs common td cows, aged 3 years and over ,
92" = Cost budget for pregnant cows I
9,, = Cost budget for non-pregnant cows l
924 = Net annual r . preq Classes |
ng = Net annual revenue, pregnant classes l
926 = Discount factor for present value calculstions
9,4 ; = Expected final culling age decisions '
'
4
. = PVR lculati

928,; 3 calculations '
929 3 - W‘p PVBP / rsv] calculations

- F ————— - — — o —— — .>’
%30, 3 vp #ve? / psv, I

N

» PVB_ calculations

q!l.j 3j J
N N

® V. = PVB_ / PSV_ Calcudllions wmme e cmme—

%1237 %y 3 3

DEMOGRAPHY MODEL FUNCTION LIST

STATE VARIABLES

x, = Weaned heifers not kept for breeding

1,1
xy 3 = Post=-culling inventories of pregnant cows {j = 2 to 14)
.

x = Post-culling inventories, non-pregnant heifers and cows

23 (3.1 te 13

INTERMEDIATE FUNCTIONS

q!( 3 = Pre-culling inventcries of pregnant animals
.

Syg - = Pre-culling inventories of non~pregnant animals
rS

Syq 5 = Proportions of pregnant animals to be retained
ﬁ v

Sig 5 = Proportions of non-pregnant animals to be retained
'

9ag 3 = Numbers of pregnant animals to be retained
.
S40 3 = Numbers of non-pregnant animals to be retained
v
941 3 = Numbers ¢f pregnant animals to cull
v
942 3 = Nuubers of non-pregnant animals to cull

9 3 » Sumations for output reports
.
FLUX FUNCTIONS (Updatincg State Variables)

‘1,3""1,: nndfz'j-ex

2.3

QUTPUT FUNCTION LIST

. = herd size and performance reports
= herd composition, by age class totals
= pSV. = present cull salvage value

-v‘,’-r’V'aI;/psvj

v‘-wsN/Psv,
3 bl

3

N

3
Y, .= PVB for Pregrant animals

v ZL

Y, . = PVB for non-pregnant animals
Y = sim. vs. hist. statistics for cows
Y, . ® sim. vs, hist. statistics for heifers

Y = gim, vs. hist. statistics for culls
.

Y 3 = sim. vs. hist. statistics for calves

le R = cumulative age composition of herd
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STATE VARIABLE LIST FOR COW VALUF AND DEMOGRAPHY MODEL

Used
State Injitial in these
Variable Value Units Description functions
xI 1 18.2 100,000 Read No. of weaned heifers not kept for breeding in the present year but available as yearlings next year 3N
* ,2 20.7 " No. of pregnant yearlings kept to calve in the present year as 2 year olds h
* .3 24.1 " " " " cows " " " LI " " "3 " "
X34 19.0 " " " " " " "o, " o» ” " 4 v --
* .5 15.8 " " " " " " " " "o " " 5 " " 9
xl .6 14.9 " " " " " " " " "o " " 6 " » 935
*1,7 11.1 " o “ - moom o " " 7 % on } 945
x]_ ,8 10.4 " " " " " " " ” " oow " " 8 " " f 1
*1,9 10.9 " "o " " I " " g * m
*y ,10 8.9 " " " " " " " " " . " " 100 " "
*1 11 7.2 " " " " " " " " w ow " " 11 0" "
*1.12 2.4 " " " " " " " " wow " " 12 " "
*1.13 1.3 " " " " " " L "o " " 13 " "
Xy 14 1.0 " " " N " " " " v " " 4 " " J
X, 1 35.0 " No. of weaned heifers kept for breeding (HKB'S) in the present year as 1 year olds
*, ,2 9.2 " No. of non-pregnant yearlings kept for breeding in the present year as 2 year olds
*5,3 2.3 " " " " cows L] " now " " 3 0w "
X504 1.3 " " " " " " " P " . 4 - "
*, .S .8 " " " " " " " " w . " " 5 n "
X * " " " L . A " " " " " " "
x2 ' Z " w w “ “ . m " - " . j . 934 Y35
2,7 g £
* ,8 -8 " " " " " " " " "o " " 8 " 743 2
X, 9 1.1 " " " " " " " " " .- " " 9 = "
5 10 1.3 " " " " " " - " " e .
x2 . 1 1 1 - 5 " " " " " " " " " . A " 11 . A
x5 12 .7 " " " e " " " " " . " " 12 » "
513 .5 . " " " " e e R T

002




INPUT LIST FOR COW VALUE AND DEMOGRAPHY MODEL

Input Units Used in these functions
z1 S/cwt. weaned calf prices (feeder steer prices) 914 g12,1
z., $/cwt. Utility cow prices 994 912,2
z} Index fuel, lube, and electricity C.P.I. g16
N (78 = 1.0) ’
z4 farm machinery C.P.I. 916
zg " fed cattle price (for bull charges) g16
26 pasture rental rates 917 Y18 993
z7 hay (other hay prices) 917 918 939
Zg grain (corn price) 917 Y918 921
29 protein supplement (SBOM price) 917 9418 921
Z1o salt and minerals (salt price) 917 918 921
z11 farm labor wage rate 916 917 g19 920 922 923
212 veterinary and medicine 917 919 920 922 923
Zy3 %133t2 P.C.A. average cost of loans (% interest / 100) 915 927'1
. . . -— 1,4
214 years year counter (beginning in 1950) Yl,l 944,3 J
= 5,8
941,21
Y, i=28,11

102




MEMORY VARIABLE LIST: STATE VARIABLES IN TIME (k-1)

Used
Memory Injitial in these
variable Definition Value Units Description functions
™ xl,z (k-1) 159.0 100,000 hd. Post-culling inventory of pregnant yearlings kept at beginning of previous year
"y )3 xl, 3 (k-1) zero " " " " " " cows becoming 3 years old at beginning of previous year
n .4 Xy L4 (k-1) " " " " " " " - " 4 " " " " " " " ¥
" .5 Xy .5 (k-1) " " " " " " " " " 5 " " " " " " " 1,8
my .6 X1 6 (k-1) " " " " " " " " " 6 " " " " " " " Y .9
m1'7 x1,7 (k-1) " " " " " " " " " 7 " " " " " " " $ Yl,lO
ny .8 Xy .8 (k~1) " " " " " " " " " 8 " " " " " " " ¥
LI %y ,g (k-1) “ " " " " " " " " 9 w v v " " " " 1,12
™10 %), 10D " " " " " - " " " w0 v - " - " Y2
ny 11 Xy 11 (k-1) " " " " " " " " " 11 " " " " " " "
™12 xl,lz(k_l) " " " " " " " " " 12 " " " " " " "
™13 X513 (k-1) " " " " " " " " " 13 v " " " " " "
mn ,14 X114 (k~1) " " " " " " " " " 14 " " " " " " " J
m2,1 x2’1 {k~1) zero " Post-culling inventory of weaned heifers retained as 1 year olds in previous year
m, 2 X, ,2 (k-1) " " Post-culling inventory of non-pregnant yearlings retained as 2 year olds in previous year
™3 X3.3 (k-1) " " " " " " " cows " v 3 " " " " "
M4 X5, 4 (k~-1) " " " " " " " " " "4 " " " " " Y, ,9
|n2,5 X5 {k-1) " " " " " " " " " "5 " " " " " Yl 12
™6 X3.6 (k~1) " " " " " h " " " "6 " " " " " Y '
", ) X5,7 {k-1) " " " " " " " " " "7 " " " " " 2,3
™,.8 X,.8 (k~1) " " " " " " " " " "8 " " " " "
m, , X5,9 {k-1) " " " " " " " " " "9 " " " " "
™10 X3,10 (k-1) " " " " " " " " " "1 " " " "
™11 X3,11 (k-1) " " " " " " " " " "1 " " " "
m2'12 xz’lz(k-l) " " " " " " " " " " 12 " " " " "
m, ,13 X5,13 (k-1) " " " " " "o." " " b X " " " "

Aer4



MEMORY VARIABLE LIST: SUMMATIONS FOR MPAD TEST STATISTICS .
used in these

Memory Definition Initial Units ; \ functions
. Description
Variable value
my o = 441 (k-1) Zero dimensionless Sum of previous years’proportional g44,1
r - r

absolute deviations of models estimate
of cow numbers from the USDA estimates.

(k-1) Zero " Sum of previous years’ proportional
absolute deviations of model% estimate
of heifer recruitment numbers from the
USDA estimates.

3,2 944,2 944,2

sum of the previous years’proportional g
absolute deviations of model’s estimates

of cull cow numbers from the USDA
estimates.

m = 944 3(k—l) Zero

3,3 ’ 44,3

(k~1) Zero " sum of previous years’proportional g
absolute deviations of model’s estimates 44,4
of numbers of calves born from estimates
derived from historical series.

3,4 944,4

NOTE: The above four memory variables are only used to carry forward "sums of proportional
absolute deviations" for computation of test statistics. The USDA estimates, to which the

estimates of the model are compared, have no influence on the value or demography models.
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MEMORY VARIABLE LIST: PAST CATTLE

Memory Definition Initial
Variable Value
m4'l = zl(k—l) 23.40
= k- .
m4’2 22( 1) 16.65

NOTE: The above two memory variables are used in the cattle price expectation functions,

Units

$/cwt.

S/cwt.

PRICES FOR EXPECTATION MODELS

Description

Price of feeder steers
in previous year.

Price of uUtility cows
in previous year.

Used in these
functions

912,1

912,2

g12,1 and

g12 9t to represent a continuation of the most recent one year trend or a weighted average of the
14

previous and present years' prices.

oz




MEMORY VARIABLE LIST; SUMMATIONS FOR TEST STATISTICS ON BEEF COW NUMBERS

Memory Definition Initial Units Description Used in these
Variable Value functions
m g (k-1) Zero million head Total beef cows (becoming .3 years old
and over, and pregnant yearlings) ’
retained at beginning of current year
simulated by demography model (Sk_l)
for computing (P) "predicted changes
in cow numbers for comparison with (A)
"actual" historical changes.
m5 )2 unassigned —— ———— ———— e ——— —————
m5,3 g45,3(k—l) Zero million head LP q45,3
2
-1 i i
m5,4 g45'4(k ) Zero dimensionless LP 945,4
mS,S 9'45’5(k—1) Zero million head LA g4515
. . 2
m5,6 g45 6 (k-1) Zero dimensionless LA 945,6
k-1 i ionl
m5' 7 g45' 7 ( ) Zero dimensionless L PA Iys 7
X , 2
m5,8 g45'8 (k-1) Zero dimensionless L (P-A) g45,8
NOTE: (Sk—Sk_l)
P = —
Sk—l
(H -H )
A = k k-1
H

s0Z



MEMORY VARIABLE LIST: SUMMATIONS FOR TEST STATISTICS ON HEIFER RECRUITMENT

Memory Definition
Variable
ML o 90D
m6'2 = Unassigned
M, 3 = 96,3 K1)
T, 4 = 96,4 D
= Kk~
T, 5 946,51
", 6 = 46,6k D)
= k-1
M,7 946,71
= k-1
", 8 946, K1)

Initial Units Description Used in these
Value functions
Zero million head Total heifers retained for g
X C . 46,1
breeding at beginning of current
year, simulated by demography
model: (Sk_l) for computing(P)
"predicted changes in recruited
heifer numbers for comparison
with (A) "actual" historical
changes.
zZero million head L P 946,3
. . 2
Zero dimensionless L P 946’4
Zero million head LA 946'5
. . 2
Zero dimensionless LA g46,6
Zero dimensionless L PA 946,7
. . 2
zero dimensionless L (p-n) g46,8
NOTE: (s ~ Sk-1)
P =
Sk—-l
- Hk-
a = kM-l
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Definition

Variable

Initial
Value

Units

Unassigned

947,31

k_
947,61

k-1
949 8( )

Zero

Zero

Zero

Zero

Zero

Zero

Zero

million head

million head

dimensionless

million head

dimensionless

dimensionless

dimensionless

MEMORY VARIABLE LIST : SUMMATIONS FOR TEST STATISTICS ON BEEF COW SIAUGHTER NUMBERS

Description

Used in these
functions

Total beef cows culled (pregnant

and non-pregnant, becoming 3 years
old and over) at the end of previous
year, as simulated by demography
model (S,_y) for computing (P)
"predicted"” changes in cull beef

cow numbers for comparison with

(A) “actual" historical changes

in numbers of beef cows slaughtered.

L P
)2 P2
5% A
2
5 A
5 PA
2
5 (P-RA)
NOTE:
P = (Sk-Sk—]_) )
Sk-1
A = (Hk-Hk-1)
Hk-1

947,1

47,3
947,4
47,5
947,6
47,7

947,8

Loz



MEMORY VARIABLE LIST: SUMMATIONS FOR TEST STATISTICS ON NUMBER OF CALVES BORN TO BEEF COWS

Memory Definition
Variable

Mg 1 = 943,6(k—l)
ma'2 = Unassigned
"g,3 = 94g,3D
m8,4 = 948’4(k—l)
m8'5 = 948’5(k—l)
3,6 = 948,61
"g,7 = 4,7
3,8 = 9,k D)

NOTE: m_ and m
9 10

are unassigned

Initial Units Description Used in these
Value functions
Zero million head Number of calves born to beef .- 948 1
cows and heifers in the previous !
year as simulated by demography
model (Sp_y) for computing
(P)" "predicted" changes in birth
numbers for comparison with (A)
"actual" historical changes in
birth numbers.
2 i11i h P
ero million head % 948’3
Zero dimensionless % P2
948,4
Z i11i head A
ero million hea % 948’5
Zero dimensionless ) A2
98,6
Zero dimensionless % PA 948'7
Z di ionle (P—A)2
ero imensionless v (s _Sk 1) g48,8
NOTE: P = _ K K-
Sk—l
A = (Hg-Hp_7)
He

802



MEMORY VARIABLE LIST:

STATE VARIABLES IN TIME (k-2)

Used
Memory Initial in these
variable Definition value Units Description functions
m . = x_. ,(k=2) zZero 100,000 Post-culling inventories of pregnant heifers Y
11,3 1,3 . 1,6
head and cows becoming j years old two years ago.
j=2,14
Y
m12 ] = X 1(k-—2) zero 100,000 Post-culling inventory of weaned heifers kept 1,6
- 2+ head for breeding (HKB's) two years ago.
m . = x_ ,(k-2) zero 100,000 Post-culling inventory of non-pregnant yearlings
12,9 2,3 . .
head and cows becoming j years old two years ago. Yl 6
j = 2,13 ’
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INTERMEDIATE FUNCTIONS : BIOLOGICAL

Description

3 =1,14 = age at breeding

. . 2
. = - + -—
gl,J b1 + b2(J b3) b4 (3 b3)

Conception Rate (Cj) as a function of age (j) at breeding

j = 1,15 = age becoming
b + 2
=1.0~-{b_+ 6 + b_-]
92,5 5 —>— " 7 )

Unimpaired health rate (d.) (complement of the seriously
impaired health rate) in the year prior to age j.

j = 2,15 = age becoming

=b_ + b . j
93,5 8 9 * 7

Cow survival rate (Sj) after natural and accidental death

in the year prior to age j.

PAREMETERS
Units Used in these functions
i Y
proportion g9 g34 935 1,9

COwS pregnant
cows bred

proportion g g g9

healthy cows
now

live cows
now

proportion g g 34

35
live cows
now g41 g43,6
live cows
kept one

year ago

OT¢



INTERMEDIATE FUNCTIONS: BIOLOGICAIL PARAMETERS (cont.)

Description Units Used in these
functions
i = 1 = i cwt.
3 2,15 age becoming 913 914
b

. =b__.b _.(b + (b_.. j§) +

94,5 10" 11 <12 (by3- 9 —%3>
+ (1.0 = b, )+b (b, + (b,_.9) + (b...32) + (b %))
: 10’ ""15°\ 16" 1777 18" 19"

Cow culling weight (CWj) at culling time prior to age j.

=b_ b + (1.0 - b . .cwt. g g
95 = PioPyp F -0 = b)) b o 6 7
(MA) Maximum aggregate cow body weight (a single value
measurement depending on the proportion of early and
late maturity breeds.)
j = 2,14 = age at calving time cwt. 955 Yl,lO

2 3
= . b . b + .3) + (b . + .
%.5 = 95 - Py ( o1t B3+ by 3 v, ))

(WwwW,) Calf weaning weights expected for cows aged (j) years
J

at calving.
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INTERMEDIATE FUNCTIONS: BIOLOGICAL FARAMETERS (cont.)

Description Units Used in these
functions
g, =9g_ . b
7~ 95 Pas cwt, 913 914
Estimated weaning weight for a heifer kept for breeding (HKB)
(a single value estimate linked to maximum aggregate cow body weight)
proportion
j = 2,14 = age at calving 925 935
b calves weaned
. 28 pregnant cows g
=b + (b . + (== ,
9g,5 = Pag ¥ (Pyy +3) F (57 43,3 ¥, o

Calf survival rate (CS.) (calves weaned per pregnant cow kept
J

to calve at age j).

Z1¢




INTERMEDIATE FUNCTIONS . MANAGEMENT EXPECTATION PARAMETERS

Description Units Used in these
functions

j = 1,15 = age becoming fraction of 1 HKB 910 928

1.0 Af 3 =1
99,3

9, (3-1) " %1, G-1) 92,5 93,3 JAf 351
Expected retainment rate (Rj). The steady state likelihood
that an HKB has for being retained in the herd for breeding as a
(j) year old cow, subject to natural death, and culling for
impaired health and non-pregnancy each year. (That is, for
j = 2,15 ; R, = R, . C, . H, . S))
I T s IS B DR G T DR B
j = 1,14 = age becoming proportion 9534 935

i y - , culled next year
- g9:j ) g3,(j+l) g9,(j+l) retained this year
910, j
g9,j

Expected culling rate (EX:). The steady state likelihood
for a cow (becoming j years old) to be culled in the
coming year. (that is to survive until the next culling
time, then not be retained in the herd:

R..S,.
(Ry-5(541)
Ex. =

3 R,
3

) = Ri5e)

NOTE: No 91 is specified
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INTERMEDIATE FUNCTIONS: EXPECTED PRICES AND EXPECTED SALVAGE VALUES,FSVj

Description Units Used in these
functions
g12,1 b73 m4,1 (b74 zl) ?xpected price of feedgf ste?rs‘l? $/cwt 913'3 925'3
future years as a function of their
price in the current year (zl) and
in the previous year (m ).
4,1
g . m + (b . z) Expected price of utility cows in $/cwt. g
2 13
12, 75 4,2 76 2 future years as a function of their 3
price in the current year (zz) and
in the previous year (m ).
4,2
NOTE: By altering the b-parameter values in the above functions, the "expected
prices" may be defined to represent a continuation of the most recent one year
trend or a weighted average of last yearS and this year§ prices.
j = 1,15 = age becoming at time of possible salvage sale $/hd 954 925
s . . b i i =1
912,1 © 97 © P39 Af 3 928

b, .
- . - + - if j> 1
L 4,5 [912,1 P40 (912,1 g12,2) 40°(9;5 1 ~ 912,2) ] )

3 -byy

Expected future salvage values (FSV.), analogous to present salvage values
described below, are the product of-expected prices and body weights. These
values are used in the net annual revenue budgets and in calculations of
present values for breeding.
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INTERMEDIATE FUNCTIONS: PRESENT SALVAGE VALUE (PSV‘:;") , AND SHORT TERM INTEREST FACTOR

Description Units Used in these
functions
c - . hd.
3j 1,15 fage becoming $/hd 929,1 930
z. .49, . Db Jif 3 =1
1" 97 P39 932 Y3
14,5 =
b, (z, - z) sl
. - - + >
\94':) [zl b40(z1 22) 49 1b 2 ] Jif 3 1
J - P

Present salvage valug_(PSV-) estimates. The PSV of an HKB

(a weaned heifer kept for breeding), when first retained, is
her estimated weight (g._) times an adjusted feeder .steer price

(z1 ’ b3 ). The cull lees values of older cows (becoming

j=2 to lg years of age) are the product of their respective

body weights (94 7) and prices. Their respective price

estimates are a function of current feeder steer price (z,)

and Utility cow price (zz), declining hyperbolically with age.

_ (1 0+ (b z ) +b b43 dimensionless 917 999
915 : 42 * %13 36 ' factor
920 922

Factor for inflating operating costs due to short term interest 9,53

charges. The current P.C.A. averagé cost of loans (z1 ,a decimal
fraction) is adjusted directly by b 2 The exponent represents
the fraction of a year for which ineerest is charged on short term
operating costs. The option of using a constarit interest rate is

allowed with the b36 parameter.
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INTERMEDIATE FUNCTIONS: COST CALCULATIONS
scription

Units

Used in these
functions

marketing &

)} + (b4 . z.)

5 3
A

fuel, lube &

+ (b . Z

46 - %)t byye z0)

A A
machine &

$/hd./yr

917 919 920

922 933

;t

23y * (bgy - 212a915

1

Veterinary
& medicine
;t
;t
short term
interest
factor

hauling costs electric costs building charges
repair
Costs common to all budgets.
+ (b . + (b, . + . + + . + .
(316 (byg- Zg) * (Pyg - 2} #+ (bgy. Zg) + by, - Z5) + (b, . 2,5, + (b,
4 4 4 4 4
Hay Grain & Protein Salt & Labor
Cost concentrate supplement mineral costs
cost cost cost
$/hd. /yr. Used in these functions: 925
Costs peculiar to heifers kept for breeding
z.) + (b z ) + (b z) + (b__.z ) Units
56 7 57 °,'8 58 , 9 597,710
4 + 4 4
Hay Grain & Protein Salt &
Cost concentrate supplement mineral $/ha./yr
cost

Costs common to yearling heifers (pregnant or not)

Used in these
functions

g19 gZO

91¢



INTERMEDIATE FUNCTIONS, : COST CALCULATIONS (cont.)

Used in these

Description - Units functions
= + . + . . i
999 [916 I8 + (b60 zll) (b61 212)] 995 Costs.pecul}ar to pregnant $/hd/yr Iys
4 4 " N yearling heifers.
common labor veterinary short term
costs costs & medicine interest factor
.4 4 4 ¥
gZO = [é16 + g18 + (b62.zll) + (b63.212) .g15 Cost Pecullér to non~pregnant
yearling heifers $/hd/yr 954
921 7 (Pgg-Zg) ¥ (Bg5-2y) + (bgg.zg) + (bgj.zg) + (beg.z, () $/hd/yx 922 923
4 4 4 4 4
Pasture Hay Grain & Protein Salt &
rental costs concentrate supplement mineral
costs costs costs costs
Costs common to mature cows becoming 3 years of age or older, pregnant
or not.
= + + . + . N
922 gl6 921 (b69 zll) (b70 zl2i] g15 Costs for pregnant mature cows $/hd/yr 95
e 4 4 4 4
common labor veterinary & short term
cogfs costs medicine interest factor
™ ¥ 4 ¥
= . + . g, . - hd/yr
9,5 96 + 9,51 + (b71 zll) (b72 212) 995 Costs for non-pregnant $/hd/y 954
o mature cows.
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INTERMEDIATE FUNCTIONS: EXPECTED NET ANNUAL REVENUES, NARI; AND NAR Used in

these
Description Units fcts.
= 2,1%f= age becoming $/hd/yr
(
g . g - g if j =2 Net annual revenue (NAR&) for non-
10,2 13,3 20 . . X
g pregnant yearling heifeds (becoming
g - 2 years of age if not culled)
24,3 g .
8 N 31,j
g10,j g13,(j+1) —923 Af 3 > 2 Net annual revenues (NAR,, for non-
- pregnant mature cows (beagming j years
of age if not culled)
j = 1,14 = age becoming $/hd/yr
/
g + g - g bif j =1
/1 13,2 1
[ 10 ] 7 net annual revenue for HKB's (NAR?)
9y 5 = 41910 2'913,3]" 910 * 9g,2°%,2°912,1°P3g)  (if 3 =2
25,3 < [: ' 8, 6, 12,1738 net annual revenue (NARP) for pregnant g
. . 28
heifers calving as 2 year olds.
. . g
. . - + .. . . , >
[:glo,j g13,3+1_] 922 * 9g,5°%,5°912,1°P3g) ifJ > 2 P 31
N = net annual revenue (NAR,) for pregnant
\. ~ 4 - ~ ~ cows calving as j year olds.
fractional input calf sales
culling costs revenue
CS. .WW,. .b
reserves { 3 5 912,1 38)
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P Used

INTERMEDIATE FUNCTIONS: DISCOUNT RATE AND PVB

14 in these
Description Units functions
Tg's discount factor is taken to the power of the o
g - 1.0 i year of the future in the present value % g28,j
26,1 1.0 + (b Tz T D :) calculations which follow. Here z is the P.C.A. 3
80 13 37 average cost of loans (a decimal fraction, %/100), 5- 931 3
which is taken times a constant factor b The a !
option of a constant discount rate is al?owed with g
the b parameter. 2
37
g = g9 15 g + g g = PVBP = The discounted maximum present #/hd. g29,1
28,1 —L—=) “13,15 25,14 | “26,1 14
g value expected for a pregnant g
9,14 4 . . 30,14
" 4 4 cow becoming 14 years of age if
likelihood that FSV + NARp & retained in the herd for one year.
a cow becoming 15 14 § It is assumed Fhat all cows becoming
14 years old includes g 15 years old will be culled, pregnant
and retained in fractional or not.
the herd will be cull sales §
alive and pregnant revenue of 2
\?ext year. ) open and 2
T~ unsound cows
expected final culling
revenue
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INTERMEDIATE FUNCTIONS: FVp AND FCAj EXPECTATIONS

14
Used
in these
Description Units functions
P This ratio of future breeding values to dless g
g9 PVB . 27,2
- 28,1 - va - 14 i future salvage values for cows becoming
g29,1 g13 14 14 FSV14 14 years old, may be used in limiting the
! length of the planning horizon for the
younger age classes.
j=2,14 years 9,59 3
in. [ 15.0, (14.0 + b :] if § =2 b '
min E 0, ( 0 81) P B and 929,1 P a9
g = min [: (16.0 -~ j + b ):] if jJ > 2 and > b 928’j
27,73 “L%7, -1 T T T Py el 929, (5-1) 7 “a2

16.0 - 15 Jif _ < b
¢ J) 939, (3-1) 82

Rules for variable final culling age expectations for cows and heifers becoming 13 years

old and younger. These rules assume that (1) no cows shall be retained in the herd as 15
year olds; (2) an arbritary limit (b_.) may be imposed on the length of the planning horizon
beyond the first year of the future; “and (3) culling shall be planned at an age no older
than that at which FVj < b82; nor older than allowed by rules (1) and (2) above.

NOTE: 'dless indicates a dimensionless constant.
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INTERMEDIATE FUNCTIONS: FVE and vP Used
J J in these
Description Units functions
j = 2,14 (age becoming = 15 - j) dless g .
27,3
I pve® _ | j=2,14
29,3 g13’(15_j) (15-3j) FSV(ls—j)

Expected future salvage values(FSV = gl3,j) are used in computing the present value for
breeding (PVB?) and also used here as the denominators of the future expected value ratios
(FV?). These value ratios are used only in the final culling age decisions (FCAj= 959 j) to
alter the time horizons for the PVBj calculations. Recall that the sequence of éalcul;tion

f . i > > F > > Ft > F ect.
proceeds from the oldest to the youngest That is, PVB14 FV14 CA13 PVB13 FJl3 CA12,

J = 2,14 = age becoming dless g .

37,3

g : pvBY Y, .

g - 28, (15—_1) - Vp - ] 4,3
730,j g . Jj PSV
14,3 j

These ratios of discounted maximum net future revenue (PVB?) to present salvage value
(PSVj) provide the major links between the value model and the demography model. These
V-ratios are the criteria on which the retainment rates for the pregnant cow classes are

based each year in the demography model.

NOTE: dless indicates a dimensionless constant.
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INTERMEDIATE FUNCTIONS; PVB? and V? FOR NON-PREGNANT COWS

Used in these

Description Units functions
j = 2,13 = age becoming
=g - - = pvB, $/hd Y
931,35 T %28, (15.0-%) 925,53 7 924,53 | * 26,1 j 932 'y
+ 4 + 4
(pVB") (NAR") (Nar)  discount
J J J factor

This function calculates the discounted maximum present value of future net
income expected for non-pregnant cows becoming j years of age, if kept for
breeding. This is calculated by adjusting the PVB® for pregnant cows of the
csame age by the difference in the first years'expected net annual revenues for
pregnant and non-pregnant classes. The main difference in each case is due to
the likelihood of calf sales revenue accruing to the pregnant cows, but not to
the open cows.
i =1,13 dimensionless g38 y5

(

928,14 Jif § =1 .

PV
914,1 v’j‘= By
= PSV,

932, 3 <g31 . 3

—==rd Jif § > 1

914,35

N

N .
This function calculates the value ratios (V,) for non-pregnant heifers and
cows becoming (j) years of age. ]
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NOTE: INTERMEDIATE FUNCTIONS: PRE-CULLING INVENTORY OF PREGNANT COWS

leave g undefined. Jsed
33 .
in these
Description Units functions
j = 2,14 = age becoming 100,000 g
. 39
head
(HKB's)
¥

2,1 " 93,2 91,1 PAf 3 =2
934,57

X . + X . . .. . . .

[ll (J—l) 2!(3—1)] g313 gll (J'—l) ,lf J > 2

0 4

pregnant and non-preg-
nant cows (j-1) years
old at breeding.

This function calculates the number of pregnant animals that would be j years
old at calving if not culled now. Here it is assumed that lactating and dry
cows have identical survival rates (g3 j) and conception rates (gl ,), at the
same ages. ! !
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INTERMEDIATE FUNCTIONS: PRE-CULLING INVENTORIES OF NON-PREGNANT COWS

Used
in these
Description Units functions
i
j = 1,14
hd.
100,000 had g40
calves weaned
™ o N
e e N\
14
. 'f L l
(1/2) Z *1,1 9,1 1t
i=2
9o . = < ]
o . . (- + if § =
35,3 L(lel 93 5 (1 91,1) X1 Af § =2
X . + x ] . . . (1= . if 9 > 2
L 1,(3-1) 2,(]"'1)] g3,j ( gl,(j—l)) ! ]
—

This function calculates the number of non-pregnant heifers and cows that would
be (j) years old in the next breeding season if not culled now. The proportions
of these non-pregnant classes which are retained for breeding in the next season
depend on their respective retainment functions. (see 94g description below)

NOTE: No g3 is specified.

6
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INTERMEDIATE FUNCTIONS: RETAINMENT DECISIONS (linking the calue model with the demography model)

Used
in these
Description Units functions
j = 2,14 - . - dimensionless 939,j
g - b
2:) 88 hd. to keep
937,5 = Pgg * b__ (g - b_ )
L 83'730,3 84 hd. in pre-
1 + .
culling
- J inventory

This function determines the proportion of the pre-culling inventory of
pregnant cows (becoming j ﬁears old) to be retained for calving and
rebreeding: depending on VS (g .) the proportion with unimpaired health,
(gz’j = asymptotic max.) and an égbritary minimum proportion kept.

(b88 = asymptotic min.) (b84 = V at inflection.)
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INTERMEDIATE FUNCTION:

RETAINMENT DECISIONS FOR NON-PREGNANT CLASSES

j=1,13

89

38,) is used in function 9404
14

(b
(Bog 93,5 ) = Pgq
P9y (933,57Pgsy
1.0 +
.
A J g 2
(b . - R
Py 93,5 P90
Pg5(933, 17 Pge)
L 1.0 +
Jif > 2

The proportion of weaned and yearling

heifers to be kept for breeding? depending

(935,

paired health(g2 j=asymptotic max.), and an
14

N . . .
on V, j), the proportion with unim-
J

arbritary minimum proportion kept (b89=

asymptotic min.). b94 = max. proportion of
healthy weaned heifers that may be kept for

breeding. b = V at inflection.

93

The proportion of pre-culling inventory
of open cows (becoming j years old) to be

N
retained for breedingg depending on V,

(g32 j),the proportion with unimpaired health

(gz'j) times an arbritrary factor (b9l)

Units

dimensionless

Heifers kept
Heifers on
hand

dimensionless

head to keep
hd. in pre-
culling
inventory

(providing an asymptotic max.), and an arbritrary

minimum proportion kept (b90 = aysmptotic min.)

b = V at inflection.
86
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INTERMEDIATE FUNCTIONS? NUMBER OF ANIMALS KEPT FOR BREEDING Used

in these
Description Units functions
I hd.
3 2,14 100,000 hd 941' g43,l
Dag = = 9oy 4 = oo . 943,2
39,3 34,3 37,3
qs . N
preculling proportion of pregnant cows umber of preg?ant cows . f1
. . . kept to calve in the coming
inventory of x | kept to calve in the coming .
. . year as ] year olds.
pregnant cows year as j year olds.
ecoming j years old
j=1,13 : 100,000 hd 94 943'1
9 . = g . g .
f
40,3 735,35 © 738,73 943,2 "2
Pre-culling inventory Proportion of non-pregnant Number of non-pregnant
of non-pregnant heifers | x| cows kept for breeding in =|cows kept for breeding in
and cows becoming j the coming year as j year the coming year as j yea
years old. olds. olds.
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INTERMEDIATE FUNCTIONS? NUMBERS OF ANIMALS TQ BE CULLED Used

in these
Description Units functions
number of pregnant animals in
i = 2,15 = age becoming preculling inventory (becoming 100,000 g43,3
j years old) minus number of head
% pregnant cows kept for calving as
g .~ g . i1f j < 15 j year olds in the coming year
34,3 39,3 .
gives the number of pregnant cows
941 5 = < culled before reaching j years of age.
-~

x1'14. g3’15 Jif § = 15 Number of cows calving as 14 year olds
this year times the survival rate for
14 year old cows gives the number
of cows which compromise the class of
animals becoming 15 years old. The
model culls all of these with the
arbritary final culling age rule.

j= 1,14 i age becoming 100,000 ha.
935 .- 940 . JAf j < 14 Number of non-pregnant heifers and g43,3
’J rJ cows becoming j years old in pre-
942 j = culling inventories minus Number of 1
! 4 non-pregnant cows to be kept for
breeding as j year olds,gives the
numbers culled.

g35,14 JAif 3 = 14 Number of non-pregnant cows becoming
14 years old in the pre-culling inventory.
All are culled here by the arbritary rule
that non-pregnant 13% year olds should not NS
be kept another year. ©w




INTERMEDIATE FUNCTIONS :SUBTOTALS FOR TEST STATISTICS AND OUTPUT REFORTS

Description

Units

used in
these functions

14 13
43,1 7| Pogr 939,20 * (T 939,5) + 012 940,1;] -y

million head m
i=3 i=3 Y44,1"s,1
. Y
Total pregnant + pregnant + non-pregnant g45,1 1,2
yearling cows cows Y
heifers ~1,13
Nurber retained in herd after this year$ culling. This number should
simulate the USDA estimates of beef cow numbers in the January 1
inventory in the year(z14+1).
million head g q
= b__. + (b__. + . . ; 46,1
943,2 [} 95'939,2) * (Pgg-949,1) + Py, 940'2{](0 ot 44,2 46,
Y
1 m
Total pregnant weaned heifers non- 1,13 Te 1
yearling + kept for + pregnant Yl 14
’

heifers breeding yearling heifers

Reported as beef heifers recruited into the breeding herd. The respective

95’ b9 , and b 7 allow the inclusion of more of less of
the numbers simulatea in ghese ca%agories in the total to be compared with
the USDA estimates of "heifers for rephcement” on January 1 in year (z14+1)

weighting factors b

) [}Tls g 14 g
g = L 41,i)+(2 42,1)](0.1)
43,3 o3 o3

Total cows (pregnant + non-pregnant) culled during the current simulated
year. This number should simulate the USDA estimates of beef cow slaughter

numbers for the year zl4.

million head

Y44,3 97,1

Y
1,11 1,15




INTERMEDIATE FUNCTIONS: SUBTOTALS FOR TEST STATISTICS AND OUTPUT REPORTS

Used in
Description Units these functions
’ d. Y Y
) 1; . | 100,000 h 1.5 16
943,4 1,i " 98,1 Y Y
. 1,7 1,8
i=2 4 + .
pregnant calf Y 1,14
. 1,10
cow survival
numbers rates
This function determines the number of calves weaned in the current year, Zl4'
. X 100,000 hd. Y Y
14 < + i3 . . 0 1,7 1,9
g,. = L 1,i z 2,1
43,5 . .
i=2 i=2 ¥
4 4 1,12
Total pregnant and non-pregnant cows and heifers (becoming 2 years old
and older) on inventéry at beginning of current year.
14
943,6 = 'Z (xl,i'g3,(i+1){} (0.1) million head g48,l
1=2
4 4 ¥ ¥
numbers X cow survival rates = Estimated number of calves 1,13 1,14
pregnant cows & born to beef cows in the Mg 4
heifers retained current year (total), This ’
at beginning of current year number should simulate estimates of calves born

to beef cows, derived from USDA data on total
calves born and dairy cow numbers.

1534



INTERMEDIATE FUNCTIONS$ TEST STATISTICS (Sum accumulations for MPAD's) Used

in these
Description Units functions
b . .
| 943,1 (214—1849) dimensionless m3’1
g441=m31+|
' (214—1849 ) Y8,2
Previous
sum + This years proportional absolute deviation of the modelS
>stimat £ mbers f the U i . (b > b
estimates of cow numbers from e USDA estimates ( 101 129)
- di ionle
g43'2 b(zl4_ 1819) imensionless m3,2
g = m +
44,2 3,2 b Y
-1819 8,2
(214 )
Previ
re:izus + This years proportional absolute deviation of the model’s
estimates of heifer recruitment numbers from the USDA
i ->
estimates (b131 b159)
- j ionles
943,2 I%Z ~1790) dimensionless m3'3
g =m + 14
44,3 3,3 5 Y
- 1790 9,2
(214 )
Previous This years proportional absolute deviation of the model’s
sum estimates of cull cow numbers from the USDA estimates
(b > b )
160 188
b Previous sum + this years dimensionless My,
_ + g43,6 (zl4~1760) proportional,absolute deviation !
g44,4 3,4 of the models estimates of number Y11 5
' (z14 -1760) of calves born to beef cows from !
those derived from USDA statistics.
+ b
(b190 218)

zel



INTERMEDIATE FUNCTIONS: TRANSFORMATIONS AND SUMMATIONS FOR TEST STATISTICS ON BEEF COW NUMBERS

Note: when z = 1950, g through g are not to be computed. Used in
14 45,1 45,8 L : :
Description these functions
945,17 43,1 7 M50 /M50 =P =55 0) /S5 95,5 1734788
Proportional change in simulated cow numbers
= b - b - ES - 1=
945,2 ( (z, -1849) ~ °(z —1850))/b(z ~1850) A= (H-H )/ H 945,5 I7>/6.7 &8
14 14 14
Proportional change in historical beef cow numbers
= = j=9,11 & 13
945,3 Ms,3 945, LP 945,35 I79.1 )'SI(IS ;
2 2
945,4 = M54 * (945,7) = 2P 945,9 5,4
_ _ g,. . 3j=10,11 & 13
945,5 Ms,5 * 945,2 = 1A 45.3 m
5,5
2 2 g,. . 7j=10 & 12
= + = ) 4
945,6 M5 6 ¥ (I45,2) LA 45.3 m
5,6
g = m ,+ (g I, ) = IPa 945,11
45,7 5,7 45,1 “45,2
m
5,7
_ _ 2 _ 2 g . j=12,13,14 & 15
945,8 © M. 8 + (945,1 945,2) = L (P-RA) 45,3
M5, 8

£eT



INTERMEDIATE FUNCTIONS: STANDARD STATISTICS AND THEIL'S MEASURES OF INEQUALITY FOR COW NUMBERS

(b 0=28=n) Note: through g are computed only when z. ,=1978, otherwise set at zero.

g9
10
45,9 45,10 14 Used in these
Description functions
2 1 2 2
945,9 = (\/(bmo I45,4) = (945,3) )/bloo = Sp = nV ntpP - (IP) 945, 5
Standard deviation of simulated changes j=11,14 & 15
_ _ 2 _ _ i\/ 2 2
945,10 “(\/(bloo 94s,6' 7 (94s,5) )/bloo =Sy RV nrA - (1A 945,35
Standard deviation of historical changes j=11,14 & 15
(b0 9 o) = (9,0 2 9pn &) Ys,3
_ 100 °45,7 45,3 745,5 o 2 i "
945,11 " )2 . . = r = <n LPA (L P)( ZA))/n ( SP SA ) 445,15
100 45,9 745,10 Correlation coefficient
g = g /g = Theil's U = \/z (P—A)2 / L a’ Y
45,12 45,8 45,6 8,4
(g -9 2
Gps gy = el A5 “mmeirrs "= (BB /1y )2 y
45,13 (b100 945 8) n n n 8,5
! Proportion of inequality due to mean bias
g 2/ . s 2/ 1 2
14 = - = ! = - = I(p- Y
45,14 100%945,9 = 945,10 945,8 Theil's U (Sp = Sp) n (PR 8,6
Proportion of inequality due to unequal variance
945,15 = 2 Db (1 - ) ( ) = 2 (1l -1rx)(s_S) 1 Z(P—A)2 Y
= 100 945,11’ Y945,9 945,10’)/ 945,8 : P A n 8,7
Theil's U = Proportion of inequality due to imperfect covariation
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INTERMEDIATE FUNCTIONS: TRANSFORMATIONS AND SUMMATIONS FOR TEST STATISTICS ON HEIFER NUMBERS RECRUITED

NOTE: when 2., = 1950, g4611 through g46,8 are not to be computed. .
Used in
Description these functions
g . j=3,4,7s8
= - =P = (S ~S S 46
96,1 = 9a3,2 m6,1)//“%,1 (S-S, ) /8 ) rJ
Proprotional changes in simulated numbers of heifers recruited
946,2 =(b(z -1819) b(z —1820))/b(z ~-1820) = A = (H - H ) / H g j=5,6,7&8
! 14 14 14 k k-1 k-1 46,7 T
Proportional changes in historical numbers of heifers recruited
= + = . 3=9,11&13
946,3 ~ M6,3 " 46,1 LP 946,35 3777
m
6,3
= m + ( )2 2 m
46,4 =~ M6,4 7 ‘Y16, = 5P 946,9 M6,4
= + = 2A . j=10,11&13
946,5 = "e,5 * 46,2 2 9a6,5 7 7
6,5
=m + )2 = EA2 7—10 & 12
Y46,6 = M6,6 = 'J46,2 946,75 7
m
6,6
=m + = LPA m
96,7 =~ "6,7 ¥ 96,1 Ys6,2! 946,11 6,7
2 2 g _ . 3=12,13,14
- + - = YL (P-A
96,8 ~ "6,8 T [ 946,17 %6,2! (P-A) 46,3 7 g1

Me,8

ged



INTERMEDIATE FUNCTIONS: STANDARD STATISTICS AND THEIL'S MEASURES OF INEQUALITY FOR HEIFERS RECRUITED

th . _ = i
NOTE 946,9 rough 946,15 are to be computed only when z14 1978, otherwise set at zero
b = =
(By1go = 28 = 1) Used in
Description these functions
2 g. . j=11,14
946,09 \/Q 100%6,4" ~ 946,35’ ///bloo Sp 6.3 "¢ 15
g 3=11,14
g = ) - ( 2/ 46,3 "¢ 15
46,10 V&bloo Y46,6 46,5’ 100 =5,
= (w )= ( VY S, )2 946,15 ‘9,3
946,11 100 ¢ 46,7’ '96,3 Y46,5 100’ 946,9 946,10 =r ' ’
946,12 =V[q46,8// Y46,6 = Theil's U ¥9,4
= ( - 2 / ) = Theil's U" Y
946,13 = ‘946,37 %e,5 100 Y46,8 = 9,5
= (b ) ( - )2 = Theil's US v
946,14 100’ ‘946,9 ~ 946,10 946,8 = . 9,6
=2 b, (1 ) - = Theil's U°® Y
96,15 100'*"%46,11’ %46,9 %e6,10 | /%46,8 9,7

9€C



INTERMEDIATE FUNCTIONS: TRANSFORMATIONS AND SUMMATIONS FOR TEST STATISTICS
ON CULL BEEF COW SLAUGHTER NUMBERS

: e = t .
NOTE: when 214 1950, 947,1 hrough g47’8 are not to be computed '
Used in
Description these functions
= - _ _ _ g . J=3,4,7&8
97,1 = 943,379,100 /™ IR e 0 LAY 4743
Proportional change is simulated numbers of beef cows culled.
o 947, J75:6,768
g =ib -b . /b = A = (H -H ) / H [4
-179 - - < - -
47,2 [(zl4 790) (z14 1791)] (z14 1791) k k-1 k-1
Proportional change in historical numbers of beef cows slaughtered.
_ g ., 3=9,11,13
= + =
947,3 T ™,3 ¥ 94971 L P 47,5 7
7,3
2 2 o
- + =
97,4 = ™7,4 F 9yg,9) L P 947,9 7,4
= + = 3=10,11&1:
97,5 " ™7,5 ¥ 947, LA 947,35 171011813
7.5
= m + )2 = X A2 3=10 & 12
947,6 = ™7,6 ¥ 47,2 B 947,53 7 '
7,6
= + =
947,7 7 ™7,7 ¥ 947,1 947,2] L PA 947,11 ™7,7
=m + | - ]2 = X (P—A)2 3=12,13,14
J47,8 = M7,8 " 947,17 47,2 - 947,95 35103
& 15
m

LET



INTERMEDIATE FUNCTIONS: STANDARD STATISTICS AND THEIL'S MEASURES OF INEQUALITY FOR CULL BEEF COW NUMBERS
FOR SLAUGHTER

(b =28=n) NOTE: 947 9 through g are computed only when 214 = 1978, otherwise, set at zero
’

100 47,15 vsed in
Description these functions

_ _ 2 _ g.. . j=11,14,
947,9 J(bloo 947,477 947,7) /bloo = Sp 47:3 "¢ 15

_ . 2 = s g.. . j=11,14
947,10 \/ 100 947,6) ~1947,5 /bloo A 4703 Tg 15

= [ )= ( Y/ w, g, - r Y
947,11 100 947,77 '947,3 Y47, s 100’ 947,9 947,10 947,15 10,3

Y

= 1 = i '
947'12 \/794%8/ 947,6 Theil sv U 10,4

= - )2/ (b ) = Theil's U™ Y
947,13 947,37 97,5 100 Ya7,8 = 10,5

= b ( - )2/ s Y
947,14 100 ‘947,97 947,10 J47,8 = Theil's U 10,6

C

{2 b 1- = Theil's U Y

947,15 ( 100 17947,11" 947,09 g47,10)/ 947,8 elLs 10,7

8€C



INTERMEDIATE FUNCTIONS: TRANSFORMATIONS AND SUMMATIONS FOR TEST STATISTICS ON NUMBERS OF CALVES BORN

TO BEEF COWS

: 2 = p t
NOTE: when z14 1950 g48,1 hrough 948,8 are not computed .
Used 1in
Description these functions
. .=3I4I
g48,3 3 7&8

948,1 =943, ™, 1) //“%,1 =

P=1(5-5_,

Proportional change in simulated numbers of calves born to beef cows

- _ o _ g . j=5,6,7s&8
948, 2 b(z -1760) b(z -1761) //’b(z -1761) = A= (Hk Hk-l) /Hk—l 48,3
14 14 14
Proportional change in historical numbers of calves born to beef cows
g . 3=9,11
= + = 48
948,3 T Mg,3" 48,1 L P 'J g 13
m
8,3
2 2
= + =
Y48,4 " Mg,a t (I4g,1) L P J48,9 Mg,4
g . 3=10,11 &
= + =
J48,5 = Mg,5 T 9ag,2 LA m48’3 13
8,5
=m o+ )2 = 1 A’ =10 & 12
48,6 ~ Mg,6 T ‘48,2 = I48,5
8,6
= + L pAa m
Y48,7 " Mg,7 * 945,71 g, 5! Ja8,11 Mg,7
g =m + [g g ]2 L (p A)2 g j=12,13
- - - - r r
48,8 8,8 48,1 748,2 m48, 14 & 15

6ee



INTERMEDIATE FUNCTIONS: STANDARD STATISTICS AND THEIL'S MEASURES OF INEQUALITY FOR NUMBERS OF CALVES

BORN TO BEEF COWS

: - ' b, = 28 =
NOTE 948,9 through 948,15 are computed only when 214 1978, otherwise set at zero, ( 100 n?
Used in
Description these functions
2 g . 3=11,14
= b - = 8
98,9 \/( 100 948,47 94,3’ /b100 Sp 48.3 "¢ 15
3 g . j=11,14
= b - =
948,10 \ﬁlOO 948,6) ~ag,s’ /bIOO Sa 48,3 "¢ 15
g = b, 9. ) -« 2)/ o, )2 -
48,11 100 748,7 948,3 Y48,5 100" 9as,9 948,10 = 948,15
¥11,3
948,12 =J 98,8 7 48,6 = Theil's U Y11,4
g = ( - )2 /b = Theil's U Y
48,13 948,3 ~ 48,5 100 J48,8 = s 11,5
= b ( - )2 = Theil's U Y
948,14 100 ‘Ja8,9 ~ 948,10 948,8 = therl’s 11,6
C
= 2 - = 10
948,15 ( bioo (1794g,11) 948,90 948,10) /948,8 Theil's U ¥11,7

0} 44



FLUX FUNCTIONS FOR POST-CULLING INVENTORIES: UPDATING THE STATE VARIABLES x and x

1,j 2,7
Description Units
number of weaned heifers Fraction of these which may number of animals in the 100 OO-
(: not kept for breeding in be candidates next year for special class of non-pregnant g éd 0
the coming year. recruitment to the breeding )= heifers(*1,1) which are not ©
herd as yearling heifers. selected for breeding as 1 year olds, but
i=1.14 are potentially available to join the
I= 4 . . selection pool of non-pregnant yearling
(g b ) - x HAf 3 =1 ‘¢ . " 1d _
42,1 87 1,1 heifers becoming 2 year olds, next year.
£ 0=
1.3 <
. - . if j > 1
939,35 T *1,4 e
S
Number of pregnant animals Post-culling inventories
to be kept for calving in = of pregnant animals in
the coming year as j year breeding herd, carried
lds. i r
olds into year z14+1
I = 100,000
, . 0
number of non-pregnant Post-culling inventories heaé J
animals to be kept for - of non-pregnant animals
breeding in the coming in breeding herd, carried
year as j year olds into year Zl4+l
¢
f_ .= . "X
2,5 940,35 "*2,5

844




OUTPUT FUNCTIONS

Description Units
Yl,l 14 Current year (1950—1975) years
1.2 43.1 Number of cows, (pregnant and non-pregnant, becoming million head
14 ’

3 years old and over) retained in the herd after this

years culling. These cows will comprise the January 1
inventory in year zl +1 comparable to USDA records.

(See Y8 for test staéistics.) Also includes pregnant yearlings.

43,2

Number of weaned heifers and pPregnant and non-pregnant million head
yearling heifers simulated for comparison with USDA

records. These heifers comprise the Jan. 1 inventory

of "heifers for replacement" in year z + 1, comparable

to USDA records. (See Y9 for Test statistics)

Number of cows, (pregnant and non-pregnant, becoming 3 million head
years old and over) culled from the herd in the current

vear (z,,). This number of culls is comparable to USDA

records of .beef cow slaughter numbers. (See Y for test

statistics.) 10

Zve



OUTPUT FUNCTIONS

Description Units
Y1 5 = (943 4) (0.1) Number of calves weaned in the current year million head
1 14
g Number of calves weaned in the current year calves
v 43,4 per cow and heifer exposed for breeding in
1,6 14 m + 13 m the previous year. cows
L oMa,i 0 L Mo,
=2 i=1
Y g43,4 Number of calves weaned in current year, per calves
1,7 943 5 cow and heifer (becoming 2 years old and over, pr—
! pregnant and non-pregnant) on inventory at
beginning of year.
g Number of calves weaned in current year, per calves
Y1 g 43,4 pregnant cow and heifer on inventory at beginning cow
' 14 of current year.
z ml,l
i=2

18744



QUTPUT FUNCTIONS

Description Units
14 13 .
I (m ) + T (m ) Average conception rate of all
v - i=2 l,i'gl,i i=1 2, g1,i heifers and cows exposed for proportion
1,9 g - breeding in the current year.
43,5 t 2,1
14 .
) (m, ..9_ ..9_.) Average calf weaning weight in 1bs. /hd.
— . 1,l 6,1 8,1
Y = i=2 {100) current year
1,10
943,4
Average culling weight of cows culled 1bs. /hd.
15 ( g )+ ( 14 ( ) in current year (that would have become
z g41,i 4,i X g42,i'g4,i 3 or more years old if not culled.)
Y1,11 {123 , 1=3 (10.0)
943,3
14 \ 13 . .
% (1'm1 ) + % (1'm2 L) Average age of breeding herd at years
, ! . ot breeding time in current year. of age
i=2 1=1 .
Y1 12 = (g - ) Includes weaned heifers kept for
! 43,5 2,1 breeding at one year of age.

444



OUTPUT FUNCTIONS

Description

Units

1,13~ 9a3,6

Number of calves born to beef cows in the current year.
This number of calves is comparable to the historical

series derived from USDA data on total calf births and
dairy cow numbers. This comparison is reported in the

output function Y (Test statistics )

11

1,14

Number of calves weaned per calf born to beef cows

(0.1) in the current year.

million head

proportion

calves weaned

calves born

Sbe



OUTPUT FUNCTIONS

Description

Units

j=1,14 Number of animals becoming (j) years old, 100,000 head
, in post-culling inventories at beginning of
m2,1 Af 3 =1 current year. These are totals of pregnant
Y2 = < m, + ml LGAE 1< § < 14 and non-pregnant classes by age groups (for
') *J +J age distribution plots). Used in Y, ;
[ 4
L ml'14 Af 3 = 14
j = 1,15 = age becoming $/head
Yy j = 944 = PSV = Present cull salvage value for animals
[ 4 14
becoming j years old.
j = 2,14 = age becoming dimensionless
pvpP |
Y . =g ) = V? = —J = V~-ratios for pregnant classes
4,3 30,3 j Psvj
j = 1,13 = age becoming N dimensionless
PVB
Y =g = vN S = V-ratios for non-pregnant classes
5,3 32,3 3j PSVj

9%



OUTPUT FUNCTIONS

Description Units
j = 2,14 = age becoming Present value for breeding for pregnant animals becoming $/head
_ (J) years old. This is the discounted max present value
Y6,5 = 928, (15 - §) = pvsP
j of future net income expected for pregnant heifers or
cows becoming (j) years of age if kept for breeding.
J = 1,13 = age becoming Present value for breeding for non- $/head
(928,14 iE 5 <1 W pregnant animals becoming (j) years
old.
v
7,] = > = PVBI\.]
J
. Jif 3 > 1
\931,3 J

Lve



OUTPUT FUNCTIONS; TEST STATISTICS COMPARING SIMULATED AND HISTORICAL BEEF COW NUMBERS:

January 1 inventory, year z

Description

Units

Simulated number of beef cows as a proportion of the

historical numbex(/sk\) for each year of the run.

dimensionless

Y = 943,1
8,1 -
b
(z
NOTE: Y
E 8,2
9
Y8,2 44,1
99

through Y to computed only when z otherwise, set to zero
mean proportional absolute deviation of

simulated (S) cow numbers from historical (H) cow numbers.

(s, - H,)
i i

29 years

dimensionless

o
1

8,3 ~ 945,11

correlation coeffecient between simulated and

historical series of beef cow number changes.

dimensionless

8,4 945,12

Theil's U Inequality coeffecient for comparing simulated

changes with historical changes in beef cow

dimensionless

8%c



OUTPUT FUNCTIONS: BEEF COW NUMBER STATISTICS {cont.)

Theil's Um

v _ = proportion of inequality due to mean bias. dimensionless
8,5 = Y45,13
v Theil's Us = proportion of inequality due to unequal variance. dimensionless
8,6 745,14
v _ Theil's UC = proportion of inequality due to imperfect dimensionless
8,7 g45,15 covariation.
NOTE: Um + Us + UC = 1.0
Y g Simulated January 1 inventory of beef cows for year z_ , +1 million head
8,8 43,1 14
for plots
b . . . _ + crqs
Y8,9 (214_1849) Historical January 1 inventory &f beef cows for year z14 1 million head

5344



OUTPUT FUNCTIONS:TEST STATISTICS COMPARING SIMULATED AND HISTORICAL HEIFER NUMBERS RECRUITED

January 1 inventory, for year z14+1

Description Units

43,2

-1
(z14 819)

dimensionless
Simulated number of heifers for replacement as a proportion

of historical numben(sk)}for each year of the run.

\ !
‘Hk !

NOTE: Y9 5 through Y9 - to be computed only when z14 = 1978, otherwise, set to zero.
r ’
Y9 5 T . g44,2 MPAD = mean proportionai absolute deviation of simulated dimensionless
14
b99 (S) heifer numbers from historical (H) numbers:
197 '
279 (s, - H,)
i i
= 1=1951 H,
i
29 years
r = correlation coeffecient between the simulated and dimensionless
Y = . . . .
9,3 g46,11 historical series of heifer recruitment numbers.

Y £
9,4 46,12

Theil's U = inequality coeffecient for comparing simulated dimensionless
changes with historical changes in numbers of

heifers recruited.

0s2




OUTPUT FUNCTIONS: HEIFER RECRUITMENT STATISTICS (cont.)

Yo 5 = 946 13 Theil's U = proportion of inequality due to mean bias dimensionless
rd ’
Y9 6 = 946 .14 Theil's U° = proportion of inequality due to unequal dimensionless
r I
variance.
Y9 7 = 946 15 Theil's UC = proportion of inequality due to imperfect dimensionless
14 1
covariation.
NoTE: U" + U° + 0¥ = 1.0
Y =g Simulated numbers of recruits for Jan. 1 of year z_ +1 million head
9,8 43,2 for 14
plot
Y9,9 = b(zl4—1819) Historical numbers of recruits for Jan. 1 of year z14+1 million head

s



OUTPUT FUNCTIONS: TEST STATISTICS COMPARING SIMULATED AND HISTORICAL ANNUAL CULL BEEF COW

NUMBERS SLAUGHTERED IN THE YEAR z

14
Description Units
v _ g43 3 Simulated number of cull beef cows as a proportion of dimensionless
- 7
10,1 b(z -1790) the historical number of beef cows slaughtered (?E)
14 for each year of run, Hk
NOTE: YlO 5 through YlO 7 to be computed only if z14 = 1978, otherwise set to zero
! ! dimensionless
v - 944 3 MPAD = Mean proportional absolute deviation of simulated
10,2 b . (8) cull cow numbers from historical (H) beef cow slaughter
99 numbers:
1978 Si Hi
= | iZ1es0 |
29 years
Y =g = correlation coeffecient between changes in simulated dimensionless
10,3 47,11

beef cull cow numbers and changes in historical beef
cow slaughter numbers

Theil's U= Inequality coeffecient for comparing simulated dimensionless
changes in cull beef cow numbers and historical
changes in beef cow slaughter numbers.

10,4 947,12

[4°14



OUTPUT FUNCTIONS: CULL COW STATISTICS {(cont.)

units
. m . . . . . .
YlO 5 = g47 13 Theil's U = proportion of inequality due to mean bias dimensionless
. S . .
YlO 6~ 947.14 Theil's U = proportion of inequality due to unequal dimensionless
! ! variance.
c , .
YlO 7 = 947 15 Theil's U = proportion of inequality due to imperfect dimensionless
! ! covariation.
NOTE: U" + u° + U = 1.0
Y10,8 = 93 3 Simulated number of cull beef cows, annual for year million head
r
z
for plots 14
Y10,9 = (214_1790) Historical numbers of beef cows slaughtered, annual million head

for year z14

€592



OUTPUT FUNCTIONS : TEST STATISTICS COMPARING SIMULATED WITH HISTORICAL ANNUAL NUMBERS

OF CALVES BORN TO BEEF COWS, YEAR 214

Description Units

11,1

94

(Z14

3,6
-1760)

Simulated number of calves born to beef cows dimensionless
as a proportion of derived historical numbers.
(EE) for each year of run

Hy

11,2

NOTE:

944,4
99

11,2

through Y1

MPAD = Mean proportional absolute deviation of dimensionless
simulated (S) calf numbers born to beef cows

from derived historical (H) numbers:
(5i78y)

= i=1950 H

i

29 years

are computed only when 2z = 1978, otherwise set to zero

14

11,3

Y48,11

. dimensionless
r= correlation coeffecient between changes in

simulated numbers of calves born to beef cows
and changes in derived historical numbers.

11,4

948,12

Theils U= Inequality coeffecient for comparing dimensionless
simulated changes in numbers of calves born to
beef cows and cahnges in derived historical numbers.

1214



OUTPUT FUNCTIONS: BEEF CALF BIRTH STATISTICS (cont.)

Units
Y =g Theil's " = proportion of inequality due to mean bias. dimensionless
11,5 48,13
Yll 6 ~ J48.14 Theil's U° = proportion of inequality due to unequal dimensionless
! ! variance.
Yll 2 = 948 15 Theil's U° = proportion of inequality due to imperfect dimensionless
! ! covarjiance.
m s c
NOTE: U + U + U = 1.0
= A
Y11,8 g43,6 Simulated number of calves born to beef cows, annual million head
for year z
14
> for
plots
a h (] . | . a
Y11,9 b(zl4"1760)J Derived historical number of calves born to beef cows, million head

f
annual for year z14

§52e



OUTPUT FUNCTIONS (cont.)

Description Units
j=1,14 100,000 head
Y . LAf =1
2, J
Y . =
12,3
Y . +Y | c e
12,(3-1) 2,3 JAf §J > 1

Cummulative total of heifers and cows, exposed for breeding in the year z by age.

141.
le 4’ for example, is the number of cows and heifers four years old and younger
exposed for breeding in the year Z14° These numbers are used in plotting the age

compositions of the simulated herd through time.
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PARAMETER LIST FOR COW VALUE AND DEMOGRAPHY MODEL

Used
Para- in these
meter Value Units Description functions
b1 .940 prop. estimate of maximum conception rate gl
b2 .01 dless linear correction factor in conception rate formula g1
b3 4.0 years age of cow at which maximum cpnception rate is expected gl
b4 -.006 dless  parabolic bend coeffecient in conception rate formula 93
b5 ~-.045 prop. intercept term in impaired health rate formula 92
b6 .25 dless 1/3 coeffecient in " " " " 9,
b7 .00104367 dless j2 coeffecient in " " " " 9,
b8 .99 prop. intercept term in survival rate formula 93
b9 T .001 dless j coeffecient in survival rate formula g3
blO .62 dless proportion of early maturing cows in nat'l beef herd g4 gS
b11 a9.75 cwt. ME: maximum body weight for early maturing cows 9,
b12 1.33015 dless intercept term in early maturing cow body weight function 9,
b13 -.0239 dless j coeffecient in " " " " " " 9y
b14 ~-1.1399 dless 1/j coeffecient in " Y " " " v 94
bl5 11.0 cwt. ML: maximum body weight for late maturing cows 9, 95
b16 .4107 dless intercept term in late maturing cow body weight function 9,

NOTE: dless indicates dimensionless constant; prop. indicates a proportion

LS



PARAMETER LIST FOR COW VALUE AND DEMOGRAPHY MODEL (cont.)

Used
Para- in these
meter  Value Units Description functions
b17 .1446 dless j coeffecient in late-maturing cow body weight function 94
.2 . .
b18 ~.01124 dless j° coeffecient in " " "o " " 9,
b . 0002673 dl S 3 ” " ” " " " 11 11
19 ess 3] I,
b20 .43 prop max. calf weight as a proportion of cow weight g6
b21 . 770156 dless intercept term in calf weaning weight function g6
b22 .0678788 dless Jj coeffecient in " " " " 9
b23 -.00642507 dless j2 " " " " " " 9
3 :
. 18 4 2 " 11 ”" n " "
b24 000187646 dless J 9e
bzr .42 prop. HKB weight as a proportion of max. aggregate cow body weight g7
o)
b26 .975463 prop. calf survival rate intercept 98
b27 -.00184144 dless J coeffecient in calf survival rate function 9g
2
b - 18 l 3 " ” ” ” " ”
23 4779 dless hj 98
b - ——
29
b - - .
30 Unassigned
b p— -
31
b — -
32

NOTE: dless indicates a dimensionless constant;

prop.

indicates a proportion.
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PARAMETER

LIST FOR COW VALUE AND DEMOGRAPHY MODEL (cont.)

Used

Para- in these
meter Value Units Description functions
b —_ —_—

33
b L _ .

34 Unassigned
b - -

35
b36 Zero dless optional constant "real" interest rate for inflating cost budgets g15
b37 zZero dless " " " discount rate for present value calculations I9e
b38 .93 dless ratio of heifer & steer average price to choice feeder steers g25
b39 .96 dless ratio of HKB salvage value price to feeder steer price 914
b40 1.2 dless scaling multiplier for price difference between calves & cull cows g13 gl4
b41 1.0 dless hyperbolic age factor for " " " " " " " gl3 994
b42 1.0 dless interest rate multiplier for adjusting P.C.A. interest rates for gl5

short term operating loans.
b43 0.5 years exponential term in interest factor: represents fraction of year ng
for which interest is charged

b44 2.83 $/hd. Base year (1978) marketing and hauling cost/hd. for all classes g16
b 6 R 76 hd. " 11 11 . " n L1 1"

45 S/ fuel, lube & elec 916
b 9 . 22 hd. " L1 " . . 3 n n " 1"

46 $/ mach. & bldg. repair 96
b 10 . 00 hd. " " " " n " "

47 $/ bull charges 9.6
b48 6.71 $/hd. " " " pasture rental cost/hd for weaned heifers (HKB) gl7

24 . 19 h . " " 1" " " " L1} [1]
25 $/hd hay 917

NOTE: dless indicated dimensionless constant.
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PARAMETER LIST FOR COW VALUE AND DEMOGRAPHY MODEL (cont.)

Used
Para- in these
meter Value Units Description functions
b50 4.68 $/hd. Base year (1978) Grain & concentrate cost/hd. for weaned heifers 917
b51 .32 $/hda. " " " Protein supplement " " " " 917
b52 1.60 $/ha. " " " Salt and mineral " " " " 944
b53 13. 45 $/hd- ”" " [1] Labor [1] [1] " " gl7
b 1 . 63 hd. 1 1] " " T ] % " " " [1]

54 $/ Veterinary & medicine 917

b55 8.50 $/hd. " " " Pasture rental " for yrlng. heifers ng
} {pregnant or not)
[ 1] " " "
b56 30.65 $/ha. Hay 948
b57 5.93 $/hd. " " " Grain & concentrate " " " " 918
b . 4 . [1] " [1] L3 " [1] ”" "

58 o $/ha Protein supplement 9.8
b . . ”" L] ” 3 [1] ”" ”" 1 1]

59 2.03 $/hd Salt & minerals 9.8
BGO 39,54 $/hd. " " " Labor " for preg. yr. heifers 950
P61 4.80 $/ha. o " Veterinary & medicine " " " " 919
b 13.45 $/hd. W " W Labor " " non-preg yr. heifegs

62 920
b 1 R . " [1] ”" 2 2 " ”" [1] "

63 63 $/hd Veterinary & medicine 920
b64 8.94 $/hd. " " " Pasture rental " for mature cows 921

" " " " (preg or not)
b65 32.25 $/hda. Hay 921
”" " ”" 3 ” ”" " ”
b66 6.24 $/had. Grain & concentrate 921
b67 .42 $/hd. " " " Protein supplement " " " . 921
. 1 . [1] [1] [1] 4 ”" ” " ”"
b68 2.14 $/hd Salt and minerals 999
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PARAMETER LIST FOR COW VALUE AND DEMOGRAPHY MODEL (cont.)

Used
Para- in these
meter Value Units Description functions
b69 27.54 $/hd Base Year (1978) 1labor cost/hd for preg. mature cows g22
b 3.35 hd. " " " 3 P s " " " n "
20 $/ veterinary & medicine =P
b71 13.45 $/hd. " " " labor cost/hd for non-preg mature cows g23
b . h . L1 " " 1 3 ] " " " " "
72 1.63 $/hd veterinary & medicine g23
b73 .27 dless weight of previous years feeder steer price in expected feeder price g
b74 - 73 dless " [1] current " " " " " " " rﬂ('?('?el 12 '1
b75 .27 dless " " previous " Utility cow price in expected utility price 995 2
14
b . 73 dless ”" " current " " " " " " " mOdel
76 "
P77 o o
b78 -= - Unassigned
b79 o o
b 1.0 dless multiplier for adjusting P.C.A. interest rate in the discount terms g
80 . . 26,1
used in PVB calculations
b 1.0 years allowable time horizon, beyond first year, for present value g .
81 . 27,3
calculations (PVB) . for
b82 1.0 dless critical V-ratio (PVBj / FSVj) for variable final culling age j=2,14
- ’

decisions

NOTE:

dless

indicates a dimensionless constant
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PARAMETER LIST FOR COW VALUE AND DEMOGRAPHY MODEL (cont.)

Used
Para- in these
meter Value Units Description functions
b83 -5.5 dless exponential v-ratio factor in retainment function for preg. cows g
b84 .53 dless critical v-ratio (inflection) in " " " " " 37
b85 -5.5 dless exponential v-ratio factor in retainment function for open cows g
b86 .535 dless critical v-ratio (inflection) in " " " " " 38
b .5 dless fraction of weaned heifers not kept for breeding which are possibly £
87 . . . . 1,1
available the following year for recruitment for breeding
g8 0 prop minimum proportion of pregnant cows to be retained q37
b89 .20 prop minimum prop. of weaned and non-pregnant yearling heifers to be 7
retained
b: 0 . . ) ,
90 prop minimum prop. of non-pregnant cows allowed to be retained
b91 1.0 prop maximum prop. of healthy non-pregnant cows to be retained
92 -5.5 dless exponential v-ratio factor in retainment function for weaned } 938
and non-pregnant yearling heifers
b93 1.1 dless critical v-ratio (inflection) in retainment function for weaned
and non-pregnant yearling heifers
b94 -80 prop maximum proportion of healthy weaned heifers allowed to be kept
for breeding v

NOTE: "dless" indicates a dimensionless constant;"prop" indicates proportion
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PARAMETER LIST FOR COW VALUE AND DEMOGRAPHY MODEL (cont.)

Used
Para- in these
meter Value Units Description functions
b95 0 prop proportion of pregnant yearling heifers counted in sum of 943 5
heifers recruited !
b 1.0 prop proportion of weaned heifers kept for breeding counted in sum g
96 . . 43,2
of heifers recruited
b 0 prop proportion of non-pregnant yearling heifers counted in sum g
97 . . 43,2
of iheifers recruited
b98 1.0 prop proportion of pregnant yearling heifers included in beef cow 943 1
herd inventory !
Y
b 29 years number of years in a simulation run (1950-1978) i,2
99 .
i=8,9,10,11
b100 28 years number of periods for which proportional changes are 945 4
computed in a simulation run, -for statistical comparison . r)
of simulated and historical series 1=5,6,7,8
j=9,10,11,12
13,14,15

NOTE: prop indicates proportion
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TEST PARAMETERS : HISTORICAL SERIES OF U.S. BEEF COW NUMBERS

Para-
meter Value Units Description
b 17.545
. . 5
bigi 19.975 miii;gn Jan. 1, ;g%; USDA estimated inventory of beef cows on farms
b, % 22.490 "
pl03 24.285 1953 gource: USDA data file named "COWSNBE" (USDA, ESS,
b104 24.920 " 1954 q_pam, 1979). Used in statistics and for plotting
b105 24.700 1955 against model's post-culling inventory of cows
* " -
b106 23.895 1956 becoming 3 years of age or older, plus pregnant
b107 23.530 , 1957 yearling heifers, in the previous year.
. . 1
b108 24.460 " 958
109 1959
b 25.675 "
110 1960
b 26.655 "
111 1961
b 27.996 "
112 1962
b 29.829 "
113 1963
b 31.908 "
114 1964
b 33.400 "
115 1965
b 33.500 "
116 1966
b 33.770 "
117 . 1967
b 34.570 "
118 1968
b 35.490 "
119 1969
b 36.689 “
120 1970
b 37.878
b121 38.810 " 1971
122 1972
b 40.932 "
123 1973
b 43.182 “
124 1974
b 45,712 "
125 1975
b 43.888 "
126 1976
b 41.389 "
127 1977
b 38.809 "'
b128 36.986 1978
b129 unassigned " 1979
130

Used

in these
functiohs

3

J44,1

945,2

yoc



TEST PARAMETERS: HISTORICAL SERILES ON U.S. BEEF HEIFER NUMBERS FOR BREEDING

Used
Para- in these
meter Value Units Description functions
bl?l 4.246 million Jan. 1, 1951, USDA estimated inventory of beef heifers for breeding.
b152 5.435 head 1952
b 6.780 " 1953 . . " "
b133 5. 740 " 1954 SOURCE: USDA data fl%e named HE?SBBE (USDA, ESS,
b134 = 320 " 1955 T—Dam: 1979). Used 1nltest statistics and for
b135 4'716 " 1956 plot?lng.against models. weighted total post-
b136 4:587 " 1957 culllvg inventory ?f heifers recruited to. breeding
bi;; 3.507 " 1958 herd in the preceding year.
b139 3.281 " 1959
b140 4.124 " 1960
b141 3.838 " 1961
b142 4.457 " 1962
b143 4.511 " 1963
b144 5.409 " 1964 > g
b145 5.397 " 1965 44,2
b146 5.337 " 1966
bl47 5.351 " 1967 Y46 o
b148 5.710 " 1968 ’
b 6.320 " 1969
b149 5.768 " 1970
bigcl) 5. 864 " 1971
b 6.675 " 1972
bigi 6.901 " 1973
b 54 8.692 " 1974
pl 8.276 " 1975
bigz 6.793 " 1976
b157 5.904 " 1977
b158 5.219 " 1978
b 5.574 " 1979 Estimated Jan. 1 inventory of beef heifers for replacements

159

(Interpolation between July 1, 1978 and July 1, 1979 inventories
in August 1980 Livestock and Meat Situation,P.)
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TEST PARAMETERS :

HISTORICAL SERIES ON U.S. BEEF COW SLAUGHTER

Used

Para- in these
meter Value Units functions
b160 2.204 million 1950 USDA estimate of non-fed beef cow slaughter A
b161 1.465 head 1951
b 2.521 " 1952 i . " "

162 " SOURCE: USDA data file named "COWKSNF
P163 453 " 1953 (USDA, ESS, T-Dam, 1979). Used in test
:164 :'g:g " igg: statiftics and for plotting against

165 - models total number of cows culled as
b166 >.027 " 1956 becoming 3 years old and over.
b167 4.474 " 1957
b168 2.106 " 1958
b169 1.577 " 1959
b170 2.631 " 1960
b171 1.964 " 1961
b172 2.064 " 1962
b o5 1.835 " 1963 ) 944,3
by2a 3.279 " 1964
b e 4.629 " 1965 g

47,2

b176 4.397 " 1966 v
b 3.876 " 1967
bi;; 4.099 " 1968
b179 4.411 " 1969
b180 3.845 " 1970
b181 4.174 " 1971
b182 3.777 " 1972
b183 3.832 " 1973
bi84 5.298 " 1974
blBS 9.186 " 1975
b186 8.414 " 1976
b187 7.657 ” 1977
b188 6.263. " 1978
b189 unassigned y
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TEST PARAMETERS : DERIVED HISTORICAL SERIES ON CALVES BORN TO BEEF COWS IN THE U.S.

Used

Para- in these
meter value Units Description functions
b 14.66 million 1950 estimate of number of calves born to beef cows in U.S., derived w
bigg 15.77 head 1951 as the residual obtained by subtracting (.92)x. Dairy cow
b192 18.72 " 1952 numbers) from total calves born in the U.S. annually)
b193 21.44 " 1953
bi94 22.58 " 1954
2195 ;;';g : iggz SOURCE: USDA data file named "COWSNMC" and "CALSCY,
b196 21'31 " 1957 for dairy cow numbers and total calves born,
b19'7 21'14 " 1958 respectively, (USDA, ESS, T-Dam, 1979). Used }n
b198 22.18 " 1959 test statistics and for plotting against models

199 ) total number of calves born to beef cows.
b200 23.18 " 1960
b201 24.18 " 1961 g
b202 25.72 " 1962 . 44,4
b203’ 27.03 v 1963 948 . 2
b204 29.13 " 1964 ’
b205 29.77 " 1965
b206 30.21 " 1966
b207 31.17 " 1967
b208 32.25 " 1968
b209 33.63 " 1969
b210 34.75 " 1970
b211 35.78 " 1971
b212 36.84 " 1972
b?13 38.50 " 1973
bél4 40.47 " 1974
b215 39.86 " 1975
b216 37.24 " 1976
b 17 35.93 " 1977
b:lB 33.78 " 1978

L9Z
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Derivation of a computational formula for the standard deviation
of the population, Pi

’H -2
. . . P-P
Beginning with the common form, SP = ﬁi—;rl—— b

expand to

_ /Z(PZ- 2pP + B 2)
S = ’
P V n

which may be written as

sP=J(2p2-2§zp+z§2)/n

Multiply numerator and denominator by n,

2 = = 2 2
SP =JEnZP ) =(2nPZP) + (nIP )] / n .
. =2 =2 .
Since n P = IP =, substitute
2. = _ 2= 2 2
SP = J[(nZP )= (2nPZPY+ (n° P 7) :] / n -

Since IP/n = P , substitute

SP =JE12P2 —(2n (ZP/n) ZP)+ nZ(ZP/n)2 :]/n2 !

then collect and cancel terms

S = 3 ——
P 2 n
o

nzp? - (zpy?  °F 1/n2p2 - (zp)?

These are convenient computational forms because they do not require
calculating differences from the mean (P). They are used in the

functions g45'j g g and g48,j ; where j=1 and 2 (SP for

46,3 47,3

j =1 and SA for j = 2).




Derivation of a computational formula for the product-moment
coeifecient of correlation,r, of two series Pi and Ai

Beginning with the common form:

Expand: _ _ .
L (PA-PA - PA + PA)

= A1

S_S
P A
multiply numerator and denominator by n,

IPA -(IP)A - P(IA) + IPA
n SPSA

LPA, (IP/n) = P and (ZA/n) = A ;

substitute n FA

LPA - (IZP)(IA)/n - (IP)(ZA)/n + n(IZP/n)(Za/n)

n
SPSA
multiply numerator and denominator by n,

- nIPA - 2(IP) (ZA) + (ZP)(ZA)

2
n

SPSA

and collect terms,

_n IPA - (IP)(IR)

269

This formula for the correlation coeffecient is used in functions

945,11 " 946,11 * 947,11 29 948,11



Verification of Theil's (1966) decomposition of the numerator in his inequality coefficient, U

1 2 - =2 2
Theil ts: — X(P-A) = - + -s + -
heil asserts " ( ) (P-3) (s A) 2(1-r) SPSA

P
expanded first (E—R)2 = (LP/n - ZA/n)2 =(l/n2) (ZP-ZA)2 = 1/n2 [(ZP)2—2(ZP)(ZA) + (ZA)2 ]
term on RHS:

2 2 2 2

2 2 - + AT - A
expand second (S_-S )2 =S - 25 S + S = n LP (2P) nk (2A) - 2 8_S

P A P P A A 2 P A
term on RHS: n
and expand third
ny PA - (2P)(JA)
t : - = - .
erm on RHS 2(1-1x) SPSA 2 SPSA 2 SPSA >
n SPSA

recombine the three expanded terms, after cancelling the (2SPSA) subterms and factoring out 1/n2

1/n2 [(ZP)2 - 2(ZP) (Ip) + (ZA)2 + nZP2 - (ZP)2 + n ZA2 - (ZA)2 - 2nYPA + 2(ZP)(ZA)}

collecting terms and factoring gives:

1/n2 [nZP2 - 2nXPA + nZA2] = (l/n)[: ZP2 - 2YPA + ZA2] = (1/n)Z(P—A)2

0LZ
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User Notes On The Model Program Source File

The source file code for the beef cow value and demography
model has been formulated for FLEX4 processing with FORTRAN IV.

Users will note that the first 10 intermediate functions (gi 5
’

i =1,10) are functions of b parameters only. To save computational
time of recalculating these in each year of the 29 year run, they

are calculated only in the first year as b parameters (b22 through

5

b338) which remain constant through the length of the run. In all

subsequent time steps of a run, then, the first 10 vectors of g

functions are set equal to their corresponding b parameters.
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SUBROUTINZ ZCOMP
COMMUN/GLOBAL/IFLAG(3D)
COMMON/RNPROC/IDRUN(2) 4 ITIMEJMTV(12)
COMMON/MOBULE/ZJC19JReJY 3JZ3JBeJF 9JGs JHyJO29JJ 4Ky KP KPP,
+ IPCR(187)43VARDIOO) 9X(2915) ,XU(2+15),Y(12915),2(1,15),8B(340),
+ F(2915)96G(484915)
c*
DIMZINSIGCN ZINIT(14,29)
c*
IF (MTVI1) . NEL.IFLAG(4)) GD TO 5¢
DO 3 J=1,29
READ(94300) (ZINIT(INJ) »I=1+13),1214%
ZINIT(144Jd) = FLOAT(IZ14)
3 CONTINUE
90C FORMAT (2F 8.4 911F7,442X,14)
JPJ=1
ce
8t282) B(1G) * B(11) + (1., - B(10)) * 3(15)
B (296) Bl282) * B1(25)
DO 3u J=1,15
AJ = FLOAT(I)
If (J.GT+1) GO TO 20
B(224+J) 8(1)+8(2)*%(AJ - 3(IN)+BLL)*(AJ - B(3))*(AJ - B(3))
8(236+J) 1.0 = (B(5)+B(6)/AJ+B(7) *» AJ * AJ)
B(3(9+J) 1.0
60 TC 30

oo

nnan

cl
20 CONTINUE
IF (JsNEs15) B(224+J) = B(1) + B(2) * (AJ - B(3)) +
1 Bl4) * (AJ - E(3)) * (AJ - B(J))

83(236+J) = 1.0 - (B(5) + B(b)/AJ ¢+ B(7) * AJ * AY)
B(252+J) = B(8) + B(9) * AJ
B8{266+J) = B(10) * B(11) * (B8(12) + B(13)*AJ + B(14L)/Ad) +

1 (1.0 - B(10)) * B(15) * (Bl1o) + B(17) * AJ + B(18) * AJ * ALJ ¢+
2 B(19) * AJ * AJ * AY)

IF {J«Nz.15) B(281+J) = B(282) * B(23) * (8(21) + B(22) * AJ +

1 B23) * AJ * AJ + 3(24) * AJ * AJ * 4J)

IF {J.NZ.15) B(295+J) = B(26) + B(27) * AJ + B(28)/AJ

3(309+J) = B(3LB+J) * B(223+J) * 8(236+J) * B(252+J)

c‘
30 CONTINUE
c*
DO 40 J=1.14
40 B(324+J) = (B(3L9+J) * B(253+J) =~ B(310+J)) /7 B(3(9+J)
c‘
50 DO 6 I=1,14

WRITE(12,801) I+ZINIT(I +JPJ)
8c1 FORMAT(2X+#THIS IS Z(1+%+12+%) = *4F25.10)

(3] Z(1,11=ZINIT(I4JPJ)
JPJU=JPJ +1

ce*
RETURN
END

SUBRGCUT INE GCOMP

COMMUN/MOCULE/JDL9IX9JY 9JZ3JBaJF9JGyJH s JD24JJ9 Ky KP4 KPP,

+ IPCR(187)yVARD(66) 9X12915) 9 XU(2+15) 4Y{12+15) 4Z(1415)48(340),
+ F(2415)46(48,15)

c*

IZi4 = IFIX(Z(1+iW4))

00 14 J=1,JJ

IF (JeNZ.15) G(1yJ) = B3(224+J)

Gl{2,J) = B(238+J)

IF (JeNEel) GI(34J) = B(252+J)



16

30

35

40

45
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IF (JuNZ.1) GluyJ) = 8(28€+J)
IF (J.NZe1lsANDsJWNEWLS) G (6 4J)
IF (J.NEZ.1,AND.J.NEL15) G (8 4J)
G(9sJ) = B(30S+J)

IF (JUeNE.15) G{10+J) = 3(324+J)
CONTINUE

G(5) = 8(282)

G(7) = B(296)

G(1241) = B(73)%ZM(1,141) + B(7L)I¥Z(1,1)

G(12,2) = B(75)%ZM(141,2) + BIT6)*Z(1,2)

DO 30 J=1,15

IF (J.EG 1) G(13,4J) G(1241)%*G(7)*3(39)

IF (JoNZ.1) G134} GltyJ)?(G(12,1)-B(40)*(6G(12,1)-6(12,2))+¢
1 B(ui)*(6(12,1)=6(12,2))/(FLOAT(J)I*B(41)))

IF (J.EQe1) Glilbed) = Z(1,1) * G(7) * B(39)

IF (JoNT.1) G(lisJ) =Gl 4J)*(2(1,1)=B(40I*(2(1,1) = Z(142)) ¢+
1 B(40) * (Z(1,1) = Z(1,2))/(FLOAT(J) * B(41)))

CONTINVUE

G(i5) = (1.0 + B(u2) * Z(1,13) + B(36)) ** B(43)

G(16) = Blhai) * Z(1,11) + B(uS5) * Z(1,3) + B(L6) * Z(1l,4) +
1 Blu7) * Z(1,45)

G(17) = (G(16)+B(L8)*Z(1,€) + B{u9) * Z2(1,7) + B(50) * Z(1,8) +
1 B(5%1) * 2(1,9) + B(52) * Z(1,10) + B(53) * Z(1,11) +

2 B(54) * Z(1,12)) * G(15)

G(18) = B(55) * Zil1,6) + B(56) * Z(1,7) + B(57) * Z(1,8) +
1 B(S58) * Z(1,9) + B(59) * Z(1,10)

B(281+J)
B(2395+J)

nou

G(19) = (G(16) + G(1B8)+B(60) * Z(1,11)+8(61) * Z(1,12)) * G(15)
G(20) = (G(16) + G(18)48B(62) * Z(1s11)+B(€3) * Z(1,12)) * G(15)
G(21) = BlbL) * Z(1,6)+B(65) * Z(1,7)+3(66) * Z(1,8) +

1 B(e7) * 2(1,9)+8(68) * Z(1,10)
6(22) = (G(16) + G(21)1+8(69) * Z(1,11)+8(70) * Z(1,12)) * G(15)
6(23) =

(G(16) + GU21)+B(71) * Z(1,11) + B(72) * Z(1,12)) * G(15)
DO 4y J=1,14 .

IF (JelLTe2.0ReJsGT413) GO TO 35

IF (JU.EQ.2) G(24LyJ) 6(10+2) * G(13,3) - G(20)

IF (J.GT.2) G244 GU10,J) * G(134J¢1) = G(23)

IF (J.EQ.1) G(2540) Gl1G,1) * G(13,2) =~ G(17)

IF (J.EG.2) 6(25,0) G(10,2) * G(1353) - G(19) + G(8,2)*%G(6s2)*
1 G(12s1) * B(38)
IF (J.6T.2) G(25+J)
1 G(i2s1) * B(38)

wn nn

"

G(10sJ) * G(1344+1) = G(22) + G(84J)*G(o,sI)*

CONTINUE

G(26s1) = 1.0/01.C + B(8G) * Z(1,13) + B(37))

G(28,1) = (GU9,15)/G(9,14) * G(13,15) + G(25+14)) * G(26+1)
G(234+1) = G(28,1)/G(13,14)

00 S50 J= 2414

IF (JeEGe2+AND.G(29,J-10.6GE.8(82)) G(27,J)=AMIN1(15.0,14.0+B(81))
IF (JeGToe2.AND.G(294J=1).GE.B(82)) G(279J) = AMINLI(G(274J-1)+16.0
1 = FLOATUU) + B(81))

IF (J.GTe1eAND.G(294J=1)4LT.B(82)) G(27,J) = 16.0 = FLOAT(J)

IG = IFIX(G(274J))

G(28sJ) = GU9,IG)/G(9,15+«J) * G{13+IG) * (G(26+1)) ** (IG-15+J)
IGG = IG = 15 + J

DO 45 I=1,1G6

G(284J) = G264 J) +(G{9,1441=J)/6(3,15-J)%G(25,14+1=J))1%G(2641)%*]
G(23sd) = G(25,J)/6(13415=-0)

CONTINUE

DO 6bu J=1,413

JKK = J + 1

G(304JKK) = G(28415=-JKK }/G{14yIKK)

IF (J.NE.1) G(31.4} G(28415=J) = (G(25+J) = G(24yJ)) * G(26s1)
IF (J.£Q.1) G(324J) G(28,14)/76(14,41)

IF (J.GTel) 6G(32,H) G(31,0)/Gl14,J)
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IF (JUKK.EGe2) GI(34yJKK) = X(241) * 6{342) * G(1,1)
IF(JUKKeGTa2)6 (349 JKKIZIXIL9gUKK=1) ¢X(2,JKK=21))*G(3,JKK)I*G(1,UKK=1)
CONT INUE

DO 70 J=1,14

IF (JeNEs1) GC TO 62

G(35,J) = 0.0

DO 61 I=2,14

GI(354J) = GI(35,J) ¢ X(1,I} * GI(8,1)

CONTINUE

G(354J) = o5 * G(35,4J)

GO TO 65

IF (JeNZ.2) GO TO 64

G(355J) = X(241) * G(3,2) * (1.0 = G(1,1)) ¢ X(1,1)

G0 TO 65

G(354d) = (X(1sJd=1) ¢ X(24J=1)) * G(3,J) * (1.0 - G(1,J=1))
CONTINUZ

IF (JJNE1) G(37,J) = B(B8) + (G(2,J) -~ B(88))/(1.0 + EXP(B(33) *
1 (G(30,J) =« B(BW)))) -

IF (JelTe3) G(38,J)1=B(BI) +(B(9+)*G(2+J4)-B(83))/(1.0+EXP(B(32)*
1 (G(32,9) = B(S3))))

IF (JeGTe2eANDeJeNE14) GI(384yJ) = BLIG)I+(8(91)%G(2,J)~8B(90))/
1 (1.0 ¢ EXP(B(85) * (G(32,J) - B(8B))))

IF (JoNZel) G(394J) = G(34yJ) * GI(37,0)

IF (JaNZellb) GlLEyJ) = GI35,J) * G(38,J)

CONTINUE

DO 71 JU=1,14

JKK = J ¢+ 1

IF (JUKKelLTe15) Gl41,JKK) = G(344JKK) = G{3I,JKK)

IF (UKKEQe15) GlU1,UKK) = X(1,14} * G(3,15)

IF (JalTedd) GlU24J) = G(35,J) = GlLO,D

IF (JeEQela) GtUL24J) = G(35,14})

CONTINUE

00 72 J=1,JJ

GlL3,Jd) = 0.0

G(L3,1)=8B(98)%G(39,2)%0.1

D0 75 I=2,15

IF (I1.GEe3.ANDeIoLE13) Glu3gl) = GU4341)4(G(39,I)+G(L0,I))*0e1
IF (I.EQedl) GU&351) = G(4341) ¢ G(39,I) *J.1

IF (1.6Ze34ANDeIolEc14) GU4343) = GUU3,3) ¢ (GlUL1,I)+C(42,I))%0.1
IF (I.EGe15) GlW343) = GU43,3) ¢ Glui,I) *0,1

IF (I1eGEe2¢ANDeIeLE 1) GUU344) = Gla39i) + X(1,I) * G(B,yI)

IF (I1.GEe2¢ANDsIWLES13) GIU43,4,5) = G(43,5) ¢ X(1,I) ¢ X(2,1)

IF (I1.EQell) GLL345) = GU4345) + X(2,1)

IF (I1.GEa2.ANDeTLE.14) GlUL3,6) = GlL3406) + X(1,I1)%G(391¢1)%3,.1
CGNTINUE

Gl43,42) (B(95)*G(39,2) + B(I6)*G(L0,1) + BI(I97)*G(40,2)) *G.1
Glub,yl) GM{4ls141) ¢ ABS(G(43,1) - B(IZ14-1849)) /

1 B(IZ14-184L9)

Glube2) = GM(Llbyl142) ¢+ ABS{(G(L3,2) - B(IZ14-1819)) /

1 B(IZ14-1819)

Glubs3) = GMILL42193) ¢ ABS(G(43,3) ~ BlIZ14-1790)) 7/

1 B8(I1Z14-1790)

Glhbyl) = OGMlbLb,1,4) ¢ ABS{GIWL3,6) « B(IZ14=-1760)) /

1 B(IZi14-1760)

IF (1Z214.£Q.1950) GO TO 100

Hoa

Glu541) = (GlL3y1) = GM(43,1,1))/6M(43,1,1)

Gl45,2) = (B{IZ14-1849) -~ B(IZ14-1850))/8(1214-1850)
Gliu543) = GM{45,1,3) + G(45,41)

GlUS4h4) = GMILS 4144Y ¢ G(L4541) * G(45,1)

GlU545) = GM(L54145) ¢ G(&5,2)

GlU548) = GMIL45,146) ¢ GlU5,2) * $(L5,2)

GUL547) = GMI454147) ¢ Gl45,1) * G(&45,2)
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GIL45,8) = GM(uSs148) + (Glu5,1) = GiL542)) * (G(45,1) 6(45,2))
Glubyl) = (G(W342) =~ GMlL3,1,2))/70M(43,142)

Gluby2) = (BIIZ14~-1819) =~ B(IZ14-1820))/81(1Z214-1820)

GluHy3) = GMIUB1,+3) ¢ Gludy1)

Gl4byb) = GMluby1yb4) + GLUE,1) * Gl46,y1)

GluBys5) = GMIUEI1,5) ¢ Gl4DE,42)

GlLbs6) = GMILUE,146) + G(ubs2) * GlLB,2)

Gl4B,7) = GMILBs1,7) + GlUE,1) * Gl4B,2)

GlubyB8) = GM(WUDy148) + (Glubyl) -~ GlLbe2)) * (G(LBE,1) G(46,2))
Glu741) = (G(43,43) - GM(439153))/76M(4351,3)

Gl4742) = (B(IZ14=1790) = 8(12164=-1791))/B8(1Z14-1751)

GlLT743) = GMI4T74143) ¢ GU47,41)

GlaTsb) = GMILT s1,44) ¢ GlUT7,41) * GLLT7H1)

GIl4T745) = GM(uT 91,51 + GUL4T42)

GUL7,6) = GMIuT146) ¢ GL4T7,2) * G(LT792)

GILT7,7) = GMILT41,7) + Gl4T7,1) * GlLT7+2)

GlL7,8) = GM(LT+148) ¢+ (G(47,1) - Gl4742)) * (G(LT741) = GL4T7,2))
GlL8y1) = (G(L346) = GM(434496))/6M(43,148)

G(u8,2) = (B{IZ14=-1760) =~ B(IZ14-1761))/81(I1Z214-1761)

GluB,y3) = GM(L8,1,3) ¢+ Glu8,1)

GluBot) = GMIWLBy1lsk) + GlLB841) * G{48,1)

GlLB,5) = GM(4B41+5) + G(L3+2)

GlLByB) = GM(LB,146) + G(4BY2) * Gl48,2)

GlLBs7) = GMILBs147) + GLUB,1) * GlL8,2)

GlLB,8) = GMIUBy148) ¢ (G(uByl) = GLHBs2)) * (G(LBy1) = G(4Bs2))

IF (IZ14.NE.1978) 50 TO 100

G(45,9) = SQART(B8(100) * G(45+4) = GL45,3) * G(4543))/80100)
G(45,10) SQRT(B(100) * G(uS456) = G(45,5) * G(45,5))/80100)
G(45,21) (B(150) * G45,7) = G(45,3) * Giu5,45)) /

1 (3(100) * B(100) * GL45+9) * G(45,10))

"wu

G(45,12) = SQART (G{45+8) /G (45,46))

Gl45+13) = (Gl4593) =G lu5,5) )% (G145, 3)=Gl45,5))/7(BC100) * G(45,8))
GL4S,14) = Bi00)* (645,916 (45,10))%(5(45,3)~6145,10))7G(45,8)
GlW5,25) = 2.0 * 8L106)*(1,0 - Gl45511))*G(45,3)%6(45,10)/76(45,48)

G(4Bs3) = SQRT(BI100)*G LBy L) ~G(4Es3)*5(4E,43))/B(100)
G(46,10) SQRT (B(10C)*G(u4bs6) =G (L6, 5)*G (46,5))/81100)
Gl(4by1l) (BL1GC)I*GIL4b47) = Gl4693)*Glab645)) /

4 (B(10G) * B(100)*G(LE+91*G(Lb,10))

[ ]

Gl4by12) = SQART(G(4E+8) /G(4BEE))

GlLb,13) = (Glube3)=Glube5) )1 ¥ 15 (4643)=6(06,5))/(B(100)%6(46,8))
Gl4by14) = Bl4G0)* (G 86 +9)=G(46+10)) *(GI4ELIB) =6G(46910))/G(4648)
GIlLes15) = 2.0 * BL100I*(1,0 - Glub,11))%*G4b+3) %G (4649100 /GCuby8)

G(4749) = SGRT(B(100)*G (b7,4)=G(47,3)%6(47+3))/B(100)
Giu7,10) SORT(R(100)¥ G (47 46)=G(47,5)%G(47,5))/B(100)
GlL7,11) (B(100)2G(a747) = G(L743)*G(47,45)) /

1 (B(100) * BLL10D)I*G(47+9)*G (47,100}

Gl47412) = SQART (G(4748)/6(474+6))

G(L7,13) = (Gl47 231 =G4 745) )% (G(4743)=G(47,5))/(BL100)*G(4748))
GlL7,14) = Bl10C)*(G(4759)=G(47 9100 V1% (G(4T7+3)-6G(47+103))/G(47,48)
G(47,15) = 2,0 * B(100)*(1.0 - GlW74511))2GL4743)2G(47,108)/76(47,8)

Gl48,9) = SORT(B(100)*G(48,4)=G(48,3)*G(48,3))/B(100)
GlLB,y10) = SQRT (B(100Y*G(484+6) ~GlL8,5)*G(48,5))/B (100
Gl48,y11) = (BILOGI*G(HE47) ~ G(48,3)%G(48,5Y) /
1 (B(1G0) * B(100)*G(48+9)%6(48,10))

G(uB,y12) = SART(G(4848) /G(L846))
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G(uBe13) = (G(4Bs3) ~GluBrSII*(GluB,31=G(4B8s5))/7(BL100)*G(48,8))
GluByil) = BUI0CI*(G(4B,s8)-GluB8y10))*(G(LENI)~GlUBy10))/G(48,8)
Gl8y15) = Z.0 * BL103)*(1,0 = GuB8,11))%G(48,3)*G(48,180)/G(48,8)
c
106 CONTIRUE
c
RZTUKN
END

SUBROUTINE FOCOMP
COMMON/GLOBAL/ZIFLAG(3G) yMAP(8,81)
COMMON/RNPROC/IORUN(2) y ITIME yMTV(12) 4 IGPTR,IMPTR, IERR
COMMUNZ MODULEZJD13JX 3 JY ¢JZ9JBsJF sJG s JHyJD2Z9JJsKyKP KPP,
+ IPCR(i&?).VARD(&b).X(Z.is).XU(2,15).Y(12.15).2(1.15).8(3h0).
+ F(2915),6(48,15)
IF(IPCR(76) «NE.CIGO TO S
CALL POP2
RETURN
5 CONTINUE
WRITE(3+201)
201 FORMAT(1X,*SUBRCUTINES PROCZSSZIOD*)
IM=ITIMZ+L
MTVIIM) =MTV (IM)+1
CALL POP2
REZTURN
END
SUBROUTINE FCOMP
COMMON/ MODULE/ZJD1 3 JXeJY yJZyJBsJF 9 JGsJHsJD29JJ 9Ky KP4 KPP,
+ IPCRI187)VARDU(EE) 9X (24151 9y XU(2415)9Y(12+15)+2(1,15),8(340),
+ F{24,15),6(48,15)
c'
DO 1§ J=1,1%
IF (JeEQ.1) FlisJ) (42411 * B(B7) = X{1i,1)
IF (JuNZ.1) Fli,J) GU39,J) - X(1,0)
IF (JaNEellL) FLZyd) = 6LL0,J) - X(2,J)
10 CONTINUE
DO 130 I=1s2
110 HRITz(1G4903) I (F{IsJ)sJ=1,15)
903 FORMAT(® F(*312,%y J} =%,15(F8.3))
c‘

RTZTURN

END

SUBROUT INE HCOMP

COMMON/Z HGDULEZJD1,JXyJY 9JZ9eJBsJF 3Gy JHyJD29JJyKyKP KPP,

+ TPCRI1B7),VARDIE6) 9X12915) 3 XUC2915) 4Y(12,15) 9Z11,15),8(340),
+ FU2,15)4G(484+415)

RETURN

END

SUBROUTINE YCOMP

COMMONZMOCULE Z7J 01 2JdX9JY 9JZ9dByJF Gy JHeJD29JJ 9Ky KP KPPy
+ IPCR(L87) s VARD(EE) oX(2+15) 9XUL2,15),Y(12+15)9Z(1515),3(340),
+ F(2,15),6(48,15)

1Z214 = IFIX(Z(1,14))

IF UIPCR(4S).NE.G)Y GO TO 1
905 FORMAT(*1%/74X,*J = *,3X,15(3Xy13,42X))
b CONTINUE

904 FORMAT(®=®,3Xy*TIMZ = *,I4)
IF (IPCR(49).EQ.0) GO TO 100

Y(1,1) = Z(1y14)
Y(1,2) = G(43,1)
YU1,3) = Glu3s2)
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Y(iy4) = G(43,3)
Y{1,5) = G(43,4) * 0.1
SUM = 0.0

DO 20 I=1,13

SUM = SUM ¢ XM(1,2,I41) + XM(2,2,1)

IF (SUMWGNEWOel) Y(1,6) = G(43s4) / SUM

IF (G(43,5) «NESDW4D) Y(1,7) = GULL344) / GLlu3,5)

D0 25 J=8,12
Y(1,J) = 0.0

00 30 I=1,13

IT =1 +1
IIT =1 ¢«2
Y(is8) Y(148) ¢ XM(1,41,I1)

" "

Y(149) Y(159) ¢ XM(141,II) * G(1,II) ¢ XM(241,1I) * G(1,D)
YU1,10) = Y(1,10) ¢ XM(1,1,II) * G(6sII) * G(B,II)
IF(IIILNEC15) Y(1,11) = Y(1,11)¢G(41,III) * G(4,III)

+ Gl&a2,III) * Gl4,III)
IF(ITIILEQ.15) Y(1,11) = Y(1,11) + G(41,IID) * G(4,IID)
Y(1,12) = Y{1,12) ¢ FLOAT(II) * XM{1s3,II) ¢ FLOAT(I) * XM(2,1,1I)
CONTINUE

IF (Y(1,8) oNEs Da8) Y(1,8) = G(4344) 7/ YI(1,8)

IF (Gl43,5)¢XMI291y 1) aNE«D40) Y(1,9)=Y(1,3) / (G(L3,5)¢XM(241,1))
IF (Glt3s4) eNELGs) Y(1,10) = Y(1,10) * 10J.0 /7 GUL344)

IF (G(L343)aNELCed) Y(1,412) = Y(1,11) * 1040 /7 G(L3,3)

IF (G(&345) XMI29191) sNE«040) Y(1412)3Y01,12)/7(G(43,5)4XM(242,41))
Y(1,13) = G(43,46)

IF (G(3+6) eNZelol) Y(1,416) = GLU344) * G4l / GLW3,06)

00 40 J=1,15

IF (J.EG.15) GO 7O 35

IF (JoEGe1) YI24d) = XM(241,1)

IF (JoGToleANDoJelT o164) YH{2,J) = XM(2510J) ¢ XH(1,1,J)
IF (JeEQell) Y(2,J) = XM(1,1,414)

Y(3,Jd) = Gll44J)

iF (JlGElZ.AND‘J.LE.l‘.) Yo d) = G(30,4)

IF (JeGZaieANDLJILELL13) Y(54d) = G(32,1)

IF (JeGEs2eANDoJelEslie) YI(6yJ) = G(28415=J)
IF (JEGed) YI(74J) = G(28y14)

IF (JeGEe2sANDeJLE13) Y (74 d) = G(31,d)

CONTINUE

IF (BIZ14-1849) NEWB.0) Y(B8s1) = 5(43y1) / BLIZ14=-1849)
IF (IZ14.NE.1978) 60 TO 50
IF (B€(99).NEWLeC) Y (8y2) = Glbi,yl) / B(39)

Y(843) = G(uS,11)
Y(8yu) = G(U5,12}
Y(8y5) = G(45,13)
Y{(8,6) = G(L5,14)
Y(8,7) = G(45,15)
Y(8,y8) = Gl43,1)

Y(8,9) = B(IZ1lLk -~ 1849)

IF (B(12164~1819)eNE.Ge0) YI9y1) = GL43s2) / B(IZ14-1819)
IF (IZ14.NE.1978) GO TO 60
IF (B(99)NE«G.0) Y(9,2) = G{4k,2) / B(99)

Y{3,3) = Gl46,11)
Y(9,4) = Gl46412)
Y(9,5) = G(464+13)
Y(9s6) = GlLby1b)
Y(9,7) =

G(46s15)
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Y(9,8)
Y(S,3)

Gl43+2)
B(IZ1is =~ 1819}

IF (B(IZ14=179C) NE.De0) Y1342} = Gl343) /7 BUIZ14-1790)
IF (1Z14.NE.1978) GG 10 70
IF (B(9Y) NEWG.0) Y(15s2) = Glab,y,3) / BL99)

Y(10,3) = GlL7,11)
Y(13,4) = GC474+12)
Y(10+5) = G(47+13)
Y108} = G(L4T,414)
Y(10+7) = G474 15)
YU10,8) = G(L343)
Y(10,9) = B(IZi4 - 1780)

IF (B{IZ14=1760)eNZ+040) Y(1151) = G(43,6} 7/ 8(IZ14~176C)
IF (IZ14eN2+1978) GO TO 80
IF (8(39).NZ,C.0) Y(11,2) = Glas,4) 7 B(99)

Y(11,43) = G(48s11)
Y(11,4) = G(48,12)
Y(11,5) = G(4B8y13)
Y(1146) = GlLBsll)
Y(11,7) = G(&48415)
Y(11,8) = G(&4346)
Yy(11,9) = 8(IZ14 - 1760)

00 94 J=1,14

IF (JJEQs1) Y (1244}
IF (J.6GTe1) YU12,0
CONTINUZ

Y{(2,J)
Y(12,J-1) + Y(2,J)

WRITc(12+905) (I+I=1,+15)
WRITE(12.904) IZi4&

IF (B(343)eNEW1.6) GO TO 100D

DO 97 I=1,48
WRITE(L12,904) Iy (G(Isd)ed=1,y15)
FORMAT(* GU*,I2+%y J) =%,15(F8.3))

CONT INUE

WRITE(10,905) (IsI=1,15)
WRITE(1d,904) I1Z14

DO 145 I=1,12

WRITE(1G+802) I4(Y(I,J)9d=1,15)
FORMATE® Y(*,12,%s J) =%415(F8.3))
DO 110 I=1.2

WRITE(10+503) Is{X(I0sd) od=1415)
FORMAT(® X(*,1I2+%y J) =%,15(F8,3))

WRITE(L11,806) Y (1,1),YUB8,8),Y(858),Y(SeB8),¥(5,9),

+Y(10+8) 4Y(104+9)9Y(11,+8),Y(11,49)

906 FORMAT(LXsF5.0y2X8F7.2)

c

REZTURN
£ND





