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COMPUTER LIBRARY FOR AGRICULTURAL SYSTEMS SIMULATION

The Computer Library for Agricultural Systems Simulation (CLASS) is
one of the four major activities of the Agricultural Sector Analysis
and Simulation Projects at Michigan State Unviersity under U. S.
Agency for International Development Contract A1D/csd-2975. The
other three major interrelated project activities include theoretical
and methodological research, the Development Analysis Study Program,
and field activities, primarily in the Republic of Korea.

The project objective is to develop an approach to institutionalizing
an analyticai capacity for planning, policy formulation, program
development, and project implementation for agricultural sector
development within the public decision making structure of developing
countries. A major component of the analytical capacity is a series
of system simulation models tailored to the neceds of the individual
country. Much of the experience gained from the field activity and
the knowledge gained from the theoretical and methodological research
added to the present stock of knowledge about building and maintaining
analytical capacities for agricultural sector development can be
preserved and extended in the training provided through the Develop-
ment Analysis Study Program and in the stock of model, component, and
utility routine computer software documented in the Computer Library
for Agricultural Systems Simulation.

In full operation, the Computer Library for Agricultural Systems
Simulation (CLASS) acquires, catalogs, maintains and distributes
computer programs and associated documentation. These computer
nrograms are of generalized simulation models, components, and
routines designed specifically for the analysis of agricultural
development problems and processes. In particular, the Tibrary sets
standards of admissibility for programs and documentation; catalogs
and indexes programs and documentation so as to facilitate their
retrieval by users seeking a set of programs to be used in a specific
problem analysis; and distributes programs and documentation to users.

To enhance the effectiveness of the library, its functions also

include identifying and soliciting needed models; actively bringing
programs and documentation up to the library's standards; and

providing limited consultation in identifying and implementing
appropriate library programs for a particular application. A subsidiary
function of the library in conjunction with the identification and
solicitation of models is to survey and catalog ongoing research in
agricultural systems modeling and simulation.

The CLASS document publication series is the main vehicle for informing
potential users of the substance of CLASS holdings and activities.

July, 1976 George E. Rossmiller
Director
Agricultural Sector Analysis and
Simulation Projects
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INTRODUCT ION

This User'’s Guide is written to allow operation of the computer
simulation model of a general beef cattle enterprise, as described in
Jaske[1l]. More specifically, the land extensive cow/calf fo}m of
operation in which breeding of cows results in sales of calves is the
major emphasis of the model. The model is designed to assist management
in evaluating and investigating decision-making strategies. These
decisions may be either ones of investment in a particular enterprise,
or ones concerning operation of the enterprise through the course of
a year.

Four chapters are included to provide sufficient background for
operation of the model independent of the main dissertation[l]. Chapter
I is a brief description of the simulation model and the basis for its
operation. Chapter II enumerates and defines all state and control
variables used in the model. Chapter III 1lists the actual instruc-
tions necessary for operating the model. Chapter IV gives a complete
listing of the model's program and the many subroutines used in it.

This volume is meant to provide sufficient background for intell-
igent use of the model, but questions concerning the model's develop-

ment and the rationale for particular mathematical structures must be

answered by consultation with Jaske[l] and Schuette(3].



CHAPTER ONE
THE BEEF CATTLE ENTERPRISE SIMULATION MODEL

This chapter will discuss a simulation model of a general beef
cattle enterprise. Although all general characteristics of such en-
terprises are included in the model, the emphasis here is on a land-
extensive, forage-producing, cow/calf breeding operation. All pro-
cesses of this system except land allocation and crop production
have been modeled; these processes must be handled through
initialization data supplied by the user.

The system model developed for this general beef cattle enterprise
consists of five major components and several secondary ones. Major
components are

(1) cattle demography

(2) forage growth on the range land

(3) feed stock accounting

(4) nutrient impacts on growth and reproduction

(5) management decision making.
Secondary components are ones controlling the input of exogenous
variables to the model from prespecified time patterns, maintenance
of proper expected prices into the future over time, and most import-
antly, the financial component. These components represent all of the

facets of the beef cattle enterprise except land allocation and crop



production. These exceptions are handled in the model through fixed
land allocations and by arbitrarily specified quantities of crop
production over time.

The cattle enterprise as a system is quite complex, involving
biological material transformations, photosynthetic energy conversion,
and extensive non-linear control over these processes through the
actions of the decision-making management, which is mainly responsive
to economic considerations. Only a simulation model incorporating the
structural aspects of the system can hope to provide a realistic
description of the dynamics of these processes through time. Such a
simulation model can be characterized as highly non-linear, highly
discontinuous, and describable only in the detail typical of computer
programs. Figure 1 illustrates the physical and information flows
interconnecting the components of the system model. It also indicates
the exogenous variables affecting the system.

The component with the greatest impact on the system is the cattle
demography component. Three major processes are represented within
this component. The first is the birth of calves; this is a function
of the breeding policy of the management, the age distribution of the
breeding cow herd, the nutrient intake of the herd over time, and the
time interval between the previous calving and breeding. The second
major process is the death of animals. Deaths can be attributed to
old age or to premature events such as disease, weather, or accidents.
The final process that this component includes is maturation of animals

within the herd. Maturation is the key to the behavior of different
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classes of animal within the herd and will be described primarily
with the variables of age and weight.

Another important component is that of forage growth. This
component must represent the growth and harvest of forages on a
dynamic basis over the growing season. Plant growth is a response
to the exogenous variables of weather--solar radiation, average tem-
perature, and rainfall. More important than actual rainfall is the
level of soil moisture that is available to the root system to trans-
port up the stem to the leaf structure of the plant. Soil moisture
must be determined through the influence of evaporation and percola-
tion of water down below the effective depth reachable by roots, as
well as by rainfall. Soil notrients such as nitrogen, phosphorus,
and the trace metals are also important to growth, but the modeling
of their exact mathematical relationships is not well known. Digesti-
bility of forages is another important factor in determining the nutri-
tional impact of grazing on cattle. Grazing and mechnical harvesting
of forage are the methods of forage removal which are included in the
model.

Another component of the model is accounting for feed stocks.
This aspect of the medel is much less complicated than any of the
others, because relatively little is involved other than actual ac-
counting for incomes and outgoes of material. Feed stock purchases
and sales are determined exogenously through the interactive manage-
ment component. Feed stocks used as cattle feed are a result of the
level of feed allocation to the herd and of the distribution of that

allocation among the possible crops. Feed stock losses are also



determined in this model. Crop production, although exogenously
determined in this particular system study, is also a factor affecting
the overall level of feed stocks. The last element of this component
model is determination of the total digestible nutrient (TDN) value

of the feed stock. TDN is used as the index of nutrient value because
of its widespread acceptance and the availability of information in
this format.

The nutrient impact component develops the effects of feed inputs
on the cattle herd. The major processes included here are growth of
animals chrough weight gain and reproduction resulting in births. The
growth process is highly influenced by the quantity of digestible nu-
trients consumed by cattle. The requirements of body maintenance and
of growth are met differertly by the same feed input; this requires
that the energy values for weight maintenance and weight gain be avail-
able for each feed stock consumed. When the requirements of body
maintenance are fulfilled, any excess energy intake can be applied
toward growth or toward other production processes. Reproduction is
quite responsive to energy levels available to the breeding females,
especially in young heifers being brought into the breeding herd for
replacements. The physical processes of estrous cycling in females,
both mature and immature, are determined in this component.l The
productive use of the reproductive condition of the herd is under the
control of the herd manager through the breeding policy that is
selected for use.

Management decision making constitutes the last component of this

enterprise model. Because the model is oriented toward providing a



manager with a tool to improve his decisions, this component is very
important. The component is constructed as an expression of the belief
that optimization is not an appropriate approach for the questions that
this study attempts to address. The reasons for this belief can be
briefly summarized as follows: (1) the decision controlling the breed-
ing action are highly dependent on the long time delays before produc~
tive revenue is possible, (2) herd management of reproductive animals
is highly dependent on the future prices expected, and (3) animal
prices are unstable and highly volatile (especially in the recent
past). The substitute for optimization of decision is exogenous supply
of control variable values. This means that whenever straightforward
economic criteria cannot be explicitly used to make a decision,

the management component requires an input of control values. The
values used are up to the user. This technique provides an opportunity
for the user to explore alternative control values based on his intuition
and knowledge of the behavior of the system.

Figure 2 illustrates the structure of the management component as
well as its relationship to the remainder of the simulation model com-
ponents. Decision point is the term used to describe situations re-
quiring exogenous user control. Standard decision points are such
natural occasions or phenomena as spring growth onset, breeding,
weaning, and culling. Special dccision points exist when particular

state variable values are incompatible with intended actions; these

1Developed by Margaret Schuette in partial fulfillment of the M. S.
requirements, Department of Animal Husbandry, Michigan State University
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might be low levels of working capital, feed stock levels insufficient
for planned levels of feeding during the upcoming time increment, or
feed levels at the beginning of the wintering period insufficient for
projected needs over that period. A batch interactive structure for
the model allows a permanent file to store all state and rate variable
values at a decision point while the user decides upon control vari-
able values at his leisure, then restarts the simulation by reading

from this permanent file and the source input for control variable

values.

A. Cattle Demography Component
The demographic component is based on a disaggregation of the herd

into reasonably homogeneous cohorts of animals based on sex, function,
and degree of maturity. Nine herd cohorts are used:

(1) mature breeding cows

(2) replacement heifers

(3) bred heifers

(4) breeding bulls

(5) young bulls

(6) steers

(7) male calves

(8) female calves

(9) slaughter heifers.
Although this level of disaggregation seems quite extensive, it is
still too coarse for purposes of modeling nutrient impacts and for

exploration of realistic management decision making. Subpopulations
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within each of these cohorts are defined on the basis of relative
maturity. Maturity is a concept which is correlated with age but
which can depart from it significantly.

The key to the herd demographic model is recognitiion that
maturity can be described by a distributed parameter time delay. For
example, an average time for breeding cows to mature from their first
pregnancy to old age exists, but there arc significau® variations
above or below this average. A common model for such time delays is
given by a high order differential equation relating the input flow

rate, x(t), to the output flow rate, y(t).

k k-1
d y(t d
" dt(k) * ak—l—d_t_k%-(Tt')_ +agy(e) = x(t) )

Laplace transformation of (1) gives

X(s)
l?bis + fj (2)

Y(s) =

==

i
which suggests that a cascade of first order time delays can be devised
to represent the kth order differential equation modeling the distri-
buted parameter time delay of interest. A beneficial advantage of
this approach is that the intermediate rates which result, separating
the input and output rates, can be manipulated to provide populations
at that stage in the delay process. The component model of cattle
demography has at its heart a representation for each herd cohort as
a delay process with flows interconnecting many of the delays to rep-
resent the overall process of maturation from birth to death.

Figure 3 presents a flow chart of subroutine HDMOG4 which

simulates the maturation process of cattle over time and maintains
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population values for each cohort and the subpopulations within that
cohort. Numerous control variables exist which represent the direc-
tion over herd maturation which management exercises to achieve its
goals. For example, variable €3(t) controls the proportion of the
output rate of the female calf cohort which enters the slaughter
heifer cohort. Cohort numbering on this diagram corresponds to the
order of listing in the enumeration of cohorts above.

Death rates for each cohort arc modeled as losses from the
cohort delays through time. A model of the time delay which is not
flow conserving was adopted to allow for such losses as well as
those which occur as a result of removing cattle from the cohort (or
adding to it). FORTRAN subroutines accomplishing many distributed
and discrete time delays are readily developed. Some typical prop-
erties that have been modeled are uniform proportional losses from
each subpopulation, time-varying delays, individual subpopulation
time delays, and individual subpopulation loss rates.

A vitally important process which is modeled in the demographic
component is birth of calves. The breeding pattern established
during the prior breeding interval as a result of the timing and
duration of the breeding interval in conjunction with the previous
nutrient intakes of reproductive females manifests itself in the
birth of calves. The model of this process establishes a time-depen=~
ent curve of total accurulated births for each of the three female
cohorts--mature breeding cows, replacement heifers, and bred heifers.

Births are determined by numerically approximating the derivative
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of this curve through time to give an instantaneous annual birth

rate and multiplying this value by the number of animals in each

cohort which are capablce of giving birth. The birth of calves as
a flow process is graphically illustrated in the flow diagram of

subroutine HDMOG4 (Figure 3) in the lower right quadrant.

The final process included in the demographic component is
weight gains (or losses). Each subpopulation of the demographic
model is treated as if it were homogenous and has associated with
it an average weight. Weight changes to that subpopulation designa-
tion occur through weight changes actually happening to those animals
from nutrient intake and requirement interactions and from animals
moving into that subpopulation designation from the next less mature
group. Balancing these two sources of weight change for a particular
subpopulation is handled through use of the idea of the average time
spent in a specific sﬁbpopulation designation. For example, cohort 1
(mature cows) has an average time delay of 10 years and 10 stages
giving an average of one vear per stage. With a simulation time in-
crement of 0.05 years, approximately 5% of the animals in any sub-
population of cohort 1 "mature from" their current subpopulation to
the next oldest group. Weights in each subpopulation are thus a
weighted average 95%, based on animals previously in that subpopula-
tion and 5%, based on animals maturing into that subpopulation from
the one next youngest. This mechanism allows for weight gains and
losses from both aging of cohort populations and nutrient intake/

requirement interactions for particular subpopulations.
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B. Forage Growth Component

The forage growth component is important to this system model
because of the high use which is made of forage growth by cow/calf
operations, whether grazed directly or mechanically harvested and
stored for winter feeding. The growth model outline here is based
largely on the work of Parton and Marshall [2], but it is extensively
modified, especially in the digestibility aspects. Solar radiation is
the main driver of forage growth, but it is constrained by the levels
of average temperature, soil moisture, and soil nutrient through use
of normalized indices to reflect the quality of these variables in
promoting growth. The rate of growth per hectarc is then
PHOTOn(t) = ACTIVEn(t)*PHOMAX*SOLAR(t)*MIN (3)
where:

PHOTOn(t) = total plant growth rate in land parcel n-~-kg/hec/day

ACTIVEn(t) = active plant material in land parcel n--kg/hec

PHOMAX = conversion factor, 0.0004 kg/langley/day

SOLAR(t) = solar radiation in langley/day

MIN = minimum of the three growth quality indices.
This rate must be partitioned into the fraction going to greenery
growth and the fraction going to energy storage in the roots. Since
the quantity of greenery and indirectly the storage energy in each
land parcel is a function of the previous grazing and harvesting
activity, the proportioning factor ZX3n(t) is determined separately

for each land parcel.

- *
ZX3_(t) = PAR3 parax(1.0 - & PARS GRN, (t) /LAND, | (4)
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where:

ZX3n(t) = proportion of PHOTOn(t) going to root storage

PAR3, PAR4, and PAR5 are constant parameters

GRNn(t) = quantity of greenery in land parcel n--kg.
A transfer of growth energy from the roots to the greenery occurs at
a rate that is largely controlled by the proportions of plant material
that are in equivalent root storage and greenery. This accounts for
the spurt of growth observed after a field has been heavily cropped.

The rate of greenery growth from root storage is given by

F (1) = PARIXROOT(t)%e n(t)/PARZILAND, (5)
where:
Fn(t) = rate of material transfer from roots to greenery--kg/hec/
day
LAND = area of land parcel n--hectares

n

ROOTn(t) = equivalent material in root storage--kg/hec

PAR1, PAR2 are constant parameters.
Overall rate equations for forage greenery’and root storage growth
must include animal grazing and mechanical harvesting before being
complete. Additionally, neither of these processes of removal is
clean; that is, what is consumed by animals and stored after harvest-
ing is less than what is removed from the field due to losses. When

such losses are included, then the following rate equations apply:

dROOTn(t)

e = PHOTOn(t)*ZX3n(t) - Fn(t) (6)
dGRNn(t)

It = PHOTOn(t)*[l.O - ZXBn(t)] + Fn(t)*LANDn - AWFn(t)*AHRn(t)

-MWF*MHRn(t) (7)
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where:

AHRn(t) animal grazing rate in land parcel n--kg/day
AWFn(t) = animal grazing wastage factor in land parcel n

mechanical harvesting rate in land parcel n--kg/day

MHRn(t)

MWF = mechanical harvesting wastage factor.

The quantity and quality of forage growth consumed by animals
are equally important to determination of nutrient impacts. D[GESTn(t)
describes the quality of forage In land parcel n in terms of total
digestible nutrients (IDN) on a dry basis. Digestibility is a dynamic
variable that reflects changes in average plant composition and in the
actual energy content of different plant parts. Since this component
model does not maintain forage quantities on the basis of constituent
parts, a less rigorous approach to digestibility determination is
required. Digestibility is modeled as a function of three factors:
relative age of green material, time of scason, and animal forage
density. The base digestibility value (in terms of 7 TDN on a dry
matter basis) is determined by the relative age of the green material
in each land parcel. Seasonal digestibility decline and decreasing
digestibility with decreasing quantity per animal are secondary fac-
tors which act to lower the base value when appropriate. This model
formulation assumes that the major element in the change of forage
digestibility is a process of decline associated with the length of

time since growth first started.
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C. Feed Stock Accounting

This model component is by far the simplest of the entire model;
it only computes the current quantity and quality (TDN) for each feed
stock on hand. Feed stocks can be produced, purchased, sold, fed to
cattle, or lost to pests. The rate of change of feed stocks is a
result of the varying quantities gained or lost. The TDN quality of
these feed stock quantities is a function of the quantity retained
from the previous period, its rate of spoilage over time, the

quantities purchased and harvested, and their original TDN value.

D. Nutrient Impacts

This component determines the impacts of nutrient allocation to
the herd as a result of the physiologic demands of individual classi-
fications of herd animals. Effects on weight gains (or losses) are
determined through interaction between energy requirements and energy
supply from allocated feed stocks and grazed forage. Effects on re-
productive potential are also determined as a result of nutrient in-
take over time. Nutrients are modeled strictly in terms of total
digestible nutrients (TDN), which is a description of the energy con-
tent. Other descriptors, such as protein, vitamins, and trace minerals,
are not explicitly modeled and are assumed to be available in sufficient
quantities to allow the growth and reproductive effects that are pre-
dicted. Schuette [3} should be reviewed for the details of the

physiologic processes modeled and the basis for the model used here.
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E. Management Decision-Making

The management decision-making component of the enterprise sim-
ulation model is an interactive group of subroutines which operates
in a batch mode. Decision point is the term used to characterize a
type of decision which the endogenous decision rules of the compon-
ent are not capable of handling. When any of these decisionypoints
are encountered, the model stops the simulation and awaits user sup-
plied control variable values. The user prepares data cards to im-
plement his decisions and then restarts the simulation which reads
his data cards and continues the simulation using endogenous deci-
sion rules until the next decision point is encountered. The reason
for this mixed endogenous/exogenous decision-making component is that
a broad selection of realistic control variables is desired to make
the simulation of the enterprise bchavior as good as is possible, but
the ability to create adequate decision rules employing the control
variables does not currently exist. The primary reason for this fact
is that the nature of the decisions involving the cow/calf breeding
operation is extremely complex.

Figures 4 and 5 illustrate the structure of the two subroutines
which act to recognize the decision points as they occur through time
and read in the control variable sets which the user develops to im-
plement his decision. Figure 4 is the flow chart of subroutine INQUIR
which recognizes the regular decision points which are such typical
activities as breeding, weaning, and culling. Special decision points
are also recognized by INQUIR; these are such cvents as working capital
falling too low, feed stocks unable to cover feed allocations, etc.

Figure 5 is a flow chart of the subroutine which reads in control values.
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CHAPTER TWO

VARIABLE DEFINITIONS

This chapter will list and define all variables used in, the beef

cattle simulation model. Most variables and parameters are named as

some mnemonic of the item they represent to assist in understanding
of the programming. Most parameter values will not be given in this
chapter but can be found in DATA statementc or assignment statements
within the program and its subroutines. Tables 2.1, 2.2, and 2.3 are in-
cluded here to define individual elements of some variable arrays

which encompass many different concepts. Table 3 also gives some base

values for parameters associated with the production cost subroutine.

Table 2.1 Definition of Crop and Cattle Expense Variables

VARIABLE DEFINITION UNITS
ACOSTl(t) Labor expenses ) $/DT
ACOSTZ(t) Repair expenses $/DT
ACOST3(t) Utility expenses $/DT
ACOSTa(t) Veterinary and breeding expenses $/DT
ACOSTS(t) Fertilizer and seed expenses $/DT
ACOSTﬁ(t) Leased land expenses $/DT
ACOST7(t) Animal feed expenses $/DT
ACOST8(t) Cattle purchased costs $/DT
ACOSTg(t) Miscellaneous $/DT
CCOSTl(t) Feed crop production expenses $/DT
CCOSTz(t) Mechanical harvesting of forage expenses | $/DT
CCOSTB(t) Feed stock purchase expenses $/DT

22
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Table 1 gives the breakdown of the variables ACOST and CCOST,
which are categories of production expeases for cattle and feed stocks,
respectively. These variables are used to report costs occurring
within a single DT time increment. Table 2 gives a breakdown of the
variable RESORC, which is used within subroutine PRCOST to determine
expenses within each of the categovies of ACOST and CCOST. Each of
these eight production resources can be used in a number of different
activities, so the sense of the programming in subroutine PRCOST
should be that the variables of RESORC are used additively for many
different activities and then valued to determine the expenses in

categories of ACOST and CCOST.

Table 2.2 Definition of Resource Variables

VARIABLE DEFINITION
RESORCl(t) Hours of labor

RESORCQ(t) Units of veterinary supplies
RESORC3(t) Units of utilities
RESORCA(C) Kgs of fertilizer

RESORCS(t) Kgs of seed

RESORC6(t) Hectares of land leased
RESORC7(t) Units of breeding supplies
RESORCS(C) Units of repair materials
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Table 2.3 Parameter Values and Definitions for
Production Cost Element of the Financial
Component
Parameter Value Definition
OVHEAD 5000. annual overhead and miscellaneous costs--%
DEFLAT 0.91 ratio of crop production costs to prices
SPBRED 0.5 units of breeding supplies per cow servicing
SPVACC 1.0 units of vaccination supplies per calf
HRCALYV 0.05 hours of labor per calf born
HRFED1 .00047 hours of labor per kg. feed fed
HRBRED .25 hours of labor per cow servicing
HRVACC 0.03 hours of labor per calf vaccinated
HRWEAN 1.75 hours of labor per calf weaned
HRCULL. 0.2 hours of labor per cow culled
NRCAST 0.2 hours «f labor per male calf castrated
HRSEED 0.04 hours of labor per hectore of land seeded
HRFERT 0.04 hours of labor per hectare of lana fertilizer
HRHARV .0021 hours of labor per kg. forage harvested
HREQIP 0.03 hours of labor for equipment repair per
animal per month
HRFCAP .00002 hours of labor for repair per kg. feed
stocks per month
HRMAIN 00475 hours of labor for repair per hectare of land
per month
SPUTL! 2.5 units of utilities per animal per month
during wintering
SPUTLZ2 .0001 units of utilities per kg. feed stock per
month during winter
SPUTL3 0. units of utilities per animal per month
. during grazing
SPUTLA4 .00001 units of utilities per kg. feed stock per
month during grazing
SPUTLS 0.02 units of utilities per kg. forage harvested
SPSEED 10.0 units of seeds used per hectare sown
SPFERT 50.0 units of fertilizer per hectare fertilized
SPREP1 0.10 units of repair material per animal per month
SPREP2 .000013 units of repair material per kg. feed stock
per month
SPREP3 0.01 units of repair material per hectare of land
per month
HLEASE 0. hectares of leased land per year




ALPHABETICAL VARIABLE LISTING

ACDMICi(t) = quantity of concentrates consumed by cohort i in this
year--kg
ACDMIR, (t) = quantity of roughages consumed by cohort i in this
b year--kg
ACFEED.k(t) = quantity of TDN allocated to a member of cohort i per
. day; k=1 denotes concentrates; k=2 denotes roughages~-
kg TDN/day
ACOSTm(t) = the production cost in the current DT time increment
for the mth cost subdivision--$/DT
ACOSTDm(t) = total production costs (discounted to Jan. 1) in the
th .
m  year of operation--§
ACTEDkn(t) = quantity of feed stock n required for feeding in the
current DT (k=2), or the winter season (k=1)--kg
ACTIVEn(t) = forage density photosynthetically active in the nth
land parcel--kg/hectare
ADDRTi(t) = annual rate of addition of animals to herd cohort i
-~it/yr
ADGDAY (t) = total degree days above the 10°C threshold--°C days
AFESTi.(t) = age at first estrous of heifers in subpopulation j
J of cohort i--years
AGEMIN = the minimum age of calves weaned--years
AHRn(t) = rate of forage harvest by grazing in land parcel n--
kg/day
ALGDi(t) = average price grade of cattle in cohort i currently
ALLOCi(t) = total quantity of feed allocated to individuals in
cohort i per dav--kg/day
ALWTi(t) = current average weight of catile in cohort i--kg
ANCOSTm(t) = total production costs in the mth year of operation--$
ANREVm(t) = total revenue in the mth year of operation--$§
APFUTRmk(t) = current expectation of the value of the kth grade

cattle price 2m DT's into the future--$/kg

25
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APPASka(t) = value of the kth cattle grade price 2m DT's into the
past--5/kg

APRICEk(t) = current market price of cattle of grade k--$/kg

AREVi(t) = revenue carned in the current time increment from
sales of cattle from cohort i--$/DT

AREVDm(t) = total revenue (discounted to Jan. 1) in the mth year
of operation--$

ASALESi(t) = the number of cattle sold in the current time increment
from cohort i--#/DT

ASELLi(t) = the proportion of the current population of cohort i
that is to be sold in this time increment

ASOLDi(t) = total number if animals sold in this year from cohort i

ASTVALi.(t) = value of the cattle in the jth subpopulation of cohort

J i in the future--$/animal

AVGGRDi(t) = the average price grade of cattle sold in this time
increment from cohort i

AVGTMP (t) = the average temperature in the current DT time
increment--C°

AVGwi(t) = the average weight of cattle sold in this time increment
from cohort i--kg

AWFn(t) = the animal harvest wastage factor in the current time
increment for land parcel n

BASEDGn(t) = the basic digestibility factor in the current time
increment for land parcel n

BEGCAV = the time in the year at which cows begin to calve

BEGPRT = time when printing of intermediate output is to start
--years

BFRACil = the lth point in the curve describing the accumulated
calving pattern for cohort i (spaced 0.025 years apart)

t
BPFUTR 1(t) = the current expectation of the value of the 1 h
n production resource price 2m DT's into the future--$/unit
BPPASTml(t) = value of the 1th production resource price 2m DT's

into the past--$/unit
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th
the current market price for the 1 resource of
production--$/unit

the current birth rate on an annual basis for the
ith herd cohort--#/year

th _, :
the current value of the m financial variable;
m=1...outstanding long-term debt--$
m=2...monthly long-term debt payment--$
m=3...annual interest rate charged on long-term acbt
m=4...depreciation charges taken in this time 'increment

--$/DT

m=5...sum of payments of principal and interest on

debt--$/DT
m=6...original capital investment for the project--$

current cash flow in this time increment--$/DT

current value of total net enterprise assets (excluding
land value and debts)--$

the quantity of TDN allocated to members of herd
cohort i per day from concentrates (k=1) or roughages
(k=2) under feed plan 1

the crop production cost in the current time increment
for the lth crop cost subdivision--$/DT

the quantity of feed stock n fed in this year--kg
the proportion of the existing forage in each land
parcel that is to be harvested at the end of the

growth season (TFALL)

the maximum fraction of feed allocation allowed to
come from feed stock n

the name of the nth feed stock used

the quantity of concentrates allocated to cohort i
for the current time increment--kg/DT

the fraction of the concentrate TDN allocation to
cohort i to be obtained from feed stock n

the fraction of the jth subpopulation of cohort i

to have calved by CTIM,,
ijk
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CPFUTRmn(t) = the current expectation of the value of the nth feed
stock price 2m DT's into the future--$/kg

CPPASTmn(t) = value of the nth feed stock price 2m DT's into the
past--S$/kg

CPRICEn(t) = the current market price for the mth feed stock--$/kg

CPURCHn(t) = the quantity of feed stock n purchased in this year--kg

CREV_(t) = the revenue earned from sales of feed stock n in the

n current time increment--$/DT

CROPnl(t) = crop production in the current time increment for
feced stock n--kg/DT

CROPGn(t) = annual crop production for feed stock n to time t--kg

CRQUALnl(t) = the TDN value of crop production of feed stock n in
the current time increment

CSALESn(t) = the quantity of feed stock n sold in the current time
~increment--kg/DT

CSOLDn(t) = the quantity of feed stock n sold in this year--kg

CTIMijk = the time of year that calves will be born of female
animals from subpopulation j of the ith cohort as a
rasult of the kth servicing

CULFRC, (t) = the fraction of the jth subpopulation of the mature

] cow cohort that is to be culled at TCULL

Cl = fraction of calf births which are female

Cc2 = fraction of the output of the male calf cohort
transferred to the young bull cohort

Cc3 = fraction of the output of the female calf cohort
transferred to the slaughter heifer cohort

C4 = fraction of the output of the male calf cohort sold
on the market as weaned calves

Cc5 = fraction of the output of the female calf cohort
transferred to the replacement heifer cohort

Cé6 = fraction of the output of the young bull cohort sold
on the market

c9 = fraction of the output of the female calf cohort sold

on the market as weaned calves
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fraction of the output of the replacement heifer cohort
transferred to the mature cow cohort

fraction of the output of the bred heifer cohort sold
on the market

the number of days in the DT time increment

current length of time required for the average member
of cohort i to pass through the maturity interval
modeled by that cohort--years )

a flag denoting detailed print when its value is 1
and denoting selected print when its value is 0

th .
the i discount rate used to compute the discounted
present values of financial variables at the end of
the simulation run

the rate of weight gain for the jtll subpopulation of
cohort i--kg/day

the TDN value of the forage in land parcel n at the
current time

the fraction of the cohort i allocation of concentrates
(if n is a feed concentrate) or of roughages (if n

is a feed roughage) to come from feed stock n under
feed plan 1

the dry matter intake per day of a member of
subpopulation j of cohort i--kg/day

the average TDN value of the dry matter intake of

"members of the jth subpopulation of cohort i

the annual death rate for herd cohort i members--
fraction/year

the time increment used in the simulation--year

the time horizon over which the simulation is to be
run--years

the duration of the breeding season for members of
cohort i--vears

quantity of energy available for weight gain after
maintenance needs satisfied--mcal
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energy value of the feed intake in terms of growth

mcal gain energy
kg feed

for cohort i-

energy value of the feed intake in terms of maintenance

mcal maint. energy
kg feed

for cohort i-

the time at which the calving season is complete--year

a scaling factor to allow printing of weight units in
quantities other than kilograms; i.e., 2.20 would give
pounds

the equivalent height of water evaporated per day--
cm/day

the rate of transfer of growth from roots to grecenery
in land parcel n--kg/hectarc/day

parameter relating predicted daily gains for cattle
at their cohort weight maximum into price grade increases

the cost of retaining the population of cohort i for
an additional time increment at the planned feeding
schedule--$

forage digestibility factor based on forage density
per animal in land parcel n

the average TDN value of the roughage fed to cohort
i from feed stock sources

the quantity of roughage allocated to cohort i for
the current increment of time--kg/DT

time of first estrous for members of subpopulation j
of heifer cohort i

the minimum quantity of forage needed to sustain
animals grazing in land parcel n per DT time increment

-—kg

the quantity of roughage allocated to cohort i as
a result of grazing policy--kg/DT

the TDN value of the forage from roughage allocation
to cohort i

the time at which the lth feed plan for the herd is
completed~--year

the current TDN value of the nth feed stock
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the quantity of feed stock n in the current time
increment which is carried over from the previous
period's stocks--kg

the annual loss rate of feed stock n--fraction/year

expected marginal revenue gained from retention of
cohort i animals an additional DT time increment--$

forage digestibility factor relating current forage
digestibility to time in the growth secason J

the number of DTS forward prices secarched for maximum
when cattle in slaughter cohorts are to be sold

the current level of feed stock n supplies--kg

the absolute fractional deviation between current
feed stock levels and seasonal requirements allowed

the length of time used to represent a point of crop
production data or weather variable values--year

the "pure'" growth rate of forage greenery in land
parcel n--kg/hec/day

the current price grade of cattle in the j
subpopulation of cohort i

the current quantity of forage existing within
land parcel n--kg

the quantity of forage greenery available per animal
per day in land parcel n--kg/animal/day

th ,
accumulated pregnancy rate for the It” breeding of

members of the jth subpopulation of heifer cohort i

an indicator flag describing the existence of regular
and special decision points

the number of servicings during the breeding season

for animals in the jCh subpopulation of cohort i

the number of intervals of length one half month
within the calving interval

a flag denoting desire for detailed financial printing
and analysis; "1" obtains this, while "0" skips it
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the number of subpopulations within cohort i

a flag denoting the classification of feed stock n
as a concentrate (LABELFn = 1) or as a roughage
(L/\BELFn = 2)

the area of land parcel n--hectares
the average depreciable life of the mix of depreciable
assets owned--years

the purchase price in total of the depreciable assets
owned--$

the rate of mechanical harvest of forage growth in
land parcel n--kg/day

a flag denoting a program restart ("1") or an initial
start ("0")

the wastage factor in mechanical harvest of forage

the number of feed stocks potentially used by the
enterprise

the number of land parcels

the number of points of crop production and weather
variable data used to span a year

the number of feed stocksopen to use by the enterprise

current value of total net enterprise assets (excluding
land value and debts)--$

overall calving rate of the kth subpopulation of cohort
i which is pregnant

the value of the feed stock n inventory the preceding
January 1--§

the value of the cattle on hand in cohort i the
preceding January 1--§

the value of the variable PHOTO (t) in land parcel n
in the preceding DT increment——ﬁg/hec/day

a pregnancy adjustment factor to reflect management
skill (0.0 < PADJST < 1.0)
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overall pregnancy rate for mature cows of the jth

subpopulation

the fraction of the population of cohort i grazing in
land parcel n

the equivalent height of water percolating down below
effective root depth--cm/day

the average grade of animals purchased and added to
cohort i )

the net growth rate of forage in land parcel from
photosynthetic energy conversion--kg/day

relative age of forage existing in land parcel n--days

payments of interest in the current time increment
on long-term debt--§/DT

payments on principal in this time increment for
long-term debt--$/DT

the current population of cohort i

expenses incurred by use of the production resources
in this year--$

the current property tax rate on an annual basis--
$/hectare/year

the TDN value of feed stock n purchases

a time value when the frequency of intermediate
printing changes from PRTVL1 tu PRTVL2--years

initial printing interval--years

secondary printing interval--years

the discounted present value of the annual values of
gross profit (m=1), net profit(m=2), or cash flow
(m=3),using discount rate k

the current rate of rainfall--cm/day

the current intentions of feed stock n net purchases
at the end of the growth season (TFALL)--kg

quantity of feed stock n harvested in the calendar
year time interval [({-1)*GAP, (*GAP]--kg

quality of the quantity given by READCIEn
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READCBCn = quantity of feed stock n residue harvested in the
calendar year time period [(€-1)*GAP, {*GAP]--year

READCloCn = quality (TDN) of the quantity harvested in READC3en

READIN(,k = value of weather variable k at calendar year time

' £%0.05: k=1...solar radiation--langley/day
k=2...average temperaturce—-°C
k=3...rainfall--cm/day

REMOVL(t) = the current fraction of the existing forage in cach
land parcel to be harvested at ecach harvest time

RESORCl(t) = the quantity of production resource 1 used in the
current time increment--units (see table for code)

RGRAZE(t) = the minimum quantity of forage required to maintain
the cattle herd grazing in the current time increment
--kg/DT

RHGALi(t) = the overall roughage allocation to herd cohort i in
this time increment--kg/DT

RHGFRCin(t) = the fraction of the roughage TDN allocation (from
feed stocks) to cohort i to be obtained from feed
stock n

RINi.(t) = the intermediate output rate in the delay model of

J cohort i corresponding to subpopulation j

ROOTn(t) = the current root storage level in equivalent forage
growth -- kg/hectare

ROOTDTn(t) = rate of increase of root storage in land parcel n
--kg/hec/day

ROUT, (t) = the current output rate of animals from herd cohort

: i--#/year

RPOPi(t) = the population of cohort i which is reproductively
characteristic of cohort i behavior

SDEBT(t) = the current level of short-term debt--§

SDEBTR(t) = the annual interest rate required for short-term debt

SINTER(t) = payments of Interest made in the current time increment
for short-term debt--$/DT

SLOAN(t) = current quantity of short-term debt acquired this time

increment--$/DT
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the current level of soil moisture within an effective
root depth--cm

the current value of the soil moisture quality index

the current repayments of principal of short-term
debt--$/DT

the current value of the soil nutrients quality index

the current level of soil nutrients in land parcel n--
units

the current average daytime rate of incoming solar
radiation--langlevs/day

the fraction of roughage consumption derived from
feed stock roughages when an excess roughage allocation
has been made

the annual rate of TDN decline in storage for feed
stock n

the current monthly payment to principal required for
the outstanding short-term debt~-$/month

the quantity of feed stock n allocated to herd
consumption in the current time increment--kg/DT

the current quantity of feed stock n purchased in
this time increment--kg/DT

the stocking level of grazing cattle in land parcel
n--#/hectare

, , .th )
the current number of animals in the j subpopulation
of cohort i

the current value of the integral of the temperature
quality index (TPF)--units

th
total annual cash flow of the m year of operation--$

total gross profit of the mth year of operation--$

total gross profit (discounted to Jan. 1) of the mth

year of operation--§

. t .
total net profit of the m h vear of operation--$

total net profit (discounted to Jan. 1) of the mth

year of operation--$
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the number of dollars in taxes paid in this time
increment to all authorities--$/DT

. . t
total taxes paid in the m h year of ration--$

. . , th
total taxes paid (discounted to Jan. 1) in the m
year of operation--$

taxable income in the current calendar year to date--$

income from the previous calendar year liable for income
taxes currently--$

the current value of the date on which breeding of
cohort i is to commence-—-year

date of birth for the kth subpopulation group which
is nonzero for cohort 2 (m=1) or cohort 3 (m=2)--ycars

the current time at which culling of the maturc cow
cohort is to occur--year

the quantity of concentrates consumed by herd cohort
i in the current time increment--kg/DT

the quantity of roughage consumed by herd cohort i
in the current time increment--kg/DT

the average TDN value of the concentrate allocation
to herd cohort i

the average TDN value of the roughage allocation to
herd cohort i

. s . , Ltn
time at which estrous begins for females in the j }

subpopulation of cohort i--yecars
the time at which the growth season stops--year

the fraction of the weaned female calves transferred to
cohort i, which arce in the mth subpopulation older than
the minimum age of calves weaned

the total quantity of greenery available for grazing
by cattle at time t--kg

th .
the time at which the 1 mechanical harvest of forages

is to occur--year
the current value of the temperature quality index

total dollars of gross profit earned in the current
time period-~$/DT
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TPOINT = number of data points used to describe weather and crop
production annual patterns (TPOINT*GAP = 1.0)

TRATE = the rate of taxation for businesses on taxable income

TSPRNG = the time at which the growth season is begun--year

TWEAN(t) = the time at which the calf cohorts are to be weaned--
year

TWOLD(t) = date of the last calf weaning, using T = 0.0 as a
reference--years

TYRLNG(t) = date at which replacement heifer group is approximately
one year of age--years

VGREEN(t) = the average TDN value of the total forage currently
available for grazing

Wi.(t) = the average weight of members of the jth subpopulation

J of cohort i--kg
WCAPT (t) = the current level of working capital on hand--$

WEANWka(t) = weaning weight for the kth subpopulation group which is
nonzero for cohort 2 (m=1) or cohort 3 (m=2)--kg

WF, = fraction of the population of subpopulation j of the
] mature cow cohort derived from the next youngest group
(subpopulation j~1) in the previous breeding activity

WFESTi.(t) = weight at first estrous for members of subpopulation j
J of cohort i

WGTMAXi = the maximum weight that members of cohort i can achieve--
kg

WLENGH = the length of the winter season--years

XCPRODn(t) = the expected production of feed stock n during the
growth season--kg

XCQUALn(t) = the expected TDN value of the production of feed stock
n expected

XPECTAk(t) = the expected price of cattle of grade k at time t--
$/kg

XPECTBl(t) = the expected price of the lth resource of production

at time t--$/unit
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R t
the expected price for the n h feed stock at time t--

$/kg

the fraction of the photosynthetically converted
cnergy growth rate used for root storage increases

XPECTCn(t)

ZX3n (t)



CHAPTER THREE
USER INSTRUCTIONS

This chapter will present the basic instructions for use of
the simulation model. 1Two topics will be discussed in some detail--
computer system directives as needed on the MSU CDC 6500 hardware
and the actual data input structure and formats required for model
operation. Use of this model at installations other than Michigan
State is easily accomplished, but their differences in system
directives must be accommodated by the user.

Four files are used in the simulation model to read data and
write output. The user must insure that he properly manipulates
these files. File designations are:

(1) TAPE l--input source for initialization and user

data control cards
~-usually batch card reader
(2) TAPE 2--output source for WRITE and PRINT
statements
--usually the line printer
(3) TAPE 5--file created by subroutine INQUIR
to preserve the current state and
rate variable values at a decision
point

(4) TAPE 6--file read by program MAIN to restart

the simulation after the user has
decided upon a central strategy.
The user must manipulate TAPE 5 and TAPE 6 through the use of

system directives. TAPE 6 must be the local name of a permanent

file which is composed of the restart values. It must be attached

39
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under the name TAPE6 prior to model execution. The permanent file is
the same one which was previously cataloged and thereby retained from
the local file TAPE5 (created by the previous run of the model). Any
files created by the model under the name TAPE5 must be cataloged
after execution has stopped and before the set of system directives
has been completed. If this is not done then the simulation model
cannot be restarted. To repeat once again, the name TAPE6 is used to
read from the permanent file created under the name TAPE5S in the pre-
vious model run.

The following system directives can be used to execute a simula-

tion run on the MSU CDC 6500 system.

PNC
job card
HAL, BANNER, anameofoneschoice.
ATTACH, TAPE6, restartpermanentfilename. ----- this card is not
ATTACH, LGO, BTHEMODELFILE. needed for an
initial model

LGO. startup
CATALOG, TAPES, restartpermanentfilename2.
7g

9

control card data

7

8
6

78

Although other installations will not have this same set of
system directives, the basic steps for model execution will be the

same everywhere. These are

(1) attach the file to read from restart information (if needed)
(2) load the binary program code
(3) execute

(4) catalog the restart file created (if needed).
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Control values and initialization values are entered into the
simulation model via the card reader. As in any model the user
instructions must be carefully followed to obtain correct model
results., Error messages will be given and execution stopped if an
incorrect number of data cards is encountered. If the correct number
of cards has been supplied and they are out of order, the model will
give no error message unless format difficulties are encountered. To
insure that proper data entry has been made, the model prints se-
lected state variable and control variable values after data read
statements have been completed. The user should always review these
statements to verify that the proper values appear.

The basic means of identifying when the model is to be restarted
from a restart file following a decision point or initially started
is the variable MODE. It is the first data card read by the model and
is the basis for branching to the different data read sections of the
program. MODE is read from the second field in I2 format. A "0O"
indicates that the following control cards are for an initial program
start, while a "1" indicates that a program restart from a decision
point is to be made. The remaining discussion of this appendix will

be segmental, in two parts: initial program start and program restarts.

Program Restarts

All program restarts share a common grouping of control cards
in the beginning. The indicator of a program restart is the first
of these. Next is the group of cards specifying the expectations of

the user with respect to cattle, production resource, and crop prices.
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These expectations and all remaining control cards are in 10F8.0
format--the user places the value and its decimal anywhere within
the eight place field. The values for APFUTR(I,J)--the future ex~
pectations of cattle prices for five grades up through 40DT time
increments spaced each 2nd DT increment--are read in 5 values per
card for 20 cards. This requirement is indicated in the decision
point printout by APFUTR(5,20). A sample of the cards required
might be:

bbbbl.00bbbb0.82bbbb0.64bbbb0.59bbbb0.44 : card 1

bbbb1.00bbbb0.83bbbb0.65bbbb0.59bbbb0.45 : card 2

bbbb0.98bbbb0.82bbbb0.64bbbb0.60bbbb0.44 : card 3

bbbb1l.00bbbb0.82bbbb0.64bbbb0.59bbbb0.44 c;rd 20
Similarily, 80 entries are required for BPFUTR(8,10)--eight entries
per card for 10 cards. CPFUTR(NSTOCK,10) is again similar except
that NSTOCK is a variable; if it is greater than 10 then more than
one card is needed for each of the 10 time points specifying the
pattern of expected feed stock prices into the future. A total of
NSTOCK*10 entries is required using 10 cards if NSTOCK < 10, or 20
cards if NSTOCK> 10. All variables which have been dimensioned to
NSTOCK share this complication about the overflow of card entries if
NSTOCK is greater than 10.

The remaining complication which exists to violate the above rule
concerning control card data entry concerns the feed plans used. When
a feed plan is required as data for a model restart the following set

of three lines is printed in the final message for the decision point.


http:bbbbl.00bbbbO.82bbbbO.64bbbb0.59bbbbO.44
http:bbbbO.98bbbbO.82bbbbO.64bbbbO.60bbbbO.44
http:bbbbl.O0bbbbO.83bbbbO.65bbbbO.59bbbbO.45
http:bbbbl.O0bbbbO.82bbbbO.64bbbbO.59bbbbO.44
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FPLANS (4)
CATTIN(9,2,4)
DISTFD(9,NSTOCK,4)

Instead of reading four values of FPLANS(4), then 72 values for
CATTIN(9,2,4), and then 36*NSTOCK values for DISTFD(9,NSTOCK,4), a
different requirement exists. First, the four values for FPLANS(4)
are read in on a single data card. Second, for the first fekd plan
one reads two cards of nine entries each for CATTIN, and then one reads
NSTOCK cards of nine entries cach for DISTFD. Third, the values for
CATTIN and DISTFD are read for the second feed plan, etc. Thus the
values for CATTIN and DISTFD are mixed together and the values which
pertain to each feeding plan are read in together as a group. The
separate read-in of all CATTIN and then all DISTFD variables implied
by the printed message is misleading.

A sample of the input cards for restarting the model at the spring
growth decision point is given in Figure 6. The message printed at the
discovery of the decision point is given below; notice the correspon-
dence between the the variables in the following list and the data
entries in Figure 6.

APFUTR(5, 20)

BPFUTR (8, 10)

CPFUTR (NSTOCK, 10)

PDSTRB(9, NLANDS)

CSALES (NSTOCK)

XCPROD(NSTOCK)

XCQUAL (NSTOCK)

CFINAL REMOVL

TBRD(1), TBRD(2), TWEAN, TCULL
TMHR (5)
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The decision point structure of the interactive model is based
on recognition of specific times or state variable values. It is quite
possible for more than one decision point to be encountered at a single
simulation time increment. For example, if weaning time and culling
time were identical, then the model would recognize that a decision
point existed for each of these activities. When the model.is re-
started, the user must supply all of the control cards requested for
the weaning decision point and all of the cards requested for the
culling decision point. This means that a good proportion of the
control card values are identical in the two sets supplied. The only
exception to this rule is that the initial control card designating a
restart or an initial start is only given once, no matter how many
decision point control card sets are read in. Figures 4 and 5 give
the structure of the computer subroutines which recognize decision

points and read in the control values supplied by the user.

Initial Program Starts

Program starts involve much more data than do restarts.
Furthermore, the program is written so that a key distinction is made
concerning the time at which the program is to begin its simulation.
The model uses T=0.0 as January 1, with the result that the interval
[0.0,1.0] represents one year's time. If the user wishes to start
the model at a time not equal to January 1, he must initialize a
greater number of variables, especially financial accounting ones. 1f
the user wishes to start the model with TSPRNG < T < TFALL, he must
initialize even more variables concerning the forage growth component.
The remainder of this discussion will be organized into data require-

ments for specific values of the initial time; i.e., T=0.0, T=0.25, etc.


http:model.is
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1. Model starts with T = 0.0

Table 3.1 1Initialization Requirements

No. of
Cards Variable Format
1 MODE 12
1 DUR, DT, DETPRT, PRTCHG, PRTVL1, PRTVL2, 8F820,12
BEGPRT, ENGLSH, IPRINT
1 T F8.0
1 TBRD(1), TBRD(2), TSPRNG, TFALL, TWEAN, 7F8.0
TCULL, WLENGH
1 DURB(1), DURB(2), DURB(3) 3F8.0
1 c1, c2, c3, ¢4, €5, ce6, C9, Cl0, Cl1 9F8.0
1 [KK(T), I=1,9] 913
1 [DELAY(T), I=1,9] 9F8.0
1 [DR(I), I=1,9] 9F8.0
17-19 [ (SUBPOP(I,J), J=1,KK(I)), I=1,9] 10F8.0
17-19 [(W(I,3), J=1, KR(I)), I=1,9] 10F78.0
17-19 [ (DGAIN(I,J), J=1,KK(1)), I=1,9] 10F8.0
1 [WGTMAX(I), J=1,9] 9r8.0
9 [ (GRADE(1,J), J=1, KK(1)), I=1,9] 4012
1 [FEEDAL(I), I=1,9] 9F8.0
1 [CNCAL(I), I=1,9] 9F8.0
1 WCAPT, FSERCH, PADJST 2F8.0
1 CAPTL(1), CAPTL(2), CAPTL(3), CAPTL(6), 6F8.0
LVALUE, LIFE
1 SDEBT, SDEBTR, SREPAY, SLOAN, PROTAX, 7F8.0

TAXINC, TAXLIB
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Table 3.1 (cont'd)
No. of
Cards Variable Format
1 OVHEAD, DEFLAT, SPBRED, SPVACC, HRCALV, 10F8.0
HRFED1, HRFED2, HRBRED, HRVACC, HRWEAN
1 HRCULL, HRCAST, HRSEED, HRFERT, HRHARV, 10F8.0
HREQIP, HRFCAP, HRMAIN, SPUTL1, SPUTL2
1 SPUTL3, SPUTL4, SPUTLS5, SPSEED, SPFERT, 9F8.0
SPREP1, SPREP2, SPREP3, HLEASE '
1 NPOINT, GAP 14,F8.0
20 [ (APFUTR(K,L), K=1,5), L=1,20] 5F8.0
5 [ (APPAST(K,L), K=1,5), L=1,5] 5F8.0
10 [ (BPFUTR(K,L), K=1,8), L=1,10] 8F8.0
5 [ (BPPAST(K,L), K=1,8), L=1,5] 8F8.0
20 [ (CPFUTR(K,L), K=1,20), L=1,10] 10F8.0
10 [ (CPPAST(K,L), K=1,20), L=1,5] 10F8.0
1 [OLDVAL(I), I=1,9] 9r8.0
1 [OLDCRP (N), N=1,20] 10F8.0
17-19 [ (ASTVAL(I,J), J=1, KK(I)), I=1,9] 10F8.0

1 NSTOCK, NLANDS, SPLIT 213,F8.0
NSTOCK [CNAME(N, 1), CNAME(N, 2), N=1, NSTOCK] 2A8
NSTOCK [ (FSTOCK(N), FQUAL(N), SPOIL(N), FRCLOS(N), 10F8.0

CSALES(N), STKPUR(N), XCPROD(N),
XCQUAL (N), PRQUAL(N), STKFED(N)),
N=1,NSTOCK]
4(NPOINT) | [ (READC1(L, N), N=1,NSTOCK), (READC2(L,N), 10F8.0
or N=1,NSTOCK), (READC3(L,N), N=1,NSTOCK),
8 (NPOINT) (READC4 (L,N), N=1,NSTOCK), L=1,NPOINT]

1 [LAND(N), N=1,NLANDS] 5F8.0
NPOINT [ (READIN(I,K), K=1,3), I=1,NPOINT] 3F10.0
1 or 2 [CLIMIT(N), N=1,NSTOCK] 10F78.0

1 [LABELF(N), N=1,NSTOCK] 4012




Table 3.1 (cont'd)
No. of
Cards Variable Format
1 OVHEAD, DEFLAT, SPBRED, SPVACC, HRCALV, 10¥8.0
HRFED1, HRFED2, HRBRED, HRVACC, HRWEAN
1 HRCULL, HRCAST, HRSEED, HRFERT, HRHARV, 10F¥8.0
HREQIP, HRFCAP, HRMAIN, SPUTL1, SPUTL2
1 SPUTL3, SPUTL4, SPUTLS5, SPSEED, SPFERT, 9F8.0
SPREP1, SPREP2, SPREP3, HLEASE
1 NPOINT, GAP 14,F8.0
20 [ (APFUTR(K,L), K=1,5), L=1,20] S5F8.0
5 [ (APPAST(K,L), K=1,5), L=1,5] 5F8.0
10 [ (BPFUTR(K,L), K=1,8), L=1,10] 8F8.0
5 [ (BPPAST(K,L), K=1,8), L=1,5] 8F8.0
20 [ (CPFUTR(K,L), K=1,20), L=1,10] 10F8.0
10 { (CPPAST(K,L), K=1,20), L=1,5] 10F8.0
1 [OLDVAL(I), I=1,9] 9F8.0
1 [OLDCRP(N), N=1,20] 10¥8.0
17-19 [ (ASTVAL(I,J), J=1, KK(I)), I=1,9] 1078.0
1 NSTOCK, NLANDS, SPLIT 213,F8.0
NSTOCK [(FSTOCK(N), FQUAL(N), SPOIL(N), FRCLOS(N), 10F8.0
CSALES(N), STKPUR(N), XCPROD(N),
NCQUAL(N), PRQUAL(N), STKFED(N)),
N= 1, NSTOCK]
80 or 160 | [(READC1(L,N), N=1, NSTOCK), (READC2(L,N), 1078.0
N=1, NSTOCK), (READC3{L,N),N=1,NSTOCK),
(READC4 (L,N),N=1,NSTOCK), L=1,20]
1 [LAND(N), N=1,NLANDS] S5F8.0
20 [ (READIN(I,K), K=1,3), I=1,20] 3F10.0
1 or 2 [CLIMIT(N), N=1,NSTOCK] 10F8.0
1 [LABELF(N), N=1,NSTOCK] 4012
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Table 3.1 (cont'd)

No. of

Cards Variable Format
1 [FPLANS(L), L=1,4] 4F8.0
2 [ (CATTIN(I,K,1), I=1,9), K=1,2] 9F8.0
NSTOCK ( (DISTFD(I,N,1), I=1,9), N=1,NSTOCK] 9F8.0
2 [ (CATTIN(J,K,2), I=1,9), K=1,2] 9F8.0
NSTOCK [(DISTFD(J,N,2), J=1,9), N=1,NSTOCK] §F8.0
2 [ (CATTIN(J,K,3), J=1,9), K=1,2] 9F8.0
NSTOCK [ (DISTED(I,N,3), J=1,9), N=1,NSTOCK] 9F8.0
2 [ (CATTIN(J,K,4), I=1,9), K=1,2] 9F8.0
NSTOCK [(DISTFD(I,N,4), J=1,9), N=1,NSTOCK] 9F8.0
1 BEGCAV, ENDCAV 2F8.0
1 TWOLD, TYRLNG 2F8.0

30 [INB(1,J), (CTIM(1,J,K), K=1,INB(1,J), 12/8F8.0/
(CPAT(1,J,K), K=1,INB(1,J), J=1,KK(1)] 8F8.0
a [TBRTH(2,J) ,WEANWT(2,J), J=1,16) 2F8.0

b [INB(2,J), (CTIM(2,J,K), K=1,INB(2,J), 12/8F8.0/
(CPAT(2,J,K), K=1,INB(2,J), J=16,KK(2)] 8F8.0
c [TBRTH(3,J), WEANWT(3,J), J=1,16] 2F8.0

d [INB(3,J), (CTIM(3,.J,K), K=1,INB(3,.J), 12/8F8.0/
(CPAT(3,J,K), K=1,INB(3,J), J=16,KK(3)] 8F8.0
1 [WF(J), J=1,KK(1)] 10F8.0

a. number of cards read corresponds to the number of nonzero
subpopulations of cohort 2 in the range of J=1,16

b. number of cards read corresponds to the number of nonzero
subpopulations of cohort 2 in the range of J=17,KK(2)

c. number of cards read corresponds to the number of nonzero
subpopulations of cohort 3 in the range of J=1,16
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2. All Model Starts with T#0.0

The cards of Table 3.2 are added on after those of Table 3.1,

number of cards read corresponds to the number of non-zero
subpopulations of cohort 3 in the range of J=17 ,KK(3).

or those of 3.3, if they were needed for model initialization.

additional data cards following these instructions initialize finan-

cial variables which are automatically set to zero if T=0.0.

Table 3.2 Supplementary Initialization Requirements
No. of
Cards Variable Format
1 [ADDRT(1), I=1,9] 9F¥8.0
1 [ASOLD(T), I=1,9] 9r8.0
1 [ACDMIC(I), I=1,9] 9r8.0
1 [ACDMIR(I), I=1,9] 9F¥8.0
1l or 2 [CSOLD(N), N=1,NSTOCK] 10F8.0
1l or2 [CROPG(N), N=1,NSTOCK] 10F8.0
1 or 2 [CPURCH(N), N=1,NSTOCK] 10F8.0
1 or 2 [CFEED(N,1), N=1,NSTOCK] 10F8.0
1 [PRODUC(L), L=1,9] 9r8.0
1 [ACOSTD(K), K=1,5] 5F8.0
1 [AREVD(K), K=1,5] 5F8.0
1 [ANCOST(K), K=1,5] 5¢8.0
1 [ANREV(K), K=1,5] 5F8.0
1 [TACASH(K), K=1,5] 5F8.0
1 [TACSHD(K), K=1,5] 5F8.0
1 [TAXES(K), K=1,5] S5F8.0
1 [TAXESD(K), K=1,5] 5F8.0
1 [TAGRP(F), K=1,5] 5F8.0
1 [TAGRPD(R), R=1,5] 5F8.0
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Table 3.2 (cont'ad)

No. of
Cards Variable Format
1 [TANP(K), K=1,5] 5F8.0
1 [TANPD(K), K=1,5] 5F8.0
3 [CASH(L), L=1,26] 10F8.0

3. Model Starts with TSPRNG < T < TFALL

Model startups with values of T in the indicated range begin
with the entire initializaéion instructions given in Table 3.1 and
are augmented by additional data cards as given in Tables 3.2, 3.3,
and perhaps 3.4. The values in Table 3.3 are added after the cards

of Table 3.1.

Table 3.3 Additional Initialization Requirements

No. of
Cards Variables Format
1 [TMHR(N), N=1,5] 5F8.0
1 CFINAL, REMOVL 2F8.0
1 [MHR(N), N=1, NLANDS] 5F15.0
1 [GRN(N), N=1,NLANDS] 5F15.0
1 [GR(N), N=1,NLANDS] 5F15.0
1 [DIGEST(N), N=1,NLANDS] 5F15.0
1 [SNUT(N), N=1,NLANDS] 5F15.0
1 [AHR(N), N=1,NLANDS] 5F15.0
NLANDS [(PDSTRB(N,T), I=1,9), N=1,NLANDS] 9F8.0
1 [P(N), N=1,NLANDS] 5F15.0




52
Table 3.3 (cont'd)

No. of
Cards Variables Format
1 [ROOT(N), N=1,NLANDS] 5F15.0
1 [ROOTDT(N), N=1,NLANDS]) 5F15.0
1 SUMTPF, ADGDAY, SM 3F15.0

4. Model Starts with BEGCAV - DT < T < ENDCAV

When model starts begin with T in this interval, the patterns
of calving over time must be specified, since births will be occurring.
Table 3.4 indicates the required data card formats. These are added

after the cards required in Table 3.2.

Table 3.4 Additional Initialization Requirements

No. of
Cards Variable Format
a b
A (BFRAC(1,L), L=1,B"] 5F15.0
A2 [BFRAC(2,L), L=1,B°] 5F15.0
A2 (BFRAC(3,L), L=1,B°] 5F15.0

a. the number of data cards required must be computed from
the value of B as follows:

A = integer of (B/5 + 1)

b. the number of data values required must be computed as
follows:

B = integer of [2(ENDCAV - BEGCAV)/DT + 0.5]



Chapter Four

Program and Subroutine Listings

This chapter will include the actual listing of the program and
its subroutines as of 1 May 1976. This is the version which has been
developed, tested, used, and reported in Jaske [1]. The individual
listings have been alphabetized for easy reference. Caution ;hould
be exercised by those desiring to use the entire model or parts of
it at locations other than Michigan State. All programs and sub-
routines included here are written for the CDC FTN4 compiler in use
at Michigan State. Those attempting to use these routines at loca-
tions other than Michigan State or with compilers different from the

CDC FTN4, should check local consultants for incompatibilities which

must be resolved. The MSU version is available through CLASS.

53
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c B
c A DISCRETE DELAY SUDROJTINE HAVING THESE FEATURESess DOPLR &
c 1o JYIFORM STIPAGE .0SSES WITH PROPORTION PLR(ANNUAL BASIS) DOPLR 5
¢ 2e MULTIPLE DILAY U3SE COMPATIBILITY gggtg 6
c
DIMENSION RATES(LIML,LIN2) 00PLR 8
00 to 1224 0HpLa 9
RATES(Jy[=1) = (1.0 = PLR*OTI*RATES(J,1I) DOPLR 16
10 ERINEN ) = prwouT N DOPLR £3
RATES () = ’ 1
ROUT = 3&TES(Uy 1) 0inLR 13
: o
RETURN 0 :
END DOPLR 16
SUBROUTINE DLVOPL {RINPUT yROUT,RATES, PLRy DEL, OELP,DToKeJsLINL, LIN2) OLVDPL 2
OLVOPL 3
g A DISTRIBUTE) DZLAY SUIROJTINE HAVING THESE FEATURES4ss oLV OPL b
c 1V VARIAGLE JSLAY TiM= oLV SPL 5
c S. UNIFUBER STIRAGE _055E5 MITH PRIPORTION PLR oLyipi £
c 3. MJLTIPLE DELAY USE COMPATIAILITY DLVEPL 7
C CAUTION s aealUSZ THE FO_LOIING L2IToTIA FOR THZ MAXIMUM DT SIZE oLvaPL 8
c TO INSJRE NCH=! ITY OF SATE VARIAZLES OL/(PL 9
¢ i OLVLPL 1(
¢ DT LESS THAN OZL/(Z2+*FK* (1.# (DEL*PLA/FK) +(DEL=DELP)/Z(FK*DT))) OLVEPL 11
¢ gy OLVOPL 12
DIMENSION “A4TES(LIML,LLM2) ALVERL 13
FK = FLOAT(¥) : DLYnPL 14
B = Zeo b (HoL=3ZLP)/Z(7K*DT) ¢ PLRDILP/FK DLVLUDL 15
A = FRYIT/2ElF , GLVIPL 16
DELP = DOEL WAL 17
KUP = K = & 0LV PL 1R
00 1. I=1,KUP oLV(PL 19
RATES(JyI) = RATES(Jy1) ¢ AS(RETES(J,1¢1)=BPRATES(J,I)) oLViAL 26
10 CONTINIE aLVi AL 21
RATES(J,K) = RATES(JyK) ¢ A*(RINPUT=3*2ATES(J,K)) DLYOPL 22
S0UT = RATES(JyL) oLV aPL 23
RETUN oLyl AL 24
E£HU oLV IPL 25
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R 0OF STAG
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KNEW
0
o]
50JyIK)
13-1) =
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c SUBROUTINKE GENERT(T,DT, NCROPS,HNQCE) G:NER;
GENEFR
G THIS_SJJQCUTINE ﬁﬁIHTEENS AMD UPDATES THE ARRIAYS HOLDING EX2ECTED GENERT
C PRICES FOR CATTLZ, F:ZEl STOCKS, ARD PHYSICAL PRONUCTION RESOURCESs GEZ =RT
E THO H0JES OF OFcRATICH OF THIS SUHR0JTIHE ARE FCSSIILZenns GENERT
ENERT
G Again 8 J) VALJES CYGOLFD TO ACCCUNT _FO= PASSING TIMEZ & NiE,
E MUl edi=aey piip EX2eQTiu FUTJURE PRICES ~RELD IN 2
CGHHGN/:KFSCT/LPFUTQIB‘?GI;AP?LSTji‘ii-SPFUTilESc151‘CP?QST(ECc51
- e'i’FU-'t}.;..!.’-?.‘-'aﬁni-i.il
COHH;NKGAU;P&/TA:IHC.T:YL!Q,TS1KCiIJ.}qHSTQTi.NSTPTZ.QSTRTJpNSTRIh
b 3JEHﬂHvT153ﬁT;TL‘LEﬁ-HTJPT.NSTQT?.HSTQYE
gI_.'.‘J'_?IlElJ” O WED(L. )y AIKHALIB) , HHOWROL 2 ) g LEEHRD(S)
sag Liennl
; IF(HCG=.bus.1) G) TO L0
% EXPECTZO CATTLL PRICLS CYCLEC
N0 3L 15245
o ¢ NFUT=1,¢€(
CUANRO(NFUT) = APFUTRILGyHFUT)
40 CONTIHWE .
CsaLL C-0Y (FORHED,259244STRTL)
STt N2RGTE 5
ACHLSOINPAST) = APPAST(IG, HPAST) :

145 CaONTINJD £
CALL COEY (RCAMRDLG, 24 N3TRT2) 5
ACEARU(3) = FCRA~OLL) =
00 2¢ ELT=1,CL :
APFUTRIIG,HFUT) = FOZHIDINFUT) :

20 CONTINJZ GE
03 25 H2A8T=245 GL

. APRASTLIGyNPAST) = BCKARDINPAST) GL

2% CONTINUE GE

ERC UMY Gr

C Gr
E EXPLCTZ) CROP PRICES CrcLED %’
00 6¢ WG=1i.2L 2

00 b NAlHO=4e1Y GE

! ﬂﬂﬂﬁiﬂlﬁﬂlﬂal = CPFUTR({NCs NHINDC) GE

i GONTINHUC GE!
l?-i'-'..L C.ox( F’.J;luOE"lSTQT3) T
ANbL O el =
RS TR S C2PASTI(NCHNLEE) - T

w5 CunTInJ: : GEli=
CaLw SIOX(LEZAND, 592 NSTRTH) [
LEERRI(5) = WNOJ4RO (1) GEMEAT
05 2o NHIND=L,14 GHERT
CPFUTR(MLHHIND) = WNDARD(NHIND) GENERT

5S¢ CONTIKJE GENERT
J0 55 HLEE=145 : GENERT
CPPAST (D NLEE) = LEEWZD (NLEE) THERT

55 CONTiInle 2T

: e CONTIMJZ g;

1)

E EXPECTZ) PRICES OF PHYSICAL PRCDUCTION RESOJUCES CYCLED 3}
DO 9J L4=1,8 RT

D0 7C LWIND=141d ELERT
WliuW<D(LHINDY = APFUTRILA,LHIND) Gz NERT

70 CONTIHUZ GENERT
CﬁLL_C;OX{hHDHQD'1:,E|VSTQT5! GeHeRT
00 75 LLEZ=L+5 G NzRT
LezmmOlLiez) = IPPAST(-AWLLEE) GRS

75 CONTINUZ I GrlioRY
CALL C]QX!L&iHRJ,5|2.HSTQTSI Gehi 2T
LEEWKI(D) = WRGARD (L) GENERT
DO Hi LMIND=1410 GENLRT
APFUTARILAZLWIND) = HNDARD(LWIND) Ge 2T

80 CONTINJZ G=HERT
D0 35 _LEE=1+5 = GENERT
EP”J§T{LQ.LLE£l = LEZWDI(LLEED GENTET

85 COLiihuz Gans2T

9y CONTINJE (i |
RETURN (€] Ol §
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FUNCTION TABEX(VAL ARGy JUMNY,4K)

THIS FUNSTION EXTRAPCLATIS LINEAFLY BEYOND THE ENOPOINTS, AND DOES
NOT REQUIRE EQUAL ARGUMEAT SPACING.
DIMENSION VAL(i),ARG(1)
00 iU Jz2,K X
LFI30MAY AT ARG(ID) S0 TO 12
20 TAJTX = (DUMNY=A2G(J=2) 18 (VAL(J)=VAL(J=13)/
LEATG LAY = ARG(J=10) + VAL (J=1)
RETURN
10 CONTINUE
J= X
60 TO 2§
END

FUNSTION TASEXELVALSMALL,DIFF,K,CUNYY)

THIS FUNCTION FZ ZFO5MS LINEAR INTERPOLAVIOM AND €
OF THE JALUES FE/8ZSINTZO IN THS “qu VAL, va
SP4CED USitw Tro DI FFELENCZ CF DIFF, THE SHAL.EST

m
=

1,3)
Sube R O (1=1)*2IFFI/0IFF ¢ VALAI)

MO0
ZMmi> Cre
[t Lol [ I 3= 4

FUNCTION TASLI(VAL4ARG, DUMNY,K)

H FUM:TION FERFINMS TA3LT LOOK NTERPOLATION
13 JATA POINTIS, GATY PCGINTS vEDy

T

B N

K dE NUMDES GF OATA 20INTS
J

FUNCTION TABLIE(VAL,SMALL,DIFF,K,0UMYY)
THIS FUNSTION INTZRPOLATIS LIUNEAFLY HITHCUT EXTRAPOLATICN
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All of the above functions are taken from Llewellyn(4]
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70 CONTINUE
RETURN
END
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