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ABSTRACT
DAFOSYM: A SYSTEM SIMULATION MODEL

FOR ANALYZING THE ECONOMICS OF FORAGES
ON COMMERCIAL DAIRY FARMS

By

Lucas Dean Parsch

A systems approach was taken in developing DAFOSYM (DAiry FOrage
SYstems Model), a computer simulation research model which aids in
analyzing technical and economic issues of Great Lakes dairy forage
production in the context of the whole farm. The model simulates
four on-farm production activities which trace the conversion of
farmgrown feedcrops (alfalfa, corn silage, high-moisture corn) into
a marketable livestock product (milk): crop growth and yield; crop
planting and harvesting; feedcrop storage and handling; and feedcrop
disappearance.

The objective of DAFOSYM was to enable model users to conduct
experiments which compare alternative dairy forage system design,
technology, and management. Three issues served as guidelines in
designing the model: the model is generic in that a complete spectrum
of forage production systems (ranging from all alfalfa to all corn
silage) in the Great Lakes setting can be analyzed; the model accounts
for dynamic system interactions (timeliness of field operations,
weather risk) which affect quantity and quality tradeoffs of feedcrops
produced for the dairy herd; the model provides a measure of both
the level of profitability and riskiness associated with any system
over a multiple-year period by generating a sample cumulative distri-

bution function of the system performance measure, net feed costs.



Lucas Dean Parsch
Model output is suitable for ranking system alternatives for their
risk-return tradeoffs using stochastic efficiency criteria.

Major subcomponents underlying DAFOSYM include: a phenological
crop growth model which simulates alfalfa yield and quality (protein,
digestibility) on a daily basis as a function of historical weather
data; a multivariate stochastic process model which generates corn
yields and number of available field working days; and process-engi-
neering algorithms which account for sequences of field operations,
feedcrop losses, and on-farm feedcrop processing from field to cow.

This bio-engineering economic model should serve as a catalyst
for continued interdisciplinary research and communication. The
study emphasizes model development, implementation, and validation.
Model use is demonstrated with a series of sample simulation runs
which compare and rank alternative corn silage:alfalfa systems for
hypothetical 120-cow and 80-cow herds using Michigan weather and yield

data. User-oriented model documentation is provided.
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Never ask of money spent

Where the spender thinks it went.
Nobody was ever meant

To remember or invent

What he did with every cent.

--Robert Frost
"The Hardship of Accounting"
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CHAPTER 1

INTRODUCTION

1.1 Importance of the Dairy Forage Production Component in
Michigan Agriculture

Although Michigan ranks sixth among states leading in milk
production and produces only 3.9% of U.S. raw milk (Michigan Agri-

cultural Statistics, 1981), dairying is the most important segment

of Michigan agriculture when measured on a cash-receipts basis.
Since World War II, dairy product sales have consistently equaled
25-30% of total farm marketings in Michigan (Speicher and Wright,
1978). Table 1.1 demonstrates that over the period 1975-1979,
cash receipts from dairy products and dairy livestock (26%) far
surpassed all other individual commodities as well as several
important groups of commodities, including: cattle/calves-hogs-
eggs (18%); corn-soybeans-wheat-sugar beets (25.2%); and fruit-
vegetables (12.3%).

Forage crops play an important role in Michigan's dairy
industry. Based on 1980 Telfarm data (Brown and Nott, 1981),
hay equivalent and corn silage acreage accounts for 477 of all
tillable acreage, and 57% of all feedcrop acreage, on Michigan
dairy farms. Hay equivalent acreage alone accounts for 357 and
437 of tillable and feedcrop acreage, respectively, on these farms.
Assuming Telfarmers are representative of all Michigan dairy
farmers, it.cah be inferred that approximately 12%, 78%, and 507%

1
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Table 1.1 Composition of Total Cash Receipts from
Farm Marketings of Selected Commodities,
Michigan 1975-1979, (%).

Commodity 1975 1976 1977 1978 1979 Avg.
Dairy* 24.8 28.4 25.7 25.9 25.0 26.0
Cattle/calves*¥* 8.4 7.3 8.0 12.4 12.1 9.6
Hogs 6.1 5.9 4.9 4.6 4.8 5.3
Eggs 3.3 3.9 3.2 2.7 2.5 3.1
Corn 13.2 15.0 14.1 11.3 12.9 13.3
Soybeans 3.8 4.5 6.6 4.2 7.1 5.3
Wheat 6.8 4.7 4.3 2.5 4.4 4.6
Dry Beans 7.8 4.6 5.8 3.9 4.9 5.4
Sugar Beets 2.6 1.9 2.1 1.7 1.6 2.0
Vegetables 5.0 5.5 5.7 5.9 5.0 5.4
Fruit 5.8 5.8 5.9 9.4 7.3 6.9
Other 12.4 12.5 13.7 15.5 12.4 13.1
Total 100.0 100.0 100.0 100.0 100.0 100.0
Total Cash

Receipts,

($ Billions) 1.661 1.728 1.925 2.099 2.501 1.983

* Includes dairy products and net sales of dairy livestock based on
Telfarm data, 1980.

**% Excludes sales of dairy livestock, based on Telfarm data, 1980.

Source: Michigan Agricultural Statistics, 1981.
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of all Michigan acreage in corn grain, corn silage, and hay, respec-
tively, is ultimately marketed through dairy. 1If this inference is
correct, over the period 1975-1979 just under 197 of all Michigan
field crop acreagel was marketed through dairy, and over 147 of all

field crop acreage consisted of forages marketed through dairy.

1.2 Problem Statement

Because of the importance of the dairy forage component of
Michigan agriculture, both basic and applied dairy forage research
has been conducted at Michigan State University. Previous and on-
going investigations in this area have been conducted primarily
in the departments of Agricultural Engineering, Crop and Soil
Sciences, Animal Sciences, and Agricultural Economics. A broad
spectrum of research topics has been investigated which encompass
technical and economic aspects of growth, harvest, storage, and
feeding of forages, and of their utilization by the dairy herd.
Specific examples have included: the effect of all corn silage versus
all hay on lactating cows (Brown et al., 1966); intake of dry versus
wet alfalfa (Thomas et al., 1968); nutritional characteristics of
forage (Pulli, 1973; Allinson et al., 1969); the impact of alternative
cutting sequences, number of cuts, and stage of maturity on alfalfa
yield and quality (Lee, 1973); new packaging systems (Schwab, 1974);
economic evaluation of whole-farm dairy systems and management
(Hoglund, 1976); alternative alfalfa establishment strategies (Tesar,

1976) ; modeling forage nutrient utilization in livestock (Black, 1978);

lField crop acreages as defined by Michigan Agricultural
Reporting Service in Michigan Agricultural Statistics.




preservatives for forage crops (Thomas, 1978); treatment of silages
with non-protein nitrogen (Huber et al., 1980); evaluations of dairy
forage machine complements (Sisco et al., 1980); and methods to

shorten field-curing time of alfalfa (Wieghart et al., 1980).
The above research has been conducted at both the departmental

and inter-departmental levels. To a greater degree, however,

researchers have recognized that the technological and economic

impacts of dairy forage investigations must be evaluated in a

broader farming systems context. This is due to the nature of
dairy forage agriculture in Michigan. Telfarm data (Brown and Nott,

1981) shows that for all size classes of dairy farms, foragesl fed

to the dairy herd are primarily homegrown and that only a relatively

small portion is marketed for cash sales. The same data show that

specialized dairy farms grow corn grain for feeding and sales, and

are, on average, net producers of grain. This demonstrates that feed

production and utilization on commercial dairy farms in Michigan is

largely an enclosed system of interdependent processes which convert

feedcrops into economic animal products. In order to fully assess

the impact of alternative technology, mznagement, or system design,

the whole broader set of interactions between these interdependent

production subsystems must be evaluated.

From a research perspective, this implies that the experimental
design of dairy forage investigations must adcress the entire crop

production/livestock interface, i.e., that whole-farm production

Forages used in Michigan include grass and legume hays and hay-

lages, as well as various grain crop silages. For the remainder of
this study, the term "forage' will refer to alfalfa and corn silage.

|
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systems must be "placed into the test tube" in order to determine

the relevance or impact of disciplinary experiments on system level

output.
Such research would be difficult if not also prohibitively

expensive. For this reason, one of the proposed responsibilities of

the Michigan State research cluster group of the U.S. Dairy Forage

Research Center™ is to develop and refine computer models which serve

as vehicles for conducting research of both technical and economic

issues of whole-farm dairy forage production and utilization in the

Great Lakes States setting. The present study was undertaken with

the goal of designing and implementing a first generation version of

this model, the DAiry FOrage SYstems Model (DAFOSYM).

1.3 Objectives of the Study

The objectives of the study are to:

1. Identify the key components and relationships which

describe the production and utilization of feedcrops grown
on a commercial Great Lakes State dairy farm for use in milk

production. Homegrown feedcrops include forages (alfalfa,
corn silage) and high-moisture shelled corn. Key components

include on-farm subsystems and production processes which

influence, or are influenced by the growth, harvest, storage,

feeding and utilization of the feedcrops.

2The U.S. Dairy Forage Research Center (USDFRC) was established
in 1980 in Madison, Wisconsin, as a joint venture of USDA-ARS and
seven land-grant universities in the North Central region. The

USDFRC 1is staffed by researchers at the Center, as well as in
satellite "cluster groups'" at each of the supporting institutions.
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2. Design, develop, and operationalize a computerized
simulation model of the system identified in (1) above.

The model should be appropriate for use as a research tool
which addresses both technical and economic issues related
to dairy forage farm-firms in the Great Lakes area. The
model should be capable of evaluating questions relevant
to system design, management, and technology, and should
provide a measure of both the returns and risk associated
with system alternatives analyzed.

3. Demonstrate the use of the model developed in (2). Using
Michigan weather and crop yield data, six experiments are
conducted in which the model is used to simulate represen-
tative 80-cow and 120-cow dairy forage systems. Systems
simulated include alternative farm plans which reflect produc-
tion systems designed to provide alternative forage rations1
for the lactating herd. Evaluation includes a ranking of
the alternative systems using stochastic efficiency criteria.

The results and contributions of the study should prove useful

to dairy forage research in the following ways:

1. It specifies the important relationships between the produc-
tion subsystems of a commercial dairy farm.

2. It provides a format for evaluating the sensitivity of farm
system level economic output to subsystem level technical

and economic parameters.

1Forage rations are defined by the proportion of total forage dry
weight fed to the lactating dairy cows consisting of either corn
silage or alfalfa.
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3. It indicates which portions of the dairy forage production
system are poorly understood, and hence, provides direction
for future research.
4. It provides--in the computerized model--a research tool
which can be used in future studies, and which encourages

interdisciplinary communication.

1.4 Research Procedure

The DAiry FOrage SYstems Model (DAFOSYM) is the product of an inter-
disciplinary study undertaken by two primary investigators: the author
and Philippe Savoie, Department of Agricultural Engineering, Michigan
State University. Both primary investigators undertook this study
as a research topic for their respective Ph.D. dissertations. The
task which these investigators set out for themselves was to coordinate
efforts to design, develop, and implement an operational model which
addressed itself to issues of technical and economic production
efficiency of dairy forage systems at the farm-firm level. Although
the investigators' goal was to merge their efforts into a single
model, the research was largely independent in nature with each
being responsible for individual subcomponent design and modeling.
Coordination between the investigators consisted primarily of
specifying overall model design, and assuring that individual sub-
components were compatible with overall model and research objectives.

The allocation of research responsibility between the two inves-
tigators can briefly be summarized as follows: The author was

responsible for modeling crop environment and crop yields of alfalfa
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and corn,1 as well as for the harvest, storage, and feeding of corn;
Savoie was responsible for modeling machinery input-output relation-
ships, as well as for drydown, harvest, storage, and feeding of
alfalfa. Each was responsible for accounting for material flows,
resource use, and costs in their individual areas. The contribution
of each of these investigators is described in detail in each of the
respective '"companion'" dissertations.

The model reported in this study represents a first version of
a dairy forage systems model in that all components are not developed
at the same level of sophistication, due to either expertise, personnel,
or time constraints. At present, the subcomponent which accounts for
crop utilization by the dairy herd is being developed under the
direction of a third investigator, Dr. J. Roy Black, Department of
Agricultural Economics, Michigan State University. Black's contri-
bution to the study will consist primarily of adapting on-going
dairy protein research models for use compatible with DAFOSYM objec-
tives. Hence, the present model subcomponent used to account for
dairy feed disappearance is a simplified version, and is viewed as

being a temporary component of the fin