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CHAPTER 1

INTRODUCTION

Characteristic of the U.S Dairy sector 1is the
consistent trend toward increasing milk production. Between
1978 and 1982, total milk production increased 12 percent
(20), due largely to improved breeding, feeding, and
management. At the same time, average milk production per
cow increased by 9.5 percent, while dairy cow numbers
increased by 5 percent. Also characteristic is the trend
toward larger but fewer dairy farms. The number of farms in
the United States reporting milk cows declined from 333,620
in 1978 to 277,762 in 1982, a 17 percent decline (21,22).
This is due in part to less efficient farms going out of
business.

Dairy farming, one of the major sectors of Missouri
agricultural economy, accounted for 10 percent of cash farm
receipts in 1983 (12). Like that in most states, the
Missouri dairy sector has also shifted towards increased
milk production and fewer but larger herds.

Total milk output increased from 2,650 million pounds
in 1978 to 2,905 million pounds in 1982 by 5.3 percent while
average milk production per cow increased by 18 percent from
9,964 pounds in 1978 to 11,761 pounds in 1982 by 18 percent
(2,3).

From 1978 to 1982, the number of farms with fewer than



50 cows decreased 27 percent, while the number with 50 to 99
and more than 100 cows increased 15 percent and 37 percent,

respectively (23,24).

Problem Statement

These changes have resulted from technological change
and associated economies of size, specialization and
capital requirement; institutional forces; and economic and
political forces. Factors such as improved milk productivity
per cow, government milk price support levels, marketing
orders, tax policies and adoption of new biotechnologies
have affected on per cow and total milk production.

One emerging biotechnology that promises to have a
signficant impact on the dairy industry is known as bovine
Growth Hormone (bGH). It has been shown that injecting milk
cows with bGH results in increases in milk production per
cow from 10 to 40 percent (9). Milk production response to
the hormone is rapid and continues as long as treatment is
continued. To date, most research indicates its impacts of
dairying could be dramatic. It is estimated that bGH will
be available for commercial use in two or three years. It
is now in the testing stage for Food and Drug Administration
(FDA) approval.

Kalter et al. estimated that there will be a strong
incentive for dairy farmers to adopt the bGH once it 1is
commercially availiable. The cost of buying and

administering the hormone is significantly lower than its



benefits. Thus the adoption rate of bGH is expected to be
relatively rapid. A study of New York producers indicates a
rapid adoption rate with at least half of the state herd on
treatment within the first year of availability (9). An
adoption rate of that - speed will be accompanied by
structural adjustments that may be just as rapid.

Over time federal policy has fostered the growth of
milk production 1levels to promote production of wholesome
milk in quantities that would meet national needs during all
periods. Since 1979-1980, government program dairy costs
have exceeded $ 1 billion per year. During the 1982-1983
marketing year, costs reached a record $§ 2.6 billion, about
13 percent of total cash receipts from farm marketings of
dairy products (25).

It appears that the bGH will reach the market at the
same time that the government is moving out of tﬁe dairy
industry. This could heighten the implications in the dairy
sector. Ad justments may be severe and rapid. Use of bGH
may result in increased surplus stocks and government
expenditures to support these excess supplies and in
significantly lower milk prices; or it may result in
significantly fewer cows in production.

For that reason, there will be many alternatives
proposed to the current dairy program. The Office of
Technology Assessment (OTA) (15) estimated the effect of
imposing mandatory milk quotas on dairies under all

assumptions of the base current policy. Milk quotas equal



to 96.5 percent of normal production would be expected to
maintain milk prices $ 1 above those wunder the current
policy. Dairy herd size would need to be reduced about 4
percent in order to reduce milk production the necessary 3.5
percent.

Future national dairy policies that will handle the
potentially 1large increase in the amount of milk produced
must be developed. With the current administrationm it can be
expected that federal dairy policy will change to a more
market oriented policy. Adoption of bGH may also accelerate

this effect (11).

Justification

Adoption of DbGH will affect farm management, farm
structure, milk markets and prices which are currently
established by a government support program. Magrath and
Tauer (11) have estimated the expected adjustments caused by
the use of bGH. Looking at the level of milk production and
the size of the dairy herd, they estimated that the combined
effects of a free market dairy policy and a 20 percent
response to the bGH would cause less than a 4 percent drop
in equilibrium output and about a 30 percent decrease in the
farmgate price of milk for New York dairy producers. The
above study indicated that farm numbers and cow numbers
would drop by 30 percent and 20 percent, respectively.

The size of this adjustment and the structure of the
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dairy industry would be impacted as well by milk production
response to the bGH and its rate of adoption and on the
level and scope of the government milk support program. This
will be a potentially significant problem for the dairy
sector.

As in any time of technological change, early
innovators will be more likely to survive. It seems clear
that within the first two or three years of the availability
of bGH many milk producers will generate returns
insufficient to cover their operating costs. Declining milk
prices due to the bGH adoption and subsequent increases in
production will cause the less profitable dairy farm to
exit the industry. At the farm firm level, dairy producers
will question their profitability when bGH is available and
national dairy policy wvaries. Also, they will need
information about bGH adoption rates and replacement rates.

The purpose of this study is to investigate potential
impacts of bGH on the average Missouri diary farm, and to
provide Missouri dairy farmers the necessary information to

make effective decisions regarding bGH adoption.



Objectives

The overall objective of this study is to determine
impacts of bovine Growth Hormone on the Missouri dairy
producers. Specific objectives are

1. to 1investigate the impact of bGH on the level of
milk production, farm organizationm, and farm profitability;

2. to investigate the impacts of bGH on  farm
profitability in 1light of general national dairy policy
alternatives: government support program, free market
policy, and milk quota plan;

3. to investigate the effects of cow replacement
rates on the profitability from adopting bGH;

4. to determine the bGH impacts on early, middle, or

late adoption strategies.



CHAPTER II

LITERATURE REVIEW

Much has been written on the technical aspects of bGH
in dairy science, but to date little has been published on
the economic 1impacts of bGH on the dairy industry. This
review is divided into four parts:

1. Emerging technologies in animal agriculture

2. Responée of the administration of bGH to dairy cows

3. Economic impacts of bGH

4. Adoption rates of bGH

Emerging Technologies in Animal Agriculture

Substantial efforts are invested to apply the emerging
biotechnologies to agriculture. Advances resulting from
bioteéhnology research efforts have the potential for being
different from past technological advances. That difference
relates to the potential forvaccelerating the rate of
productivity change above any level previously experienced
in the human attempt to utilize biological systems.

A major improvement of genetic engineering in animals
is mass production of pharmaceuticals, including a number
of hormones, enzymes, activating factors, amino acids, and
feed supplements. Previously obtained only from animal

organs, these biologicals were either wunavailable in



practical amounts or in short supply and costly. One of the
new phamaceuticals is growth hormone into animals to
increase productivity. Other biotechnology application in
animal production include sperm storage, artificial
insemination, gene and embryo manipulations, and gene and
embryo transfer and transfer along with twinning.

Gene and embryo manipulations promise to permit genes
for new traits to be inserted into the reproductive cells of
livestock and poulty, resulting in improvement in animal
health and productivity. Unlike genetically recombinant
growth hormone, this technique will allow future animals to
be permanently endowed with traits of other animals and
humans, such as disease resistance and growth. This
experiment indicates that insertion into reproductive cells
of additional growth hormone genes, of growth hormone gene
from larger animals, could yield larger productivity gains
than would somatic injections of growth hormone.

Another technique, embryo transfer in cows, involves
artifically inseminating a superovulated donor animal and
carrying to term by surrogate both growth and enchanced
resistance to diseases.

The impacts of these technologies on the farm and
industry would be significant. It would result in increasing
production efficiency on the farm level, and changing 1in

supply response and in prices due to increased supplies.



Response of the bGH

Bovine Growth Horomone (bGH) or somatotropin is
produced in the pituitary gland of dairy cattle.
Technically, ©bDGH is a protein and its role is primarily to
stimulate an increase in body size. However, 1t has also
been shown to also stimulate milk production. Before the
recent biotechnology was improved to produce bGH
recombinantly from bacteria, it could be obtained only from
the pituitary glands of slaughtered animals. Production of
bGH by the new recombinant biotechnology now makes 1its
commercial availability in large quantities a possibility.

In 1981, Peel et al. (16) examined the bGH response of
high-yielding Holstein cows (average 34.4 kg milk per day)
fed a complete mixed ration ad 1libitum during early
lactation. Daily bGH injection for an ll-day period resulted
in increases of 9.5 percent in milk yield and 22.7 percent
in milk fat yield. Feed intake was slightly reduced (-4.3%)
while milk composition was not changed. They concluded that
bGH clearly increased the milk production in the high
yielding dairy cow.

In 1983, Peel et al. (l17) investigated the effect of
bGH by administering the hormone (51.51 IU/day) for 10 days
in the early and late lactation periods. Milk production in
the last 5 days of each period was increased 4.3 kg/day and
3.9 kg/day respectively. Daily administration of the bGH in

the early or late lactation period resulted in a similar and
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substantial increase in milk yield.

The relation between the dose of growth hormone and the
response of milk yield was studied by Eppard et al. (6).
They derived +the equations to predict the relationship
between bGH and changes of yield of milk and milk
components. Yield of milk, protein, and fat were increased
in a dose-responsive fashion up to 32, 27 and 46 percent
for the 100 1IU treatement group. They found that the
concentration of lactose was not influenced by the treatment
level. Yield of milk and milk components (protein and fat)
responded in a pattern of declining marginal returns to
increasing bGH dose.

Bauman et al.(3) have examined the effects of 1long-
term (188 days) adminstration of recombinant-derived bGH and
pituitary-derived bGH on 1lactation. Treatments were O
(control), 13.5, 27 and 40.5 mg/day of recombinant-derived
bGH and 27 mg/day of pituitary-derived bGH. The hormone was
injected once daily beginning at 84 days postpartum and
continuing for 188 days. High-producing cows were fed a
total mixed diet ad libitum throughout lactation.
Recombinant-derived bGH increased the average fat-corrected
milk yield by 23 (13.5 dose level) to 41 (40.5 dose level)
percent over the control group. Pituitary-derived bGH
increased milk production by 16 percent. Milk lactose,
protein and fat composition levels were similar for all
treatments. Voluntary feed intake increased with bGH levels.

In summary, most of the studies with lactating cows
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h;ve been of short-term treatment, and recently long-term
studies have been reported (3). Overall studies concluded
that increases in milk yield have been dramatic. Some of
short-term studies did not show an increase in voluntary
feed intake but a recent long-term study (3) have shown
that cows with bGH increased and maintained their voluntary
intake consistent with increased milk production.

Bath (2) studied nutritional requirements and the
economics of lowering feed costs for dairy cows. Feed costs
are, and will continue to be, the largest single expense for

milk production. In 1984, the Missouri Dairy Enterprise

Business Earning & Costs(4) indicated that the costs of

producing 100 pounds of milk equivalent are as follows:
feed, 55 percent ; labor, 15 percent ; fixed costs, 10
percent ; and other operating costs, 20 percent. Feed cost
represents 79 percent of the total variable costs. Bath
mentioned that any plan for improving the biological and
economic efficiency of the dairy cow of the future must
include a strategy for lowering feed costs or for increasing
the efficiency of feed use for milk production.

Among the five ©basic requirements of dairy cows -
energy, protein, minerals, vitamins, and water - energy and
protein wusually are the limiting factors for high-producing
cows. A high-producing dairy cow converts feed to milk more
efficiently than a lower-producing cow. Because a certain
amount of total feed intake _is used for maintainance

requirement of the cow. Net energy and crude protein
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requirements are suggested by the National Research Council

publication Nutrient Requirements of Dairy Cattle (14).

Bath suggested that high milk production and high feed

intake are positively correlated.

Economic Implication of bGH Impact

The potential economic impacts of bGH on farm level and
industry were examined by Kalter et al. (9), was studied
broad range of 1issues connected with bGH including
production cost of bGH and economic implications of bGH for
feed requirements, and farm profitability. They determined
that the market prices of bGH would range from $4.23 per
gram to $1.93, according to the daily capacity ofb the
producing facility. The hormone will cost $ 0.186 to $0.085
per daily dose per cow. Also, they estimated the adoption
rate of bGH based on survey of New York dairy farmers.

They also analyzed the potential profitability of using
bGH in three dairy farms selected to represent the diversity
of resources available to New York dairy farmers. The three
representative farms have a different characteristic to feed
dairy cows by crop systems (only forage crops, corn grain,
crop sales), and they have Seen evaluated at 13,000 and
16,000 pounds of milk productivity per cow in each farm.
The three farm types are 1) farms growing only forage crops,
2) farms growing some but not all of their required grain,
and 3) farms with excess grain to sell as a cash crop.

By wusing linear programming, profit maximizing farm
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levels were obtained from each representative farm, dairy
farm budgets ,and feed requirement with bGH and without bGH
administration. Administering bDGH results in substantial
changes in dairy farm profitability and in some adjustments
in crop rotations. The extra feed needed to increase milk
production, results in increased feed purchases and/or
decreased crop sales. Assuming stable milk prices, they
found that the return over variable costs to the
representative farms increase 5 to 26 percent depending on
farm characteristics and response rates. The return over
variable cost per cow increases with thekresponse rate, 1is
greater for higher base production, and is greater for a
farm with crop sales.

Boehlje and Cole (5) presented the long-term industry

implications of adopting bGH. They used an econometric model

and a linear programming model for the various industry
impacts and regional impacts. The econometric dairy model
is constructed by The Center for Agriculture and Rural

Development (10). Model adjustments reflecting the DbGH
impacts are made by modifying milk productivity per cow and
altering relative feed requirements. They selected three
scenarios for analyzing the impacts of bGH on the dairy
industry : 1) the base ; 2) a 25 percent increase in milk
productivity per <cow above the base; and 3) a 40 percent
increase in milk productivity per cow above the base. This
analysis determines the national economic impact assuming

current government dairy program is in effect.
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The projected milk production level decreased under the
base scenario. However, wunder the 25 and 40 percent

scenarios milk production increases substantially from the

base scenario in 1990. With the above scenarios the
government price supports keep ©prices fairly constant
through purchases of surplus milk. Therefore, there is no

incentive for dairy herd reduction.

Boehlje and Cole revised scenarios to examine 10
percent and 25 percent response rate scenarios. Since the 40
percent scenario is too high in bGH response rate to obtain
at the farm field level. They further assumed no government
support program. The results are total projected milk
production decreases of 0.09 percent under the 10 percent
response scenario and of 0.2 percent under the 25 percent
response scenario. As expected, milk cow numbers are
significantly decreased by 15.09 percent from the base in
the 10 percent scenario and by 32.09 percent in the 25
percent scenario. They projected the milk prices on a
regional and national level. The national price (a weighted
average of the regional) dropped by 9.96 percent in the 10
percent response scenario and by 21.98 percent wunder 25
percent response scenario. Increasing milk productivity per
cow caused both cow numbers and prices to fall, assuming
constant demand and no government support program.

Magrath and Tauer (l1) employed the partial equilibrium
model of the dairy sector to study the impacts of bGH under

different policy and technology scenarios in New York. They
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assumed inelastic demand for milk ranging between -0.1 and -
0.4. They concluded that introducing of bGH would exacerbate
the downward pressure of milk prices and lead to reduced
farm and dairy cow numbers under the circumstances of the
free market dairy policy. Roughly half the changes in milk
prices, farm numbers, equilibrium output and cow numbers can
be attributed to the relaxation of the price support program
in the model. Also the specified elasticity of demand
affected the results by which effect is greater for output
than for price and is most pronounced when high 1levels of
technological change are considered.

Tauer (18) designed a dairy sector linear programming
model to determine the potential impact of bGH on the New
York dairy sector. The primary individual activities in the
model are representative dairy farms that were constructed
from farm level linear programming and reported by Kalter
et al.(9). Tauer used the milk prices determined
endogeneously in model by approximating a downward sloping
demand curve for milk using separable programming.

The results show that introducing of bGH does increase
milk production without price supports, but the aggregate
milk output increase is only 2.4 perceﬂt at the 12.8 percent
bGH response rate and only 3.7 percent at the increasing
25.6 percent bGH response rate. Aggregate dairy farm income
also decreases with bGH adoption, but the reduction is small
with 25.6 percent bGH response when compared to the

scenarios without price supports and bGH.
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Adoption rates of bGH

Kalter et al. (9) surveyed the adoption expectation
in New York dairy farms according to barm type, milking
system, herd size, average herd production, and age of
operator. Farmers were classified as early, middle, and
late adopters, according to the length of time they would
wait before trying bGH. About two-thirds of the farmers
classified as early adopters who would try bGH within one
year of availability, while one-eighth of the sample had no
expectation of ever using the compound. Also, the early and
middle adopters had signficantly larger herds than 1late
adopters. Early and late adopters tend to have higher levels
of output per cow than middle adopters, but the differences
were not statistically significant in the survey.

Kalter et al. did not consider the downward milk price
effects due to increasing milk production by wusing bGH.
Thus, in a dynamic environment the further analysis with

the price effects of various rates of adoption is required.



CHAPTER ITI

METHODOLOGY

Description of Representative Farm

The major dairy area of Missouri consists of the
southwest, south central, and central regions. It accounts
for 74 percent of all dairy cows in the state. The
distribution of dairy cows by counties is shown in Figure
III-1 and Table III-1. The typical dairy farm described
below represents the resouce availabilities and
productivities of this area.

The number of dairy cow for a typical Missouri dairy
farm was calculated from Mail-In-Record (MIR) program
farms. Twenty-three dairy farms participated in 1984. The
average dairy type farm had 65 cows, an average of 1.46
young stock per cow, and 432 acres of land being operated by
2.3 man years of labor (4).

For the study two representative farms were used : one
with high-producing milk cows and one with average-producing
milk cows. The average milk prdduction level in Missouri is
12,026 pounds per cow per year (4). This compares to
12,846 pounds per cow for Missouri dairy farmers in the MIR
program. U.S. Dairy Herd Improvement Association (DHIA)
figures show the average milk productivity at 15,000 pounds

per cow. This 15,000 pound value is <considered as one
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The Distribution of Dairy Cows in Missouri
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Table III-1

Milk Cows in Missouri, 1985 : By Region

Region Milk cows Percent
North West 11,900 5.3
North Central . 8,800 3.9
North East 5,600 2.5
West Central ' 18,200 8.1
Central 49,500 22.0
East Central 13,500 6.0
South West 53,100 23.6
South Central 60,600 26.9
South West 3,800 1.7

State 225,000 100.0

Source : Missouri Farm Facts, 1985, Missouri Department of
Agriculture, May, 1985, Page 39.
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alternative assuming normal technological advances in feed
efficiency, breeding and other management practices. The
other production level is the 12,500 pound level reported by
Missouri state estimates.

The period of bGH treatment in this representative farm
was assumed to be the total lactation period (305 days).
Peel et al. (17) reported similarly substantial increases in
milk yield in response to bGH in early lactation (first 91
days) or late lactation (last 95 days). Other short-term
studies suggested that response in late 1lactation was
greater than 1in early lactation. The -exact milk output
response to the application of bGH 1is not known with
certainty. 1In this study, the increases in milk production
assumed 10 percent and 25 percent increases for the total
lactation period.

Increases in feed intake and nutrient requirements are
necessary to support the extra milk produced in response to
bGH (2,3). It is assumed that voluntary feed intake and
nutrient requirements are increased as needed to produce the

increased milk levels. The Nutrient Requirements for Cattle

(14) are used to adjust the feed and nutrient requirements
for 10 percent and 25 percent bGH response levels. The
results under the least cost rations of cows with different
productivity 1levels in each response rate of bGH can be

compared.
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Method

Linear programming (LP) is an efficient way of
determining optimum plans only 1if there are numerous
enterprises or processes for objectives. It has been used to
establish least=-cost feed rations and optimize farm
organizations, shipping schedules, and farm investments over
time. LP is very useful in farm management. For the typical
farm management problem the objective will be maximum
profits or minimum costs. These objectives can be attained
under the restrictions which set limits on the resources to
be considered for farm plans.

Budgeting is an important tool in agricultural.decision
making and can evaluate minor farming adjustments and
estimate the impacts of planned analysis changes. Linear
programming permits much more detailed analysis than
budgeting and is needed only to evaluate major adjustments -
those that will affect the overall organization of the farm
business and require the examination of several
alternatives.

In additions to establishing a farm plan that maximizes
profit, LP determines the stability of that plan through a
sensitivity analysis and the marginal values of scarce
resources limiting the farm plan. With this information, a
farmer can make more effective decisions regarding his
strategy for organizing and eventually operating the farm.

Linear programming provides the normative information for
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farm operation in the sense what farmers ought to be (8).
This prescriptive information provides the course of action,

in the form of an optimal farm plan, that should be taken

based on realistic and predictive information and
conditions assumed by the farmers and agricultural
researchers. In this study, 1t would indicate the milk

yield that should be produced under various of conditions,
including government price supports free market condition,
and variety of input factors, if dairy farmers had perfect
knowledge about bGH responses and actually maximized
profits. However, it does not explain why dairy farmers in
fact provide a somewhat different pattern of production and
resources use.

Linear programming will examines many farming
alternatives and situations. Dairy farmers would select the
alternatives to obtain the maximum profits and optimal farm
organization with bGH adoption and the ensuing price decline

in the free market policy.

Model

The objective function 1is to maximize return over
variable cost described below:
MAX r X

i

subject to a x =5>L
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where a = technical input - output coefficients
r = return over variable costs of the activities
b = resource constraint levels

X = agctivities

This maximizing return over variable cost model will
determine the one level of profit maximization that gives
the largest profit attainable with the specified levels of
the fixed resources and response rate of bGH adoption. This
model does not include some farm costs : (1) ownership costs
of 1land, livestock, equipment, buildings, and other
facilities (depreciation, interest on investment, taxes,
and insurance) ; (2) the opportunity cost of family 1labor
and management ; and (3) general farm overhead costs. Since
bGH does not influence the fixed resources, fixed costs do
not change. Thus this objective function can be considered
as equivalent to profit maximization. Although the objective
function does not give a measure of profit for the
representative farm, it can find the differences in profit
between alternative farm situations.

Some assumptions underlying the application of the
linear programming technique are that

1. the farm resources used in production process are
in fixed supply,

2. the prices of the inputs are held at a constant
value and not affected by the change in milk production, and

3. the output prices are held at a constant value in

each LP model solution. However, for same, output prices are
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responsive to the production level.

The production alternative and available to dairy
farmers which are called activities are specified according
to the Missouri dairy farm situation. The structure of the
linear programming tableau for the representative farm 1is
shown 1in Table III-2. The main production activities are
producing milk, raising replacement heifers and raising
crops. Feeds include soybean meal, corm, wheat, corn silage,
alfalfa hay, and permanent pasture. The one purchase 1is
soybean meal. Sales include cofn, wheat, alfalfa hay, and
milk. Detailed prices and technical coefficients are

discused in the next section.

Activities in LP model: Seventeen activities have been

included in the basic model (Table III-3). Milk production
(labeled Al) assumes an average milk yield per cow of 12,500
pounds and 15,000 pounds and in increase from bGH injections
of 10 percent and 25 percent at each productivity levels.

The replacement heifer activity (A2) 1is figured as
replacing 30 percent of the cows per year with replacement
stock raised on the farm and losing 10 percent of the
calves before they are sold or weaned. It is assumed that
all bull calves are sold early and all heifers are kept
(Appendix Table 3). |

Among <crops, corn (A3), wheat (A4), and alfalfa hay
(A6) are treated as return activities. These products are

used as inputs in milk production and heifer raising, or



Table III-2

Schematic of LP Matrix for the Representative Farm
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Activities
Constraints Dairy cow Crop Feed Feed Crop Sell
& Heifer Production Purchase Utilized Sales Milk
Obj.Fuction
Max. Return X* X X X X
over var.
cost
Land X X
Class
Labor X X
Requirement
Cow & Heifer X
Constraints
Nutritional X X
Requirement
Max. Feed X X
Limitation
Feed X X X X
Accounting
Milk X X
Accounting
* "X" indicates that non-zero entries are contained in LP table.



Activities in The Basic LP Model

Table III-3
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Column No. Label Identification Measurement Unit
Al DAIRY Dairy Cow Head
A2 HEIFER Raise Heifer Head
A3 CORN Crop Corn Acre
A4 WHEAT Crop Wheat Acre
A5 Cs Corn Silage Acre
A6 ALFHAY Alfalfa Hay Acre
A7 PASTURE Pasture Acre
A8 BSBMEAL Buy Soybean Meal CWT.
A9 FCORN Feed Corn Bushel

Al0 FWHEAT Feed Wheat Bushel
All FCS Feed Corn Silage Ton
Al2 FALFHAY Feed Alfalfa Hay Ton
Al3 FSBMEAL Feed Soybean Meal CWT.
Alé4 SCORN Sell Corn Bushel
Al>5 SWHEAT Sell Wheat Bushel
Al6 SALFHAY Sell Alfalfa Hay Ton
Al7 SMILK Sell milk CWT.
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they can be sold as cash crops (Al4-Al6). No direct cash
market has been allowed for corn silage (A5) and pasture
(A7), which are here considered only in milk production and
raising heifers. Purchasing soybean meal (A8) will supply
the additional protein requirement above concentrate feeds.
Feed activities (A9-A13) provide nutrients to cows and
heifers. Selling activities (Al14-A16) provide a profit by
selling surplus feed crops. Milk selling (Al7) transferred
from milk production activity (Al) is treated as the main

return activity.

Restrictions in the LP model: The restrictions limit the
alternatives available to the dairy farmers. They are

shown in Appendix Table 17. The first set of restrictions
are the land, 1labor, cow numbers, and replacement heifer
numbers. The second set of restrictions are the nutritional
needs of the cows and heiférs in terms of net energy, crude
protein and dry matter of feed. The final set of
restrictions are accounting rows of crops and milk produced,
and feed selling activities. The right hand sides of linear
programming model give the supply of resources in
representative farm and the restrictions in LP model.

The restrictions included 1in the basic linear
programming model are as shown in Table III-4. It 1is
assumed that class I land (labeled R1) is limited to corn
and corn silage production, class II land (R2) limited to

wheat and alfalfa hay production, and class III 1land (R3)



Table III-4

Restrictions in the Basic Model
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Constraints

Row No. Label Indentification Type Unit
R1 CLASS1 Class I Land L* Acre
R2 CLASS2 Class II Land L Acre
R3 CLASS3 Class III Land L Acre
R4 DJFM** Seasonal Labor L Hour
R5 AMJ** -Seasonal Labor L Hour
R6 JA** Seasonal Labor L Hour
R7 SON** Seasonal Labor L Hour
R8 cow Cow Number L Head
R9 REPLAC Replacement Heifer L Head
R10 NE Net Energy Regq. L Mcal
R11l CP Crude Protein Regq. L Lb
R12 DM v Dry Matter Limit L Lb
R13 HAYMIN Hay Minimum L Ton
R14 SILMAX Silage Maximum G* Ton
R15 LIMCORN Feed Corn Limit G Bu.
R16 LIMWHEAT Feed Wheat Limit G Bu.
R17 LIMSBML Feed SB Meal Limit G CWT.
R18 TCORN Transfer Corn L Bu.
R19 TWHEAT Transfer Wheat L Bu.
R20 TCS Transfer Corn Silage L Ton
R21 TALFHAY Transfer Alfalfa Hay L Ton
R22 TSBMEAL Transfer SoyBean Meal L CWT.
R23 TMILK Transfer Milk L CWT.

*

% %

L indicates less than and equal constraint
G indicates greater than and equal constraint

DJFM indicates seasonal labor in Dec., Jan., Feb., Mar.

AMJ indicates seasonal labor in Apr., May., Jun.
JA indicates seasonal labor in Jul., Aug.
SON indicates seasonal labor in Sep., Oct., Nov.
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limited to permanent pasture. Labor requirements are divided
into four periods by seasonal labor use (R4-R7). The cow
number restriction (R8) is 65 cows, the average number for
the Missouri MIR dairy farms. The availability of housing
and milking equipment also correspond to this 1level. The
replacement heifer restriction (R9) assumes a heifer supply
sufficient to replace 30 percent of dairy herd in one year.

The net energy requirement (R10) and crude ©protein
requirement (R11l) restriction ensure the energy and protein
necessary to maintain the milk production increased by using
bGH. The dry matter restriction (R12) requires feed amounts
that are not too bulky for the cow and heifer to eat. The
hay minimum (R13) requires that cows and heifers receive at
least 2.3 and 1.5 tons of hay, respectively, in their
ration. The silage maximum (R14) limits corn silage feeding
to milking cows and heifers.

Feéds limitations (R15-R17) represent the maximum
percentages of corn, wheat, and soybean meal in the
concentrate ration. Feed accounting restriction (R18-R22)
transfer feed from production activities to feeding or
selling activites. The milk accounting restriction (R23)
transfers milk from a production activity (Al) to a selling
activity (Table III-3, Al and Al7).

The basic linear programming model described above was
used to find the maximum returns over variable costs at the
two different levels of bGH response rate and two different

productivity levels.
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Sources of Data: The data required for the linear
programming model are (1) the input-output coefficients or
the resource requirements per unit of output, (2) price of
each output, and (3) the amount of resource supply. The
basic linear programming model including input-output
coefficients is shown in Appendix Table 17. The sources for

this data are described - the following sections.

Enterprise Budgets for Crops and Livestock Activities:

The data for each activity that will be considered in the LP
model were assembled by means of an enterprise budget.
Enterprise budgets are calculated for the dairy cows,
heifers, and respective crop production activities.

As indicated previously, there are two dairy farm types
which have two different milk productivity 1levels. The
enterprise budgets for the two dairy farms are shown 1in
Appendix Tables 1 and 2. These budgets are estimated from

the Missouri Farm Planning Handbook (19) by the Extension

Division, University of Missouri-Columbia. Variable costs
excluding labor and annual labor requirements for all
enterprises are contained in Table III-5. Variable expenses
in dairy enterprises include veterinary expenses, machinary
operating costs, breeding, supplies and marketing charges.
They do not include feed costs, as these are incurred by the
crop enterprise or through purchased feed. Also, it does not
include labor cost as a fixed cost, which would assume is no

hired labor. On the basis of Missouri Farm Planning Handbook
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(19), an average weight of 1,200 pounds is used for cows
producing both 12,500 pounds and 15,000 pounds of milk. The
budget for the latter group has SIightly higher total
variable costs because more machinery operating costs,
veterinary expenses, and Dairy Herd Improvement (DHI)
expenses are needed.
The replacement heifer budget (Appendix Table 3) shows
the requirements for raising a day-old heifer to 24-26
months of age, when she is ready to freshen. This budget
include the feed costs for milk replacer and starter but
does not include hay and grain.
Variable costs for crop enterprises (Appendix Tables 4-
8) include seed, fertilizer and 1lime, chemicals and
supplies, machinery fuel and repairs. The crop input units
are expressed in acres, the output units of corn and wheat
in bushels, that of corn silage and alfalfa hay in tons, and
pastures in AUMl.
The representative Missouri dairy farm has a total of
432 acres, 347 acres of which is crop land (Table III-6). It
is »assumed here that 100 acres can grow corn and corn
silage, that 175 acres can grow wheat and alfalfa hay, and
that the remaining 72 acres of cropland produce permanent
pasture. The remaining 85 acres is farmstead and other.
Land requirements for dairy and heifer production have been
The amount of pasture consumed in 30 days by a 1,000~

pound cow.
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Table III-6

Land Classification from 23 Dairy Farms
in MIR Program, 1984

Class Crop Acreage

Corn, Sorghum, Cormn Silage
Class 1 Sorghum Silage, Soybean 100
Other Silage

Barley, Wheat, Alfalfa>Hay
Class 2 Mixed Hay, Other Hay 175

Cropland Pasture
Class 3 Non-cropland Pasture 72

Farmstead, Timber
Waste & Other 85

Total 432

* Source: M.Bennett, The 1984 Dairy Enterprise Business & Earning
Extension Division, UMC, 1984



34

included in the farmstead figure.

Total farm labor availability is 2.3 man years. It is
further assumed that no additional labor is hired. Labor
available in each situation has been broken down into four
levels corresponding to the seasonal labor requirements and
milk production level. The labor requirements for dairy,
heifer, and crop enterprises are shown in Appendix Tables 9

and 10.

Feed Requirements: Net energy, crude protein and dry

matter are considered as feed requirements for dairy cows
and heifers. Other minerals and vitamins are required but
only in very small amounts. Most rations provide these
nutrients 1in sufficient amounts when energy and protein
requirements are fulfilled (l1). The ration for each of the
representative farm at each bGH response level is formulated
according to the available feed <crops. These feed
requirements are used as restrictions for formulating the
least-cost dairy ration in the linear programming model.
Nutrient contents of dairy feeds are shown in Appendix Table
11. It was assumed that voluntary feed intake increases to
a level necessary to support extra milk produced (2) and
that net energy and crude protein for milk production not
for maintenance are almost linearly increased as milk
production is increased (9). Detailed feed requirements are
shown in Table III-7. The increase in feed requirements in

each milk production 1level is calculated based on the
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National Research Coucil, Nutrient Requirements of Dairy

Cattle (l4). The unit of net energy is expressed as Mcal as
fed value and the unit of crude protein 1is expressed as
pounds as fed value.

The feed requirements for replacement heifers under 300
pounds are fed starter, replacer and mixed growing rations
included in the heifer budget. After the heifers reach 300
pounds of body weight, feed requirements are calculated as
the average net energy and average crude protein required to
achieve a specific daily gain (Table III-7; Appendix Table
12).

Estimated maximum total ration dry matter (DM) intakes
at various levels of milk production are shown in Apppendix
Table 13. This was wused as guideline to establish the
maximum amounts of dry matter that can be eaten by cows
producing various amounts of milk.

Corn, wheat, soybean meal are used for concentrated
mixed feed for cows and heifer rationms. It is assumed that
the recommended maximum percentage of each feed (Appendix
Table 14) will not be exceeded in the total ration. Crops
that are measured in tons, or bushels are converted into
pounds to calculate nutrient requirements (Appendix Table
15). Harvest and storage losses and wastes for feeding of 5
percent for corn and wheat and of 15 percent for corn silage

and alfalfa hay are also assumed.

Milk and Crop Prices: The prices of crop received by
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farmers and prices of soybean meal paid by farmers are
obtained from the estimated farm prices in the Missouri

Farm Planning Handbook (19). Table III-8 details the various

prices or costs used. It was estimated that the per-day
cost of bGH would range from 6 to 15 cents, depending on the
type of facility constructed to produce the hormone (9).
Since the expected cost is relatively small, the costs
related to the use of bGH are included in total variable
costs.

The milk prices projected by Boehlje and Cole (5) are
used in this study. They estimated prices by milk market
region for the two different bGH response levels to 1990
assuming no government price support programs (Table III-9).
Their prices for market region 13 in Iowa state study (5)
are considered as milk market prices of Southwest Missouri

in this study (Figure III-2).
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Table III-8

Prices Used in the Linear Programming Model

Item Price or Cost Sources

Milk ($/cwt.)

No bGH Response 10.50
10 #Z bGH Response 9.50 Boehlje and Cole(5)
25 % bGH Response 8.27
Buy SBM-44 ($/cwt.) 7.50 Missouri Farm
Sell Corn ($/Bu.) 2.35 Planning Handbook
Sell Wheat ($/Bu.) 2.80 (19)

Sell Alfalfa Hay ($/Ton) 65.00




Table III-9

Projected Milk Price By Market Region For 1990

Milk Milk

Milk Price Price

Market Price 10 Pct. 25 Pct.
Region Base Response Response

---------- Dollar/cwt.=—==——-==-=-

1 11.92 10.71 9.43
2 11.70 10.33 9.03
3 11.79 10.55 8.62
4 10.82 9.57 7.65
5 9.79 8.87 7.72
6 10.82 9.57 8.36
7 10.78 9.64 8.52
8 10.40 9.21 8.02
9 10.32 9.36 8.14
10 10.02 8.82 7.67
11 10.40 9.25 8.13
12 9.75 8.61 7.48
13 10.50 9.50 8.27
14 9.71 8.83 7.79
15 10.45 9.38 8.17
16 9.88 8.94 7.717
17 10.07 9.05 8.07
18 9.57 8.63 7.51
19 8.83 7.95 6.91
20 8.72 7.86 6.84
21 9.14 8.13 7.15
22 10.74 9.72 8.74
23 9.58 8.56 7.58
24 8.57 7.55 6.57
25 10.89 9.99 8.92
26 10.59 9.70 8.63
27 10.45 9.43 8.45
28 9.61 8.59 7.62
29 9.55 8.66 7.59
30 9.64 8.57 7.50
31 8.96 7.95 6.96
WTD AVG. 10.12 9.15 7.92
PCT CHG. -9.96 -21.98

Source: Boehlje and Cole, Economic Implications of
Agricultutal Biotechnology (5)
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CHAPTER 1V

RESULTS

Description of Analysis

Potential »profitability of using bGH was 1investigated
by analyzing of a representative Missouri dairy farm. The
farm was evaluated under two milk production levels per cow.
Three scenarios were selected for analyzing the impacts of
bGH on the dairy farm; these scenarios are (1) the Dbase
- (without bGH); (2) a 10 percent increase in milk
productivity per cow above the base ; and (3) a 25 percent
increase in milk productivity per cow above the base. As
indicated two base milk production levels, 12,500 pounds and
15,000 pounds per cow, are used. It is further assumed that
producers who adopt bGH will do so by 1990. Returns over
variable costs, crop enterprise selection, and crop sales
are compared for each bGH response rate scenario.

The first section assumes the current government price
support is retained at its current level. Individual dairy
farmers will receive increased returns as milk production
per cow 1s increased as a results of bGH. The free market
milk price is established at $10.50 per cwt, the level from

the Iowa State study(5). It is assumed that this price will

be supported in 1990 by government purchases 1is of the

surplus milk the farmers produce by using bGH.
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The second section evaluates the implication of bGH
response on farm profitability, assuming no government
program. This is a free market approach. The milk price
projected by the by Iowa study (5) is $9.50 per cwt with a
10 percent bGH response and $ 8.27 per cwt for a 25 percent
bGH response.

In the third section, a milk quoata plan for dairy
producers is considered. This is an alternative milk supply
control program. The quota is as optional and includes
farms in the milk‘quota plan as well as non quoata farms.
Producers in the quota plan receive the $10.50 support price
and cannot increase production above the base level. Non-
quota farms receive the free market price and do not have
production restriction. This program would control the
increased milk production caused by bGH.

The fourth section presents the effects of changing cow
replacement rates on dairy farm profitability. Currently
little is known about bGH impacts on longevity of the dairy
cow in the herd. Thus, a sensitivity anlaysis is conducted
on replacement rate. To determine sensitivity of the model
to replacement rate, results are generated under different
replacement rates. Selected replacement rates between 20
percent and 38 percent of the cows are compared in. each
scenario.

The final section presents the results of analyzing the
bGH impacts by the type of adoptor. Kalter et al. (9)

studied the adoption rate of bGH by New York dairy
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producers. These rates are felt to be representative and are
used to project adoption rates in Missouri. There 1is
little reason to believe adoption rates for the Missouri

producer would differ significantly from New York producers.

Impacts with Milk Price Supported

Table 1IV-1 and Table IV-2 detail the results of the
analysis of bGH response rates with the government milk
support program. For the representative farm, it is clear
that the return over variable costs 1increases with
increasing response to bGH at the milk price of $10.50 per
cwt. This increase ranges from nearly 10-11 percent for
farms at the 10 percent response rate to 25-27 percent at
the 25 percent response rate above the base.

The economic benefits of administrating the DbDGH are
similar percentage changes for both bGH response rates and
both production groups. High-producing herds increase their
percentage return slightly more than low producing herds.
Increased returns were accompanied with increased feed
requirements and feeds fed. To meet these changes, producers
reduce crop sales rather than increase feed purchases. Crop
enterprise and crop sales are changed slightly by these
increased feed requirements. Feed combinations to meet the
nutrient requirements are changed by increasing corn and
soybean meal and by decreasing wheat fed. Buying more

soybean meal and feeding it to cows offsets the feed
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Table IV-1

Impacts of bGH on Representative Farms by Response Rate
and 12,500 1lbs Base Herd Production Average
(Milk Price $10.50/cwt)

NO bGH
(10.50 $/cwt)

10%Z Response
(10.50 $/cwt)

25% Response
(10.50 $/cwt)

ROVC (dol.) 62,701 68,969 78,638
changes
in ROVC (dol.) 6,268 9,669
Cows (head) 65.0 65.0 65.0
Heifers (head) 21.7 21.7 21.7
Crops
Corn (acre) 63.5 63.5 63.5
Wheat (acre) 52.8 59.4 65.5
CS (acre) 36.5 36.5 36.5
Alf.hay (acre) 122.2 115.6 109.5
Pasture (acre) 72.0 72.0 72.0
Feed fed
Corn (bu.) 3850.6 4347.0 5090.3
Wheat (bu.) 297.3 220.7 104.9
CS (ton) 474.5 474.5 474.5
Alf.hay (ton) 182.0 182.0 182.0
SBmeal (cwt.) 363.8 478.6 651.0
Purchase
SBmeal (cwt.) 363.8 478.6 651.0
Crop Sales
Corn (bu.) 2499.4 2003.0 1259.7
Wheat (bu.) 1813.2 2156.6 2516.8
Alf.hay (ton) 306.9 280.3 255.8
Milk Sales (cwt.) 8125.0 8937.5 10156.3
Marginal Return
to Cow ($/cow) 415.6 512.1 660.8
Marginal Return
to Land ($/acre)
Class 1 73.4 73.4 73.4
Class II 36.8 36.8 36.8
Class III 27.9 27.9 27.9
Marginal Return to
Labor(AMJ) ($/hour) 11.5 11.5 11.5
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Table IV-2

Impacts of bGH on Representative Farms by Response Rate
and 15,000 1bs Base Herd Production Average
(Milk Price $10.50/cwt)

NO bGH 10%Z Response 25% Response
(10.50 $/cwt) (10.50 $/cwt) (l0.50 $/cwt)

ROVC (dol.) 71,376 79,025 90,642
changes

in ROVC (dol.) 7,649 11,617
Cows (head) 65.0 65.0 65.0
Heifers (head) 21.7 21.7 21.7
Crops

Corn (acre) 63.5 63.5 63.5
Wheat (acre) 65.5 71.7 78.3
CS (acre) 36.5 36.5 36.5
Alf.hay (acre) 109.5 103.3 96.7
Pasture (acre) 72.0 72.0 72.0
Feed fed

Corn (bu.) 4843.4 5439.2 6255.8
Wheat (bu.) 144.0 52.0 0.0
CS (ton) 474 .5 474 .5 474.5
Alf.hay (ton) 182.0 182.0 182.0
SBmeal (cwt.) 593.3 731.0 933.0
Purchase

SBmeal (cwt.) 593.3 731.0 933.0
Crop Sales

Corn (bu.) 1506.6 910.8 94.2
Wheat (bu.) 2477.7 2814.2 3132.8
Alf.hay (ton) 255.8 231.4 204 .7
Milk Sales (cwt.) 9750.0 10725.0 12187.5

Marginal Return
to Cow ($/cow) 549.1 666.8 846.8

Marginal Return
to Land ($/acre)

Class 1 73.4 73.4 73.4
Class I1 36.8 36.8 36.8
Class III 27.9 27.9 27.9

Marginal Return to
Labor(AMJ) ($/hour) 11.5 11.5 11.5
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requirements for producing more milk and 1less feeding of
wheat. It has resulted in selling more wheat and less corn
and alfalfa hay.

Wheat acreage was increased by 10-12 percent in each
bGH response. Alfalfa hay production declined as wheat
production increased. Corn acreage and corn silage acreage
remained unchanged on each bGH response in both production
groups. At each bGH response level and in both production
groups, corn silage, corn, and pasture were used at their
upper limits.

These changes in <crop enterprise selection, feed
purchases and crop sales are results of feed requirements,

crop charateristics, and the sale and purchase prices.

Impacts under Free Market Price

The implication for changing marginal values were
investigated when free market milk prices, with no
government price support, respond to increased production.
Table 1IV-3 and IV-4 detail the effects with the relaxation
of price supports on the return over variable costs and on
farm enterprise organization for the two bGH responses and
the two production levels.

The 1increased production resulting from bGH decreases
market milk prices by 9.5 percent from the base in the 10
percent bGH response and by 13.0 percent in the 25 percent

bGH response. These changes represents the changes of



Impacts of

Table IV=-3

bGH on Representative Farms by
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Response Rate

and 12,500 1b Base Herd Production Average

NO bGH
(10.50 $/cwt)

10%Z Response
(9.50 $/cwt)

25% Response
(8.27 $/cwt)

Rove (dol.)
Change
in ROVC (dol.)

Cows (head)
Heifers (head)

Crops

Corn (acre)
Wheat (acre)
CS (acre)
Alf.hay (acre)
Pasture (acre)

Feed fed
Corn (bu.)
Wheat (bu.)
CS (ton)
Alf.hay (ton)
SBmeal (cwt.)

Purchase
SBmeal (cwt.)

Crop Sales
Corn (bu.)
Wheat (bu.)
Alf.hay (ton)

Milk Sales (cwt.)

Marginal Return

to land ($/acre)

Class 1
Class I1
Class III

Marginal Return
to Cow ($/cow)

Marginal Return
to Labor(AMJ)
($/hour)

62,701

63.5
52.8
36.5
122.2
72.0

3850.6
297.3
474.5
182.0
363.8

363.8

2499.4
1813.2
306.9

8125.0

73.4
36.8
27.9

415.6

11.5

60,032
-2,669

65.0
21.7

63.5
59.4
36.5
115.6
72.0

4347.0
220.7
474.5
182.0
478.6

478.6

2003.0
2156.6
280.3

8937.5

73.4
36.8
27.9

374.6

11.5

55,990
-4,042

65.0
21.7

63.5
65.5
36.5
109.5
72.0

5090.3
104.9
474.5
182.0
651.0

651.0

1259.7
2516.8
255.8

10156.3

73.4
36.8
27.9

312.4

11.5
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Table IV-4

bGH on Representative Farms by
and 15,000 1bs Base Herd Production Average

Response Rate
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NO bGH
(10.50 $/cwt)

10%Z Response
(9.50 $/cwt)

25% Response
(8.27 $/cwt)

ROVC (dol.)
Change
in ROVC (dol.)

Cows (head)
Heifers (head)

Crops

Corn (acre)
Wheat (acre)
CS (acre)
Alf.hay (acre)
Pasture (acre)

Feed fed
Corn (bu.)
Wheat (bu.)
CS (ton)
Alf.hay (ton)
SBmeal (cwt.)

Purchase
SBmeal (cwt.)

Crop Sales
Corn (bu.)
Wheat (bu.)
Alf.hay (ton)

Milk Sales (cwt.)

Marginal Return
to land ($/acre)
Class 1
Class II
Class III

Marginal Return
to Cow ($/cow)

Marginal Return
to Labor(AMJ)
($/hour)

71,376

63.5
65.5
36.5
109.5
72.0

4843.4
144.0
474.5
182.0
593.3

593.3

1506.6
2477.7
255.8

9750.0

73.4
36.8
27.9

549.1

11.5

68,300
-3,076

65.0
21.7

63.5
71.7
36.5
103.3
72.0

5439.2
52.0
474.5
182.0
731.0

731.0

910.8
2814.2
231.4

10725.0

73.4
36.8
27.9

501.8

11.5

63,465
-4,835

65.0
21.7

63.5
78.3
36.5
96.7
72.0

6255.8
0.0
474.5
182.0
933.0

933.0

94.2
3132.8
204.7

12187.5

73.4
36.8
27.9

428.7

11.5
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regional market prices 1in Southwest Missouri and are
estimated by Boehlje and Cole (5). Dairy product consumption
responds relatively 1little to price changes (25). It 1is
further assumed that the demand for milk 1is relatively
static and inelastic. In all cases, the percentage decline
in market milk prices substantially exceeds the percentage
change 1in returns. A 21 percent reduction in milk prices
from base 1in the 25 percent response group resulted in a
return over variable costs reduction that varies from 10.7
percent 1in the low productionm level to 11.1 percent in the
high production 1level. The direction of the changes in
return over variable costs according to the declining milk
prices 1is 1less ©profitable to dairy farmers in the two
production levels.

For both production levels, return over variable costs
fell below the base level with a $1.00 per cwt price decline
at 10 percent bGH response rates and with $1.23 per cwt
decline at 25 percent response rates. Thus, a 15 percent
reduction in the market price for milk is sufficient to make
all farmers worse off even with a 25 percent bGH production
response. Return over variable costs in the high-production
level is greater than for the low-production level, but the
rate declines more rapidly than the low-production level as
bGH response rate increases.

Farm enterprise organization is the same as that with a
milk support program. Purchases of soybean meal increase as

the response rates increase. Because corn fed increases
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while the corn average remains constant, corn sales
decrease. Wheat acreage 1increases as response rates
increase, but it results in less wheat fed and more wheat
sold to increase returns with the relatively high selling
wheat price.

Table 1IV-5 compares the results between the government
support program scenario and the free market policy scenario
in the 10 and 25 percent response rates and the two
production 1levels. Dairy farms which are supported by the
government program had 15 percent more return over variable
costs than the free market policy in the 12,500 pound
production level with 10 percent bGH response rate, and 16
percent more in 15,000 pound production level. At the 25
percent bGH response rate, farms with government support had
40 percent more return over variable costs at the 12,500
pound production level and 43 percent at the 15,000 pound
production level. These result occurred because milk prices
declined to a greater extent than milk production increased.

The marginal return to land, cows and labor (AMJ) is of
interest. The marginal return to land is stable across all
scenarios, implying that the capitalized value of land will
be stable. The marginal returns to cow in government
supported scenario are higher with increased response rates,
and the percentage decrease is higher for low than for high
producers, but the absolute decrease is greater for the high
production level. The marginal return to cow in the free

market scenario decreased at the higher bGH response rate



Comparison of Results Between Two Scenarios

Table IV-5
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ROVC Marginal Return to Cow
Scenario 2 —-———=-—-—eseemmemm—ssses e eemm e e e — o — s — oo e e ———
12,5001bs 15,0001bs 12,5001bs 15,0001bs
Milk Price
Supported
No Response 62,701 71,376 416 549
10% Response 68,969 79,025 512 667
25% Response 78,638 90,642 661 847
Free Market
Policy
No Response 62,701 71,376 416 549
10%Z Response 60,032 68,300 375 502
25% Response 55,990 63,465 312 429
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and at the lower production level. For the 12,500 pounds
production level with a 25 percent response rate, the
marginal return to cow in the government supported scenario
is almost two times greater than in the free market policy
scenario.

The marginal return to labor (AMJ) indicates that one
more hour of family labor in April, May, June would increase
the net income $11.5. The marginal return to labor (AMJ)
remains consistent between all scenarios.

Results of feed requirements for dairy cow are shown in
Tables IV-6 and IV-7. As increased milk production level by
the application of bGH, feed intake changes to support
nutrient requirements have been observed. Concentrate feeds
in the daily rations are 8.06 pounds of corn grain, 0.47
pounds of wheat, and 1.55 pounds of soybean meal in the base
of 12,500 pound production level. Corn and soybean meal
increase for supply more protein and energy, but wheat
decreases when the bGH response rate and average milk
production level is increased. Forage in the rations, corn
silage and alfalfa hay, are limited by restrictions of LP
médel. It remains unchanged in the forage formulation across
the all bGH response rates and both production levels. In
the feed ratios, the nutrient densities of the ratios are
increased and resulted in proportions of concentrate feed
larger along with increased bGH response rates and
production levels.

Gross returns per cow received by free market milk
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Table IV-6

Per Cow Comparison of Feed Combinations for Dairy
by Response to bGH
(12,500 1bs Average Milk Production)

Base 107 Response 25% Response
Milk Yield*
(1bs/day) 34.2 37.7 42.8
Concentrate
Corn (lbs/day) 8.06 9.23 10.97
Wheat (1lbs/day) 0.47 0.28 0.00
SBML (1lbs/day) 1.55 2.03 2.76
Forage
CS (1lbs/day) 34.52 34.52 34.52
AH (1lbs/day) 12.60 12.60 12.60
Feed Ratio**
(C/F) 35:65 38:62 42:58
ROVC at
$10.50/cwt 62,689 68,957 78,624
$ 9.50/cwt -- 60,020 -
$ 8.27/cwt - - 55,976
Gross Returns
Per Cow ($/cow)
at $10.50/cwt 1,312.50 1,443.75 1,640.63
$ 9.50/cwt -- 1,306.25 -
$ 8.27/cwt -- -- 1,219.19

* Milk yields are calculated as 365 days milk production
period.
*%* Feed Ratios are calculated on the basis of Mcal.
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Table IV-7

Per Cow Comparison of Feed Combinations for Dairy
by Response to bGH
(15,000 1lbs Average Milk Production)

Base 10% Response 25% Response
Milk Yield*
(1bs/day) 41.1 45.2 51.4
Concentrate
Corn (lbs/day) 10.40 11.68 13.50
Wheat (lbs/day) 0.08 0.00 0.00
SBML (1lbs/day) 2.52 3.09 3.93
Forage
CS (1lbs/day) 34.52 34.52 34.52
AH (1lbs/day) 12.60 12.60 12.60
Feed Ratio**
(C/F) 41:59 44:56 48:52
ROVC at
$10.50/cwt 71,364 78,995 90,597
$ 9.50/cwt - -- 68,270 --
$ 8.27/cwt -- -- 63,419
Gross Returns
Per Cow ($/cow)
at $10.50/cwt 1,575.00 1,732.50 1,968.75
$ 9.50/th - 1,567050 -
$ 8.27/cwt -- -- 1,550.63

* Milk yields are <calculated as 365 days milk production
period.
*% Feed Ratios are calculated on the basis of Mcal.
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price in each 12,500 and 15,000 pound production levels are
little changed from base to all bLGH response rates. It
indicates that increased bGH effects in milk production are
offset by decreased milk price in free market. Although
gross returns are relatively unchanged, net returns per cow
are significantly 1lower due to higher feed requirements,

labor and bGH costs.

Impacts from Milk Quota Plan

If farm milk prices are maintained at a level
substantially higher than supply-demand conditions warrant,
excess resources will be attracted into milk production,
resulting in a surplus of milk. Increased returns to
individual farmers from higher milk prices resulting from
the dairy price support program depend on the volume of
individual farm marketings. In such situations, other
mechanisms can be used along with price to adjust supplies.
As a potential method of milk supply adjustment, milk quota
plans are receiving attention in some of the industry.

California has had a quota plan since 1969, and Canada
has operated under quota systems at the provincial and
national levels (7).

This study considered the effects of a milk quota plan
on the return over variable costs and farm organization with
bGH administration. The milk quota plan which is used in

this study is unlike those of California and Canada. It
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assumed that all milk producers using bGH would be in one of
two groups. One belongs wunder the quota farms which
regulated milk production to normal production levels with a
government supported milk price. The other is the non-quota
plan where the milk price is based on free market supply-
demand conditions with no government price support. It 1is
investigated according to the different proportions of dairy
producers in the quota plan, 41i.e., 0, 25, 50, 75, 100
percent.

Milk prices on the non-quota farm are computed under
the assumption of inelastic demand for milk and constant
elasticity of milk consumption. If one hundrgd percent of
producers with 10 percent bGH response rate are 1in the
quota plan and receive the supported milk price of
$10.50/cwt., There is no milk increase in the dairy industry
and it results in dairy herd reduction. If all producers
belong to the non-quota farm and the total milk production
increases by 10 percent, the milk price will be $9.50/cwt.
due to the free market policy.

As the proportion of non-quota farm increases to 25,
50, 75 percent, milk price would be determined at
$10.25/cwt. with 2.5 percent milk increase, $10.00/cwt. with
5.0 percent milk increase, $9.75/cwt. with 7.5 percent
increase in 12,500 pound production level.

Tables 1IV-8 through IV-11 detail the results of the
analysis of the milk quota plan, with respect to DbGH

response rates and the two production levels. The return
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Table IV-8

ROVC* in Milk Quota (12,500 1bs)

10 % Response

ROVC in
Quota Farm

% of Producers
in Milk Quota

ROVC in
Non-Quota Farm**

0 -— 60,032 (9.50 $/cwt)
25 65,943 (10.50 $/cwt) 62,266 (9.75 $/cwt)
50 65,943 (10.50 $/cwt) 64,501 (10.00 $/cwt)
75 65,943 (10.50 $/cwt) 66,735 (10.25 $/cwt)
100 65,943 (10.50 $/cwt) -
Farm
Organization Unit
Cows head -59.1 65.0
Heifers head 19.7 21.7
Crops
Corn acre 66.82 63.50
Wheat acre 45.78 59.43
CS acre 33.18 36.50
Alf.hay acre 129.22 115.57
Pasture acre 72.00 72.00
Feed fed
Corn bu. 3859.30 4347.01
Wheat bu. 175.65 220.67
CS ton 431.36 474.50
Alf.hay ton 165.45 182.00
SBmeal cwt . 436.82 478.55
Purchase
SBmeal cwt . 436.82 478.55
Crop Sales
Corn bu. 2822.52 2002.99
Wheat bu. 1655.42 2156.59
Alf.hay ton 351.44 280.27
Milk Sales cwt . 8125.00 8937.50

* Return over variable costs

** No changes in the optimal basis
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Table IV-9

ROVC* in Milk Quota (12,500 1bs)

25 7% Response

% of Producers ROVC in ROVC in
in Milk Quota Quota Farm Non-Quota Farm**
0 -— 55,990 (8.27 $/cwt)
25 70,047 (10.50 $/cwt) 61,169 (8.78 $/cwt)
50 70,047 (10.50 $/cwt) 66,451 (9.30 $/cwt)
75 70,047 (10.50 $/cwt) 72,341 (9.88 $/cwt)
100 70,047 (10.50 $/cwt) -
Farm
Organization Unit
Cows head 52.0 65.0
Heifers head 17.3 21.7
Crops
Corn acre 70.80 63.50
Wheat acre 34.28 65.54
CS acre 29.20 36.50
Alf.hay acre 140.72 109.45
Pasture acre 72.00 72.00
Feed fed
Corn bu. 3868.71 5090.33
Wheat bu. 29.00 104.88
CS ton 379.60 474.50
Alf.hay ton 145.60 182.00
SBmeal cwt . 524.65 650.95
Purchase
SBmeal cwt . 524.65 650.95
Crop Sales
Corn bu. 3211.29 1259.67
Wheat bu. 1342.21 2516.81
Alf.hay ton 417.28 255.83
Milk Sales cwt . 8125.00 10156.25

* Return over variable costs
**%* No changes in the optimal basis
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ROVC* in Milk Quota (15,000 1bs)

10 % Response

% of Producers
in Milk Quota

ROVC in
Quota Farm

Non-Quota Farm#**

ROVC in

0 - 68,300 (9.50 $/cwt)
25 75,085 (10.50 $/cwt) 70,982 (9.75 $/cwt)
50 75,085 (10.50 $/cwt) 73,663 (10.00 $/cwt)
75 75,085 (10.50 $/cwt) 76,344 (10.25 $/cwt)
100 75,085 (10.50 $/cwt) --
Farm
Organization Unit
Cows head 59.1 65.0
Heifers head 19.7 21.7
Crops
Corn acre 66.82 65.00
Wheat acre 56.89 71.65
Cs acre 33.18 36.50
Alf .hay acre 118.11 103.35
Pasture acre 72.00 72.00
Feed fed
Corn bu. 4852.16 5439.16
Wheat bu. 22.29 51.98
CS ton 431.36 474.50
Alf .hay ton 165.45 182.00
SBmeal cwt . 666.32 731.01
Purchase
SBmeal cwt. 666.32 731.01
Crop Sales
Corn bu. 1829.65 910.84
Wheat bu. 2253.22 2814.17
Alf hay ton 306.99 231.39
Milk Sales cwt. 9750.00 10725.00

*# Return over variable costs

*%* No changes in the optimal basis
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Table IV-1l1

ROVC* in Milk Quota (15,000 1bs)

25 7% Response

% of Producers ROVC in ROVC in
in Milk Quota Quota Farm Non-Quota Farm*%*
0 -— 63,465 (8.27 $/cwt)
25 79,634 (10.50 $/cwt) 69,680 (8.78 $/cwt)
50 79,634 (10.50 $/cwt) 76,018 (9.30 $/cwt)
75 79,634 (10.50 $/cwt) 83,087 (9.88 $/cwt)
100 ‘ 79,634 (10.50 $/cwt) -
Farm
Organization Unit
Cows head 52.0 65.0
Heifers head 17.3 21.7
Crops
Corn acre 70.80 63.50
Wheat acre 44.50 78.32
CS acre 29.20 36.50
Alf.hay acre 130.50 96.68
Pasture acre 72.00 72.00
Feed fed
Corn bu. 4752.03 6255.82
Wheat bu. 0.00 0.00
CS ton 379.60 474.50
Alf.hay ton 145.60 182.00
SBmeal cwt. 747 .41 933.03
Purchase
SBmeal cwt. 747 .41 933.03
Crop Sales
Corn bu. 2327.97 94.18
Wheat bu. 1780.09 3132.81
Alf.hay ton 376.39 204.72
Milk Sales cwt. 9750.00 12187.50

* Return over variable costs
**%* No changes in the optimal basis
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over variable costs in the quota farm is the same regardless
of the percentage changes of milk producers in the milk
quota. That figure is compared to the return over variable
cost with the government support program and to the free
market prices in the 10 and 25 percent bGH response rates
and the two production levels.

Return over variable costs in the dairy farms regulated
by the milk quota and supported by price supports decreased
by 4-5 percent at the 10 percent response rate, and
decreased by 11-12 percent at the 25 percent bGH response
rate at both production levels.

The return over variable costs over the no bGH response
increased by 5 percent at the 10 percent response rate and
11-12 percent at the 25 percent response rate.

If the government supports the milk price of $10.50 per
cwt and regulates the milk quota, milk producers in the
quota plan would increase their return over variable costs
from the free market price by 9.0 and 20 percent in the 10
percent and 25 percent bGH response rates, respectively.

Figures 1IV-1 and IV-2 represent the changes of return
over variable costs with respect to milk quota
participation levels for each scenario. In the analysis milk
producers in the non-quota farms do not receive the same
milk price as do the quota farms. Non-—-quota farms receive
the free market price while quota farms receive the support
price of $10.50/cwt. For mnon-quota producers. milk

production 1is not restricted. The return over variable
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Figure IV=1 ROVC for Milk Quota
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Figure IV=2 ROVC for Milk Quota
(15,000 Ibs)
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costs for the quota farm is higher at the 25 percent
response rate than at the 10 percent response rate for both
production 1levels. The return over variable costs for the
25 percent response rate is sharply higher than for the 10
percent response rate.

The return over variable costs for the non-quota farm
increases as participation in the milk quota plan
increases. Once participation reaches 66 percent, the return
over variable costs for the non-quota farm exceeds that for
the quota farm. These changes are a result of total milk
production declining as more farms come under the quota
program. However, on a per cow basis, the returm over
variable costs per cow for the quota farms, under the 75
percent milk quota plan, 1is still greater than in the non-
quota farm.

Finally, milk cow and heifer numbers for the quota farm
decreased by 9 percent and 20 percent for the 10 percent
bGH response and 25 percent bGH response rate, respectively,
in order to maintain the milk quota based on normal
production and increased milk production using bGH.

Optimum farm organization varied slightly between milk
quota and non-quota farms. All feed crops changed to 1less
feeding per head from non-quota farm to quota farms. The
response of the non-quota farm to the increased milk price
level as quota participation increased did not change. The
optimal basis of each scenario for maximum returm over

variable costs in the LP model remained the same.
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Effects of Cow Replacement Rates

The future of any dairy operation depends wupon a
successful program for raising replacement and heifers or
upon purchased replacements that will equal or exceed the
current levels of milk production. These replacements will
need to be bought at a reasonable cost also. Bath et al.
point out that it is usually more economical for a dairy
producer to raise replacement heifers than to buy them (1).
But dairy farms located on high-value land near metropolitan
areas often sell all calves at birth and buy all
replacements because of a lack of land for raising heifers.

A typical cow stays in a milking herd between three and
five years. Thus, from 20 to 33 percent of the milking herd
must be replaced each year. The number of replacements
available within an average herd estimates that the typical

is relatively small. The Missouri Farm Planning Handbook

(19) dairy cow has an 85 percent calving rate every 12
months and that 10 percent of all calves dying before they
are sold or weaned. Half of the calves born are heifers.
Therefore, holding all heifers for internal replacement
yields 0.38 heifer per cow or a maximum internal replacement
rate of 38 percent. Culling rates above those levels must
be covered through the purchase of replacements:

Although research is underway on the impact of bGH on
cow replacement rate little is known currently on this

issue. Thus, 1in an effort to determine ©potential impacts
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of replacement rates, sensitivity analysis was used with
varied replacement rates to determine its impact on return
levels.

The effects of replacement rates on dairy farm
profitability are compared at 38, 35, 30, 25, 20 percent
replacement rates for each bGH response level. Returns from
the share of cull cows, sales of bull calves, and the
remainder of replacements are computed by each replacement
rate in Appendix Table 16.

Tables 1IV-12 through IV-17 present the results by bGH
response level and replacement rate. The return over
variable costs, number of cows and heifers and farm
organizations for each replacement rate and hormone response
rate are presented. The number of heifers declined by 47
percent from a 38 percent replacement rate to a 20 percent
replacement rate. The return over variable costs increases
slightly (3-4 percent) as replacement rates decline from 38
to 20 percent. These increases are shown in Figures 1IV-3
and 1IV-4. The percentage and absolute changes are greater
for the lower production 1level than for the higher
production 1level. Increased cull cow sales dampen the
effects of high replacement rates and the effect on return
variable costs. Crop sales increase as cull levels decline.

Except soybean meal, feeds fed substantially decrease
as replacement rates decline. Feeding wheat 1is greatly
reduced as bGH response rates increase and replacement rates

and higher production level decrease. The wheat enterprise
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Optimum Farm Organization With Five Replacement Rates

12,500 1bs base

herd production average with no bGH response

Replacement Rates

Item Unit 38% 35% 30% 257% 20%

ROVC dol. 61,692 62,063 62,701 63,303 63,923
Changes

in ROVC dol. 371 638 602 620
Cows head 65.0 65.0 65.0 65.0 65.0
Heifer head 27.4 25.3 21.7 18.1 14.4
Crops

Corn acre 62.17 62.67 63.50 64.33 65.17
Wheat acre 55.30 54.35 52.76 51.18 49.59
Cs acre 37.83 37.33 36.50 35.67 34.83
Alf.hay acre 119.70 120.65 122.24 123.82 125.41
Pasture acre 72.00 72.00 72.00 72.00 72.00
Feed fed

Corn bu. 3966.86 3923.25 3850.57 3777.90 3705.22
Wheat bu. 327.07 315.92 297.35 278.77 260.19
CS ton 491.83 485.33 474.50 463.67 452.83
Alf.hay ton 190.67 187.42 182.00 176.58 171.17
SBmeal cwt . 362.55 363.02 363.80 364.58 365.36
Purchase

SBmeal cwt 362.55 363.02 363.80 364.58 365.36
Crop Sales

Corn bu. 2249.81 2343.42 2499.43 2655.43 2811.44
Wheat bu. 1844.96 1858.06 1813.24 1768.42 1723.59
Alf.hay ton 288.13 295.18 306.94 318.70 330.45
Milk Sales cwt. 8125.00 8125.00 8125.00 8125.00 8125.00
Marginal

Return to dol. 400.13 405.84 415.65 424.92 434.45

Cow
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Optimum Farm Organization With Five Replacement Rates

12,500 1bs base herd production average with 10 % bGH response

Replacement Rates

Item Unit 38% 357% 307 25% 207

ROVC dol. 59,023 59,395 60,032 60,635 61,254
Changes

in ROVC dol. 372 637 603 619
Cows head 65.0 65.0 65.0 65.0 65.0
Heifer head 27 .4 25.3 21.7 18.1 14.4
Crops

Corn acre 62.17 62.67 63.50 64.33 65.17
Wheat acre 61.97 61.02 59.43 57.85 56.26
CcS acre 37.83 37.33 36.50 35.67 34.83
Alf.hay acre 113.03 113.98 115.57 117.15 118.74
Pasture acre 72.00 72.00 72.00 72.00 72.00
Feed fed

Corn bu. 4463.29 4419.68 4347.01 4274.33 4201.65
Wheat bu. 250.39 239.24 220.67 202.09 183.52
CS ton 491.83 485.33 474 .50 463.67 452.83
Alf.hay ton 190.67 187.42 182.00 176.58 171.17
SBmeal cwt . 477 .30 477 .77 478.55 474.33 480.12
Purchase

SBmeal cwt. 477.30 477 .77 478.55 474.33 480.12
Crop Sales

Corn bu. 1753.38 1846.98 2002.99 2159.00 2315.01
Wheat bu. 2228.30 2201.41 2156.59 2111.76 2066.93
Alf.hay ton 261.46 268.52 280.27 292.03 303.79
Milk Sales cwt. 8937.50 8937.50 8937.50 8937.50 8937.50
Marginal

Return to dol. 359.07 364.79 374.59 383.86 393.40

Cow
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Optimum Farm Organization With Five Replacement Rates

12,500 1bs base

herd production average with 25 %Z bGH response

Replacement Rates

Item Unit 387% 35% 30% 257 207%

ROVC dol. 54,981 55,352 55,990 56,592 57,212
Changes

in ROVC dol. 371 638 602 620
Cows head 65.0 65.0 65.0 65.0 65.00
Heifer head 27.4 25.3 21.7 18.1 14.4
Crops

Corn acre 62.17 62.67 63.50 64.33 65.17
Wheat acre 68.08 67.13 65.54 63.96 62.37
CS acre 37.83 37.33 36.50 35.67 34.83
Alf.hay acre 106.92 107.87 109.46 111.04 112.63
Pasture acre 72.00 72.00 72.00 72.00 72.00
Feed fed

Corn bu. 5206.61 5163.01 5090.33 5017.66 4944.,98
Wheat bu. 134.60 123.46 104.88 86.31 67.73
CS ton 491.83 485.33 474.50 463.67 452.83
Alf.hay ton 190.67 187 .42 182.00 176.58 171.17
SBmeal cwt. 649.69 650.17 650.95 651.73 652.51
Purchase

SBmeal cwt. 649.69 650.17 650.95 651.73 652.51
Crop Sales

Corn bu. 1010.01 1103.66 1259.67 1415.68 1571.68
Wheat bu. 2588.53 2561.64 2516.81 2471.99 2427.17
Alf .hay ton 237.02 244.07 255.83 267.59 279.34
Milk Sales cwt. 10156.25 10156.25 10156.25 10156.25 10156.25
Marginal
Return to dol. 296.88 302.60 312.40 321.68 331.21

Cow
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Optimum Farm Organization With Five Replacement Rates

15,000 1bs base

herd production average with no bGH response

Replacement Rates

Item Unit 38% 35% 307% 25% 207%

ROVC dol. 70,367 70,738 71,376 71,978 72,598
Changes

in ROVC dol. 371 638 602 620
Cows head 65.0 65.0 65.0 65.0 65.0
Heifer head 27.4 25.3 21.7 18.1 14.4
Crops

Corn acre 62.17 62.67 63.50 64.33 65.17
Wheat acre 68.08 67.13 65.54 63.96 62.37
Cs acre 37.83 37.33 36.50 35.67 34.83
Alf.hay acre 106.92 107.87 109.46 111.04 112.63
Pasture acre 72.00 72.00 72.00 72.00 72.00
Feed fed

Corn bu. 4959.72 4916.11 4843.44 4770.76 4698.09
Wheat bu 173.71 162.56 143.99 125.41 106.83
Cs ton 491.83 485.33 474 .50 463.67 452.83
Alf.hay ton 190.67 187.42 182.00 176.58 171.17
SBmeal cwt . 592.06 592.52 593.31 594.09 594.87
Purchase

SBmeal cwt . 592.06 592.52 593.31 594.09 594 .87
Crop Sales

Corn bu. 1256.95 1350.55 1506.56 1662.57 1818.58
Wheat bu. 2549.43 2522.53 2477.71 2432.88 2388.06
Alf.hay ton 237.02 244.07 255.83 267.59 279.34
Milk Sales cwt. 9750.00 9750.00 9750.00 9750.00 9750.00
Marginal

Return to dol. 533.59 539.30 549.11 558.38 567.91

Cow




Optimum

15,000 1bs base
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Farm Organization With Five Replacement Rates

herd production average with

10 Z bGH response

Replacement Rates
Item Unit 38% 35% 30% 25% 20%

ROVC dol. 67,292 67,663 68,300 68,903 69,523
Changes

in ROVC dol. 371 637 603 620
Cows head 65.0 65.0 65.0 65.0 65.0
Heifer head 27 .4 25.3 21.7 18.1 14.4
Crops

Corn acre 62.17 62.67 63.50 64.33 65.17
Wheat acre 74.19 73.24 71.65 70.07 68.48
Cs acre 37.83 37.33 36.50 35.67 34.83
Alf.hay acre 100.81 101.76 103.35 104.93 106.52
Pasture acre 72.00 72.00 72.00 72.00 72.00
Feed fed

Corn bu. 5555.44 5511.83 5439.16 5366.48 5295.80
Wheat bu. 81.69 70.55 51.97 33.40 14.82
CS ton 491.83 485.33 474 .50 463.67 452.83
Alf.hay ton 190.67 187.41 182.00 176.58 171.17
SBmeal cwt. 729.76 730.23 731.01 731.79 732.57
Purchase

SBmeal cwt . 729.76 730.23 731.01 731.79 732.57
Crop Sales

Corn bu. 661.23 754.84 910.84 1066.85 1222.86
Wheat bu. 2885.88 2858.99 2814.17 2768.34 2724.52
Alf.hay ton 212.58 219.63 231.39 243.14 254.90
Milk Sales cwt. 10725.00 10725.00 10725.00 10725.00 10725.00
Marginal
Return to dol. 486.28 492.00 501.80 511.07 520.60

Cow
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Optimum Farm Organization With Five Replacement Rates

15,000 1bs base herd production average with 25 %

bGH response

Replacement Rates

Item Unit 38% 35% 30% 257 207

ROVC dol. 62,457 62,830 63,465 64,062 64,676
Changes

in ROVC dol. 373 635 597 614
Cows head 65.0 65.0 65.0 65.0 65.0
Heifer head 27 .4 25.3 21.7 18.1 14.4
Crops

Corn acre 62.17 62.67 63.50 64.33 65.17
Wheat acre 80.86 79.91 78.32 76.74 75.15
CsS acre 37.83 37.33 36.50 35.67 34.83
Alf.hay acre 94.14 95.09 96.68 98.26 99.85
Pasture acre 72.00 72.00 72.00 72.00 72.00
Feed fed

Corn bu. 6216.67 6266.67 6255.82 6166.54 6077.26
Wheat bu. 0.00 0.00 0.00 0.00 0.00
Cs ton 491.83 485.33 474.50 463.67 452.83
Alf .hay ton 203.58 192.98 182.00 176.58 171.17
SBmeal cwt. 879.50 910.02 933.03 932.83 932.63
Purchase

SBmeal cwt. 879.50 910.02 933.03 932.83 932.63
Crop Sales

Corn bu. 0.00 0.00 94.18 266.79 439.40
Wheat bu. 3234.24 3196.21 3132.81 3069.41 3006.01
Alf.hay ton 173.00 187.40 204.72 216.48 228.23
Milk Sales cwt. 12187.50 12187.50 12187.50 12187.50 12187.50
Marginal

Return to dol. 405.81 411.55 428.69 437.87 447 .32

Cow
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becomes an exclusively selling activity in the 25 percent
bGH response rate of the high production level.

Figures IV-3 and IV-4 present the return over variable
costs for different replacement rates. The return over
variable costs slopes consistently downward as replacement
rates 1increase. Changes of the return over variable costs
along with decreased replacement rates in all bGH response
rate scenarios are increased by almost the same amounts at
both production levels. It follows from this that the bGH
response rates do not make a significant difference 1in
changing the return over variable costs for the various

replacement rates.

Impacts by Type of BGH Adopter
2y oz

As with any new biotechnology, the rate of adoption
directly influences such things as output price levels etc.
The adoption rate directly affects the rate at which
production expands. Returns to technology usually vary by
type of adopter - early, mid late, and non adopters. BGH is
not likely to be an exception.

The outstanding characteristic of the current
environment is the financial stress being faced by many
dairy farmers. High debt loads combined with high interest
payments and low farm incomes are forcing many farmers to
alter their management practices and in some cases to exit

the industry. In light of the current government support
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program, this financial stress may quicken the pace at which
bGH is adopted. Furthermore, with the relatively small
expected costs and investment required for administrating
bGH, it will be more rapidly adopted. At the farm,
regional and national levels, rapid adoption and increased
milk production will likely have significant impacts on the
dairy industry. Given the static demand for milk and milk
products, increases 1in milk production will reduce market
milk prices and farm income.

This section presents the effects of bGH by adoption
rates on farm profitability. Although adoption rates by bGH
response 1in Missouri are not available, the results of a
study in New York will be used to project these rates for
Missouri (9). Adoption rates for New York are shown 1in
Table 1IV-18. In the study dairy producers were divided into
four groups: early, middle, late, and non adopters.
Classified as early adopters are those who would try bGH
within two years of availability. Middle adopters would try
bGH between two and four years after its availability. Late
adopters would wait more than four years, and non adopters
would never try bGH.

Table 1IV-19 presents the adoption rate for each type.
In this study, it is further assumed that the bGH adoption
rate will not vary by initial production level and expected
bGH response rates.

Tables 1V-20 and 1IV-21 detail the results of milk

production by response rates and adoption rates at the
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Table IV-18

Expected Time to First bGH Trial by New York Dairymen, 1984%

Initiation Date Percent/Respondents
Within 2 Years After Availability 66
Within 4 Years After Availability 10
Later than 4 Years 9
Never, Other No Response 15

100 (173 Samples)

* Source : Kalter et.al. (9)

Table IV-19

BGH Adoption Rates

Early Adoptor Mid Adoptor Late Adoptor Non Adoptor

Within

2 Years 66 2 =00 mm——mmm—e—————- 34 % ——mmmmmmme—e-
Within

4 Years = W —====———--- 76 % ======m==  ——m——————e- 24 } ====----

Later Than
4 Years = @ —mmmmmmmmm—————- 85 ¥ =—mmmmm————————o 15 %

* Source : Kalter et.al. (9)
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Milk Production by Response Rate and Adoption Rate
12,500 1bs Base herd Production Average

10 %7 bGH Response Rate
Within Within Later than
2 Years 4 Years 4 Years
Early Adoptor 893,750(10%)* 893,750(10%) 893,750(10%)
Mid Adoptor 812,500(NC) 893,750(10%) 893,750(10%)

Late Adoptor
Non Adoptor

812,500(NC)
812,500(NC)

812,500 (NC)
812,500(NC)

893,750(10%)
812,500(NC)

Average Milk
Production

866,125(6.6%)

874,250(7.6%)

881,563(8.5%)

Estimated
Price ($/cwt) 9.84 9.74 9.65
25 %7 bGH Response Rate
Within Within Later than
2 Years 4 Years 4 Years

Early Adoptor 1,015,625(25%)%*

Mid Adoptor
Late Adoptor
Non Adoptor

812,500(NC)
812,500(NC)
812,500(NC)

1,015,625(25%)
1,015,625(25%)

812,500(NC)
812,500(NC)

1,015,625(25%)
1,015,625(25%)
1,015,625(25%)

812,500(NC)

Average Milk

Production 946,563(16.5%) 966,875(19%) 985,156(21.2%)
Estimated
Price ($/cwt) 8.97 8.76 8.58

*# Parenthesis
production

indicates the

percentage of

change in

milk
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Milk Production by Response Rate and Adoption Rate
15,000 1bs Base herd Production Average

10 7 bGH Response Rate
Within Within Later than
2 Years 4 Years 4 Years

Early Adoptor 1,072,500(10%)*

1,072,500(10%)

1,072,500(10%)

Mid Adoptor 975,000(NC) 1,072,500(10%) 1,072,500(10%)
Late Adoptor 975,000(NC) 975,000(NC) 1,072,500(10%)
Non Adoptor 975,000(NC) 975,000(NC) 975,000(NC)
Average Milk
Production 1,039,350(6.6%) 1,049,100(7.6%) 1,057,875(8.5%)
Estimated
Price ($/cwt) 9.84 9.74 9.65
25 Z bGH Response Rate
Within Within Later than
2 Years 4 Years 4 Years

Early Adoptor 1,218,750(25%)*

1,218,750(25%)

1,218,750(25%)

Mid Adoptor 975,000(NC) 1,218,750(25%) 1,218,750(25%)
Late Adoptor 975,000(NC) 975,000(NC) 1,218,750(25%)
Non Adoptor 975,000(NC) 975,000(NC) 975,000(NC)

Average Milk
Production

1,135,875(16.5%)

1,160,250(19%)

1,182,188(21.2%)

Estimated
Price ($/cwt) 8.97 8.76 8.58
* Parenthesis indicates the percentage of change in milk

production
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12,500 pound and 15,000 pound production levels. Within two
years, 66 percent of Missouri producers will use bGH (early
adopters). In the early adoption phase total milk production
will increase by 6.6 percent for the 10 percent bGH response
rate and 16.5 percent for the 25 percent response rate.
Given the static demand for milk and free market policy,
within 2 years this increased milk production by the early
adopters will result in a milk price of $9.84 per cwt. for
the 10 percent bGH response rate and $8.97 per cwt. for the
25 percent bGH response rate. Also, 76 percent of producers
(including early and mid adopters) will be using bGH within
4 years of its availability. Total average milk production
increases by 7.6 percent for the 10 percent response rate
and 19 percent for the 25 percent response rate. The
resulting milk price is $9.74 per cwt. at the 10 percent
response rate and $8.76 per cwt. at the 25 percent response
rate. As expected, milk price declines will be greater for
the 25 percent bGH response rate than for the 10 percent bGH
response rate.

Tables 1IV-22 and 1IV-23 detail the results of bGH
adoption rates on the return over variable costs. There is
no siginificant difference in return over variable costs of
the early adopters between the 10 percent and 25 percent
response production levels. Similar patterns for return
over variable costs are found in the previous scenarios when
free market prices are observed. As bGH response rates

increase in the higher production level, the returmn over
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Table IV=-22

Return Over Variable Costs by Adoption Rates

12,500 1bs Base herd Production Average

10 Z bGH Response Rate

Within Within Later than
2 Years 4 Years 4 Years
Early Adoptor 63,071 62,177 61,372
Mid Adoptor 57,338 62,177 61,372
Late Adoptor 57,338 56,526 61,372
Non Adoptor 57,338 56,526 55,794

25 %2 bGH Response Rate

Within Within Later than
2 Years 4 Years 4 Years
Early Adoptor 63,099 60,966 59,138
Mid Adoptor 50,269 60,966 59,138
Late Adoptor 50,269 48,563 59,138

Non Adoptor 50,269 48,563 47,101
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Table IV-23

Return Over Variable Costs by Adoption Rates

15,000 1bs Base herd Production Average

10 Z bGH Response Rate

Within Within Later than
2 Years 4 Years 4 Years
Early Adoptor 71,947 70,874 69,909
Mid Adoptor 64,941 70,874 69,909
Late Adoptor 64,941 63,966 69,909
Non Adoptor 64,941 63,966 63,088

25 7% DbGH Response Rate

Within Within Later than
2 Years 4 Years 4 Years
Early Adoptor 71,996 69,437 67,243
Mid Adoptor 56,458 69,437 67,243
Late Adoptor 56,458 54,411 67,243

Non Adoptor 56,458 54,411 52,656
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variable -costs of all milk producers decrease when the
expected adoption time is longer. The return over variable
costs of early adopters is higher than the rest of the
producers. The increases range from 9 to 22 percent. The
high end of the range is , as expected, for the 25 percent
bGH response rates in the high production level. Compared
to the representative farm with complete bGH adoption, early
adopters have a 5 percent greater return over variable costs
in the 10 percent bGH response rate and a 13 percent higher
return in the 25 percent bGH response.

Tables 1IV-24 and IV-25 present the return over variable
cost and approximate bGH expense by type of adopters in five
years production period. The bGH production cost have
estimated by Kalter et al (9). Its cost range from $4.23
per gram of bGH with which plant capacity cover 0.5 million
cow daily dose to $1.93 per gram of bGH with a daily cow
capacity of 6.5 million. The resulting prices to produce
bGH depends on plant size and exist substantial economies of
sclae. For early adopter within 2 years of availability,
bGH expense on dairy cow costs higher than mid or 1late
adopter.

Compared the net returns of early adopter between 10
percent and 25 percent response rate with 12,500 pound
production level, there are slight difference of net returns
in five years period. However, mid and late adopter with
25 percent bGH response rate have significant 1less net

returns than with 10 percent bGH response rate. As we
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Table IV-24

ROVC and bGH Cost in 5 Years Period
(12,500 1bs Production Level)

10 % Response

Type ROVC
of bGH* Net
Adoptor Expense Returns
Yr.l&2 Yr.3&4 Yr.5 Total
Early 126,142 124,354 61,372 311,868 6,500 305,368
Mid 114,676 124,354 61,372 300,402 3,831 296,571
Late 114,676 113,052 61,372 289,100 1,186 287,914
Non 114,676 113,052 55,794 283,522 - 283,522
25 %Z Response
Type ROVC
of bGH*. Net
Adoptor Expense Returns
Yr.1l&2 Yr.3&4 Yr.5 Total
Early 126,198 121,932 59,138 307,268 6,500 300,768
Mid 100,538 121,932 59,138 281,608 3,831 277,777
Late 100,538 97,126 59,138 256,802 1,186 255,616
Non 100,538 97,126 47,101 244,765 - 244,765

* BGH costs are different depending on production plant

capability and not including the marketing costs.
BGH is administrated 44 mg dose per cow per day and 215 days.

** Based on the Kalter et.al.

study (9)
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Table IV-25

ROVC and bGH Cost in 5 Years Period
(15,000 1bs Production Level)

10 % Response

Type ROVC
of bGH* Net
Adoptor Expense Returns
Yr.1l&2 Yr.3&4 Yr.5 Total
Early 143,894 141,748 69,909 355,551 6,500 349,051
Mid 129,882 141,748 69,909 341,539 3,831 337,708
Late 129,882 127,932 61,909 327,723 1,186 326,537
Non 129,882 127,932 63,088 320,902 - 320,902
25 % Response
Type ROVC
of bGH* Net
Adoptor Expense Returns
Yr.l&2 Yr.3&4 Yr.5 Total
Early 143,992 138,874 67,243 350,109 6,500 343,609
Mid 112,916 138,874 67,243 319,033 3,831 315,202
Late 112,916 108,822 67,243 288,981 1,186 287,795
Non 108,822 52,656 274,394 -— 274,394

112,916

* BGH costs are different depending on production plant

capability and not including the marketing costs.
BGH is administrated 44 mg dose per cow per day and 215 days.

** Based on the Kalter et.al.

study
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expected, in 15,000 pound production level and 25 percent
reponse rate, the early adopter receives 9 percent more net
returns of mid adopter and 19 percent more net returns of
late adopter in five years production period. It indicates
that even though falling milk prices due to increased milk
production and free market price, early adoptor have higher
net returns than other adopter. Relatively small increased
milk production with a 10 percent bGH response rate make net
return between each adopter insignificantly different. With
high 25 percent bGH response rate increased milk production
fall market milk price shaply in five years production
period, thus early adopter have a great advantage to earn

more returns than mid or late adopter.



CHAPTER V

SUMMARY AND CONCLUSIONS

Summarz

The trend in the Missouri dairy sector, 1like that in
most states, has been toward an increasing average milk
productivity per cow and larger but fewer dairy farms.
These changes have resulted from technological changes and
associated economies of size, specialization and cafital
requirement; institutional forces; and economic and
political forces. These factors have affected the dairy
markét, dairy farm structure and dairy farm income. This
research focuses on the effects of one technological change
on milk production, dairy farm organization, and farm
profitability.

Researchers have shown that a new biotechnology,
bovine Growth Hormone(bGH), can dramatically increase the
milk productivity per cow by 10-40 percent. It is now being
tested for Food and Drug Administration (FDA) approval, and
many researchers believe that dairy farmers will adopt the
bGH rapidly due to its benefits. It is estimated that
production efficiency and milk yield per cow would increase
substantially. This increased milk production may result in
either significantly lower milk prices from the larger

surplus stocks and the government expenditures for the
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present dairy support program, or in fewer —cows in
production. For that reason, this study has considered the
alternatives to the current dairy program and investigated
the impacts of bGH on the profitability and optimal
organization of a typical Missouri dairy farm.

For purpose of analysis a typical farm was projected
from the MIR Program. Two different productivity per cow,
12,500 and 15,000 pound, were examined by 10 percent and 25
percent bGH response rates. It was assumed that voluntary
feed intake and nutrient requirements are increased as
needed to produce the increase milk 1levels. Dairy farm
budgets and feed crop budgets were obtained from Missouri
Farm Planning Handbook.(19) As a analytical method, 1linear
programming was used for maximizing the return over variable
costs and finding the optimal farm organizations.

This study analyzed five scenarios of bGH impacts on
potential farm profitability. First, assuming that the
current government price support at the base price of
$10.50/cwt. is left intact, the individual dairy farm
received more returns as milk productivity per cow increased
with each bGH response rate. This increase ranges from 10-11
percent for farms at the 10 percent response rate to 25-27
percent at the 25 percent response rate above the base. The
economic benefits of administering the bGH are similar in
both bGH response rates and production groups. Increased
returns were accompanied with increased feed requirements

and feeds fed, which producers would meet by reducing crop
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sales rather than increasing feed purchases.

Second, the implication for the changing marginal
values were investigated when free market milk prices, with
no government price support, respond to increased
production. The return over variable costs according to the
declining milk prices was less profitable to dairy farmers
at both production levels. In all cases, the percentage
decline in returns substantially exceeded the percentage
change in market milk prices.

Third, as an alternative to the dairy supply control
program, imposing the mandatory milk quota plan on dairy
producers was considered. Return over variable costs in
the dairy farms regulated by the milk quota and supported by
government program decreased by 4-5 percent at the 10
percent response rate, and decreased by 11-12 percent at the
25 percent bGH response rate in both two production levels.
Milk producers in the non-quota farm could not receive the
same milk price as the quota farms. The milk producers
above 66 percent are in the quota plan, the producers in the
non-quota farm will increase the return over variable costs.

Fourth, the effects of changing replacement rates on
dairy farm profitability corresponding to the bGH response
were examined. The number of heifer declined by 47 percent
from a 38 percent replacement rate to a 20 percent
replacement rate. The return over variable costs was
increased slightly by 3-4 percent from a 38 percent

replacement rate to a 20 percent replacement rate as bGH



90

response rates increase.

Finally, the effects of bGH by adoption rates on the
farm profitability were studied. As bGH response rates
increase 1in the higher production 1level, return over
variable <costs of all milk producers are decreased when
expected adoption time is longer. Return over variable costs
is higher for early adopters than for other producers. The
increase ranges from 9 to 22 percent. Compared to the
representative farm which was bGH adoption complete, early
adopters have a 5 percent greater return over variable costs
in the 10 percent bGH response rate and a 13 percent higher

return in the 25 percent bGH response.

Conclusions and Implications

The administration of bGH and its‘response to milk
production levels result in major changes in profitability
of Missouri dairy cow enterprise and some adjustments in
crop organization.

With government price supports, the return over
variable costs to the representative farms increases 10 to
27 percent depending on bGH response rates and average base

milk production levels. As milk production by wusing bGH

increases, producers reduced <crop sales and increased
purchasing soybean meal. Feed combinations to meet the
nutrient requirements change with increasing corn and
soybean meal fed and decreasing wheat fed. Purchasing more

soybean meal substituted for feeding wheat. With this
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scenario dairy farmers will earn more profit, but it will
result in larger government expenditures and milk surplus
stocks. New entrants with this economic advantage would
come into the dairy industry.

The results of this study indicate that the free market
policy and no government support program decreased the milk
price as milk production increased and that the returm over
variable <costs was less profitable to dairy producers 1in
both production 1levels. A 21 percent reduction in milk
prices at the 25 percent response rate resulted in a return
over variable costs reduction which varies from 10.7 percent
in the 1low production level to 11.1 percent in the high
production 1level. Thus, a 15 percent reduction in the
market price for milk is sufficient to make all farmers
worse off even with a 25 percent bGH response rate. This is
a consequence of the bGH administration under the conditions
of free market policy and the complete adoption of bDGH in
dairy industry.

The return over variable costs for all milk producers
decreasing when expected adoption time 1is longer. As
expected, the return over variable costs for early adopters
is higher than for the rest of the producers. Compared to
the representative farm with no bGH administration under
free market policy, the early adopter with 10 percent or
with 25 percent response rate has no significant increase in
return over variable costs. Estimating free market milk

prices to 1990 suggested that bGH administraiton would not
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significantly increases dairy farm profits.

The milk quota plan was considered as a alternative of
government support program. If the government supports the
milk price and regulates the milk quota, milk producers in
the quota plan could increaée their return over variable
cost from the free market scenario by 9.0 and 20 percent in
the 10 percent and 25 percent bGH response rate,
respectively. Return over variable costs in non-quota farm
increase as more milk producers participate in the milk
quota plan. If up to 66 percent of the producers are in the
quota plan, the return over variable costs in non-quota
farms is less than in the quota farms. Results implied that
if 100 percent of the producers maintained the normal
production level, the milk production would remain
unchanged, but milk cows and heifers would decrease by
nearly 9 and 20 percent in 10 percent and 25 percent
response rates. The return over variable costs of the
quota farm is 4.4 percent lower at 10 percent response rate
and 11 percent lower at 25 percent bGH response than that
of the government supported price scenario, and 9.8 percent
higher at the 10 percent response rate and 25.1 percent
higher at the 25 percent bGH response rate than that of the
free market scenario. This scenario indicates that dairy
farmers will be better off with quota plan than with the
free market policy. With the quota plan the government will
reduce the milk support expenditures when bGH is available

for commercial use.
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This study concluded that the changes of return over
variable <costs by replacement rates in all bGH response
rates were decreased by almost the same amounts at both
production 1levels and that the bGH response rates do not
make a significant difference 1in changing returmn over
variable <costs by the replacement rates. The only slight
change in return over variable costs from the high
replacement rate to the low replacement rate resulted from
the decreases in cull cow sales, which makes more return at
higher replacement rates, and from the increases in crop
sales due to less feeding to heifers. It implied that the
beef sales of dairy cull cow were relatively profitable in
higher replacement rate because of the lower milk price 1in

the free market polcy.














































































B. Objective 2, procedures consist of selecting
the 20 or so producers for this pilot project.
As indicated, producers will be selected from
those that direct market to the cooperating
plant; agree to assess alternative strategies
when determining potential production adjust-
ments; and have records adequate to determine
production efficiency, such as rate of gain,
days to market, pounds of feed per pound of
gain, etc. Wherever possible production
efficiency data obtained will be linked with
previously conducted studies on impacts of
disease to determine impacts of reduced
morbidity. This will allow for analysis of
production costs, etc., under more control
of the environment, changing rations due to
economic conditions, etc. A list of potential
producers will be determined through .contacts
with the Missouri Pork Producers, extension
specialist, and Missouri Management Information
Records, MIR, (a computerized farm record
gservice offered through the extension division
at the University of Missouri). Producers
will keep records on production adjustments
made and when made and all data will be
collected and compiled onto a file for later
analytical use.

Implementation of the system plan will be

done at the producer's place of business.
Results from the slaughter morbidity check
will be shared with UMC personnel and the
producer. After examining the data, UMC
personnel will meet with the producer and
discuss alternative strategies aimed at
reducing morbidity problems. Producers will
then decide on which action seems most reason—
able and implement it. About 6 to 12 months
later, another slaughter check will be con-
ducted. A follow-up meeting with producers
will focus on results as compared to the

first check to determine the effectiveness

of the adjustment. From this, further adjust-
ments may surface, '

C. Objective 3, procedures consist of measuring
costs and benefits of the animal health
information delivery system using standard
budgeting techniques and data collected.
Benefits would be those of reduced health
problems and resulting increased production
efficiency. Additionally, pork quality may
be increased. System costs can be determined
through estimating human and capital cost in



9.

PROGRESS REPORTS
AND OUTPUTS:

D.

A.

B.

conducting the information deliver system.

In estimating program costs, it will be neces-
sary to determine costs as the pilot project
is conducted but also have some knowledge of
potential costs if the project were expanded
to the industry level. Costs per farm, per
unit, etc., would likely differ between an
industry level analysis and pilot project
level analysis. Impacts on packer and inspec-
tion service costs and beneftis will also be
estimated,

Objective 4, procedures would relate directly

to those of objective 3. Pilot project results
will be aggregated to the industry level by
developing and applying a model to determine

if morbidity information delivery to producers
who market direct is cost effective. Recommenda-
tions will be made on potential delivery

systems and networks if a morbidity problem
exists.

The University of Missouri will provide,
quarterly, a report on research progress and
findings to the Service.

Specific products and/or reports to be pre-
pared by the Institution are as follows:

1. Establish and maintain files for all data
‘collected for use of this project.

2. Document all models developed to construct
and assess the swine health information
system.

3. Submit a draft of a report during the
second half of calendar year 1986 that
provides a comprehensive description and
suitability of the design of the swine
health information system.

4, Submit a draft of a comprehensive report
by Jan. 1, 1988, that describes the
application of the swine health informa-
tion system.

S. Provide a draft of a final report. by
July 1, 1988 that describes in detail
the results obtained and feasibility of
nationwide use of the system, with special
emphasis on the net benefits (1) to
producers who rely on open markets, (2) to
swine slaughterers and (3) government
meat inspection agencies.



10.

RESPONSIBILITIES
ASSUMED:

A.

6.

7.

The

The Institution and Service will be
responsible for the preparation and publi-
cation of final reports developed from

the draft reports provided by the Institu-
tion -- the number of final reports and
publisher to be jointly determined at

the time. The anticipated completion
date is September 1988.

The Institution and/or Service staff may
publish results of the study in journals,
trade papers, special articles, speeches

or other appropriate outlets providing

that the other party is notified before-
hand, sufficient time is provided for
review and publication approval, and the
cooperation and input of the other coopera-
ting party is suitably acknowledged.

Institution agrees to:

(1

(2)

(3)

(4)

The

Assign an agricultural economist(s) to
serve as project leader and/or jointly
supervise the cooperative work.

Assign other professional and clerical
personnel, as needed, to collaborate with
the Service in conducting the research
project.

Pay travel and per diem expenses of
respective Institution employees.

Provide necessary office space, office
equipment, and supplies for all personnel
assigned to the project.

Service, through its National Economics

Division, agrees to:

(1)

(2)

(3)

Furnish joint supervision or consultant
services for the project.

Pay travel and per diem expenses for
Service employees.

Assist in defraying the cost of the
project by reimbursing the Institution
of direct project costs indicated in
Appendix A of this agreement; however
funds provided by the Service to the
Institution will not exceed $44,500 in
total.



11.

MUTUAL AGREEMENTS:

B.

C.

D.

E.

Computer programs written and data cards/tapes
prepared under this Agreement, the cost of
which is reimbursed by the Service, are and
shall remain for use by the Institution.

All programs shall be written in either

COBOL, FORTRAN, or in languages compatible
with micro-computers as mutually agreed.

To obtain reimbursement the Institution

shall submit to the Service Standard Form

270 (SF-270), Request for Advance or Reimburse-
ment, or comparable document. The request for
reimbursement may be submitted monthly or
quarterly to the Service. The reimbursement

is contingent upon the submission of quarterly
reports by the Project Leader for the Institution.

Attached as Appendix A is a budget of esti-
mated expenditures for the period of the
Agreement which will serve as a planning and
management device, though not as a fiscal
document.,

Unless specifically authorized elsewhere in
this Agreement, reimbursement will not be
allowed for nonexpendablle equipment, real
property and capital improvements, and other
assets,

Progress reports, outputs and requests for
reimbursement will be sent to the following:

Clark R. Burbee

USDA-ERS—-NED

500 12th St., S. W., Room 112
Washington, D. C. 20250
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