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ABSTRACT

PROTOCOL FOR THE COST-BENEFIT ANALYSIS OF
DAIRY CATTLE HEALTH MANAGEMENT

by

Paul A. Cummins

This study establishes a protocol for the cost-benefit analysis of
dairy cattle health management which will be utilized within the Food Animal
Health Resource Management System (FAHRMX) at Michigan State University. The
goal is for the data storage and processing capabilities of microcomputers
to be exploited for the rigorous economic analysis of specific disease con-
trol procedures on individual commercial dairy farms. The data requirements
and modeling difficulties that must be overcome for such analysis are dis-
cussed.

A single equation multivariate linear model of milk production, based
on data available previous to FAHRMX, is used to demonstrate how inclusion of
culled cows helps correct for the high positive parameter estimate expected
for cystic ovaries. Future improvements depend on the identification of a
set of simultaneous equations.

Results of a questionnaire concerning farm infrastructure as it relates

to dairy cattle health care are also presented.



The cow is of the bovine ilk;

one end is moo, the other, milk.

The Cow, by Ogden Nash
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Chapter One
Introduction

A. The goal of efficient resource use.

Economically efficient use of resources occurs when each resource makes its
maximum contribution to predetermined objectives. The goal of economically
efficient employment of resources is obtainable only within the limits of known
applications. Resource owners, dairy farmers for our purposes, make estimates of
the expected return from investment of their resources in each known application
(expected return = probability of payoff multiplied by the payoff). They weigh the
expected return of each investment against the other known alternatives when
deciding how to best utilize their time, money, and land. The dairy farmer's
estimate of expected return may be more or less explicit depending on the amount
of accounting information available.

1. Both monetary and non-monetary objectives are relevant.

The maximization of monetary profit is one common objective. However,
there are non-monetary objectives relevant to dairy farming. Farmers may have
favorite animals that receive care unjustifiable in terms of monetary gain alone.
In some cases, their purchase of ever more expensive equipment, including new
computer technology, may be primarily motivated by social status considerations
(see Appendix 1). Investments made for non-monetary reasons have consequences
that can be measured in dollar terms, however. In fact, all the decisions
concerning resource use on the farm have consequences that can be given a dollar
value.

2. More monetary accounting information helps with both monetary and
non-monetary decision making.

When a dairy farmer invests in a given venture, the gain to be had from the
next best alternative is sacrificed. When farmers' primary objective is monetary

profit, they would like to know in what use their resources are likely to yield the



highest monetary return. Presumably, farmers would also like to know the amount
of money they forego when they utilize resources to meet non-monetary objec-
tives. The fulfillment of both monetary and non-monetary objectives would be
facilitated by more clearly delineating the monetary consequences of farm
resource use. With monetary accounting information, objective weights can be
given to subjective decisions. This means that fewer investment "mistakes" will be
made when more monetary accounting information is available. Therefore,
regardless of the farmers' objectives, they will benefit from knowing more
precisely what the monetary value of their resources are in different applications.

B. Great potential gains to be had by improving animal health management
are largely hidden from dairy farmers.

When a calf or cow dies, the farmer recognizes the loss of all the milk and
offspring that would have been produced by the animal had it not died. Other
losses of productive potential are not so obvious. For example, when productivity
is impaired by subclinical mastitis or infertility, nothing that physically existed is
taken away from the farmer. What is lost in these instances is potential. Because
losses from subclinical mastitis and infertility are difficult to recognize and
quantify, investment in mastitis and infertility control are among the farmer's
least well-known alternatives. For these same reasons, many veterinary treat-
ments for mastitis and infertility remain controversial.

The potential for profit through increased attention to dairy animal health
management is evidenced by the enormous dollar losses attributed to mastitis and
infertility. Blosser (1979) estimated that $1.3 billion was lost due to mastitis in
U.S. dairy cattle in 1976. He attributed 69 percent of this loss to subclinical
mastitis. Meyer (1953) reported that impaired fertility causes a total annual loss
of $800 million in U.S. cattle. Adjusting only for inflation, this latter estimate

would have to be more than tripled to bring it up to date.y Although the validity

Y All price adjustments for inflation made using the change in consumer price
index for all items (Statistical Abstract of the United States, 1981).



of these estimates may be questioned, nonetheless they indicate the magnitude of
these two health problems.

1. Detection of hidden losses requires careful monitoring of performance.

Detection of lost production potential, such as that caused by mastitis and
infertility in dairy cattle, requires careful monitoring of a herd's performance.
Health and production records must be combined and compared over time. The
data requirements for such monitoring are significant. Computer technology has
made the cost of extensive data storage and processing very low. A research
project at Michigan State University called the Food Animal Health Resource
Management System (FAHRMX) has demonstrated that detailed animal health
management data can be collected and computerized with minimal farmer effort
(see Appendix 2 for FAHRMX grant proposal).

2. FAHRMX is now developing a means to carefully monitor dairy herds'
health management performance.

FAHRMX is an experiment initially involving 24 dairy farms served by 5
veterinary practices throughout Michigan. There are three stages of the system's
function: data collection, data formatting, and data processing.

a. FAHRMX data collection.

Data currently being amassed by FAHRMX include records of all veterinarian
and farmer delivered health care: vaccinations, disease treatments, calving dates,
results of reproductive exams, etc. When participating farmers or veterinarians
treat an animal, they record, in their own words: the date, the animal ID, and the
action taken. The action taken may include the time spent in treatment, the
dosage of drug administered, and any other details they deem pertinent. Their
script is translated into codes and entered onto microcomputers by technicians at
the five veterinary offices.

Other data are collected for FAHRMX through a questionnaire administered

to each dairy farm concerning housing, milking, and health treatment facilities,



among other things (see Appendix 3). These data will be most useful for interfarm
comparisons of performance.

Communication between the five microcomputers and the mainframe com-
puter at Michigan State University will allow for the aggregation of data from the
five veterinary practices and make interfarm comparisons more meaningful. Such
communication will also permit the exchange of information between the Dairy
Herd Improvement Association (DHIA), which is a milk production monitoring
service, and FAHRMX. Communication with DHIA will not only allow immediate
access to milk production information but will also provide genetic data from
DHIA's semiannual inventory reports. In conclusion, the total data collecting
ability of FAHRMX encompasses farm infrastructure, animal health histories, labor
and drug expense for health care, genetic information, and milk production.

b. FAHRMX data formatting.

There are a number of useful features of FAHRMX that simply involve
organizing, or formatting, the data mentioned above. First, FAHRMX design
allows for the easy retrieval of health, and eventually, milk production data on
individual animals. This feature is important when, for example, an animal's health
history must be considered before administering additional treatment. Second,
FAHRMX software calculates whole-herd and whole-system statistics such as
disease incidence figures. This provides some basis of comparison between herds,
which will help farmers decide what their major animal health management
problems are. Third, the existence of the data and the computer's quick searching
ability are exploited by FAHRMX to raise "flags" or notices of upcoming necessary
action like reproductive exams or vaccinations. The above three capabilities are
also combined when, for example, the results from previous reproductive exams are

displayed for all animals that are currently due for examinations.



c. FAHRMX data processing.

Although there are many benefits of merely reorganizing and aggregating
FAHRMX's detailed animal health-related data, the most exciting opportunities
presented by the data are their use for comparative medical purposes. It has never
before been possible to measure, on a continuing basis, the effects of different
disease control procedures on the milk producing potential of commercial dairy
herds.

C. Comparative medicine and the farmer's resource-use decisions are
equally well served by cost-benefit analysis.

Veterinarians and farmers alike are interested in which treatments and
procedures are most effective in reducing cost and improving the productivity of
their herds. The delineation of the costs and benefits of each health control
technique would reveal the value of expenditure in each procedure to both farmers
and veterinarians.

Such cost-benefit analysis would be new to veterinary medicine. Farmers
could see the effectiveness of different health management procedures working
within their own resource constraints. Many of the losses from health management
problems would no longer be hidden. This would work to the veterinarians'
advantage because they would no longer just have research herd results with which
to convince a farmer of the benefits of a new technique. A discriminating cost-
benefit analysis system for dairy herd health would also provide a check on the
recommendations that veterinarians make.

The assumption was made earlier that further investment in dairy cattle
health care merits consideration. A cost-benefit analysis system for animal health
management would show where profitable investments exist within animal health
manvagement. Profitable investments in this area certainly exist. However, this
does not mean that it is in the farmer's best interest to pour all available funds into

animal health management. Even with a cost-benefit analysis system for dairy



cattle health management, farmers would still have to decide if there are more
profitable investments outside the scope of health management. For now, the
development of a cost-benefit analysis system for dairy cattle health management
is a big enough task. It is best to start where the greatest benefits are expected,
but the need for economic decision aids for other aspects of dairy farming should
be recognized. Once a cost-benefit analysis system is operational for dairy cattle
health management, it could be expanded to include other farm enterprises.

D. Scope of Thesis

The purpose of this thesis is to develop a protocol for the cost-benefit
analysis of dairy cattle health management. The economic analysis of dairy cattle
health management has received much attention in the literature and has been
frequently misunderstood, as evidenced in the literature review (Chapter 2). In all
fairness, the rigor of previous studies has suffered from the lack of detailed health-
related data, and the present study was undertaken in response to the new data
capabilities outlined earlier, But the persistence of much used and very question-
able estimates of losses due to disease problems is disturbing. If unsubstantiated
estimates of economic losses caused by disease in dairy cattle are continually
quoted because of a lack of understanding of economic analysis, then a clear
presentation of the requirements for the economic analysis of dairy cattle health
management is long overdue. Cost-benefit analysis is simply a form of economic
analysis, or an economic model. A substantial part of this thesis is concerned with
the method of cost-benefit analysis as it pertains to dairy cattle health manage-
ment.

The acoounting tool used for cost-benefit analysis is the partial budget. The
standard partial budgeting procedure includes a list of factors which reduces profit
(costs) by either increasing costs or reducing income, and a list of factors which

increases profit (benefits) by either increasing income or reducing costs (Harsh



et al., 1981). Creating an economic model for dairy cattle disease control consists
primarily in identifying relevant costs and benefits, and organizing them as is done
in Chapter 3.

Once it is clear how the costs and benefits will be used to aid in decision
making, the next problem is estimating them. Estimating reduced lactating
potential due to disease probably is most difficult because lactating potential is
affected by many factors, and is itself difficult to estimate. Chapter 3 also
contains a statistical model which is expected to estimate reduced lactating
potential due to cystic ovaries and metritis (because these were the only diseases
for which data were available retrospectively) better than has been done previous-
ly. However, questions about the specification of the model are raised, and
suggestions are made as to how the model can be improved using current FAHRMX

data.



Chapter Two

The Economic Evaluation of Dairy Cattle Health Management:
A Review of the Literature

A. Introduction

A critical review of the available literature on dairy cattle health manage-
ment reveals a growing interest, over the last two decades, in "economic" analysis.
This is a function of the increasing importance given to less conspicuous effects of
disease and lack of attention to animal health management. Such "hidden" effects
include production losses due to subclinical mastitis and suboptimal breeding
performance. The purpose of these "economic" studies has either been to stress
the need for additional research expenditure or to "prove" the value of regular
veterinary visits emphasizing reproductive herd health. Estimates of industry-wide
losses due to mastitis and infertility are based on little more than guesses and
should therefore be viewed with scepticism.

Measures of the value of regular veterinary visits or programmed herd health
have suffered from the inability to isolate the most profitable features of these
programs. Also, by comparing the farms' performance before and after the new
program's inception, some investigators failed to correct for performance trends
which were independent of the new program. In most cases, estimates of the
effects of health‘management programs do not account for individual dairy farms'
resource constraints. Despite these difficulties, the magnitude of the returns
possible from increased attention to fertility and udder health have been demon-
strated.

Progress in measuring the value of dairy cattle health care depends largely on
understanding the relationship between health care, disease, and milk production.
Recent evidence shows a positive correlation between milk production and some
diseases. Whether this correlation is spurious or not remains to be proven. All

previous studies on the economics of dairy cattle health management have been



limited by lack of detailed data. Computer-facilitated data collection will allow
for more rigorous analysis.

B. Estimating Losses Due to Mastitis

Numbers are often assumed to be magically endowed with objectivity. Once
a numerical estimate is made, the subjective steps in making the estimate may be
forgotten. In the case of estimating the cost of mastitis and infertility in dairy
cattle, the tenuous nature of estimates made to date should be recognized.

In a 1979 article, Blosser reviewed the literature concerning economic loss
due to mastitis in dairy cattle in the U.S. and other countries. His goal was to
emphasize the need for further research by demonstrating the magnitude of loss
due to mastitis. His estimate of $1.3 billion lost in the U.S. in 1976 ($2.6 billion in
1981 dollars) is based on an aggregate of estimates made by one person from each
of 33 states whom he lets "represent" 86 percent of U.S. dairy cattle. The
"representatives" were asked what the magnitude of losses§ was in their respective
states, which collectively contained 86 percent of U.S. dairy cattle. Many of these
statewide estimates were based indirectly on research which related reduced milk
production to results of California Mastitis Test (CMT) scores (Janzen, 1970;
Forster et al., 1967; Natzke et al., 1965; Philpot, 1967). This research attributed a
percentage loss of milk production to a standardized mastitis test score. With
some idea of the incidence and severity of mastitis (i.e., percent of dairy cattle -
showing CMT T, 1, 2, or 3), the investigator could estimate reduced milk
production. Unfortunately, such incidence data is not yet available for large
populations. Therefore, the estimates aggregated by Blosser are little more than
impressions.

Research is now being carried out to relate CMT results to the Dairy Herd
Improvement Association's (DHIA) method of counting somatic cells (Kirk, 1982).

DHIA's Somatic Cell Count (SCC) is done electronically and requires minimal
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additional effort during monthly milk testing. If DHIA's SCC can be reliably
associated with CMT scores, then DHIA's SCC can be used to estimate reduced
milk production due to mastitis instead of CMT scores. Success in this area of
research would mean that data concerning the incidence and severity of mastitis
could be as widespread as DHIA's network.

C. Estimating Losses Due to Reproductive Health Management Problems

Tracing the origins of estimates of losses due to reproductive health
management problems also proves difficult. In a 1964 article, Hershler and co-
authors made reference to an estimated loss of $800 million (2.3 billion 1981
dollars) due to impaired fertility in all U.S. cattle. The reference is to a paper by
Meyer (1953) in which he simply listed a figure given to him by a friend. It is
difficult to have much confidence in this estimate when none of the details of its
calculation are known.

In order to estimate the monetary benefit of reducing calving intervals
through a herd health management program emphasizing reproductive efficiency,
Hershler et al. (1964) used a figure from Haller (1957) of $1.66 lost for each day
beyond a 12-month calving interval (CI). Assuming that a 12-month CI is optimal,
Haller determined from a New York survey that, "each month's delay in rebreeding
means a $45 to $50 loss in production and maintenance." He attributed $20/month
for maintenance and the balance to lost production. Converting the $50 figure to
days, this came out to $.66/day for maintenance and $1.00/day due to lost
production. It is necessary to point out that the only real loss was due to
unrealized milk production. The maintenance cost must have been paid regardless
of whether the cow was pregnant or not. Assuming for simplicity that the
maintenance cost was $.66 regardless of reproductive status, and that $1.00 worth
of milk could be gained for each day that a CI was reduced (to a limit of 365 days),

then for each day that a calving interval was extended beyond 365 days, only $1.00
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was lost, not $1.66 as one might assume from reading Haller. In other words, $1.00
could not have been gained without losing $.66. 1f there is no way to have gained
$1.66/day even with 365-day calving intervals, how could $1.66/day be lost when
calving intervals were longer than 365 days?

Louca and Legates (1968) were aware of the tenuous nature of previous
estimates of losses due to extended Cls, and cleared up much of the ambiguity.
Louca and Legates rigorously studied the effect of "days open," defined as "the
interval between parturition and successful mating," on milk production. They
agreed that the length of CI provides much of the same information as days open.
They found that days open are not uniformly expensive for all lactations. Each
additional day open in first lactation Holstein cows was associated with an average
of 1.16 kg. (2.6 Ibs.) less milk per lactation period. For cows in their second and
third lactations, the corresponding figures were 3.58 kg. (8.0 Ibs.) and 3.68 kg. (8.2
Ibs.), respectively. A reduction of 8.0 lbs. of milk represented a loss of $1.07 in
1982 (8 Ibs. # $13.42/cwt. = $1.07). This estimate did not include adjustment for
the reduced calving rate, with which Louca and Legates were also concerned.
Estimating the cost due to a reduction in the number of calves born per year
because of extended CI depends largely on the value of the calves that were not
born. This rather complex problem is discussed in Chapter Three.

Louca and Legates' results also support previous evidence that gestation does
not significantly affect milk production until after the first 210 days of lactation.
This suggests that the lowered milk production brought about by delayed breeding
only appears after day 210.

Louca and Legates concluded that lifetime milk production could be maxi-
mized by keeping days open to a minimum. They suggested a 13-month CI for first

calvers and a CI as short as possible for older cows. They acknowledged that the
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limit on the minimum length of CI is the sum of a 280-day gestation period and the
26-80 daysg-/ after calving required for insemination to be most successful.

Their research could be improved by accounting for the reasons for extended
Cl. Research by Erb et al. (1981) and results reported in this thesis show a positive
association between cystic ovaries, which lengthens CI, and high production in
cows. This suggests that cows with cystic ovaries make longer ClIs look better
because they raise the average production of cows with longer Cls. Without proper
adjustment for the effects of the disease, the costs of lengthened CI, in terms of
reduced production, may be misinterpreted.

D. Measuring the Value of Dairy Cattle Health Care

1. The Rise of Intensive Preventive Care

In the past 20 or 30 years, there has been a shift in veterinary medicine from
strictly emergency service to intensive preventive care for dairy herds. By
controlling the most detrimental contagious diseases and by overcoming area
mineral deficiencies, veterinary science has been a crucial factor in the trend to
greater herd size (Morris and Blood, 1969). With more intensive animal production,
veterinary medicine has become more intensive./ Greater emphasis has been put on
management problems such as improving reproductive efficiency. A number of
studies have encouraged the practice of intensive preventive veterinary medicine
for dairy cattle by estimating high returns from its application. Although these
studies show that preventive programs can be profitable, especially through
improving reproductive performance, they could be further improved by more
attention to detail.

A common feature of past studies is that they calculated the value of a whole

program. This made it impossible to isolate the most profitable components of a

2/ 26-80 days is the range of estimates they cited from other researchers.
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program. In some studies, the final calculations were not adjusted for performance
trends that existed prior to a program's inception. This usually exaggerated the
value of a new program. Finally, most of the evaluation procedures ignored the
increased feed, labor, and equipment costs required to increase milk production.
Associated with this problem was the need to take each farm's resource constraints
into account. Because resources differ between farms, there is not one optimal
health management procedure for all farms (Morris and Blood, 1969).

a. Hershler et al. (1964)

To measure the "economic impact" of a fertility control and herd manage-
ment program on one U.S. dairy farm, Hershler et al. (1964) estimated the econom-
ic benefit of reducing average days open and reducing the age at first calving for
heifers. The herd in this study was maintained at 55 Guernsey cows. It was visited
monthly for reproductive examinations over a three-year period. Average calving
intervals were reduced by four days in the first year (433 to 429), 40 days in the
second year (429 to 389), and 3 more days by the end of the third year (389 to 386).
Hershler multiplied the cumulative average reduction for each year by the number
of animals (55) and added these numbers to get 220 + 2,420 + 2,585 = 5,225. This
represents the total number of open days saved over the three-year period. Next,
he multiplied by Haller's (1953) estimate of $1.66 saved per day that a calving
interval is reduced (to a limit of 365 days) which yields $8,674. Hershler called
$8,670 the "anticipated increase in income" from the control program. (For some
unknown reason, $8,599 appeared in the summary instead of $8,670.) For reasons
already stated, the relevant part of Haller's estimate was the production loss.
Therefore, if Hershler used Haller's results for anticipating increase in gross
income, he would obtain $5,225, not $8,670.

To calculate the actual three-year gain in income, Hershler began with the

increase of 371,195 pounds of milk which was realized over the three years. At the
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1964 price of $5.17/cwt., this milk was worth $19,200. Hershler added $2,250 to
this figure which he said represented the maintenance costs saved by breeding
heifers younger. This $2,250 addition was invalid. The increase in milk production
accounted for all the improvements made in the herd, including the benefit of
getting heifers bred younger. The only exception is that with shorter calving
intervals more calves were produced per year. The increase in milk production did
not account for the increased sales of replacement stock (herd maintained at 55
cows). When the average calving interval was 433 days, 46 calves were produced
per year (365/433 * 55 = 46). With an average calving interval of 386 days, 52
calves per year were produced (365/386 * 55 = 52).

The inclusion of a non-existent reduction in maintenance costs exaggerated
Hershler's estimate of returns. He acknowledged that his estimate did not include
increased sales of replacements. Inclusion of this benefit (six more calves per
year) suggests that returns exceeded $19,200. But Hershler did not account for
some important costs which were associated with increased milk production, such
as increased feed, labor, and equipment expenses which vary among farms.
Delineation of these costs required more detailed data than “v‘ggvailable.

Because Hershler used Haller's estimate, it is interesting to compare their
results. Assuming that the increase in milk production could be attributed solely to
reduction of days open, and that other costs and benefits balance out, then a total
reduction of days open by 5,225 days was worth $19,200. This made each day's
reduction worth $3.67 in 1964 or $9.53 in 1982 (371,195 * $13.42/cwt.) / 5,225 =
$9.53 . Single estimates of the potential production lost due to extended calving
intervals are only meaningful over a given range. Each farm has a different
average calving interval and can therefore expect different results from a fertility

control program.
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Referring to more of Hershler's data, it can be shown that each day's change
in calving interval (days open) did not have a constant value. Comparing the
information he gave about change in calving interval with the change in average
annual milk production per cow, we have the following: (1) At the end of the first
year of the program, milk production was 8,000 lbs. milk/cow/year and the average
CI was 429 days. (2) The second year figures were 8,500 lbs. and 389 days. (3) The
last year's figures were 10,000 lbs. and 386 days. This means that between the first
and second years average milk production went up by 500 lbs./yr. (8,500 - 8,000)
while the CI decreased by 40 days (429 - 389 = 40). If we assume that the reduced
Cl is solely responsible for the increase in milk production, then we find that each
day's reduction in CI was worth 12.5 Ibs. milk over this range (500 Ibs./40
days = 12.5 lbs./day). In 1964, 12.5 Ibs. milk was worth $.65 (12.5lbs.*
$5.17/cwt. = $.65), or $1.68 in 1982 (12.5 lbs. * $13.42/cwt. = $1.68).

Comparing the change between the second and third years, we find that a
reduction in CI of three days (389 - 386 = 3) yielded a 1,500 Ib. increase in annual
milk production per cow (10,000 - 8,500 = 1,500). Again, assuming the reduced CI
was totally responsible for the increased milk production, then each day's reduction
in CI was worth 500 lbs. of milk over this range. In 1964, 500 lbs. of milk was
worth $25.85 (500 lbs. * $5.17/cwt. = $25.85), or $67.10 in 1982 (500 lbs. *

$13.42/cwt. = $67.10). These results are summarized in Table 1.
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Table 1.  Value of a Reduction in Calving Interval (Cl) Over Different Ranges
Assuming Reduction of CI Sole Cause of Production Increase

Average
Average Change Change in Value/Day, Value/Day,
in CI Production 1964 1982

Source (Days) (Pounds) (55.17/cwt.) (513.42/cwt.)
Haller (1957) ? ? $ 1.00
Hershler et al.
(1964), Year 2 40 500 $ .65 $ 1.68 .
Hershler et al.
(1964), Year 3 3 500 $25.85 $67.10

With such a drastic difference in benefit from a day's reduction in CI, it is clearly
misleading to average the benefit over a long period.

Hershler's study utilized only one farm. The lack of a control group means
that increases in performance were not adjusted for trends which were independent
of this new control program. Because only one farm was studied, generalization of
the results is very dangerous. The comparison in Table | is meant for illustrative
purposes only. The values in Table 1 should not be considered statistically
significant.

b. Grunsell et al. (1969)

Grunsell and his colleagues (1969) took a different approach to determining
the value of a preventive medicine scheme in England. Their sample consisted of
15 farms, not all of which were primarily dairy operations. The three-year project
began with a visit to each farm by a farm management advisor. This was followed
by a meeting on each farm of the farmer, his veterinarian, and an agricultural
economist. After this introduction and initial appraisal, the farms received
quarterly visits by veterinarians. The effectiveness of the scheme was rated

according to the change in a number of performance indicators. These included
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yield per cow, milk sales per cow, concentrates per cow, margin over concentrates
per cow, stocking rate, and margin over concentrates per acre. The farms were
graded as showing "marked improvement" (7 farms), "some improvement" (5 farms),
and "inconclusive" (3 farms).

Grunsell was concerned with the benefits of such a program to both the
farmer and veterinarian. He included some interesting discussion about the
reactions of the 15 farmers and 10 veterinarians involved with the project. The
ability of the advisors to suggest management improvements depended largely on
the existence of good farm records. Overall success hinged on the farmer's
organizational ability and willingness to accept management advice. This suggests
that management ability may be the resource which varies most between farms.

The grading procedure Grunsell used was so subjective it is difficult to argue
with in detail. The main disadvantage of the approach is that it is impossible to
generalize the results. In addition, performance trends that were independent of
the program were not explicitly included in the analysis.

c. Barfoot et al. (1971)

Barfoot et al. (1971) made an economic appraisal of a preventive medicine
program for dairy cattle health management in Canada. They compared the
performance of 27 herds visited monthly by veterinarians to a control group which
received only emergency veterinary service (VS). The control farms were chosen
to "closely resemble the organizational patterns and characteristics" of the farms
participating in the preventive program. The period of study was two years.

Five parameters related to herd health were monitored on all farms: milk
production, days open, calf mortality, cow mortality, and culling rate due to health
problems. In addition, the farms in the study were grouped according to
expenditure on VS and drugs per cow. This cost ranged from $8.00/cow, for the
group using only emergency service, to $35.00/cow, for the group with the highest

"response” to the preventive program.
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Probability density functions were determined for the five health-related
parameters. These were programmed into a model with the intent to determine
income per cow, over the cost of VS and drugs, given various milk and animal
values. Their results showed that income over the cost of VS and drugs was
significantly greater for the farms spending $25, $30, and $35 per head than for a
group of "similar" farms spending only $8 per head.

This analysis does have the advantage of differentiating the health manage-
ment program somewhat. In other words, by separating the herds into different
expenditure groups, the authors were not really measuring the value of just one
program. This was a step towards isolating the most profitable aspects of the
preventive scheme. A control group was included which corrected for trends
independent of the new veterinary program. This means that Barfoot et al. did not
just credit the program with all the improvements observed.

The main disadvantage of this study was that the only cost measured was
veterinary expense. Other costs incurred from increasing production were not
included. Also, measuring health management by veterinary expenditure alone was
misleading. The results jnp1y that the more farmers spend on VS, the better off
they wi11 be. Low expenditure on VS may have been either a function of a
farmer's ambivalence towards the value of veterinary care, or of the farmer's
ability to administer health care independently. Finally, no mention was made of
disease in Barfoot's work. A farmer's veterinary bill certainly depends on the
degree of disease problems suffered by the herd. To measure the true value of a
new program, some adjustment must be made for differences in disease prevalence.
Perhaps this was corrected for in choice of a control group, but this was not

explicitly stated.
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d. Poterfield and Heider (1980)

In contrast to Barfoot's findings that veterinary expense was directly related
to profitability, Poterfield and Heider (1980) reported that large production gains
could be achieved through preventive medicine programs that actually reduced
veterinary expense per animal. Poterfield and Heider's survey consisted of 67 Ohio
dairy farms that received regular visits from their veterinarians over an average of
five years. The emphasis of the program was on reproductive and udder health.

The average yearly increase in milk production for participating farms was
474 lbs./cow compared to an annual gain of 265 lbs./cow for all Ohio cows on test.
The average veterinary expense before the 67 farms received regular visits was
$21.33 per animal compared to $20.13 per animal afterwards. Average total herd
veterinary expenses rose, but this could be attributed to increase in herd size over
the five-year period. The average herd size increased from 55 to 76 cows.

Poterfield and Heider rightly compared the performance of the 67 herds on
the program with their contemporaries. However, because they averaged all the
results, there is no way of knowing which aspects of the regular programs were
more successful than the others. For example, the authors said that 38 herds
received monthly veterinary visits, 16 herds were visited twice a month, and 13
were visited weekly. Which scheme proved most beneficial to which herds? In
addition, Poterfield and Heider's study suffers from the by now familiar problem of
not accounting for the non-veterinary costs necessary to increase milk production.
These include feed, labor, and equipment costs.

e. McCauley (1974)

McCauley's approach did acoount for the additional costs needed to increase
milk production. His data were from 117 Minnesota dairy farms over a period of
two years. McCauley's goal was not to demonstrate the value of a preventive

medicine program, but to measure the contribution of VS in general to the income
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of dairy farms. The farms in his sample primarily used emergency VS. McCauley's
goal was accomplished through a production function analysis which had dairy
enterprise income above feed cost as a function of cow numbers, veterinary
charges, drug expense, cows culled (for non-dairy purposes), and calves died. Cow
numbers served as a proxy for all the capital and labor invested in the dairy
enterprise. The calf mortality and cows culled figures were included to differen-
tiate the severity of disease problems between herds.

For 35 farms, McCauley also included a disease problem proxy which was
based on mastitis incidence data. This did not prove very valuable. The number of
cows culled for non-dairy purposes was found to be positively associated with
profit. This is probably because the culling figure included those cows culled for
low production. To be more meaningful as a disease problem proxy, it should
encompassf only those animals sold because of a specific disease problem.

Whenever VS reduces disease problems, it is contributing positively to gross
income. With a severe disease outbreak, farm income may decrease even though
VS expense goes up. Without correcting for the severity of the disease problem, VS
could be seen to have a negative correlation with income, when the increased
expenditure on VS actually reduced the amount of income lost. This is why some
distinction must be made between the severity of disease problems on individual
farms.

McCauley found that an average increase in income over feed cost of $2.96
(6.55 in 1981 dollars) was associated with each dollar invested in veterinary
service. Decreasing returns to size of veterinary expenditure were observed.
Returns per dollar invested in VS were $8.03 (17.77 in 1981 dollars) for herds
spending less than $6.00/cow (13.28 in 1981 dollars) compared to $1.82 (4.03 in 1981
dollars) for herds spending more than $12.00/cow (26.56 in 1981 dollars) for VS.

have
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In conclusion, McCauley corrected for two deficiencies that he observed in
previous studies. First, he corrected directly for feed cost and indirectly for all
other production inputs by using cow numbers as a proxy. Second, he made some
adjustment for differences in disease problems among herds. This latter correction
is particularly important because he was dealing primarily with emergency VS, in
which veterinary calls are more directly related to disease problems. However,
McCauley's analysis would have been more powerful if more detail could have been
provided about each herd's disease incidence. The advantages and disadvantages of
these program evaluation studies are summarized in Table 2.

Table 2. Some Advantages and Disadvantages of the Herd Health Program
Evaluation Studies

Hershler Grunsell Barfoot Poterfield
et al. et al. et al. & Heider McCauley
(1964) (1969) (1971) (1970) (1974)
Account for
Independent
Trends? no no yes yes ?
Differentiate
Factors of VS
Program? no implicitly somewhat no somewhat
?
Adjust for
Additional
Costs of
Increased
Production? no no no no somewhat
Acoount for
Severity of
Disease

Problems? no no no no somewhat
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2. The Relationship Between Veterinary Service (VS), Disease, and Milk
Production

McCauley (1974) pointed out the need to adjust for the severity of each herd's
disease problems in order to better estimate the value of VS. Over a broad range,
we can expect additional investment in VS to decrease disease problems. It is also
intuitively reasonable that the extent of disease problems influences expenditure
on VS. This means that disease and VS influence one another, or:

VS &> Disease

Previously mentioned mastitis and infertility research showed clearly that
disease affects milk production. Veterinary service influences income (of which
milk production is the major part) through disease, or:

VS &> Disease —> Milk Production

Evidence from Erb et al. (1981) demonstrated a positive correlation between
milk production and one disease. Erb and her colleagues found that cows with
cystic follicles produced an average of 655 pounds more mature equivalent milk
than non-cystic cows. Similarly, Shanks et al. (1981) reported that the highest
producing cows had the highest of selected health costs (drugs, veterinary costs,
and some labor). These findings suggest the possibility that high milk production
causes more disease in some cases. It is intuitively reasonable that the increased
stress of high production makes cows more susceptible to disease. If this is the
case, then the relationship between VS, disease, and milk production can be
expressed:

VS &> Disease &> Milk Production

There are two other possible explanations for the positive association
between disease and milk production. The second explanation is that better
managers recognize and treat more cases of disease. Actual disease incidence may
not vary between herds, but the number of recognized cases might. Because better

managers have higher producing cows, the correlation between production and
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disease would be spurious in this instance. A third explanation is the farmer's
tendency to tolerate more disease in high-producing cows. The extra income from
high-producing cows makes it worthwhile to spend more for their maintenance.
The total effect is probably a combination of the three factors.

These are some examples of the complicated relationships that may exist
between dairy cattle health management and profit. The various effects will have
to be sorted out in order to adequately understand the influence of specific health
management practices on profit. The strength of previous studies has been limited
by available data. Computer-facilitated collection has made more comprehensive
dairy cattle health data recently available. Several such computerized systems are
described in the next section, along with other computer applications.

E. Computer Applications to Dairy Cattle Health Management

The data storage and processing capabilities of the computer are just
beginning to be exploited for applications in dairy cattle health management. Kirk
(1981) developed several routines for programmable calculators which aid in
delineating the costs and benefits of various mastitis control procedures. The
expected gain from mastitis control was some fraction of the estimated milk
production lost based on California Mastitis Test scores. The expected cost of
control was simply a tally of the costs of towels, teat dip, and antibiotic
treatments proposed.

The main limitation of Kirk's application is its reliance on CMT scores for
estimating lost milk production. Because all cows are not tested using CMT on a
regular basis, there is no consistent measure of mastitis prevalence. It may be
argued that, because the costs of mastitis problems so greatly exceed the costs of
prevention, there is little need to estimate mastitis losses more precisely than can
be done using occasional CMT testing of a fraction of the herd, as Kirk suggests.

Although it is obvious that mastitis can be very costly, some methods of controlling
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or preventing mastitis are still controversial. This means that the benefits of some
mastitis control techniques do not obviously far exceed their costs. More rigorous
monitoring of mastitis prevalence in response to different treatments on individual
herds would help dispel this controversy. Kirk's own research relating CMT scores
to DHIA Somatic Cell Counts will facilitate careful mastitis monitoring. This
research was discussed earlier.

Kirk's technique for calculating the costs and benefits of mastitis control
requires more detailed data to be powerful. The same is true for linear
programming applications to dairy cattle health management. Carpenter and
Howitt (1979) describe the use of linear programming (LP) for determining the
most economical approach to the control of brucellosis. Linear programming is a
mathematical formulation in which a series of linear equations are solved simulta-
neously via computer. An objective function, such as minimizing the cost of
brucellosis control, is solved given a number of constraints. Linear programming is
only effective when the parameters of the objective function and constraints are
clearly defined. For example, in Carpenter and Howitt's objective function, they
included the cost of vaccination, market surveillance, personnel, and the value of
cattle lost due to brucellosis.él Reliable estimates of these values must exist for
their model to be of any use. For most diseases of dairy cattle, reliable cost data
simply do not exist yet. The previously mentioned problems with making industry-
wide estimates of mastitis and infertility losses serve witness to this fact.

The above examples show that more data are required to fully utilize the

analytical power of the oomputer for dairy cattle health management.

3 All the elements of their tableau are not well explained. I have assumed
that the large negative numbers in the objective function represent the value of
cattle lost due to brucellosis.

Another question arises about the constraint they have put on percent
vaccination for 1976. As given in their tableau, it must be greater than or equal to
35 and less than or equal to 25--for which no feasible solutions exist.
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Coincidentally, other advantages of computers, namely their speed and ease of
data storage and retrieval, are making collection of these data possible.

The Dairy Herd Improvement program is primarily designed for recording
milk production and for the genetic selection of cows (Crandall, 1975). Other
computerized systems have been developed to improve herd's reproductive perfor-
mance. Systems described by Britt and Ulberg (1970); Erb et al. (1975); Gould
(1975); Kelly and Holman (1975); Lineweaver and Spessard (1975); and Meek
et al. (1975) are resigned to the retrospective analysis of reproductive perfor-
mance. Cannon et al. (1978), however, describe a computerized herd health
reporting system which is designed "to identify cows which show evidence of
abnormal performance or are in high risk groups so that they can be examined and
corrective procedures taken early." This goal is accomplished primarily through
the provision of timely management reports.

Separate computerized reporting systems are therefore available for milk
production and reproductive herd health (including some non-reproductive disease
reporting). The need to combine the two capabilities is recognized (Cannon et al.,A
1978). At best, however, this combination would still ignore farm infrastructure
and labor and drug expense devoted to animal health care. A more comprehensive
system, the Food Animal Health Resource Management System (FAHRMX), has
been described earlier. The total data collecting ability of FAHRMX encompasses
farm infrastructure, animal health histories, labor and drug expense for health
care, genetic information, and milk production. All this is collected from
individual commercial herds on a continuing basis. The balance of this report is
spent discussing the potential application of these data in the cost-benefit analysis

of dairy cattle health management.



Chapter Three
Data and Methods
A. Introduction
This chapter describes the sources of the new data available from the
FAHRMX project, and potential applications of the data in cost-benefit analysis of
dairy cattle health management. The first part of the chapter, Data Sources,
contains:
1) A description of FAHRMX pilot herds using Dairy Herd Improvement
Association (DHIA) indices. This serves the dual purpose of determining
how representative the pilot herds are of all Michigan dairy farms, as

well as demonstrating some of the limits of DHIA data.

2) A discussion of a questionnaire administered to some of the pilot herds,
and its future uses.

4/

3) A description of the content of the retrospective—' data file entered
onto mainframe computer.

The second part of the chapter deals with uses of the new data. General
concepts of cost-benefit analysis, centering on the partial budget, are introduced.
Disease control expenses are itemized, as are different impacts of disease control.
The problems with estimating these expenses and impacts are discussed. Several
examples are used with these expenses and impacts in a partial budgeting
framework. Finally, a statistical model is outlined which estimates one particular-
ly evasive impact of disease, reduced lactating potential.

Figure 1 shows the location of FAHRMX participants and sources of sample
data, including the sources for both the questionnaire and disease data for the
retrospective quantitative analysis. The purpose of the questionnaire was to obtain
information about farm infrastructure and general disease control procedures. The
retrospective quantitative analysis of disease and production records was a first

attempt at estimating reduced lactating potential due to disease.

L "Retrospective" refers to the current study which relies on pre<FAHRMX
data, while "prospective" indicates current or future FAHRMX capabilities.
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Twenty-three farms are currently in the FAHRMX project. One of these had
no retrospective DHIA records, which excluded it from Table 3. Twelve farms had
had the questionnaire administered to them by the end of the summer of 1982.
Because of administrative problems, no other farms have been surveyed subse-
quently. Only eight of the twelve farms surveyed had good enough retrospective
disease records to be included in the quantitative analysis of disease and production
records.

It should be emphasized that any data that were utilized in this study were
available previous to the existence of the FAHRMX project's growing data banks.
Such retrospective analysis pointed out deficiencies in pre<FAHRMX data, and
modeling difficulties, that need to be overcome if FAHRMX is to achieve its goals.
The retrospective study also provided baseline data by which FAHRMX's success
can be measured.

B. Data Sources

1. Description of Pilot Herds

Four progressive Michigan veterinary practices were asked to select clients
whose record keeping and management abilities could be augmented by a compu-
terized decision support system. Therefore, the pilot herds are not a random
sample of Michigan herds, but are probably typical of Michigan's better herds. All
participating herds are visited at least once a month for reproductive exams and
preventive health care administered by their veterinarians. All participants are
also members of the Dairy Herd Improvement Association (DHIA), a service which
currently provides production and management reports for 37 percent of Michigan's
dairy farmers who milk 47 percent of Michigan's dairy cows. A comparison of
selected characteristics of FAHRMX and Michigan DHIA herds is presented in
Table 3. The FAHRMX herds were an average of 25 percent larger (91 versus 73
cows), and their milk production was an average of 8.0 percent higher (16,941
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versus 15,674 lbs./cow/year) in 1980. The next to the last row of Table 3 consists
of weighted averages, with the exception of the first column. This means that the
averages were adjusted for the number of cows contributing to the average.

Some of the columns in Table 3 represent standard variables recorded for all
herds on the DHIA program. Others, such as return over feed cost, are not
required. This explains the missing values (NRs) in the last column. Most of the
required features are reliable because they depend on, or are calculated from, data
recorded by DHIA testers. These reliable variables include: number of cows, age,
milk production, calving interval, days dry, and culling rate. There are problems
with the days open and services/conception calculations because these rely on the
farmers' recollection of breeding dates and not all farmers keep reliable breeding
records. If only the latest breedings are reported, then the services/conception
ratio will equal one. If no breedings are reported, then the DHIA computer takes
the full length of lactation as the open period. This is probably why some of the
days open variables are very large.

DHIA presently does not separate those herds with complete reporting from
those without. For their annual summaries, which are the source for the last line
in Table 3, DHIA simply averages all the figures available from each herd,
regardless of the fact that some herds have more complete information than the
others (Thelan, 1982). This means that, for example, the number of herds
contributing to the average of return over feed cost is less than the number
contributing to the average of milk production. The lack of some performance
indicators on some farms complicates interfarm comparison.

FAHRMX is attempting to ensure complete recording of animal events data
by providing more direct incentives, and by making reporting easier. It should be
stressed that DHIA and FAHRMX have, and will continue to have, independent
functions. FAHRMX will serve to augment DHIA by permitting the long-awaited

marriage of health and milk production information.
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B. Data Sources

2. Questionnaire

a. Purpose and Description

The questionnaire, which can be found in Appendix 3, had several purposes.
There was a need to introduce FAHRMX to the farmers and obtain permission to
utilize their disease and production records. The questionnaire helped depict the
size, management practices, and livestock facilities of the farms. It documented
the farmers' methods of dealing with common disease problems. The questionnaire
also helped determine the costs associated with disease control that would not be
apparent to FAHRMX either through the veterinarians' bills or the farmers'
treatment reports. Examples of these latter costs include special facilities and
equipment that the farmer uses for health care. The questionnaire also keyed in on
routine treatment costs and times, such as that spent for dry cow therapy, so that
the farmer need not report labor and drug costs for routine treatments. Finally,
the questionnaire determined the quality of disease records kept before FAHRMX
was utilized. The quality of these retrospective records determined whether the
farm could be included in the retrospective quantitative analysis.

A modified version of the questionnaire will be administered on an annual
basis to update existing information and ensure that farmers need only report daily
events. Data from the questionnaire will be entered onto FAHRMX software, and
therefore will be available for the analysis of the effect of different physical
facilities or general management practices on herd health.

b. Sample Size Limitations

At the least, veterinarians can use this infrastructure data to aid in their
hunches about the cause of certain disease problems. They can, for example, easily
compare type of bedding to mastitis incidence on all the farms in the project.

However, in order for such differences between herds to be statistically
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significant, a specific number of herds must be participating with FAHRMX,
depending on the variance of the parameter in question. The statistical criterion
can be stated as follows:

to be 100 (1-%) percent sure that the error x-n does not exceed "d"
the required sample size is:

n= [z‘/k O/J >
d

This condition requires that something be known about the variance,o’ 2, of the

parameter in question (Bhattacharyya and Johnson, 1977).

There are two types of error relevant to statistical testing. The condition
above requires that €, or the probability of rejecting the null hypothesis when the
null hypothesis is true, be specified. This is commonly referred to as "type I error."
Type I error is usually considered the most serious. The null hypothesis is chosen so
that the burden of proof falls on those who would consider rejecting it. The
corollary to the null hypothesis in United States criminal law is "innocent." The
alternative hypothesis is "guilty." In the correlation analyses that follow, the null
hypothesis is that the parameters are not different than zero. Therefore, the
parameter estimates will not be considered seriously unless the evidence against
them being different than zero is overwhelming. Type Il error is the probability of
not rejecting the null hypothesis when the alternative hypothesis is true, which is
usually represented by ﬂ (not to be confused with the parameter estimates). Given
a fixed sample size, one type of error cannot be reduced without increasing the
other. However, by increasing the sample size, both types of error can be reduced
(Bhattacharyya and Johnson, 1977).

The statistical model of milk production, which is described subsequently,
succeeds because milk production varies between individual cows. Even though
only a small number of herds are included in the sample, there are enough cows in

those herds to make the model statistically significant. In the model, all the
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variation between herds is assigned to one categorical variable per herd. The fact
is that to detect statistically significant differences in factors that vary from herd
to herd, instead of from animal to animal, many more herds are needed.

B. Data Sources

3. Retrospective Data File

The retrospective data file was developed to model the effect of disease on
milk production. The resulting model is discussed in detail in a later section.

The quality of pre-FAHRMX disease records was highly variable. For some
diseases, it was unclear whether they did not appear on records because they were
consciously not recorded, or because there were no cases of the disease over the
period of study. On those farms that kept disease records, metritis and cystic
ovaries were usually well recorded because they were diagnosed by veterinarians,
and were recorded by the farmers along with the veterinarians' instructions for
treatment. Of the 12 farms that have received the questionnaire, 8 recorded all
cases of metritis and cystic ovaries (see Table 12). These were the diseases chosen
for study simply because these were the only diseases for which data were
available.

The retrospective study was limited by the available disease data. Because
FAHRMX is now building complete health histories of participating herds, this will
not be a problem in future analysis.

The indices of genetic milk producing potential--sire predicted difference
(PD), dam index, and cow index--were obtained from DHIA semi-annual inventory
reports. Sire PD is the expected extra milk production capability per year that a
sire passes on to his daughter (when compared to a daughter of a bull with a PD of
zero). Cow index is similar to a sire’s PD in that it is a measure of a cow's ability
to transmit milk producing ability to her offspring. The cow index depends on the
individual's pedigree as well as her actual milk production. The dam index is simply

a dam's cow index (ABS, 1975).
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Genetic indices were unobtainable for many cows because few farmers kept

all their inventory forms. This is another problem unique to the retrospective

analysis because the genetic information can and should be one of the first lines of

data entered on new animals in the FAHRMX project because it may be very useful

in estimating potential milk production.

Production data were obtained from DHIA monthly management reports filed

at the DHIA office. These reports were photo-copied, and the pertinent data were

copied by hand for entry onto mainframe computer. In future analyses, the

transfer of DHIA production information will be done automatically via computer.

The retrospective data file contains the following information for each cow:

1.
2.
3.

4.
5.
6.
7.
8.
9.

10.

11.

12.

13.

14,

15.

16.

17.

Herd Number
DHIA Four-Digit Cow Identification Number

Disease Code (0, for controls; 1, for cows reported as treated for
metritis; 3, for cows reported as treated for cystic ovaries)

Date of First Treatment for Disease

Date of Onset of Lactation During Which Cow Was Recorded Sick
Lactation Number

Age at Calving (months)

Dry-Off Date (end of lactation)

Final Milk Production (pounds)

Final Butterfat Production (pounds)

Final Milk Production Adjusted to 305 Days
Date of Next Calving

Cull Code (Reason for Culling)

Cow Index of Genetic Potential

Dam Index of Genetic Potential

Sire PD (Sire’s Index of Genetic Potential)

Total Days in Milk
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18. Calving Interval (days)
19. Days in Milk at Date of First Treatment for Cystic Ovaries or Metritis
20. Season of Calving
2]l. Season of First Treatment for Cystic Ovaries or Metritis
22. Dollar Value of Production
and other variables derived from the above as needed (see Appendix 4 for the
complete data file).

The file contains data roughly spanning the two-year period from 1979-1981.
This span was chosen for several reasons. With a two-year span, the likelihood of
obtaining matching production information for at least one calving interval was
reasonably high. By just going two years back, the majority of the cows in the
sample would still be in the herds. Finally, most farms that had pre-FAHRMX
disease records had kept them reliably for about two years prior to receiving the
questionnaire. This means that the retrospective data on most of the cows could
be augmented by the prospective data currently being accumulated in FAHRMX
data banks.

The above information was entered for each animal beginning and completing
at least one lactation within the range of complete retrospective production and
disease records for each herd. This range of complete records was quite restrictive
in some cases. For example, in a herd for which the span of complete records was
less than one year, the number of cows having complete lactations within that
period was only a small percentage of the total herd (see Table 15).

In standard epidemiological jargon, diseased animals are called "cases" and
non-diseased animals are called "controls." For the purposes of this study, case
cows were those reported as having metritis or cystic ovaries during lactation. If
the cow received more than one treatment for either of these two diseases during

one lactation, only the date of first treatment was recorded. In the future, number
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of treatments for disease will add important information concerning the severity of
each case.

If either a case or control were culled before drying-off, the reason for
culling was noted (cull code), and the date of culling was entered as the dry-off
date. The production data (final milk production, final butterfat, and 305-day
adjusted milk production) at the date of culling were entered as the end-of-
lactation figures, one difference being that the final 305-day adjusted production
for culled cows was also mature equivalent adjusted. DHIA adjusts this variable so
that farmers can judge the relative value of their culled cows. On Michigan DHIA
management reports, mature equivalent production for other cows is only ex-
pressed as a deviation from the average mature equivalent production of herd
mates. If either a case or control were dryed-off but culled before calving again,
no second calving date could be entered.

C. Data Applications

1. General Concepts of Cost-Benefit Analysis

a. Introduction

At first, it may seem that organizing the costs and benefits of a disease
control project and comparing them, such as is done in cost-benefit analysis, is a
simple procedure, It is true that cost-benefit analysis would be greatly simplified
if all costs and benefits were neatly timed, and if alternative resource uses need
not be considered. However, it is a fact in animal production that the benefits of
certain disease control procedures can accrue long after initial treatment. Like-
wise, the costs due to inadequate health care can be far-reaching. Therefore,
calculating the present economic value of future benefits due to today's treatment
requires discounting the future benefits. Furthermore, unless resources are valued
in comparison to their best alternative use, cost-benefit analysis will not arrive at

the economic value of the proposed project (Gittinger, 1981).
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Of course, cost-benefit analysis is impossible without sufficient empirical
knowledge of major costs and benefits. Even with the detailed data FAHRMX is
collecting, estimation of at least one significant category, reduced lactating
potential due to disease, presents a considerable challenge.

b. The Difference Between Financial and Economic Analysis

Financial analysis deals strictly with cash income and cash expenses. Finan-
cial accounting can be as straightforward as managing a checking account.
Financial profit is simply the difference between money received and money paid
out in a given period (depreciation and interest are usually deducted also). This
calculation of profit can be thought of as the return to a farmer's unpaid labor and
all other capital invested in the farm (Lipsey and Steiner, 1978).

Economic analysis includes the opportunity cost of resources invested.
Opportunity cost is the value of the resource if used in the next best alternative.
For example, if a farmer has the option to work as many hours as possible in an
off-farm job for $8.00/hour, then the opportunity cost of an hour spent working on
the farm is at least $8.00. If a farmer's capital can earn at most 12 percent in an.
off-farm investment, then this is the opportunity cost of capital invested in the
farm. In economic analysis, these opportunity cost values appear explicitly among
costs. An economic profit of zero means that the farmer makes just enough money
to be content with farming. However, a financial profit of zero means that the
farmer is getting no return on "unpaid" labor and capital, or that the farmer is
paying for the privilege of farming (Lipsey and Steiner, 1978).

2. A Basic Tool of Cost-Benefit Analysis: The Partial Budget

The standard partial budgeting framework includes a list of factors which
reduces profit and a list of factors which increases profit. Profit is reduced when
costs are increased or income declines, and vice versa. Borrowing an example from

Harsh et al. (1981), assume that a farmer is considering increasing soybean acreage
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by 40 acres and reducing corn acreage by 40 acres. The farmer expects $210/acre
income from soybeans, compared to $262.50/acre from corn. But the soybeans cost
less to grow. Cash expenses per acre are $54.66 for soybeans. In addition,
soybeans require 4.7 hours labor/acre, which the farmer values at $4.25/hour. The
corresponding corn expenses are $113.40/acre, and 4.1 hours labor/acre (also valued
at $4.25/hour). The partial budget shapes up as follows.
Partial Budget: Should the farmer grow 40 additional
acres of soybeans and 40 less of corn?
Step 1: Determine what increases profit of business.

1. Increased Income 1. Increased soybean income: $8,400.00
(40 acres * $210.00 income/acre)

2. Reduced Costs 2. Reduced corn costs:
(40 acres * $113.40 expenses/acre) 4,536.00
(40 acres * 4.7 hours labor/acre *
$4.25/hour) 799.00
3. Subtotal $13,735.00

Step 2: Determine what decreases profit of business.

4. Reduced Income 4. Lost corn income: $10,500.00
(40 acres * $262.50 income/acre)

5. Increased Costs 5. Additional soybean costs:
(40 acres * $54.66 expenses/acre) 2,186.40
(40 acres * 4.1 hours labor/acre *
$4.25/hour) 697.00
6. Subtotal $13,383.40
Step 3: Determine net change in profit (line 3 - 6) $351.60

It is clear from the above comparison that if the yield and price information
used is reliable, then more money can be made if 40 acres of soybeans are grown
instead of corn. However, the profit difference is small enough so that any risk

involved in the shift might not make the shift worthwhile.
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C. Data Applications

3. Itemizing the Costs and Benefits of Disease Control for Dairy Cattle

How can partial budgeting be used to evaluate disease control for dairy
cattle? The first step is to determine relevant cost and benefit categories. It is
helpful to view disease control as reducing the impact of disease. Therefore,
disease control is the cost and reduced impact the benefit. The cost of disease
control should not be confused with the cost of disease. There have been many
articles discussing costs of disease such as lost milk production due to mastitis.
The issue here is by what degree does disease control reduce the "costs of disease."
Table 4 identifies 13 factors divided into two categories: expenditure for disease
control and disease impact. The text following Table 4 discusses each item
individually,

Table 4. Itemization of the Costs and Benefits of Disease Control
for Dairy Cattle

Expenditure for Disease Control

1. Veterinarians' Service

2. Medicine

3. Farmers Labor

4. Farmers' Special Health Care Facilities
5. Other

Disease Impact

6. Milk Contaminated by Somatic Cells or Antxbnotnc Residue
7. Change in Feed Consumption
8. Reduced Feed Utilization in Youngstock
9. Reduced Lactating Potential
10. Death Loss
11. Culling
12. Lengthened Calving Intervals
13. Other
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The items listed under "disease impact" generally represent losses of income
due to disease. However, disease affects the herd‘ by reducing some costs.
Therefore, factors which both decrease income and decrease costs are included
among "disease impact."

Expenditure for Disease Control

1) Veterinarians' Service

Veterinarians' service is an obvious cost of disease control. It is defined here
as the cost of veterinarians' labor and advice. Medicine is included in a separate
category to account for both that administered by veterinarians and farmers.
Charges for veterinary service are assigned to individual animals by FAHRMX
veterinarians at the time of treatment.

2) Medicine

Each drug used in dairy practice has a code which is associated with a price
per unit dosage in FAHRMX software. The cost of medicine, whether the
veterinarians' or farmers', is automatically calculated by computer when farmers
and veterinarians record treatments and dosages.

3& 4) Farmers Labor and Special Health Care Facilities

The extra labor requirements of sick animals is a commonly recognized cost,
but until FAHRMX there has been no accounting for it on commercial farms. In
general, little is known about the amount of health care which is administered by
farmers acting alone. Animal health care expenses for farmers include the cost of
their drugs, labor, and any health care facilities in which they have invested. The
labor and facilities cost will be determined largely through data from the
questionnaire mentioned earlier. The questionnaire can determine standard treat-
ment times for farmer-treated diseases, as well as percentage use of special
facilities (such as hoof-trimming tables) for each case of disease. Therefore, when

most cases of disease are reported, the labor and facilities expense can be added
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automatically. For cases of disease with uncommon treatment times, farmers are
expected to record the amount of their labor spent, and special facilities used when
applicable, for each case of disease.

5) Other

The list provided is not intended to be comprehensive. There will most
certainly be other expenses relevant to certain control programs.

Impact of Disease

6) Milk Contaminated by Somatic Cells or Antibiotic Residue

When codes for drugs which have milk withholding requirements are used,
FAHRMX software automatically computes the number of pounds of milk withheld.
Milk dumped because of high somatic cell count will also be recorded. Note should
be made of alternative uses of contaminated milk, such as feeding to calves, and
only the net loss considered.

7) Change in Feed Consumption

Change in feed consumption may be positive, negative, or insignificant given
different diseases. Because feed consumption can both increase and decrease due
to disease, this category can represent both an increase or decrease in profit. The
problem is academic, however, because FAHRMX herds presently have no way of
recording individual feed consumption. Electronic identification of farm animals,
combined with automatic feeding equipment, may soon provide individually con-
trolled rations on many farms (Nott, 1982). Until then, an a priori decision must be
made as to the relative importance of this category for each disease control
procedure being analyzed.

8) Reduced Feed Utilization in Youngstock

For cows, reduced feed utilization is measured in terms of reduced lactating
potential. Weight gain might be an appropriate performance measure for young-

stock (non-cows). Holstein heifers commonly begin cycling at 600 pounds
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regardless of age (Ax, 1981). If it is true that the average case of respiratory
disease in calves causes a weight loss of 10-20 percent (AAPB Newsletter, 1979),
then respiratory disease may cause a delay in getting heifers bred. Other diseases
that inhibit weight gain should be charged with the delay in breeding that they
cause. It is not likely that youngstock's feed intake will soon be monitored on a
continuing basis on commercial farms. For this reason, the issue of reduced feed
utilization due to disease in youngstock will probably have to be resolved on
research farms.

9) Reduced Lactating Potential

Each cow has an optimal productive capability, or lactating potential, that
can be impaired by disease. If lactating potential can be reliably estimated, then
the difference between healthy potential production and the actual production of a
diseased animal can be charged to disease. Several factors complicate such a
calculation:

1) Production potential changes with age (see #10 & 11).

2) Disease can have long-term consequences, which may require lifetime
disease and production information to detect.

3) Culling behavior as well as management practices influence the type of
disease problems and the characteristics of the animals with the most
disease problems.

4) There appears to be a joint influence between disease and milk produc-
tion.

All these problems will have to be dealt with in a model to estimate reduced
lactating potential. The model is of such complexity that it will be considered in a
section of its own. The problems of estimating reduced lactating potential are
introduced here because some of them touch on later categories, such as death loss
and culling, and lengthened calving intervals.

In addition, with a reduction in lactating potential may come a reduction in
certain costs as a result of having to handle less milk. These may include labor and

equipment cost reductions.
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10 & 11) Death Loss and Culling

Which animals die or are culled from the herd are determined by four factors:

1) Sale for dairy purposes;

2) Unpreventable circumstances such as natural disasters;

3) Preventable disease and accident problems; and

4) Selection by the farmer for genetic improvement of the herd.

Here the focus is on factors (3) and (4). The interest is in how losses due to
preventable disease and accident problems limit a farmer's culling choices based on
production potential alone. To illustrate how disease affects culling behavior, let
us first assume a culling rate of 25 percent per year regardless of whether disease
problems exist or not. The culling rate seems to be primarily determined by the
number of replacements that can be raised (see Appendix 5). A culling rate of 25
percent per year is representative of FAHRMX pilot herds (see Results). There-
fore, in the absence of disease, it may be possible to cull all 25 percent based only
on production potential.

For example, consider a herd of 200 cows ranked by production poten-
tialé/ --cow #1 with the low<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>