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ABSTRACT

A Model for Evaluating Animal Health

Management Strategies

With the Cow Viewed as a Durable Asset.

by

Peter K. Ngategize

There is a growing concern among livestock farmers over animal diseases

that reduce production efficiency. The impacts of diseases like cystic ovaries,

metritis and mastitis are not as great as those that cause mortality but the

cumulative effect can contribute significantly to the survival of the farm

businesses in the existing competitive economic environment. Along with this

concern is the increasing availability of alternative management strategies and

treatments for such diseases. The ability of decision makers to measure the

economic impacts of the diseases that reduce production efficiency and to

evaluate the economic consequences of alternative management strategies is

becoming a crucial element in the dairy industry. This study was an attempt to

address the two issues: (1) to improve the decision making process of farmers

regarding animal health strategies and (2) to develop quantitative tools that are

adaptable to decision making processes in animal health economics.

The study reviews statistical and economic models that have been used in

the evaluation of the economic impact of animal diseases on production.

Integration of decision analysis and simulation that utilizes dynamic programming

is identified as an appropriate conceptual framework for evaluating the economics

of animal diseases that reduce production efficiency. The cow was modeled as a

durable asset reflecting the continuous flow of costs and benefits over her entire

lifespan.

The model was developed using a Fortran computer code and run on a

mainframe computer. Sources of data included secondary and primary data



 

 



sources including the Food Animal Health Resource Management System

(FAHRMX) database, Today's Electronic Planning (TELPLAN) and Today's

Electronic Farm Accounting (TELFARM) databases. A case study of cystic

ovaries was analyzed using the model. The results showed that it is more

economical to treat cystic ovaries than not to treat. As expected, lactations It

and 5 are the optimal lactations for keeping dairy cows on the farm business. If

treated, the Gonadotropin Releasing Hormone (GNRH) was superior to treatment

with the Human Chrionic Gonadotropin (HCG) and no treatment (NT), hence

relying on spontaneous recovery. The model was also used to evaluate other

factors such as the cost of extending the length of the calving interval.
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CHAPTER!

INTRODUCTION

1.1 Background:

In recent years the dairy industry has been experiencing a trend of

increasing production costs especially feed costs whereas milk prices have

increased more slowly or decreased resulting in a cost-price squeeze (USDA,

1981!). This demands that for farmers to maintain high net incomes, they have to

increase output per unit cost. The government's milk diversion and herd

termination programs are an attempt to reduce the amount of dairy products

coming into the market so as to maintain high prices for farmers. Reduction of

production cost has become an important management factor in farming. In the

dairy industry, one potential area is reducing the costs associated with diseases.

Although much progress has been made in the last quarter of a century in reducing

the prevalence of diseases that cause mortality, there are still significant losses

associated with diseases that cause reduction in production efficiency especially

in Western countries (Morris, 1969). In response to this, a sub-discipline of animal

health economics is evolving to provide economic advice in animal health

programs:

". . . animal health economics has developed as a scientific and

practical approach following the second World War when the

veterinary services in many countries succeeded in eradicating

most of the major infectious diseases and have become

increasingly involved in disease prevention and animal

production, and related economic effectiveness." Kouba, 1982

p. 346.
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Webster's New Collegiate dictionary defines a disease as a 'condition of the living

animal body or one of its parts that impairs the performance of a vital function.‘

For dairy animals, impairment can take any of the following forms: mortality,

long-term disability, reduced reproductive efficiency, reduced milk production,

abortion, long calving interval(s), reduced ability to care for the young, and

reduced rate of growth. For any particular disease, the impact of any disease will

vary in type or form, duration, and magnitude. There will also be variation in

types of management strategies and treatments to combat the disease.

As a consequence, a decision maker (farmer and/or veterinarian) has

alternative choices of action to take including:

A) taking preventative measures before the disease occurs.

B) controlling the disease from spreading.

C) attempting an immediate eradication as soon as the disease is

diagnosed

D) making a choice of alternative treatments for the disease if

immediate treatment is the choice

B) deciding on when to begin treatment.

F) taking no action in the hope for spontaneous recovery or until some

economic threshold is reached before deciding on treatment

G) culling the animal from the herd.

Any of the above choices will result in a cost(s) to the decision maker including;

1) disease surveillance to avoid outbreaks, 2) medicine, 3) cost of tools,

equipment and housing, 4) veterinarian services, 5) transactions and disposal

costs, 6) discarded milk, and 7) time foregone in carrying out the above. Some of

these costs will have an impact on other farms or other variables in the economic

system like product prices and input prices and hence having externality effects.
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The economic implications of animal diseases have been of great concern in

Michigan as they have been in other parts of the world. In 1980, under a five year

grant by the Kellogg Foundation, an interdisciplinary cooperative program known

as the Food Animal Health Resource Management System (FAHRMX) was

developed. The project was managed by the department of Large Clinical

Sciences with cooperation from the departments of Animal Science, Agricultural

Economics, Cooperative Extension Service and the Agricultural Experiment

Service.

FAHRMX is a computerized interactive system that collects animal

production, management and financial data with the intent of providing

information useful for decision making with regard to animal health and related

dairy herd management aspects (Bartlett et al 1985). It was hoped that in time,

information would be generated and used by farmers in such away that their

decision making process would be more efficient and cost-effective. The result of

this would then translate into increased monetary returns that would be an

incentive for farmers to participate in the FAHRMX project and to be

knowledgeable enough as to gradually be willing and able to pay for the costs of

running the project related expenses like personal computers, educational

programs and other animal health related aspects. Thus, the Kellogg funding was

to be the seed that would generate a program that would be cost-effective and

self-sustaining. It was hoped that necessary research grants would be generated

based on the initial research findings and identified research problems during the

course of the project.

Of importance to FAHRMX are diseases that reduce reproductive

efficiency. These diseases include cystic follicles, metritis, ketosis, retained

placenta, dystocia, milk fever and mastitis. Cystic follicle and metritis are two

of the most important reproductive diseases on Michigan dairy farms. Their
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potential impacts range from changes in the general cow behavior, prolonged

calving interval to sterility. The loss of reproductivity will lead to loss of

production potential in terms of milk, calves and the costs of maintaining the

animal that is not productive on the farm. Monetary losses on U.S. farms are

estimated in millions of dollars but there are no generally acceptable methods of

estimating these costs.

Cystic Follicle

The disease is characterized by cystic ovarian degeneration leading to

failure to ovulate and formation of large cystic follicles, luteal cysts and possible

cystic corpus lutea. An ovarian cyst is defined as a palpable fluid-filled ovarian

structure with a diameter of 25 mm or greater (Erb and White, 1982). It is

believed to be caused by an aberration of pituitary gonadotropin hormone

release. This hormone is nedessary for ovulation. The disease occurs mainly in

the first eight weeks after parturition during the peak of lactation. It is more

prevalent in cows especially high yielding cows, than heifers. Among heifers the

incidence is higher among those kept for many months without breeding or

conceiving. Some studies indicate that there is evidence of heritable

predisposition (Erb and White, 1982).

Metritis

Metritis is a disease that causes the inflammation of the muscular and

endometrial layers of the uterus. It is characterized by a fetid discharge from the

uterus. The uterus is atonic and may become swollen and friable. If untreated,

chronic metritis develops and the uterus becomes thick walled and fibriotic

leading to sterility.
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Recent studies have shown that metritis is closely associated with retained

placenta, abortion and dystocia, and that among other things, causes increased

calving intervals (Erb, et al., 1981b).

Disease costs associated with cystic follicles, metritis and similar diseases

are likely to go unnoticed by farmers or if noticed the full impact on the farm

business may not be well understood. Often farmers may easily appreciate direct

costs associated with medicine, veterinary services and loss of milk. However,

costs associated with extended lactation and calving periods and replacement of

sterile cows can be very detrimental to the farm business. In addition the farmer

has to select treatments to use for each disease. A number of drugs are now

available on the market for each of the diseases and veterinarians offer a wide

range of management strategies often based on their individual experiences. This

makes decision making even more complex.

1.2 Problem Statement:

FAHRMX and similar projects, currently have the capacity to provide

farmers with information relating to herd inventory, animals to be seen for

reproductive examinations, calving lists (calendar), heat prediction, vaccination

and comparative statistics. However, they do not have the capacity of providing

the farmer with information that can be utilized to predict the possible

consequences, in monetary terms, of the occurrence of one or more diseases in the

herd and make economically optimal choices from the possible courses of action a

farmer could take. Previous attempts to evaluate the impact of diseases like

cystic follicles and metritis have lacked the analytical framework necessary to

incorporate many variables simultaneously and hence have produced erroneous

results. Most of the studies have used partial time-limited analyses in estimating

the costs of diseases. For example, Bartlett et a1. (1986) used partial analysis to
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estimate the cost of cystic follicles on a lactation by lactation basis. In this study

it is argued that any analytical approach for evaluating the impact of diseases and

the associated management strategies have to incorporate the concept that an

animal is a durable asset with potential economic returns flowing over a

considerable period of time in an irregular manner. Information on returns and

costs generated or incurred in the future is never available with certainty for the

researcher. Consequently, data has to be generated through simulation by

mimicking the costs and returns as they would flow over the time under

consideration.

1.3 General Objectives of the Study

The primary objective of the study was to develop an analytical model that

can be used in evaluating the economic impact of animal diseases that reduce

production efficiency and in assessing the benefits and costs of alternative

management strategies.

Specific objectives are:

1) To review the statistical/epidemiological and economic models that

have been used in the evaluation of the impact of animal diseases on

production.

2) To determine the merits and limitations of decision analysis as an

appropriate model in the evaluation of the economic impact of animal

diseases on production.

3) To develop an analytical model using decision analysis in conjunction

with simulation to analyze flows of a durable asset.

4) To test the usefulness of the model using cystic ovarian disease as a

case example.

1.4 Organization of the Study

Chapter I presents the problem statement and objectives of the study. A

review of statistical/epidemiological and economic models that have been used in

the evaluation of the economics of animal diseases and programs is presented in
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Chapter II. The conceptual analytical framework is developed in Chapter III and

an integrated model of decision analysis and simulation is highlighted. Chapter IV

presents the analytical model for evaluating the economics of animal diseases and

programs. The various subsystems of the model are presented. A case analysis is

made with the model using cystic ovarian disease in Chapter V. Sensitivity

analysis is conducted on the model results. The summary, conclusions and

recommendations arising from the study are presented in Chapter VI. The study is

concluded with a list of references, and a Fortran Computer code for the

analytical model in the appendix.

1.5 Limitations of the Study:

The major limitation of the study was lack of sufficient data to use in the

development of the model. Although the general analytical framework was

developed early during the study, its usefulness depended very much on what type

of data was available and the current state of knowledge about the subject.

Although the model was developed for application in evaluating management

strategies for diseases that reduce production efficiency, data was only available

on cystic ovaries and this was also sketchy and incomplete. Thus the timing was

relatively off by many months. FAHRMX was still installing some computers,

developing more software and improving on the data collection and recording

methods. As such even the farmers and practitioners that were associated with

FAHRMX had not developed judgement on the pros and cons of the project as it

was in developmental stages. In most cases no variable relationships could be

developed because the data was incomplete or the number of cases were too few

for statistical use.

The second limitation closely related to the first was lack of functional

relationship and coefficients for the variables that were to be used in the model.
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For example, there is no established relationship on the impact of a disease like

cystic ovaries on subsequent lactations. Secondly, there is limited information on

the probabilities of death and culling by lactation over time. Some of the data

available was cross-sectional data and was not sufficient for purposes of the

model.

The third general limitation was a result of the multi-disciplinary nature of

the problem. The study had to utilize extensively knowledge from economics,

animal science and veterinary medicine, among other disciplines. This demanded

that the author had to reconcile a great deal of information, analytical approaches

and judgements to produce a coherent and generally acceptable product.
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CHAPTER 11

CURRENT USAGE OF EPIIDEMIOLOGICALISTATISTICAL

AND ECONOMIC MODELS IN ANIMAL HEALTH PROGRAMS

2.1 Introduction

In order to effectively measure the impact of a disease, one has to be able

to identify and measure the effects it has on the animal. This is not a simple task

because disease effects: a) are not always obvious and pronounced; b) are

influenced by other factors such as management (e.g., nutrition and housing),

environment and others; c) have a temporal dimension which adds to the

complexity of evaluating their impacts at different stages in time and d) often

manifest themselves in a complex way with other diseases. In an attempt to

overcome the above problems, different types of statistical, epidemiological and

economic models have been developed.

This chapter presents a review of the models that have been used in the area

of animal health. The models are reviewed under two headings: 1) models that

are essentially used to determine causal relationships and disaggregate disease

impact (i.e., statistical/epidemiological models), and 2) models that measure the

monetary impact of disease and can be used in evaluating alternative management

decisions (i.e., economic models). An attempt is made to highlight recent

applications of the respective models in solving or addressing animal health

problems and hence provide a starting point for developing an improved analytical

approach for evaluating management strategies of animal diseases.
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2.2 Statistical]Epidemiological Models

The models discussed under this category are used to identify the factors

that contribute to the development of disease conditions, the magnitude and

direction of the contribution, and relationships between diseases and other animal

conditions. The most common models in this category include regression analysis,

path analysis, discriminate analysis and analysis of variance.

A. R_egression Analysis

Regression analysis is a body of statistical methods dealing with the

formulation of mathematical models that depict relationships among variables,

and the use of their modeled relationships for the purposes of prediction and other

statistical inferences (Bhattacharyya and Johnson, 1977). Classical linear

regression analysis involves the regression of one or more variables (the

explanatory or independent variables) on another variable of interest, the

dependent variable. A number of assumptions have to be met for meaningful

results (Kennedy, 1979): 1) it should be possible to specify the function with a set

of variables and an error (disturbance) term; 2) the expected value of the error

term should be zero; 3) error terms have the same variance and are not

correlated with one another; 4) independent variables are "fixed" or can be

repeated: and, 5) the number of observations are greater than the number of

independent variables and there should be no relationship between the independent

variables.

Violation of these assumptions, would result in problems including

multicollinearity, heteroscedasticity, serial correlation, simultaneous equation

bias and the like. Fortunately, some correction measures are available if the

violated assumption(s) are identified.
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In ordinary regression analysis, both the dependent and independent variables

are quantitative (continuous data). However, one may be interested in

discrete/qualitative variables. When the independent variables are qualitative,

dummy (or indicator) variables having the value of unity or zero are incorporated

(Peter and Wasserman, 1974). On the other hand, when the dependent variable is

qualitative, special problems of estimation arise and specific models including

logit and probit are used in the analysis.

Regression analysis has been and remains an important statistical tool in a

wide range of disciplines. In animal health it has been used in assessing the nature

of relationships between disease, production and cost variables and in predicting

one variable from observations on other variables.

Miller, et al., (1970) used it in assessing the joint influence of month and age

of calving on milk yield of Holstein cows. Month and age of calving were found to

be significantly associated with milk yield. Shanks, et al., (1981) has used the

model in determining the postpartum distribution of costs and disorders of

health. It was demonstrated that the largest costs and most disorders were

associated with initiation of lactation rather than the period of peak daily milk

yield. Mammary and reproductive costs were 71 percent of total health costs in

the first 20 days postpartum. Shanks, et al., (1982) also used the model in

projecting health costs using postpartum length, milk yield and calving age as the

independent variables.

Regression analysis has been used in many other studies; by Olds et al.,

(1979) in studying the effects of days open on economic aspects of current

lactation; in studying the relation of water source to milk and milk fat production

(Hird and Robinson, 1982) and in evaluating the micro-economic impact of

Mycoplasma meleagridis infection on turkey production (Carpenter, 1983).
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Thorburn et al., (1983) evaluated the effects of herd size, lactation and DHIA

participation in Streptococcus agalactiae infected dairy herds using the log-linear

model.

B. Pathmm

The technique is generally a modification of regression analysis that makes

it possible to interpret causal-relationships of complex disease situations

(Kaneene, 1982). It has been more often used in disciplines like sociology and

psychology than in economics or epidemiological analysis. The method attempts

to decompose and interpret linear relationships among a set of variables by

assuming that: l) a (weak) causal order among the variables is known, and, b) the

relationship among these variables are causally closed (Nie et al., 1975). One then

builds paths of these relationships based on observations and knowledge of the

system over time. Then the paths are tested to ascertain their significance as in

the usual regression models.

Erb et al., (1981) have used path analysis models to investigate causes and

effects of dystocia, retained placenta, metritis, cystic follicles and luteal cysts

and other variables like age, days dry, calving interval, and animal breed average

for milk. Their results showed that animal breed class average, days in milk, and

dry period in the previous lactation had little effect on disease. The most

important cause and effect relationship among the diseases was retained placenta

causing metritis. Excluding dystocia, all of the disease caused increases in calving

interval, in animal breed average for milk and days in milk (Erb, et al., 1981). The

model has also been used by Burridge, et al., (1977) in New Zealand and by Salman,

et al., (1984) to study the contribution of 28 variables to seropositivity of cattle to

Brucella abortus in Mexicali, Mexico.
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C. Discriminate Analysis

Discriminate analysis begins with the desire to statistically distinguish

between two or more groups of animals. To distinguish between groups, the

researcher selects a collection of discriminating variables that measure

characteristics on which the groups are expected to differ. The mathematical

objective of discriminate analysis is to weigh and linearly combine the

discriminating variables in some fashion so that the groups are made to be as

distinct as possible. The method attempts to "discriminate" between groups in the

sense of being able to tell them apart. This is achieved by forming one or more

linear combinations of the discriminating variables. These discriminate functions

are of the form:

Di = dlizl .+ d 1222 4» --dlpr, where Di = the score on the discriminate

function.

di = weighting coefficient.

Zi = standardized values of the p discrimination variables used in the

analysis.

Dohoo and Martin (1983) used discriminate analysis to identify disease conditions

associated with an increased risk of culling before the 150th day of lactation.

They showed that subclinical mastitis was associated with increased risks of

culling and of being sold for dairy purposes after day 150. Mastitis, milk-fever,

feet and leg problems, teat injuries and respiratory diseases were associated with

an increased risk of culling early in the lactation (before day 150 postpartum). No

disease conditions were significantly associated with the risk of being sold for

dairy purposes early in the lactation.

Erb et al., (1981) used the same procedure in conjunction with regression

analysis to investigate production variables and other diseases as causes of

disease. Vandergraaff (1979) used discriminate analysis to study salmonellosis.

He attempted to differentiate between affected and non-affected farms and to
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identify the most important environmental and host factors contributing to group

separation. Habtemarium, et al., (1986) used discriminate analysis in classifying

regions into high or low risk areas with respect to trypanosomiasis-tsetse

problem. His results showed that presence of forest areas, human population

density per cultivated hectare and presence of the fusca group of tsetse all

contributed significantly to regions being high of risk to trypanosomiasis. This

provides, therefore, information essential for planning disease control activities.

Discriminate analysis has value in producing not only information about

factors which influence the occurrence of a disease, but it also can be used to

locate and deal with "high risk" animals with special cost-effective measures

(Morris, 1979).

D. Analysis of Variance

Analysis of variance, like regression analysis, is a versatile statistical tool

for studying the relation between a dependent variable and one or more

independent variables. It does not require making assumptions about the nature of

the statistical relation nor does it require that independent variables be

quantitative. The procedure differs from regression analysis in that: l) the

independent variables in analysis of variance models may be qualitative (e.g., sex,

geographical location, etc.); 2) if the independent variables are quantitative, no

assumption is made about the nature of the statistical relation between them and

the dependent variable. Therefore, the problem of specifying the function does

not arise. Thus, when the independent variables are qualitative, there may be no

choice between regression analysis and analysis of variance. However, when the

independent variables are quantitative, the choice of the analysis technique

involves one that requires the specification of the nature of the statistical

relation (regression) and one that does not require it (analysis of variance). If
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there is doubt about the nature of the statistical relation, it may require one to

use the analysis of variance model to study the effects of the independent

variables on the dependent variable without restrictive assumptions on the nature

of the statistical relation and then turn to regression analysis to exploit the

quantitative character of the independent variable (Peter and Wasserman, 1977).

Sandals, et al., (1979) used the analysis of variance technique to study the

effect of retained placenta and metritis complex on reproductive performance in

dairy cattle. They found that retained placenta alone did not significantly impair

reproductive performance. However, metritis complex, in the presence or

absence of retained placenta, caused significant (P 5 .05) increase in days open,

services per conception, calving to first heat intervals and days open to first

service. There was an indication (interaction P _<_ .01) that cows with both retained

placenta and metritis complex are more severely affected than cows with either

retained placenta and metritis complex alone.

Muller and Owens (1974) studied the factors associated with the incidence of

retained placenta and its influence on subsequent milk production and

reproductive parameters. Their findings were: 1) incidence of genital infection

was higher in cows with retained placenta, although subsequent breeding

efficiency was similar for all cows; 2) milk and fat production were higher for

cows with retained placenta; and 3) sex of calf had no influence on the incidence

of retention or any of the variables.

E. Time Series Analysis

Data collected over adjacent periods of time, say monthly, quarterly, or

yearly, can be useful in making forecasts and predictions about future occurrences

of the event in question. Time series analysis is an approach which is used to

measure the pattern and characteristics of data that have been observed over
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time. Data that are collected over time about an event tend to show or follow

certain characteristic patterns or trends or be irregular. In epidemiology,

contagious and endemic diseases tend to follow cyclical, seasonal or trend

patterns over time. Identification and measurement of these patterns can be

useful in the treatment and control of the diseases and in making evaluations and

planning projects.

Peralta, Carpenter and Farver (1982) used time series analysis to determine

the pattern of foot and mouth disease (FMD) in cattle in Paraguay. The initial

hypothesis was that FMD shows cyclical and seasonal behavior that may be related

to: 1) virus mutation; 2) density of susceptible; 3) infectivity; 4) contact rates;

and 5) duration of sickness and resistance. Results showed that FMD exemplified

seasonal and cyclical fluctuations with very slight but significant (P g .05) increase

(trend) over the years 1972-1979. The implications of the results were that: 1)

there are certain months when the incidence of the disease is relatively higher

than in other months; 2) there is a cycle of 3-4 years over which the same

behavior is repeated; and 3) the disease will persist, due to the positive trend

component, under the existing circumstances. There was a suspicion, however,

that the observed seasonal variation could have been due to vaccination programs

which would allow for close contacts with animals and hence more cases of FMD

would be reported during the vaccination months than otherwise. This is an

indication that one needs to have a clear knowledge of institutional and social

circumstances under which the data are collected.

2.3 Economic Models

After the causes of a disease have been identified, the diseases effects

disaggregated and quantified, then the next step is to attach monetary values to
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the quantified impacts. The important problems at this stage include: 1)

determination of the categories of costs and benefits to include in the analysis; 2)

choosing the appropriate prices for the categories; and 3) choosing a discount rate

for impacts and categories that flow over time. A detailed discussion of these

aspects is covered by Gittenger (1981), Little and Mirrles (1974) and other

economic textbooks.

The economic models provide answers to these questions: 1) what are the

monetary losses associated with the disease? 2) what are the monetary losses and

returns associated with a disease situation and the cost of control measures

against the disease?; and 3) what level of disease control is economical or

optimal. Answers to the above questions help determine: 1) the level of disease

impact with a given control measure; 2) the best alternative control measure; and

3) the optimal combination of alternative control measures.

A- WPrinciple

This is a very common economic principle in situations where it is desired to

determine the optimal level of resource (or input) used in a production process

(Harsh, et al., 1981). The principle states that in the allocation of a resource (or

input) in a production process, the usage of the resource (or input) should be

increased up to the level where the cost of an additional unit of the resource

equals the earnings or returns from the additional output due to the additional

input. In other words, the optimal allocation is the point where the marginal

factor cost equals the marginal value of the product. Similarly, it is not

economical to pay for something unless its value is more than the expenditure one

incurs at the margin. Carpenter and Howitt (1982) used the same principle in

developing a model for evaluating the subsidization of governmental animal
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disease control programs. The principle, however, is difficult to operate in

practice due to the fact that inputs and outputs may not be divisible in use.

B. Partial Budgetingfl’ B)

A partial budget is a description of the economic consequences of a specific

change in farm procedure. A partial budget is typically made up of four

sections: 1) additional revenue realized from the change; 2) reduced costs as a

result of the change; 3) revenue foregone as a consequence of the change; and 4)

extra cost incurred due to the implementation of the change (Harsh, et al., 1981).

In this context, the change may be a disease preventive program or a new

breeding method (e.g., artificial insemination). So long as the elements in each

section can be identified, then the decision rule is to adopt the change if the sum

of (1) and (2) is greater than that of (3) and (4). As with other models, it is not

always possible to identify clearly the costs and returns associated with the

change in question. Secondly, many decisions may be rejected or accepted based

on other criteria, plus the fact that the partial analysis may not necessarily blend

into the total farm strategy (Harsh et al., 1981).

C. Benefit-Cost Analysis

This analytical procedure has been widely used, especially in agricultural

projects. It is used in situations where it is desirable to justify' the financing of a

project based on economic grounds or where a choice has to be made between

alternative projects competing for the same funds. There are four main elements

involved: 1) enumeration of benefits and costs; 2) determination of the

appropriate discount rate; and 3) specification of a decision criteria (usual choice

being between Net present value, Benefit cost ratio, and Internal rate of return)

and 4) sensitivity analysis (James and Ellis, 1979).
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One variant of benefit-cost analysis is cost-effectiveness. This approach is

used when assessing the impact of a strategy or project where the benefits 'cannot

be computed directly. For example, an extension program may be evaluated by

how many people adopted the new innovation, in terms of the cost per family that

adopted (Erb, 1984). Thus, preference is given to a program that, given its cost,

will benefit a greater number of the target population. Projects like Foot and

Mouth disease surveillance tend to be evaluated in this manner (McCauley et al.,

1979). Bech-Nielson et al., (1983) evaluated. control programs for the cattle

nematode, Parafilaria bovicola using the benefit-cost technique. Habtemarium et

al., (1983) evaluated the cost-effective and benefit maximizing strategies for

controlling trypanosomiasis using net prevent values (NPV) and benefit-cost ratios

as the selection criteria.

D. Decision Analysis

This technique is becoming essentially useful in the veterinary field (Morris,

1969; Erb, 1980; White and Erb, 1982; Madison et al., 1984). It provides a

mechanism for describing complex problems in an explicit fashion, identifying the

available courses of action, assessing the probable outcomes and their monetary

values, and making simple calculations to select the optimal choice. In the

veterinary field, practitioners often use some established protocol, that is,

standard methods and rules of procedure for a given clinical situation (Kassirer,

1976). With complex situations the human mind requires a framework for

incorporating a large amount of information and selecting among a number of

possible alternatives. One such framework is a decision tree. A decision tree is

defined as "a graphical method of expression, in chronological order, the

alternative actions available to the decision maker and the choices determined by

change" (Hillier and Lieberman, 1980).
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The first step is to arrange the problem that must be solved and

characterize the information needed to make the decision in a structure

resembling a tree. In the decision tree, choices such as whether or not to treat,

are represented by squares called decision nodes. Chance events or states of

nature such as response to treatment are represented by circles called chance

nodes. Lines, or branches, follow each node and lead to the next event. The

branches following each decision node must be exhaustive; that is, they must

include all possible outcomes, and the outcomes must be mutually exclusive.

After each chance node, there is a probability that an event occurs. Here,

too, there must be a branch for each outcome, and the branches must be

exhaustive and mutually exclusive. The probabilities following a chance node

must add up to 1.00. These probabilities can be taken from literature,

experimental data, or expert opinion, including the opinion of the person creating

the tree if no other source is available (White and Erb, 1982).

The expected outcome, usually monetary, is entered at the far right of the

tree branches. Decision is then usually based on some criteria like the minimax,

maximax, expected monetary value or expected utility (Fleisher, 1983). White and

Erb (1982) have used the technique to analyze decisions related to treating or not

treating cystic follicles and when to treat for various days postpartum. The

shortcomings of their analysis will be addressed in this study. An extensive

evaluation of decision analysis as an analytical framework is made in Chapter III.

E. Linear Programming

This technique is useful in determining the optimal allocation of resources to

competing activities. It has been used extensively, especially by farmers with

competing enterprises or programs in deciding: 1) what enterprise combinations
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are economical; 2) at what level of operation each enterprise should be maintained

or managed; 3) what the expected returns would be from each of the optimal

enterprises; and 4) the range of prices over which the particular enterprises would

remain economical.

The following requirements have to be met: 1) specification of the objective

function, i.e., something that has to be maximized or minimized - this usually

takes the form of money (profits or costs); 2) identification of the different

enterprises or activities competing for the resources; 3) identification and

quantifying of the resource constraints such as money, feeds, medicine, space and

the like; and 4) knowledge of input/output coefficients, e.g., weight gain per lb. of

feed, yield per cow.

The usual format is of the form:

Objective function:

Maximize Z = Cij;

Subject to (constraint):

Where

Z = variable being maximized;

C1 = coefficients of payoffs of the activities;

= activity on enterprise J;

Aijs = input/output coefficients;

b- = resource constraints i.
1

The technique assumes linearity in production, divisibility of resources and

knowledge of the input/output coefficients. Unfortunately, these assumptions are

not usually met in the real world. Therefore, some variants of the technique have

been developed to handle situations where some of the assumptions have been

violated. These include integer programming, N-stage programming, and

separable programming (Hiller and Lieberman, 1980). Application of linear
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programming in animal health is still in its early stage. Carpenter and Howitt,

(1980) described the use of this model in the turkey industry. Christiansen and

Carpenter (1983) used it as a planning tool in the New Zealand Brucellosis

evadication scheme. Habtemarium, et al., (1984), used linear programming to

evaluate trypanosomiasis control activities in Ethiopia. The objective function

included the maximization of net benefits, utilization of unskilled labor, and

resettlement of reclaimed land, and decreasing the prevalence of trypanosomiasis

from 2096 to less than 596 at the end of 5 years. The model constraints were

epidemiological, ecological and economic in nature. The results were to be of

usefulness in determining the potential optimal use of resources and identifying

constraints for long range planning.

F. Markov Chains (Markovian Processes)

This technique is used to study the evolution of certain systems or processes

over repeated trials or successive time periods. in epidemiology, Markov chains

are simplified and used to make computations where the units under consideration

can exist under a number of states, and probabilities can be specified for chances

of the units transferring from one state to another.

Therefore, it requires knowledge of the transition probabilities, presented in

a matrix form and the numbers (say, animals in each state) presented in a vector

form. A crucial assumption is that the transition probabilities are static, that is,

we have a steady state (Anderson, Sweeney and Williams, 1980).

The mathematical presentation could be as follows:

(51, $2, $3, S4)to r- -)

‘11 ‘12 ‘13 ‘14 = (51: 52: 53: 54):

t21 ' t22 ‘23 t2“

‘31 ‘32 ‘33 ‘24

‘41 ‘42 ‘43 ‘44‘  
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Where 51 to $4 for to represents the number of animals in state one to four

respectively in the initial period. The four states could comprise of: l)

i's

are probabilities of transfers from state i to state j in a given period. 51 to St, for

susceptible animals, 2) infections, 3) immune, and 4) removed or dead. The ti

t1 represent the number of animals in each state at the end of the first period

(iteration). They are the product of vector and the matrix of probabilities.

Computations can be done for several periods of time to indicate the proportion of

animals in each state at the end of a given period (James, 1977).

Markov chains can also be used to determine what alternative policy to take

in processes that repeat themselves over time (Howard, 1960). Ngategize (1982)

has used elements of this technique and simulation decision rules to make projects

on herd growth over a 15 year period and to compute the costs and benefits of

alternative management practices. Markovian programming has been used in cow

replacement studies by Giaever (1966), Redman and Kuo (1969) and Ben-Ari et al.,

(1984). Walker, et al., (1986) have presented a theoretical application of Markov

chains in the economic analysis of paratuberculosis (Johne's disease).

G. Systems Simulation

Simulation represents an attempt to emulate real life conditions using

simple models over time. It is an attempt to mimic the real world (Morris and

Anderson, 1976). It has been used extensively in biological sciences and

engineering and economics. As a predictive tool, it can be used descriptively and

especially where alternative programs are being evaluated.

In epidemiological studies, simulation has been used by McCauley, et al.,

(1979) to study the impact of FMD in the United States. Morris and Anderson

(1976) used the technique to study the prevalance of mastitis on a monthly basis

over a six year period in a herd of 100 cows. The simulated results were utilized
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to compute: 1) total production of the herd; 2) replacement costs; and 3) cost of

control measures.

A similar study has been carried out by Dietrich et al., (1981) to estimate

physical losses resulting from alternative bovine brucellosis control programs.

The simulation results were used in a benefit-cost analysis to evaluate the control

programs.

Rundell (1966) applied simulation to cattle replacement decisions. Morris

and Anderson (1976) simulated bovine mastitis. Octanacu et al., (1980) used

simulation to study the reproductive process in a herd of dairy cattle.

Habtemarium et al., (1983) simulated the effects of various disease-vector control

alternatives on the prevalence of trypanosomiasis, and in another study

Habtemarium et al., (1983) built a system model to simulate the quantitative

epidemiology of trypanosomiasis.

Kliebenstein and Walker (1986) used simulation to estimate economic impact

of alternative Johne's (paratuberculosis) control methods in dairy cattle. Control

methods evaluated were vaccination of newborn calves, immediate removal of

calves from dams at birth with replacements raised separately from the milking

herd, and a combination of both. Three disease prevalence rates and the three

levels of efficiency of disease control dynamics were evaluated. Vaccination was

an effective control method with the three prevalence rates.

H. Dynamic Programming

Most of the models discussed in this chapter are only useful under a given

set of assumptions. Some of them already have variants to fit certain situations

when one or the other assumption does not hold. Some of the models are so well

developed as to have algorithms and packages that are simple to use. Dynamic

programming, on the other hand, is a mathematical technique that is adaptable to
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many complex problems. It is a procedure used for determining the best sequence

or combination of decisions in solving complex problems in order to maximize

their overall effectiveness (Hiller and Leiberman, 1980). It is a general type of

approach that requires a certain degree of ingenuity and insight in determining

situations where it is useful and being able to develop the solution procedures.

One characteristic is that the complex problem has to be broken into simpler

problems that can be solved sequentially. Dynamic programming has been used

rather extensively in cattle culling/replacement decisions (Jenkins and Halter,

1962; Smith, 1971; McArthur, 1973; and Stewart et al., 1977). Given the

complexity of disease problems and the determination of their economic costs,

this technique could be of great potential in providing solutions to complex

epidemiological processes.

2.4 Conclusions

The use of models to measure, quantify and evaluate the causal-

relationships, impacts and effects of variables on others is on the increase. It is

increasingly becoming necessary to defend grant proposals, input use (e.g.,

chemicals, feeds, machinery) or management practices with numbers that depict

monetary value or some other measure as opposed to doing things in terms of

protocol or some other subjective criterion. Two broad categories of models have

been reviewed.

Models for evaluating causal-relationships and association between

variables, especially regression analysis, have been well developed and a wide

range of textbooks are available. The second category of models has also been

well developed and used, especially in the agricultural economics discipline. They

are most useful when one can identify and quantify the different negative and
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positive effects or impacts of variables on others. Thus, they could be a logical

step after using models in the first category.

The choice of any statistical, epidemiological or economic model will depend

on a number of factors including: 1) the nature of the disease, host and

environment ecosystem; 2) the problem under consideration and the users of the

results (e.g., farmer constraints and goals); 3) the resources (time, money,

analytical tools available; and 4) the availability of the necessary data and

information about the problem.

Advances in the development of Management Information Systems (Davis,

1974) and Decision Support Systems (Keen and Morton, 1978) will enhance the use

of the models reviewed. It will, however, demand that the models be refined and

appropriate computer software developed to make them more accessible and easy

to use by different groups of decision makers in different situations.



CHAPTERIII

INTEGRATION OF DECISION ANALYSIS AND SIMULATION

AS THE CONCEPTUAL ANALYTICAL FRAMEWORK

3.1 Introduction

In decisions relating to evaluating the economic impact of animal diseases

that reduce production efficiency, the basic concept of analysis has to view the

cow as a durable asset. This analytical approach recognizes that returns and costs

are incurred over time and often in an irregular flow. This also implies that the

impact of intervention measures also have to be assessed over the cow's lifespan.

The flow of returns and costs as affected by the disease and intervention measures

will influence the decisions on optimal cow herdlife and subsequent culling and

replacement. The literature review presented in the previous chapter highlighted

a broad range of models that are of potential usefulness in the analysis of the

economic impact of animal diseases and in evaluating animal health management

strategies. However, each model has its' own merits and limitations which have to

be assessed before using the model in any specific situation.

The statistical/epidemiological models have been the basis for establishing

the cause and effect or association within diseases and between diseases and other

variables that arise from management or the environment. For example Bartlett,

et al., (1986), have established that there is a strong association between cystic

follicles and increased milk production. The parameters derived from this

analysis, therefore, are useful as inputs in the overall model of evaluating the

economic impact of cystic follicles. Similarly such models have established

coefficient estimates on milk yield over time by lactation and season (month of

27
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calving). However, these models on their own provide no information for

comparing animal health management strategies for decision making purposes.

Economic models are more decision oriented. They are useful in establishing

optimal solutions, maximizing returns or merely assessing costs and benefits in

monetary terms.

The equimarginal principle is difficult to use operationally due to the fact

that some resources are not divisible in use. Secondly often the economic decision

is one of optimizing many constraints rather than one resource. Partial budgeting,

as the name implies, is only handy in situations where one is dealing with a small

part of a bigger enterprise. Thus it assumes divisibility of resource use. Benefit-

cost analysis has the advantage of being useful in analyzing the economics of

projects (usually agricultural) with the objective of selecting the project that has

a higher benefit-cost ratio, net present value or internal rate of return. The

analysis assumes that the costs and benefits associated with each project are

known. Data limitations are, however, often critical as is the case with the

analysis undertaken by this research.

Linear programming also assumes divisibility of resources and knowledge of

input and output coefficients. In addition, linear programming, as the name

implies, assumes linearity in production. All these assumptions are violated in the

problem being analyzed. Dynamic programming and Markov chains also relies on

data being available and using a set of algorithms to arrive at the optimal

solutions. The option envisioned by this study is to integrate decision analysis and

simulation that utilizes dynamic programming as the analytical framework for

evaluating the economics of animal diseases that reduce reproductive efficiency.

In the following section decision analysis and simulation are reviewed in

detail. Chapter IV will highlight the logic of the analytical model.
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3.2 Decision Analysis

Decision analysis is defined as any framework or strategies for handling

complex decisions so that they can be more readily evaluated by the human mind

(Morris, 1977). A decision analysis of available information is formulated into

alternative management decision options. One can consider all economic and

statistical/epidemiological models and frameworks used in problem-solving to be

part of decision analysis. However, it is more commonly thought to include four

techniques, namely: 1) mathematical equations; 2) payoff matrices; 3) process

diagrams or process flow charts and 4) decision trees (Morris, 1977).

A mathematical equation is an approach that involves the presentation of

data on the decision options, states of nature, probabilities and outcomes in a

mathematical form (equation) and using a selected maximizing or optimizing

criteria in selecting the action that represents the decision maker's preference.

For example, to select among the decision options, A1, A2"'Ai’ information may

be presented in the following form;

AI = f (A1, 51’ $2"’Sj, P51, P52, on, P V51, Vsz'”vsj).
sj'

where AI

P51 = Probability of occurrence of state of nature, Si

S) = States of nature

Vsj = Value of outcome for each state of nature, 51

= Decision options (actions)

Assuming that one desires to use the expected value (EV) as the decision

11

criteria, then the EV for each action (Ai) would be; EV(Ai) = Z Psi Vsj' Then

i=1

the action with the highest EV would be selected.

A payoff matrix is a tabular presentation of data on the decision actions (as

presented above) giving a better visual presentation of the data. The presentation

of the data could take the following tabular form:
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Then using some decision criteria, a visual or mathematical computation is made

to select the preferred action (Davidson et al., 1981).

Table 3.1. A Payoff Matrix

 

 

Value of Outcome (V-) for Probability of

State of Nature different action choices (A1) occurrence

51 V11 V21 V11 p1

S2 V12 V22 V12 p2

si v1 j v2i vij 13i

 

A process diagram or flow chart is a technique in which the problem in

question is presented in a dynamic sequence of events, information flows,

information processing steps, and decision making steps (Morris, 1977). This

approach is used in computer programming and is gaining ground in diagnostic

work and areas of artificial intelligence. In diagnostic work, the different stages

of the flow chart are the procedures that one goes through in identifying a

specific disease. Thus by answering questions related to the symptoms of the

disease and falling through "yes" and "no" arrows one ends up at a point where a

particular disease has been defined.
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Decision-tree analysis is probably the most frequently used technique of

decision analysis (Morris, 1977) and is the subject of the remainder of this paper.

Using graphical representation, it shows, in chronological order, the alternative

actions available to the decision maker. These originate from a square decision

node as branches of the decision tree. Each alternative action is followed by

possible occurrences determined by chance, states of nature. These originate

from circular chance nodes (Figure 3.1). Associated with each state of nature is a

probability of occurrence for the state of nature and the value of the outcome,

usually monetary, associated with the action choice and the state of nature (Hiller

and Leiberman, 1980; Dohoo, 1984).

Decision-tree analysis had its earliest application in fields like military

planning, economics, and marketing (Raiffa, 1968; Hammond, 1967; and Brown,

1970). There is growing literature geared at promoting the use of the technique in

human medicine (Lusted, 1971; Tanshoff and Feinstein, 1976; Pauker and Kassirer,

1978, 1980; Weinstein and Fineberg, 1980). It has been applied in the management

of coronary artery surgery (Pauker, 1976), renal failure (Pliskin, 1975), heart

disease, blood disorders, ulcers, tumors of the bone, headache, abdominal

emergency (Anderson and Boyle, 1968), and cancer (Henschke et al., 1967). In

animal health management, decision-tree analysis has been used in managing dairy

calf mortality (Martin and Wiggins, 1973; White et al., 1983), cysticercosis

(Willadsen, et al., 1980), poultry health program design (Carpenter, 1981), cystic

ovaries (White and Erb, 1982), and calf fattening operations (Carpenter and

Diklgard, 1982; Davidson et al., 1981). In general though, the use of decision-tree

analysis in animal health programs is still minimal, and theoretical concepts and

bases for its use are still being developed (Dohoo, 1984; Madison et al., 1984 and

Fetrow et al., 1985).
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3.3 Potential Applications of Decision-tree Analysis

A decision maker in an animal health management program chooses from

many possible actions, such as: taking preventive measures before a disease

breaks out; controlling the disease from spreading; attempting an immediate

eradication as soon as the disease is diagnosed; choosing among alternative

treatments for the disease; deciding on when to administer the treatment; giving

no treatment and hoping for spontaneous recovery; waiting until some economic

threshold is reached before deciding on treatment; or culling the animal from the

herd. The above choices involve some cost to the decision maker. These costs

could include: surveillance to detect outbreaks; medicine and drugs; tools,

equipment, and housing; veterinary services; transactions and disposal costs; labor;

discarded milk; reduced genetic potential from the herd; and decreased

production.

Decisions pertaining to health programs require that one account for many

different components (e.g., states of nature, outcomes, and probabilities) in a

meaningful and simple way that facilitates selection of an appropriate choice of

action. Often the outcomes of any given action, management strategy, or

treatment option are not certain. At the most, one can only establish some

probability that a particular outcome will occur. These probabilities also have to

be incorporated in the decision-making framework. Decision-tree analysis allows

for the incorporation of such information.
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Where :

A1, A2, A3 are three alternative action choices

51’ 82, S3 are states of nature under each action choice

with the associated probabilities (P).

Figure 3.1: A Hypothetical Decision-Tree Representing Three Action Choices,

Associate States of Nature, Probabilities and Monetary Values.
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3.4 Merits of Decision Analysis

The use of decision analysis in animal health management programs would

have the following benefits:

1) Ease in comprehending and formulating problems using the decision-tree

framework. The need to structure the problem into a decision-tree helps identify

the logical sequence and important components of the problem. Further, the tree

structure can be a useful tool in teaching, extension and education. On its own,

the tree structure represents a visual aid, a model, and an algorithm.

2) Flexibility in handling animal health problems. One is able to expand the

model as additional information becomes available. Likewise, it can be reduced

depending on the desired number of potential or viable options to be analyzed.

The inclusion of more than one decision node can also allow for the analysis of

dynamic problems as opposed to problems of a static nature.

3) Decision making under conditions of uncertainty. One of the most

important attributes of decision analysis is that it allows for handling the

uncertainty that exists when one can only associate an outcome with a

probabilistic distribution function.

4) The use of decision analysis will enhance the on-going search for

appropriate analytical approaches. The need to derive probabilities and outcome

values induces the researcher to collect precise information and search for

improved analytical tools that may not be readily available.

3.5 Limitations to Using Decision Analysis in

Animal Health Programs

Like other techniques, decision analysis has its own limitations.

Time constraint. It tends to require much time and effort. Practitioners

tend to resist it, especially where protocols have already been established

(Schwartz, 1979). The ability to define a problem and structure it into a practical
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decision-tree framework will require time and patience, especially where

information is limited and the problems to be modeled are complex and/or not

fully understood. The time limitation, however, can be overcome in several

ways. Developments in computer technology and management information

systems, are gradually making information more readily available from a variety

of sources in a short period of time. Computers can now build and prune decision-

trees quickly and with minimal instructions (Carpenter and Dilgard, 1982). Ready

made computer programs like the ARBORIST are now available (Frank, D.W. and

Carroll, R. H. 1984).

Derivation of probabilities. Estimates of the probabilities associated with

the respective branches are seldom readily available. Often one is left with the

option of using subjectively produced probabilities, secondary sources, or

conducting separate experiments to generate the relevant information. A number

of techniques are available, however, that can be used to derive these

probabilities and incorporate them in decision making. Bayesian analysis

techniques are useful in deriving revised (posterior) probabilities for the states of

nature given new or additional information. Information pertaining to the decision

maker's beliefs, experiences, and attitudes toward risk in the form of subjective

probabilities (Williamson, 1975) can be incorporated with empirical probabilities.

The procedure thus allows for empirical probabilities for events related to the

problem to be taken into account in the reformulation of the probabilities of

certain outcomes. In addition, sensitivity analysis may be used to test the effect

of changing various probability levels on the initial decision.

Sensitivity Analysis is an approach used in evaluating the effects of changing

various parameters (probability, benefits or costs) levels on the initial decision.

The results show how the selected decision (action) is likely to change with

changes in the model parameters; thus, it is used in evaluating the sensitivity of
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the decision strategy to changes in the probability of the occurrence of the

various states of nature (Kassirer, 1976; Madison, et al., 1984).

Alternatively, one may proceed to establish the point in the spectrum of

probabilities or outcomes (threshold levels) beyond which the initial decision would

not be reversed. This approach is useful for practical purposes, since often one

can only estimate the probability range for the model parameters that can be used

in selecting the optimal strategy. Thus, at the threshold level one would be

indifferent between two or more decision strategies and beyond the threshold

point the strategy changes (Pauker and Kassirer, 1978).

Establishingthe value of model inputs and outputs. In many instances, the

inputs and outputs of a given decision strategy may not have a market value, the

market value may not be an appropriate measure, or they may not be tangible or

measurable in the usual monetary units (Rahsohoff and Feinstein, 1976). This

may, therefore, demand the development of more appropriate measures of value

for the input or output in question and the establishment of a common measure of

value for evaluating all the inputs and outcomes of a given decision strategy. For

example, the market value of a dairy cow may not represent the true or real value

of the cow to the farmer. The farmer, among other things, may consider the

value of the cow in relation to cattle replacement determinants, such as herd size

and his or her goal for herd growth, the availability of replacements, and the

genetic potential of the animal. Similarly, it is rather difficult to measure the

farmer's liking of a specific animal due to its temperament, beauty, and other

intangible attributes.

Uncertainty over the decision criterion. The criterion to use in deciding the

optimal strategy may not be obvious. In selecting a management strategy,

individuals differ in the type of information they incorporate from the available
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data set (Fleisher, 1983). The theory underlying the selection process or decision

making is known as decision theory.

If the outcomes of every choice were certain and were expressed in some

common measure or unit of value, all rational decision makers would most likely

make the same choice. Even under conditions of uncertainty, if the outcomes

from any one choice and likely states of nature are always more positive than the

outcomes of all other choices and states of nature, again the choice becomes

obvious. In most cases, however, the probabilities for the various states of nature

and their corresponding outcomes may differ. Under such circumstances,

unanimity of choice disappears. This is because individuals differ in their

willingness to bear the possible consequences of risky events (Robison and Barry,

1984) and in their ability to process data with probabilistic distributions. This

difference is attributed to a number of factors including age, level of education,

cultural environment and values, level of income/wealth, and acquired skills or

experience in the area concerned. Dairy farmers, for example, in making

decisions related to animal health, may be influenced by factors such as size of

the herd, incidence of a given disease, and goals and objectives in farming.

Given the data presented in Figure 3.1 for example, there are two categories

under which we group a number of models that explain the decision criteria that

individuals will use to arrive at a final selection of an outcome. There are

nonprobability considerations and probability considerations.

Under the nonprobability considerations, individuals disregard the probability

associated with the states of nature. One individual may select the action that

has the highest value for any of the states of nature regardless of the outcomes on

the other states of nature under the action choice. Thus, action three would be

selected since the value on state of nature three (A3, $180) is the highest for all

actions and outcomes regardless of the probability of occurrence. This decision
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criterion of selecting the action with the outcome of highest value for all the

action choices is called the maximax criterion. This reflects a risk-preferring

attitude.

Another individual may be concerned with whatthe lowest likely value is for

all actions and their states of nature and make a selection of an action that gives

the highest minimum value for all states of nature and action. Hence action one

(A1, $95) would be selected since it represents the highest of the lowest values for

the states of nature of the various action choices. This is called the maximin

criterion and thus represents a risk-aversion attitude. Other models that do not

incorporate probabilities include the safe-first criteria, lexicographic ordering,

and minimax regret (Fleisher, 1983).

With respect to probability considerations, at least three models have been

defined. These include the: l) Laplace decision criterion; 2) expected value

criterion and 3) expected utility criterion (for detailed information, see Hiller and

Leiberman, 1980; Fleisher, 1983).

The individual who uses the Laplace decision criterion assumes that each

state of nature is equally likely and will select that action that has the highest

average value (A3): AVA3 = (75+82+ll5+120+140+166+175+l80)/8 = 131.63.

Another individual will compute the expected value under each action and select

the action that represents the highest expected value (A1):

EVAI = P1 (value 1) 4» P2 (value 2) + P3 (value 3) + P4 (value 4) 4» P5 (value

5) + P6 (value 6) + P7 (value 7) = .O5(95) + .l(100) + .O2(106) + .2(118) +

.2(125) + .03(128) + .4(145) = 127.31.

The third criterion, which is becoming increasingly popular, is the expected

utility criterion (Fleisher, 1983). It incorporates the decision maker's utility for

income or wealth and his or her attitude toward risk into a preference ordering

rule. The expected utility user would assign a utility value to each of the possible
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outcomes of Figure 3.1. Figure 3.2 shows hypothetical utility values that three

individuals, risk averse (RA), risk neutral (RN) and risk preferring (RP) might

attach to the monetary values of Figure 3.1.

An important theoretical assumption is made here; that we can derive utility

functions and mathematically manipulate the derived utility values and contrast

them for the three individuals. For example, for the RA individual, the expected

utilities (EU) for the action choice A1 would be calculated as follows (Halter, et

al., 1969, pg. 42):

EUA1(RA) = P1 (Utility n+9, (Utility 2)+P3 (Utility 3H),, (Utility 4M3,

(Utility 5)+P6 (Utility 6)+P7 (Utility 7) = .05(45) +.l(54) +.02(61) +.2(74)

+.2(80) +.03(82.5) +.4(90) = 78.15.

The results show that the risk averse RA and risk neutral RN individuals would

choose option A1 while the risk preferring individual RP, based on the highest

expected utility for the given action choices, will select option A3.

The major constraint with this approach is that it is very difficult to elicit

the utility functions that are consistent over time and space for individuals

(Anderson et al.,., 1977; Robinson, 1982; Amir et al.,., 1984). Derived utility

functions are only usable for a short period of time under a given set of

circumstances. As an individual's knowledge, income level and attitudes change,

the utility functions are likely to change as well.

3.6 Simulation Analysis

As has already been stated, simulation analysis represents an attempt to

emulate or mimic real life conditions. It involves the description of the situation

under analysis into a problem formulation, developing the problem into a

mathematical model which in turn is converted into a computer model. Then the
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model can be tested, refined and run to generate desired results. Simulation

allows for flexibility, adaptability and a problem-investigating process. It can be

used to obtain good solutions to problems that are too complex to be solved with

procedures like partial-budget analysis, linear programming and others. It's

flexibility rests in the building-block organization of the analysis, allowing for the

development and incorporation of new components and substitution of simpler

components by more complex ones as may be necessary. It also allows the

incorporation of a wide range of modelling techniques from different disciplines.

It is adaptive in that improved knowledge about data, parameters, and structural

relations can be progressively incorporated into the analysis. During the course of

model building, a deeper understanding of the system is gained by the analyst and

decision maker. Simulation helps raise questions about data collection priorities,

structural relationship and behavioral patterns about which theoretical

disciplinary knowledge is lacking. Simulation is easy to explain and understand

and hence useful for research, extension and policy applications. The merits of

simulation analysis will therefore complement those of decision analysis. This will

be so especially in as much as simulation will be used to generate some of the data

(input and output) that would otherwise be unavailable with decision analysis

alone. With simulation data on the flow of returns and costs of a specific animal,

given a set of assumptions, will be generated. In addition computer simulation

will almost eliminate the time constraint identified with decision analysis due to

its speed and accuracy. This will also allow for the ease of conducting sensitivity

analysis and adapting the model to different disease conditions.
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3.7 Some Economic Concepts

The following economic concepts are important for understanding the next

chapter in which cost and return flows over different periods have to be analyzed

for comparative analysis.

Uncertainty

A decision maker must make decisions about the future even when yields,

prices, costs and other factors cannot be predicted with a degree of accuracy.

Thus there is uncertainty about such variables. Uncertainty occurs when there is

no basis for assigning any probabilities to future events (Harsh, et al., 1981). In

situations where the future can be predicted with specified probability distribution

(risk situation), the probability distributions can be incorporated in the analysis as

has been done with expected value computations in the previous chapter. Lack of

probability distributions about future flows and returns represents a management

problem. Various approaches have been suggested for use in resolving the problem

(Harsh, et al., 1981)

1. One approach to going around the problem is to use higher discount

rates for the more uncertain investments. The effect of a higher

discount rate being to lower the present value of the benefit for the

more uncertain investment. The problem, however, becomes one of

determining the appropriate discount rate.

2. The second approach is to use a range of possible outcome associated

with each investment alternative. Thus, computation of returns could

be made for pessimistic, optimistic and most typical outcomes. As a

result one can assess the possible impacts of wide range of likely

outcomes.

3. The third approach makes the use of probability theory. This is the

most appropriate and commonly used as long as the relevant

probabilities can be established. This approach will be used where

probabilities can be established.
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Discounting:

Since the returns from any given cow are realized at different periods of the

cows' lifespan in the herd, discounting becomes important because of the time

value of money. "A dollar today is worth more than a dollar tomorrow" because of

the time value of money. A dollar earned at the present point in time is worth

more because it can be invested and hence earn an interest. A dollar earned at a

latter point in time has a lesser value because it will not have earned the interest

earned from a dollar that was available at an earlier point in time. For

comparison purposes, given earning sources occurring at different points in time

the discounting principle is used to establish the present value of earnings raised

at different points in time. By putting the future stream of incomes and costs on

a current dollar basis then comparisons can be made between alternative income

flows. The formula for establishing the present value (V) of a stream of return is:

RnII

v= 2: -——-—

n=1 (1+i)“

where; R amount to be received in future period n.
n

i = interest rate per time period

n = number of time periods covering the life of the

investment.

The formula can also be written as:

V = R1 + R2 + R3 + --- + Rn

(1+0 (1+1)2 (1+n3 (140"

    

The concept of standardizing or annualizing returns is also an important one

and closely related to discounting. The concept enables one to make comparison

between alternative income flows overtime. It is significant to know the amount
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of income an individual would willingly accept to receive today as an alternative

to a certain amount of equal incomes over a specified period of time. The

equation for computing the annuity factor is:

An -.- r/ [l-r / (l+r)""]

Where An = Annuity factor for period i.

r =Interest rate

n =period being considered.

For example, using the discount rate of 1296 for a ten year time period the annuity

factor is .1770. The interpretation for this is that an individual would be

indifferent between receiving .l77¢ per year over 10 years and receiving a dollar

today. Alternatively if the period of comparison is the same, then the alternative

with the highest annuity equivalent would be preferred assuming other things

remain the same (e.g. risk of the investment and personal preferences).

Opportunity Cost:

This is a commonly used economic concept. It is based on the knowledge

that resources have alternative uses and if resources are employed in one use, say

the production of milk, then the resources used are not available for use in other

possible production activities like for beef, poultry or hogs. The opportunity cost

is the measure of the value of the alternative foregone or sacrificed by not

investing resources in the most valuable of the other alternatives. Alternatively,

opportunity cost is defined as the maximum net return that is sacrificed because

the resource is not employed in its next most profitable alternative (Harsh et al.,.

1981). Resources that are scarce or limit production will have a positive

opportunity cost while resources that are not scarce and do not limit production
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due to their availability or lack of alternative employment opportunities will have

a zero opportunity cost. Dairy farmers are concerned with making profits.

Profits are often defined as the difference between gross returns and the sum of

cash expenses and certain non-cash expenses as depreciation. Accounting profits,

however, are defined as the difference between gross cash returns and explicit

cash costs associated with a production process. The opportunity cost concept, on

the other hand, recognizes that resources have alternative uses and hence in

computing profits realized from the use of a resource in one alternative, it is

important to also consider the value or returns foregone by not investing the

resource in the best of the alternatives where the resource could have been used.

The return foregone represents an implicit cost to the alternative in which the

resource is being used. This implicit cost has to be put into consideration when

computing pure economic profits. Thus an enterprise is said to earn pure

economic profit only if the returns from the enterprise exceed the total cost of

explicit expenses for inputs purchased and the implicit cost of the net returns

from foregone opportunities if the labor and capital were employed in these

alternatives.

Other Considerations:

In situations involving the flow of returns overtime, other considerations

that need to be addressed include:

(1) Cash purchase versus financing.

(2) Inflation

(3) Taxation effects
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Cash Purchase Versus Financing:

In any investment involving a large amount of capital, the investor has to

determine whether to use personal funds (if available) or" to borrow the funds from

another source in which case some interest will be paid on the amount borrowed.

Should an individual decide to use personal funds then another cost has to be

considered in the form of the potential earnings one would have received if the

funds had been put in the bank or invested in another investment. Secondly,

investments will have different degrees of risk associated with them. For

example, expected earnings on income invested in a savings bank account are

more certain than earnings from an investment in a dairy industry due to the

uncertainty associated with death, involuntary cull and price fluctuations. The

considerations become cricial in choosing between cash purchasing and financing.

Inflation:

Inflation is a rise in the general price level or average level of prices of all

goods and services. The general price level thus varies inversely with the

purchasing power of a unit of money. Therefore, inflation is also a reduction in

the purchasing power of a unit of money. This has the significance of even

reducing the value of money at a point in time in the future in a situation of

inflation.

Inflation has an impact on investment decision due to its impact on nominal

interest rates or the cost of borrowing. Investors acquire capital by paying back

the principle and interest that reflects the real return to capital over time (real

interest rate) and the expected price increases due to inflation. High inflation

results in high nominal interest rates and the high interest rates discourage

investors unless the expected rate of return to an investment is relatively high.
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Taxation:

Taxation has the effect of reducing an individual's flow of income or

wealth. A tax is a compulsory payment usually to government. Most taxes are

like an increased cost to the taxpayer and as such influence the flow of costs and

benefits in an investment program. Tax laws vary from area to area and from

time to time.

3.8 Conclusion:

An integration of decision analysis, and simulation using dynamic

programming is chosen as the conceptual framework for analysing the economics

of animal diseases that reduce production efficiency and evaluating alternative

management strategies. These approaches enhance each other in being flexible,

efficient with respect to time and ability to handle situations of uncertainty with

respect to the value of model parameters and in arriving at optimal decisions.



CHAPTER IV

THE ANALYTICAL MODEL

4.1 Introduction

This chapter presents the specifications of the model, the data and the

model subsystems. A Fortran computer code is presented in the appendix. Figure

4.1 represents a flow chart for the model. The analysis takes the form of an

individual cow model as opposed to a herd model. The costs and benefits that flow

over the cow's lifespan are simulated over a fourteen year period, the estimated

maximum cow lifespan in the herd The model, written in Fortran computer

language, was run on an CDC mainframe at Michigan State University.

A number of variables determine the annual income flows from a cow in a

herd. These include milk and calf values on the income side and costs related to

feeds, labor, health and housing. Given that some of the benefits and costs are

fixed relative to whatever animal one is dealing with, a partial analysis involving

elements that are variable relative to a specific cow and replacement is used in

this model. These variables include (1) milk yield (2) calf value (3) feed costs and

(4) health costs.

Milk Yield:

In monetary terms, milk is the most important product from a dairy cow and

hence an important indicator of the expected returns from the animal over a

period of time. The performance of an animal is measured by milk production,

percentage butter fat, calving interval, susceptibility to disease and

48
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temperament. These factors are influenced by the genetic potential and the

temporary and permanent environmental factors including feed quality, season of

calving, milking techniques, lactation number and diseases like mastitis.

Prediction of milk yield and related assumptions are made in later sections.

Feed Costs:

Feed is a very important biological factor that has influence on milk

production. Feed intake is low immediately after parturition, about 296 body

weight. However, consumption increases sharply, peaking about 7-12 weeks post-

partum (Jorgnesen, 1977; Hillman, et al., 1973). Peak intake occurs after peak

production, usually following within a couple of weeks. Then consumption declines

progressively in a linear fashion with milk yield. The relationship ranges between

.2 and .07 pounds of dry matter per pound of milk produced (Hlubik, 1979).

Calf Value:

The value of a calf at birth is a function of its (1) sex, (2) genetic potential

and (3) physical and health conditions at birth. The genetic potential is the most

important factor considered by farmers in selecting calves as herd replacements

or purchasing cows and in buying or contracting bulls for artificial breeding.

Health Costs:

Health costs are an important component of the model since diseases are the

main contributor to the category of health costs. Health costs include direct

expenses associated with quarantine, vaccination, chemotheraphy, medical and

surgical treatment, examination costs, general labor costs, contaminated milk and

replacement costs. Also of significance in this study are indirect costs associated

with delayed estrus which causes a delay in the flow of returns from potential
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milk and newborn calves in future periods and potential costs associated with

infertility or sterility. Studies have shown that health costs are generally higher

during the early stages of each lactation and decline almost in a linear fashion

becoming minimal in the dry period (Shanks, et al., 1981, 1982). These findings

are supported by the fact that most diseases like dystocia, retained placenta,

metritis, mastitis and cystic ovaries occur early in the lactation. This is the

period when the cow is most vulnerable due to the pressure imposed on her by the

calf and the potential for infection is higher soon after birth. High producing

cows tend to be even more vulnerable and therefore high levels of milk production

are associated with high levels of health costs.

4.2 Model Flow Chart:

The model flow chart is presented in Figure 4.1. The model starts with an

input of potential replacement heifer data. These data are used by the various

model subsystems (milk subsystem, calf subsystem, feed subsystem and health

subsystem) to generate the expected flows of returns and costs resulting from

milk, calf values, feed costs and health costs over 14 lactations. From these flows

discounted net returns are computed over the replacement heifers' lifespan.

The period in which the highest of the weighted standardized returns

(standardized returns adjusted for probability of death and cull per lactation. Also

see section 4.4.) occurs is used as the optimal replacement period for the heifer.

The computed weighted standardized value, called MAX in the flow chart, is

compared with the weighted standardized returns for the sick cow to determine

whether to keep the sick cow or replace it with the potential replacement heifer.

The model also evaluates the economic returns for any given management

strategy. Decision criteria for culling or for selecting optimum management

strategy are discussed in latter sections.
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Figure 4.1: Model Flow Chart and Subcomponents
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4.3 Simulation Model Subsystems

A. THE MILK SUBSYSTEM:

In this subsystem, total milk production for the lactation is simulated and

the returns from the milk produced computed. Milk production (MILK) in a given

lactation is a function of

a) milk produced in first lactation (YLDFST)

b) month of calving for current lactation (SEAFAC(MNTH))

c) lactation number for current lactation (LACT)

d) length of lactation (LACLGT).

Therefore, MILK = f(YLDFST, SEAFAC (MONTH), LACT, LACLGT).

YLDFST is based on a normal 10 months (305 day) lactation period.

Therefore, to predict the lactation yield in any subsequent lactation, the lactation

factor (LACFAC) and seasonal factor (SEAFAC) are used. This gives an expected

production (YLDNOW) for a given lactation based on a 10 month lactation length

(LACLGT). The true production yield (MILK) is arrived at by adjusting for

lactation length. The calculation curves generated by Stallcup et a1. (1978) as

presented in Table 4.1 were extended using linear extraporation to generate yield

for up to a 14 month lactation length (Table 4.2). This extraporation was

necessary because some diseases are expected to cause longer calving intervals

due to the failure to breed successfully during the time that the cow has the

disease.

EXAMPLE:

A cow that produced 14,000 lbs in her first lactation and is now expected to

have it's seventh lactation in July, the predicted milk production is



53

YLDFST X SEAFAC (Current Month X LACFAC (Current-Lactation)

(Month of First Lactation) (Lactation One)

 

 

14,000 X 1.0554 X .99

1.0554 782': 14,000 x l x 1.207

= 16,902.8 lbs.

where:

1.0554 is the seasonal factor (SEAFAC) for the month of July

assuming that both the first lactation and the current lactation

occurred in July (Table 4.5).

.99 and .82 are the lactation factors (LACFAC) for the seventh and

first lactations,respectively (Table 4.4).

The resulting value of 16,902.8 lbs is adjusted by the lactation length for the

lactation under consideration to give total yield (MILK) and MILK is used to

compute total income from the lactation by multipling total milk production by

the unit price of milk. Milk income is the final output of the subsystem MILK.

In order to account for lactations that extend beyond the usual 10 months

(305 days), the data generated in Table 4.2 is used. The break down of milk

production into lbs. per day helps in extending the lactation periods for cows that

are sick resulting in extended calving intervals and also allows for estimating feed

requirements on a daily basis for the FEED Subsystem.

Predicting Month of Next Lactation and Subsequent Lactations

Assuming a normal twelve month calving interval, the subsequent lactation

starts in the same month as the previous month of calving. If the calving interval

is extended by one month to 13 months, then the month of calving shifts one

month for the next lactation (i.e. if the first calving occurs in January, the next
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and the subsequent calvings will occur in February.). If the calving interval is 14

months, the month of calving will shift 2 months for the next and subsequent

lactations. It is assumed that the subsequent lactations will have the normal

twelve month calving intervals.

B. THE FEED SUBSYSTEM:

Feed requirements for dairy cattle are, among others, a function of:

. State of the animal (lactating or dry).

Level of milk production.

Lactation number (1, 2 or more).

. Size of the animal.

. Feeding System and feeds.“
4
?
e
r
—

Today's electronic planning (TELPLAN 31) version 5 (Milligan et al., 1984) was

used to generate feed requirements on a daily basis taking into account the

variables above. Three tables of feed requirements for a lst lactating cow, 2nd

lactating cow and mature cow (over lactation 2) were generated for milk levels

ranging from 100 lbs/day to 30 lbs/day. The weight of animals were 1300 lbs for

lst lactating cow, 1400 lbs for 2nd lactating cow and 1500 lbs for mature cow.

The conventional system of feeding was used. The feed requirements in lbs of

feed per day per given level of milk production are represented in Table 4.3. The

feeds used in formulating the ration were: (1) Alfalfa/hay, valued at $60/ton; (2)

Corn silage, at $l8/ton; (3) Grain shelled corn at 580/ton and (4) Soybean meal at

$140/ton and a premix of micronutrients at $440 a ton.

The feed subsystem follows the MILK Subsystem and uses the generated

daily milk production levels from the lactation curves to determine feed

requirements per level of production for a given cow. Total feed requirements are

accumulated on a monthly basis, multiplied by prices for respective feeds and

summed to get feed cost for the lactation. In cases where a disease would have an

effect on feed intake, then the feed costs during the period when the cow is sick

must be adjusted to reflect the savings on feed costs.
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Table 4.1: Milk Production of Cows with Different

Production Potential, by Month of Lactation

 

Group 1 1 1 1 11 1V V

No. of Cows 13 29 15 7 6

 

Milk Production

 

lb/305 day 14,300 18,400 20,500 22,100 24,800

Production

lb/day

lst month 59.4 72.7 80.2 82.5 95.5

2nd month 60.4 72.2 76.9 84.0 92.5

3rd month 55.4 68.9 71.5 78.2 90.7

4th month 53.2 65.2 70.4 76.1 83.1

5th month 50.2 59.2 62.7 76.8 83.4

6th month 46.1 54.0 61.8 71.0 77.6

7th month 43.3 53.0 60.2 69.7 75.5

8th month 39.2 50.9 57.5 63.6 71.6

9th month 36.7 45.5 52.4 61.0 63.1

10th month 32.1 43.0 51.6 57.0 58.6

 

Source: Stallcup, O.T., Kellogg, W. D. and Rakes, J.M. "Dietary Protein

Requirements for High Producing Dairy Cows." In Dairy Science

Handbook, Vol. 16 by Frank H. Baker and Maron E. Miller (Ed.), West

View Press, 1984.
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Table 4.2: Calculated Milk Production of Cows with Different

Production Potential, by Month of Lactation

 

 

Production

lbs/305 days 14000. 17000. 19000. 21000. 2300.

Production

lszday

lst month 58.2 70.5 78.7 80.2 92.5

2nd month 59.2 70.0 75.5 81.7 89.6

3rd month 54.3 66.8 , 70.2 76.0 87.8

4th month 52.2 63.2 69.1 74.7 80.5

5th month 49.2 57.4 61.5 74.0 80.8

6th month 45.2 52.3 60.7 69.0 75.2

7th month 42.5 51.4 59.1 67.8 73.1

8th month 38.4 49.3 56.4 61.8 69.3

9th month 36.0 44.1 51.4 59.3 61.1

10th month 31.5 41.7 50.6 55.4 56.8

11th month 27.0 39.3 49.8 51.5 52.5

12th month 22.5 36.9 49.0 47.6 48.2

13th month 18.0 34.5 38.2 43.7 43.9

14th month 13.5 32.1 37.8 39.8 39.6
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Table 4.3: Feed Requirements for Different Production Levels

of Cows in Lactation 1, 2 and Over Respectively

 

 

 

LBS/MLK/DAY ALF/HAY CORN 511. GR CORN SOY44 PREMIX

Lact l 0.0 5.00 39.56 0.00 0.00 0.18

30.0 5.00 79.65 0.00 0.00 0.38

40.0 5.00 83.47 2.28 1.07 0.50

50.0 5.00 76.06 7.34 2.67 0.63

60.0 5.00 67.38 12.78 4.31 0.76

70.0 5.00 57.55 18.58 5.98 0.90

80.0 10.14 33.17 1 25.90 7.17 1.21

90.0 12.90 26.06 28.09 8.49 0.99

100.0 19.40 32.20 25.40 2.50 0.00

Lact 2 0.0 5.00 42.53 0.01 0.00 0.21

30.0 5.58 76.31 0.00 0.00 0.37

40.0 10.53 81.00 0.00 0.00 0.35

50.0 9.83 95.61 0.00 0.77 0.46

60.0 5.00 101.55 3.83 2.81 0.69

70.0 5.00 94.37 9.00 4.36 0.82

80.0 5.00 86.08 14.52 5.95 0.92

90.0 5.00 76.73 20.37 7.56 1.09

100.0 6.60 62.07 26.92 9.06 1.20

Lact 3 0.0 5.00 42.53 0.87 0.00 0.24

30.0 6.60 71.63 0.00 0.00 0.35

40.0 11.63 75.83 0.00 0.02 0.32

50.0 14.31 84.53 0.00 0.33 0.35

60.0 16.87 94.10 0.00 0.59 0.39

70.0 15.20 106.33 1.17 1.63 0.53

80.0 5.60 106.33 12.90 3.35 0.70

90.0 10.28 106.33 10.25 5.12 0.89

100.0 7.37 106.33 15.10 6.93 1.09

Source: Telplan, Program #31, Version 5.



58

Table 4.4: Lactation Factors for Estimating

Milk Production Over 14 Lactations

 

Lactation # l 2 3 4 5 6 7

Lactation Factor 0.82 0.90 0.96 0.99 1.00 1.00 0.99

Lactation # 8 9 10 ll 12 13 14

Lactation Factor 0.98 0.93 0.88 0.82 0.76 0.70 0.64

 

Source: Adopted from Ted Ferris (1985) Unpublished Research Work,

Department of Animal Science, Michigan State University.

Table 4.5: Seasonal Factors for Estimating Production

Levels as a Function of Season (Month) of Calving

 

Month JAN FEB MAR APR MAY JUN JUL

Seasonal

Factor 0.9627 0.9676 0.9690 0.9814 0.9982 1.0320 1.0554

Month AUG SEPT OCT NOV DEC

Seasonal

Factor 1.0542 0.0229 0.9974 0.9814 0.9778

 

Source: Hlubik, J. 1979. "An Economic Evaluation and Replacement Model for

the Lactating Dairy Cow Including Biological Components."

Unpublished MSC Thesis. Michigan State University.
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C. CALF VALUE SUBSYSTEM:

One important factor that influences milk production is the genetic

potential of the cow. This is also a factor considered by farmers in selecting

calves as herd replacements or purchasing cows for dairy purposes and in buying or

contracting semen for breeding purposes. One measure of genetic merit is the

Estimated Transmitting Ability (ETA) or Cow Index. DHIA data gives the calf's

ETA at birth in lbs of milk. Twice the ETA value gives the Expected Breeding

Value (EBV) which, when compared to other cows in the herd gives an indication of

the expected difference in yield. I

Assuming the calf's ETA = 400 lbs, then EBV = 800 lbs. As a cow the best

estimate is that she will yield 800 lbs of milk per lactation over her herdmates.

This means a higher income of 800 lbs X milk price/lb. during her mature period.

The EBV for various lactations are adjusted using the lactation factors (LACFAC)

reported in Table 4.4. For each additional yield in milk, there is an increase in

demand for food and health costs both accounting for 3296 of milk returns.

Incorporation of these factors gives rise to an equation developed by Kuipers

(1980) which was used in the analysis with some modifications.

CALF -.- .441* (AVFCP + EXTRA) + 0.459*AVMCP

where CALF is the estimated calf value.

.441 results from a female sex ratio of 49% female,

and 10% mortality

.459 results from a male sex ratio of 51% male and 10% mortality.

AVFCP is the Average Female Calf market Price.

AVMCP is the Average Male Calf market Price.

EXTRA is extra value assigned to a genetically superior heifer calf.

EXTRA = 3.813 *(PRMLK * EBV * LACFAC)* .68.

EXTRA = 0 if Extra 0.



Where:

6O

EBV is the Expected Breeding Value

LACFAC is the factor to adjust the EBV for the lactation under

consideration (Table 4.4).

PRMILK is the price of milk per lb.

3.813 is a constant that expresses the expected extra income flow from

a live heifer calf (Kuipers,l980).

.68 is the milk return over feed and health costs; 32% of the additional

milk returns of a cow is expected to be feed and health costs.

D. HEALTH SUBSYSTEM:

Health costs are modeled as a function of stage of the lactation, level of

milk production and direct costs associated with the disease under consideration.

The equation for simulating monthly health costs is of the form:

Where:

HLTH = 20.0*(l/K) + MLKCOST + DISCOST.

HLTH = Total health costs per month

20.0 = Average health costs incurred in the first month of lactation.

K = Month number of the lactation including the dry months.

MLKCOST = Extra feed and health costs associated with level of milk

production over 15,000 lbs per 305 day lactation (0.32 cents per $1.00

value of milk produced over 15,000 lbs.).

DISCOST = Direct costs associated with the disease under

consideration.

4.4 Evaluation of the Management Strategies

The model was built to address the following questions:

(1) Should an animal be treated?

(2) If treated what year is it likely to be culled?

(3) What treatment is most economical?
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Decision to Treat:

The decision to treat or not to treat is made by comparing the expected

returns over the remaining economical life of a sick cow with the expected

average returns of a potential replacement heifer over her optimal lifespan. In

order to arrive at this comparison, a sequence of procedures has to be followed:

(1) Establish the optimal herd-life of the potential replacement heifer and

the average returns over that period.

(2) Establish the optimal replacement period for the sick cow under the

assumption that it recovers after treatment.

(3) Decide whether to cull or not to cull.

(4) If the decision is not to cull, select the optimal treatment to use.

(5) If you decide to cull, determine the period in current lactation in

which to cull.

Optimal Herdlife for a Potential Replacement Heifer:

A potential replacement heifer is taken to be a two-year old heifer just

before calving with a first lactation level equal to the herd's production average.

The longest period that a cow can live in the herd is 14 lactations. Net returns

are simulated over the 14 year period, discounted, standardized and weighted for

the probabilities of death, voluntary removal and involuntary removal. The

highest value of the weighted standardized returns for the voluntary removal

option determines the optimal period for keeping the heifer in the herd. This

optimal value is used in determining the potential for keeping the sick cow in the

herd. The decision criterion is that the sick cow may be kept in the herd if her

weighted standardized returns following the desease treatment for remaining

lactations are higher than the replacement heifer's optimal value (see Figures 4.2

and 4.3).

Figure 4.2 represents a hypothetical graphical picture of the flow of returns

for a potential replacement heifer over four lactations. The solid lines with
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dotted areas represents the net flow of returns. This line starts off in the

negative region due to the opportunity cost of keeping the heifer for milk

production rather than selling her to another dairy operation. Then it jumps up to

a high representing a calving point and soon after the solid line represents a flow

of positive net returns mainly due to milk production. The solid line cuts off when

the cow is dried off and hence the bottom line represents negative net returns

mainly due to feed expenses during the dry period. Then the cow calves again and

the stream of net returns continue in a similar fashion. Standardized returns from

the same cow are represented by the dashed line that starts of negative and has a

gradual increase with a few troughs reaching a maximum after the third

lactation. These standardized returns are weighted by the probability of death,

voluntary cull and involuntary cull over each lactation (Table 4.5 and 4.6). The

lactation number with the highest weighted standardized returns represents the

optimal lactations the replacement heifer should be kept in the herd and its value

will represent the minimal accepted individual lactation weighted standardized

return for keeping the sick cow prior to replacement. Thus in Figure 4.3

hypothetical returns for a sick cow are represented as for the replacement

heifer. The opportunity cost of keeping the cystic cow is the beef value forgone.

Hence, the returns for a cystic cow are also initially negative. The sick cow may

be kept on the farm if at some point, her weighted standardized returns over the

remaining lactations rise above the highest of the weighted standardized returns

for the replacement heifer.
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EQUATIONS:

(l)

(2)

(3)

(4)

(5)

(6)
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NETi = Milki + Calfi - Feedsi - Healthi - Opp cost.i

Where: NET

MILK

CALF

FEEDS

HEALTH

OPPCOST

1.

Net returns in month i.

Milk returns in month i.

Calf value in month i.

Feed costs in month 1.

Health costs in month i.

Opportunity cost (ref. cows market value) in

month 1.

month under consideration: 1 = l,2,---N.

DlSNETi = NETi * DISFACi.

STDINCCi = ACCMNETi * ANNUITYi.

WSTDINCi = (PD * STDINCD) + (PINVC * STDINCC)

Where:

WSTDINC

PD

PINVC

STDINCC

STDINCCS=

STDINCD =

j = Lactation number, J=l,2,

Weighted Standardized income for lactation j.

Probability of death in lactation j.

Probability of involuntary cull in lactation j.

Standardized income, in the event of an

involuntary cull in lactation j.

Standardized income, in the event of a

voluntary cull in lactation j.

Standardized income in the event of death

in lactation j.

14. 

WILSTDINCj = PDi * STDINCDi + PINVC- * STDINCCJ- +

STDINCSj (1.1413j + bmvcj).

Where:

WILSTDINC = Weighted individual lactation standardized income.

Probabilities of Death and Involuntary Cull:

by Stewart et a1. (1977) and Sol et a1. (1984) (Table 4.6).

involuntary cull is defined as the probability of culling a cow due to reproduction

failure, disease and other ailments.

The probabilities of death and involuntary cull were derived from the studies

voluntary cull is defined as culling primarily due to low production.

The probability of

On the other hand, the probability of
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A mathematical extrapolation technique was used to extend the probabilities

to 14 lactations, the maximum number of lactations allowed for the model

purposes. The theoretical basis for the extrapolation was that the probability of

death and involuntary cull will increase from lactation to lactation as the animal

gets older and hence gets more vulnerable to diseases and other ailments. The

extrapolation was done by adding a factor to probability of a previous lactation.

The factor was arrived at by taking the average of three previous lnterlactation

probability differences. For the probabilities of death, they were adjusted

downwards to make them more realistic (based on consultation with experts in the

industry). The results are presented in Tables 4.7 and 4.8. The probabilities so

derived are really cross-sectional in nature. They give the information that there

is such a probability that a cow in a given lactation will be culled or die. For the

purposes of the model, however, one would be interested in the transition

probabilities. For example, the relevant probability for death in a given lactation

is the probability that a dairy cow that happen to survive to the lactation will die

in that lactation. The probabilities of Tables 4.7 and 4.8 were thus adjusted by

considering:

a) the probability of a cow living to a certain lactation.

b) the probability that it dies or is culled in that particular lactation.

The following formula was used in computing the probability of a cow being in a

particular lactation.

n n

PRi = l-( 2 ICj + 2 D1)

Jzi J=i

where: PRi = Probability of a cow being in lactation i.

D) = Cross sectional probability of death in lactation j,

i=i‘la

IC- = Cross-sectional probability of involuntary cull in

lactation j.
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Table 4.6: Probabilities of Involuntary

Cull and Death

 

Lactation Probability of Involuntary Culll Probability of Death2

1 .013 .118

2 .082 .161

3 .115 .204

4 .13 .247

5 .196 .290

6 .210 .333

7 .301 .376

8 .335 N/A

9 .392 N/A

10 .356 N/A

11 .445 N/A

12 .45 N/A

 

l Sol, J. et al., 1984. Veterinary Quarter 6(3):149-157.

2 Stewart, et. al., 1977. J. of DairLScience 60:602-617.

With the PRi's computed then the probabilities of death involuntary cull and

voluntary cull were computed as follows:

PDi = PRi * Di'

PICi = PR1 * ICi

PVCi = PRi - (PDi + PICi).

where:

pl)i = Probability of a cow dying in lactation i.

PICi = Probability of involuntary cull in lactation i.

PVCi = Probability of voluntary cull in lactation (or probability of a cow

not being disposed due to death or by involuntary culling in a

particular lactation).

PR, IC, D are as defined above.
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Table 4.7: Calculated Probabilities of Involuntary Culling

a Cow in a Particular Year Over 14 Lactations

 

Lactation 1 2 3 4 5 6 7

Probability

of cull .018 .082 .115 .130 .196 .21 .301

Lactation 8 9 10 1 l 12 13 14

Probability

of cull .335 .392 .356 . .445 .45 .493 .519

 

Table 4.8: Calculated Probabilities of Death in a

Particular Year Over 14 Lactations

 

Lactation 1 2 3 4 5 6 7

Probability

of death .059 .081 .102 .124 .145 .167 .198

Lactation 8 9 10 ll 12 13 14

Probability

of death .211 .232 .251 .275 .296 .318 .339
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Table 4.9: Calculated Probability of a Cow Being

in a Particular Lactation

(Not having been earlier involuntarily culled or died)

 

Lactation

Probability

Lactation

Probability

1.0 .923 .772 .604 .451 .298 .185

8 9 10 11 12 13 14

.088 .04 .015 .006 .001 .0003 .00005

 

From Table 4.9, it is clear that the probability of a cow living to the 14th

lactation, the maximum allowed for our model is very slim. The adjustment

explained above gave rise to results in Table 4.10.

Table 4.10: Calculated Transitional Probabilities of

Involuntary Cull and Death

 

Lactation

z
a
fi
z
g
w
m
w
m
u
c
u
n
~

Probability of Involuntary Cull Probability of Death

.018 .059

.076 .075

.089 .079

.78 .075

.088 .065

.063 .05

.06 .037

.029 .019

.016 .009

.005 .004

.003 .002

.0004 .0003

.00001 .00001

.0 .0
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Optimal Culling in Current Lactation:

If the outcome demands culling, then the decision becomes one of at what

stage in the current lactation to cull. The decision criterion is that you replace

the sick cow as soon as the expected income in current lactation falls below the

weighted standardized income of a potential replacement heifer. The model does

not attempt to establish this point. However, an assumption was made that

voluntary and involuntary culling takes place in the tenth month of a lactation

under a normal 305 day lactation period based on the usually recommend 12 month

calving interval.

Decision on When to Cull:

The decision to cull an animal is made on a lactation by lactation basis.

However, as established earlier, one may keep a cow in the herd at a generally low

level of production due to higher expected returns in subsequent lactations. This

signifies the importance of establishing a tentative optimal herd-life period for

the treated cow. Should the production levels be expected to fall throughout the

subsequent lactations, then the cow should be culled as soon as the expected

standardized income in current lactation of the treated cow falls below the

average standardized expected income from a potential replacement heifer. The

computation of the relevant value for comparison is done on a lactation by

lactation basis as if each lactation occurred in the current period. For each

lactation, the net returns, including the opportunity cost of. the cow, are traced on

a month by month basis from the dry period of previous lactation to the tenth

month of the next lactation. The returns are then discounted, accumulated and

Standardized. In the tenth month, the returns are all weighted for the probability

Of death and voluntary cull. The computed value (Equation 6) is compared with

the weighted standardized value for the potential replacement heifer. If the
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computed value falls below that of the replacement heifer the cow is to be culled

in that lactation.

Decision on Which Treatment to Use:

If the analysis shows that it is more economical to treat based on expected

returns, then it is necessary to go on to the next step of determining which

treatment among the possible alternatives most economical based on the expected

monetary value criterion. In the next chapter, a practical example will be done

using cystic ovaries. The evaluation of the optimal strategy to use is based on the

decision tree framework. The outcome (S) on the chance nodes are a function of

the expected values at the optimal period post treatment and the expected value

at the optimal herd-life for the replacement heifer. The analysis has however to

ensure that all assessments are made on an equal time framework and using the

same units (e.g. present values or annuity values). Where the flows are computed

for a particular period, then additional period has to be balanced off by assuming

an immediate replacement is in place.

The logic of the analysis is then as follows: A sick animal is treated and if it

recovers and the expected flows of income are better than for a replacement, the

vii value is computed. This value gives the monetary outcome for the first node

of the respective treatment option. Further analysis is done for a situation where

the animal has to be treated a second time. The resulting Vij becomes the

monetary outcome on the second node of the respective treatment option. The

situation where the animal doesn't recover represents a situation where the animal

gets culled and becomes replaced with a potential replacement heifer. The Vij's

are used along with corresponding recovery rates to compute the expected

monetary values associated with each respective treatment using a modified

decision tree presented in Figure 4.4.
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4.5 Model Evaluation:

Model Validation: Validation addresses the adequacy of the model in

relation to its purpose. However, before the validity process, one has to check the

mathematical and logical correctness of the model. This is often referred to as

verification. This was achieved by building the model into modules or subroutines

and testing the mathematical and logical correctness of each. Through this

verification process the model was found to be logically consistent and hence

doing what it was intended to do.

Validation of the model was based on the positivism standpoint; that is,

accepting the validity of a model if it is capable of accurate prediction. The

verification procedure also allows one to argue that the model was valid since an

attempt was made to base the model on relationships and assumptions that can be

independently verified (Dent and Blackie, 1979). TELFARM data were used to

affirm the positivism criteria. The results of the model were found to be

consistent with observed experiences in the Michigan dairy industry.

#.6 Conclusions:

Diseases that reduce production efficiency are of greater concern in animal

health programs today than ever before. Our ability to identify the benefit and

costs of alternative management programs will go a long way in helping

practitioners and farmers make appropriate economic decisions in animal health

programs. Decision analysis is one model and may be enhanced with the use of

Other models like simulation as presented in this study. Our ability to make

Practical economic decisions in animal health programs will depend on 1) the state

015 knowledge with respect to animal diseases and the biological/environmental

relationships; 2) the ability to translate these relationships into economic terms

and 3) the ability to accurately articulate farmer/practitioner attitudes and



73

preferences. The study did not incorporate taxation in the model. The focus of

the model was to capture variables to be considered in making the model

functional but not to arrive at the cost of disease or management strategy for real

farm situations or use in developing policy. It is assumed that individuals who may

wish to use the model may want to incorporate the inflation and taxation variables

to suit their management situation. Inflation on cost and return values was also

assumed to be zero over the modelling period (14 lactations).
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CHAPTER V

A CASE ANALYSIS USING CYSTIC FOLLICLES

5.1 Introduction

In order to test the practical usefulness of the model developed in chapter

IV, an analysis, using cystic follicles was used. Cystic follicles is a good

representative of most diseases which reduce both production and reproduction

efficiency. It is representative because its' effects are both direct and indirect

and the direct costs do not appear to be detrimental to the dairy industry. In this

chapter an epidemiological description of cystic follicles is presented followed by

an analysis of its economic impact and an evaluation of the management

strategies.

5.2 Bovine Cystic Ovarian Disease

Cystic ovaries is a condition that occurs in cattle especially dairy cattle,

and also occasionally in swine. It is characterized by cystic ovarian degeneration

leading to failure to ovulate and formation of large cystic follicles, luteal cysts

and possibly cystic corpus luteum. An ovarian cyst is defined as a palpable fluid

filled ovarian structure with a diameter of 25 mm or greater (Erb and White,

1982).

A follicular cyst is an ovulatory cyst, single or multiple on one or both

ovaries with clinical signs that may include nymphomania or anestrus (Bierschwal,

et al., 1975). Luteal cysts are smaller in size than follicular cysts, measuring 25-

40 mm in diameter. They are in walled and usually only one or two are present at

a time with clinical signs of anestrus being predominant. Cystic corpus lutea form

75
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from ovulated follicles that do not become solid but retain a fluid-like cavity

(vacuole) of varying size in the center. Functionally, the estrus cycle is not

affected and are not considered pathologic (Keslev and Garverich, 1982).

Cystic ovarian disease is also characterized by high levels of estrogens in

the blood plasma. Progesterone level is frequently low especially with follicular

cysts and luteinizing hormone (LH) normal to slightly elevated. The cause of the

disease is believed to be the aberration of pituitary gonadotropic hormone

release. This hormone is necessary for ovulation. Clinical examinations indicate

that the uterus is frequently large, flabby and atonic with the cervix relaxed and

open. The heat periods are prolonged with short irregular intervals between

them. The animal will exhibit masculine behavior characterized by pawing,

bellowing and mounting of other animals while refusing to be mounted itself.

The disease often occurs in the first eight weeks after parturition during the

peak of lactation representing the highest peak of occurrence of the disease.

However, a second peak of disease outbreak occurs in the third month of a

lactation or even latter (Figure 5.1). Diagnosis for the disease is normally done at

20-40 days post-partum prior to breeding to determine any possibility of infection,

follicular or corpus luteum malfunctioning. Morrow (1982) reported that cystic

follicles are more common between 15 and 45 days after parturition. The disease

is also more prevalent in high milking older cows than in heifers. Among the

heifers the incidence is higher among those kept many months without breeding or

conceiving. Kirk, et al. (1982), have reported that there is a heritable

disposition. Their study showed an incidence of cystic ovaries of 44 percent for

the offspring of cows that were cystic.

A study on cystic follicles using 2847 lactations from 21 dairy herds in

Michigan has reported a lactational incidence rate of 12.8 per cent. With respect

to age, a distribution of cystic follicles for 7 different age groups is presented in
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Figure 5.2. The results agree with earlier findings showing the prevalence of the

disease to be in older cows.

The same study reported a lactational incidence rate by season of calving as;

1) 11.196 for Winter (Dec-Feb) 2) 12.9% for spring (Mar-May), 3) 14.6% for summer

(June-Aug) and 4) 13.4% for Fall (Sept-Nov). In relation to production, cystic

cows are reported to produce 571 kg more per day adjusted lactation period 305

mature equivalent milk than non-cystic cows. The study thus agrees with earlier

findings that cystic follicles are associated with an increased milk production in

the lactation in which they occur (Erb, et al. 1980). Figure 5.3 presents the

composite lactation curve for lactations with cystic follicles along with a

composite lactation curve for lactations which were non-cystic (Bartlett, et al.,

1986). From the data used to construct the Figure 5.3, indices were computed to

predict monthly production levels for cystic cows (Table 5.1). These indices are

used as factors for predicting milk yield for a cow with cystic ovaries compared to

a cow that was not cystic.



SAVO M03 uaao 0001 Had HLVH HDNHGIDNI

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 
  

 
  

 
 

  
 

 
 

 
 

 
 

 
 

0
1
0

2
0
3
0
4
0
5
0
6
0
7
0
8
0
9
0
1
1
1
)

1
3
0

1
6
0

N
U
M
B
E
R

O
F

D
A
Y
S

P
O
S
T
-
P
A
R
T
U
H

F
i
g
u
r
e

5
.
1
:

O
c
c
u
r
r
e
n
c
e

o
f

C
y
s
t
i
c

F
o
l
l
i
c
l
e
s

S
o
u
r
c
e
:

F
A
H
R
M
X

d
a
t
a
.

 
1
9
0

  
 

2
2
0

 
 

 
2
2
0

78



79

20.0“ 19.8

 

16.3 17.1

16.0~- ‘ 16°1
14.8

 

 

 

 

12.6
 

12.0db

8.od»r_——

4.0a»

L
a
c
t
a
t
i
o
n
a
l

i
n
c
i
d
e
n
c
e

r
a
t
e

               0.01 ' v

under 3 3-4 4-5 5-6 6-7 7-8 over 8

 

Age (in years) at start of lactation

Figure 5.2: The Age-Specific Lactational Incidence

Rates of Cystic Follicular Disease

Source: Bartlett, et al., 1986, "Cystic Follicular Disease in Michigan Holstein-

Friesian Cattle: Incidence, Descriptive Epidemiology and Economic

Impact." Preventive Veterinary Medicine, 4(1986):15-33.
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Figure 5.3: Composite Lactation Curve (Actual Milk Production)

for Lactations with Cystic Follicles and Non-Cystic Lactations

Where:

1.14.14. Non-cystic lactation

xxx Cystic lactation

Source: Bartlett et al., 1986. "Cystic Follicular Disease in Michigan Holstein-

Friesian Cattle: Incidence, Descriptive Epidemiology and Economic

Impact," Preventive Veterinary Medicine, 4(1986):15-33.

Table 5.1: Production Indices for Milk Production Changes

for Cystic Cows Over Normal Cows on a Monthly Basis

 

Month 1 2 3 4 5 6 7

Milk Pro-

duction

Factor 1.01 1.02 1.03 1.04 1.05 1.06 1.07

Month 8 9 10 ll 12 13 14

Milk Pro-

duction

Factor 1.08 1.09 1.01 1.02 1.01 1.01 1.01

 

Source: FAHRMX data.
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Although cystic lactations are associated with higher milk production levels,

there are associated costs that may outweigh the increased production. As

already stated, cystic follicles result in extended calving intervals resulting in

delayed milk and calf returns over the subsequent lactations. The delayed flows

represent a cost because of the "time value of money". Estimates of the cost of

extended calving intervals range from a high of $5.50 (AX, 19815) per day to a low

of $.01! (Holmann, et al., 1983). An average of several studies of $2.50 per day has

been used by Bartlett, et a1. (1986). Since the debate on the cost of extended days

open has not been resolved, the analysis will attempt to infer from the model 4

results an estimate of the cost of extended calving interval. Another concern

associated with cystic follicles is the category of direct costs associated with

treatment and the selection of optimal treatment strategies.

Follicular cysts are most often treated with one of two forms of hormone

therapy: 1) Luteotrophic agents such as human chronic gonadotropin (HCG) and

gonadotropin releasing hormone (GNRH) are used to cause the luteinization of

ovarian follicles, 2) Luteolytic substance, such as prostaglandin (PGFZa)' are

applied to induce regression of luteal tissue and occurrence of a normal estrus in

the case of luteal cysts. Nakao, et a1. (1983) in studying cows with cystic ovaries

have reported an incidence rate of 65 per cent for cystic follicles, 19 percent for

luteal cysts and 16 percent for corpora lutea. Results from Michigan Holstein-

Friesian cattle between 1981—1985 showed that 187 treatment of GNRH were

administered to cows with cystic follicles at a mean dose of 100 mcg (2cc) and

mean cost of $8.00 per dose and 196 treatments of HCG were administered at a

mean does of 10,000 (U(10cc) and mean cost of $13.10 per dose (Bartlett, et al.,.

1986). Prostaglandin, manual rupture, and other treatments were also used.

Treatment with HCG and GNRH has shown differences in the response rates to

treatment and in the intervals to the onset of estrus and in conception rates
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(Kesler and Garverich, 1982, Ax et al., 1984). For best results, it has been

recommended that these two most commonly used treatments be used alternately

(Whitemore, 1984).

The management of ovarian cysts requires a framework for determining the

most economical strategy, especially with respect to choosing the most

economical treatment to use. Such a framework will require the incorporation of

factors like treatment response rates, days to onset of estrus, costs of treatment

and examination, and the value of treatment success or failure. White and Erb

(1980, 1982) have used the decision-tree technique to demonstrate that it is more

economical to treat ovarian cysts than to refrain from treatment and also more

economical to establish the optimum post-partum interval for screening dairy

cows for ovarian cysts. However, in their analysis, only one treatment (GNRH)

was considered and contrasted with the option of withholding treatment, hence

relying on spontaneous recovery. The value of the animal subsequent to treatment

was not incorporated in the analysis, although they noted its significance.

Madison, et a1. (1980), however, in discussing the use of decision analysis in animal

health practice, make the assumption that an unsuccessful intervention (e.g.

treatment) has an outcome value of zero. Such an assumption may result in gross

errors in analysis for diseases like ovarian cysts, where an unsuccessful

intervention (animal retaining the ovarian cysts) may only mean a temporary delay

in future earnings by way of delayed conception, or at most, failure to conceive

but still retaining the direct value of the animal for meat. The analysis of the

economic benefits and costs of alternative treatment strategies incorporating the

value of the animal post-treatment is an important management function in

treating cystic follicles beyond the decision to treat or not to treat. One

objective of the analysis is to use the model to make an economic evaluation of

the treatment strategies of cystic follicles using GNRH and HCG. Specifically,
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three treatment strategies are contrasted. They are (1) successive treatments

with GNRH (GNRH/GHRH); (2) successive treatment with HCG (HCG/HCG); and

(3) successive withholding of treatment, NT (NT/NT).

Part of the data for this analysis were obtained from the Food Animal

Health Resource Management System (FAHRMX) at Michigan State University

and the rest were obtained from the literature. The mean cost per cow for a

veterinary reproductive examination from a survey in Michigan was $3.00.

Treatment costs were $8.00 for GNRH and $13.00 for HCG per treatment per

animal. The value of cows purchased for dairy purposes was $1500 and $500 for

cows sold for slaughter (Bartlett, et al., 1986). These values were used to

represent the value of the animal on complete recovery, and failure to recover,

respectively.

Data from FAHRMX were not used for deriving probabilities of response due

to the small sample size of animals and the fact that treatment success or failure

could only be guessed for most of the recorded cases. Thus, parameters were

derived from secondary sources. The probabilities for the initial response to

treatment and days to resumption of estrus were from Whitemore (1979), and from

Kesler and Gaverich (1982). Days to estrus were estimated as 30 days. There

were no data available for response to successive treatments with HCG or for

alternating treatments between HCG and GNRl-l. In those circumstances, the

same probability of response as on initial treatment was used. This, however,

ignores the fact that response rates change with repeated treatments as observed

by Whitmore, et a1. (1979). The analysis allowed for an animal to be treated a

second time if there was no recovery on first treatment. This was based on the

knowledge that at least 90 percent of the animals treated for follicular cysts

recover by the second treatment (Whitemore, 1980). Therefore, if a cow fails to
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recover after two successive treatments, it is considered to be sterile and sold for

meat in this analysis.

The decision criterion for selecting the optimal intervention was the

expected monetary value (EMV). This was computed by summation of the net

monetary returns for each state and action choice multiplied by their respective

probabilities.

EMVi =

“
N
Z

where:

ii

ii

The probability of occurrence of state of nature j

under management strategy 1, i = 1,2---N.

Value of the outcome for state of nature j under

management strategy i. Vij is a function of the

expected monthly income for strategy 1 under the

state of nature j. The computation involves the period

in months over which the returns are expected. These

returns are a function of the benefit flows (milk and

calf values) and the costs (feeds, costs of treatment,

general health costs and opportunity costs). (See

Section 5.0.)
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5.3 Simulation Results

The base run was represented by a potential replacement heifer in her first

lactation with an expected production level of 16000 lbs per 10 month lactation.

The heifer was to have her first calving in January and a cow index of 90 and a

sire predicted difference of 70 was used for evaluating calf values. The model

was run over a 14 year period on a monthly basis. The following milk income, calf

values, feed and health costs, and net income were generated by the model.

Table 5.2 Monthly Costs and Returns for a Potential

Replacement Heifer in Lactation One

 

 

Cow

Milk Calf Feed Health Opportunity Net

Month Value Value Cost Costs Cost Income

(5) (S) (S) (S) ($) (5)

-1500 -1500

1 199.20 97.05 115.37 21.20 0.0 159.68

2 199.20 0.0 1 15.37 11.20 0.0 72.63

3 187.9 0.0 108.79 7.87 0.0 71.24

4 178.6 0.0 103.40 5.20 0.0 69.0

5 164.0 0.0 95.14 5.20 0.0 63.66

6 149.8 0.0 87.11 4.53 0.0 58.16

7 145.3 0.0 84.62 4.06 0.0 56.62

8 137.0 0.0 80.03 3.70 0.0 53.27

9 124.2 0.0 72.96 3.42 0.0 47.82

10 114.9 0.0 68.33 3.20 0.0 43.37

11 0.0 0.0 32.74 3.20 0.0 -35.76

12 0.0 0.0 32.74 2.87 0.0 -35.61

 

Source: Base run results.

The respective flows of income and costs are a function of time within the

lactation. As has been argued, feed costs and health costs are closely associated

with the level of milk production which is also associated with time in the

lactation. The net returns are simultaneously discounted and standardized using a

12 percent discount rate to give the flows represented in Table 5.3. The 12
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Table 5.3 Net Discounted and Annualized Returns for

the Potential Replacement Heifer in Lactation One

 

 

Month Net Income Discounted Income Standardized Income

0 -l 5000 -1500 -1500

1 159.677 158.10 -1355.32

2 72.3 71.20 -644.90

3 71.24 69.15 408.56

4 69.0 66.31 -290.95

5 63.66 60.57 -221.43

6 58.16 54.79 -l75.98

7 56.62 52.81 ‘ - 143.74

8 53.27 49.19 -119.960

9 47.82 43.72 -102.05

10 43.37 39.27 -88.15

1 l -35.76 -32.05 -83.62

12 -35.61 -31.60 -79.84

 

Source: Base run results..

percent rate was selected based on the 5 percent real interest rate and 696

inflation plus 1 percent allowance for changes available at farm level during the

early to mid 1980 period.

As a result of the high opportunity cost of keeping the potential replacement

heifer in the herd as opposed to selling it for dairy purposes, the flows,

standardized on a monthly basis, stay negative over the entire first and second

lactation until later in the third lactation.

The discounted returns were weighted by the probability of voluntary cull

and death over the entire 14 lactations and standardized on a lactation by

lactation basis. The results show (Table 5.4) an increase in weighted standardized

returns from a negative value in the first lactation reaching a maximum in the 4th

lactation and falling down close zero to through lactations 12, 13 and 14. These

results give us a tentative optimal period to keep the potential replacement under
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the assumptions made earlier. The maximum value of $16.22 can be interpreted

to mean that over the 4 lactations, one would expect to earn a net return of

$16.22 per month.

Table 5.4 Weighted Standardized Returns for the Replacement

Heifer Returns Over Her Life Span

 

 

Year Monthly Returns Year Monthly Returns

1 -44.33 8 3.30

2 4.03 9 1.54

3 14.99 10 .59

4 16.22 1 1 .21

5 14.1 1 12 .04

6 10.14 13 .01

7 6.49 14 .003

 

Source: Base run results..

Simulation Results for a Hypothetical Cystic Cow

The cystic cow was represented by one in her third lactation with a yield of

14,000 lbs in a normal 10 month lactation. The replacement heifer has an

advantage over the cystic cow due to improvement in genetic potential of about

196 per year. For the simulation, however, the flows of benefits and costs were

assumed to start in the third month (an average period in which treatments for

cystic ovaries are made). Secondly, milk production was extended by one month if

cow was assumed to recover on first treatment and by two months if cow was

assumed to recover after two treatments. Thirdly, milk production levels were

adjusted by the cystic factor to allow for increased levels of production associated

with cystic ovaries in the particular lactation.



88

Table 5.5: Monthly Costs and Returns for a Cystic Cow

With a Successful Treatment of HCG

 

 

Month of Milk Calf Feed Health Opportunity Net

Lactation Value Value Costs Costs Costs Income

$ $ $ $ $

-500 -500

3 162.9 0.0 82.31 22.67 0.0 57.92

4 156.6 0.0 79.92 5.00 0.0 71.68

5 147.6 0.0 76.51 4.00 0.0 67.09

6 135.6 0.0 72.02 3.33 0.0 60.24

7 127.5 0.0 69.0 2.86 0.0 55.65

8 115.2 0.0 64.43 2.50 0.0 48.27

9 108.0 0.0 61.79 2.22 0.0 43.99

10 94.5 0.0 56.83 2.00 0.0 35.67

11 81.0 0.0 55.18 1.82 0.0 24.0

12 0.0 0.0 37.22 1.62 0.0 -38.89

13 0.0 0.0 37.22 1.54 0.0 -38.65

 

Source: Base run results..

Table 5.6: Net, Discounted and Standardized Returns for

a Cystic Cow with a Successful Treatment of HCG

 

 

Discounted Standardized

Month Net Income Income Income

-500 -500 -500

3 57.92 57.35 -447.08

4 71.68 70.27 -188.99

5 67.09 65.11 ~104.48

6 60.24 57.89 -63.91

7 55.65 52.95 -40.47

8 48.27 45.47 -26.05

9 43.99 41.03 -l6.34

10 35.67 32.94 -10.06

11 24.0 21.95 -6.43

12 -38.89 -35.21 -9.53

13 -38.76 -34.74 -12.06

 

Source: Base run results..
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As shown in Table 5.5 no calf value appears in the first lactation since the

simulation starts in the 3rd month. Also, the health costs are relatively high in

the third month because treatment with HCG is assumed.

The $500 at the beginning of the simulation period represents the

opportunity cost of keeping the cow and deciding to treat it as opposed to having

sold it for meat. Table 5.6 shows the net, discounted and standardized returns for

the cystic cow over the lactation. The results in Tables 5.5 and 5.6 are almost

duplicated for a situation where the cow is treated twice before recovery except

that (1) health costs increase in the first and second month of the simulation by

the cost of treatment; (2) the lactation period is extended by two months hence

having implications on milk returns, feed costs and health costs (Table 5.7 and

 

 

5.8).

Table 5.7: Monthly Costs and Returns for a Cystic Cow

After Two Treatments of HCG

Month of Milk Calf Feed Health Opportunity Net

Lactation Value Value Costs Costs Cost Income

$ $ $ $ $

-500 500

3 162.9 0.0 82.31 22.67 0.0 57.92

4 156.6 0.0 79.92 21.00 0.0 55.68

5 147.6 0.0 76.51 4.00 0.0 67.09

6 135.6 0.0 72.02 3.33 0.0 60.24

7 127.5 0.0 69.0 2.86 0.0 55.65

8 115.2 0.0 64.43 2.50 0.0 48.27

9 108.0 0.0 61.79 2.23 0.0 43.99

10 94.5 0.0 56.83 2.00 0.0 35.67

11 81.0 0.0 55.18 1.82 0.0 24.00

12 67.5 0.0 55.18 1.67 0.0 10.65

13 0.0 0.0 37.22 1.54 0.0 -38.76

14 0.0 0.0 37.22 1.43 0.0 -38.65

 

Source: Base run results..



Table 5.8: Net, Discounted and Standardized Returns for a Cystic

90

Cow with Two Successive Treatments of HCG

 

Month Net Income Discounted Income Standardized Income

 

3 57.92 57.35 4447.08

4 71.68 70.27 -196.95

5 67.09 65.11 -109.81

6 60.24 57.89 -67.93

7 55.65 52.95 -43.70

8 48.77 45.47 -28.75

9 43.99 41.03 -18.67

10 35.67 32.94 ' -12.11

11 24.0 21.95 -8.26

12 10.65 9.64 -6.45

13 -38.89 -35.21 -9.24

14 -38.76 ~34.74 -1 1.56

 

Source: Base run results..

Table 5.9 Weighted Standardized Returns Over the

Lifespan for the Cystic Cow Treated with HCG

 

Weighted Standardized

Lactation Income

 

30.23

28.53

22.47

15.15

9.27

4.56
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Source: Base run results.
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The weighted standardized returns for the cystic cow are shown in Table

5.9. Economically, the cow is at her best in the third lactation with expected

monthly returns of $30.23 per month. Relative to a replacement heifer, however,

it is more economical up to the 5th lactation, generating $22.47 per month.

Interesting enough, this particular cow would be doing better than the

potential replacement over her lifespan, thus implying that if her production can

be maintained and she does not die, it would be best to treat her and keep her

instead of culling in favor of a replacement.

However, there is still the crucial decision of when to cull the cow because

this decision is basically made based on comparing the expected weighted returns

of the next lactation with expected weighted returns from a replacement. Thus

the weighted individual lactation returns were computed for comparison purposes

with the potential replacements' weighted standardized returns (Table 5.10).

Table 5.10: Weighted Individual Lactation Standardized

Returns for the Cystic Cow Treated with HCG

 

 

Lactation WILSTDINC

$

3 ..

4 26.14

5 14.99

6 8.83

7 4.13

8 1.52

9 0.38

10 0.09

1 l 0.06

12 0.02

13 0.003

14 0.0

 

Source: Base run results.
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5.4 Choice of Management Strategy:

The selection of the most economical management strategy was based on

the expected monetary value (EMV) criterion. Three strategies were analyzed,

namely:

1. Two successive treatments with GNRH

2. Two successive treatments with HCG

3. Two successive decisions of not treating the animal

The results of the model show that the cystic cow, whether treated or not,

would be generating economic returns that are much higher than those of the

replacement heifer up to the fifth lactation. If successfully treated with GNRH, a

monthly return of $22.55 would be generated over the 33 months (from period of

treatment to end of 5th lactation). If a second treatment is needed, then the

resulting monthly returns are $21.79 over the 34 months (including the month of

extended calving interval). For HCG the corresponding values are $22.47 and

$21.63, respectively and the strategy of no treatment generates $22.68 and

$22.04, respectively. The decision to cull the cow on diagnosing cystic ovaries

would imply that a replacement would be made resulting in a monthly return of

$16.22 per month. The returns are discounted to generated present values and

weighted by the probability of occurrence to compute the expected monetary

values as presented in Figure 5.4 (Node by node computation are explained below

using the GNRH strategy).



.
7
6

N
R
E
C

$
8
?

.
2
4

.
6
8

 

 

N
R
E
C

R
E
C

R
E
C

G
N
R
H

.
7
6

N
R
E
C

.
2
4

E]

R
E
C

R
E
C

H
C
G

.
6
8

 

4
,

.
3
2

[
“
1

‘
+
1

N
R
E
C
 

.
3
2

 

N
R
E
C

.
7

W
h
e
r
e
:

R
E
C

=
R
e
c
o
v
e
r
y

N
R
E
C

F
i
g
u
r
e

5
.
4
:

R
e
s
u
l
t
s

o
f

a
M
o
d
i
f
i
e
d

D
e
c
i
s
i
o
n

T
r
e
e

F
r
a
m
e
w
o
r
k

o
f

t
h
e

S
i
m
u
l
a
t
i
o
n

R
E
C

r
—
r

N
T

'
3

L
J

N
R
E
C
 

.
7

N
o
n

R
e
c
o
v
e
r
y

M
O
N
E
T
A
R
Y

O
U
T
C
O
M
E

(
4
)

6
4
2
.
7
3

6
2
5
.
4
3

4
6
5
.
5
6

6
4
1
.
0
5

6
2
0
.
8
4

4
6
5
.
5
6

6
4
6
.
3
7

6
3
2
.
6
1

4
6
5
.
5
6

E
X
P
E
C
T
E
D

O
U
T
C
O
M
E

(
$
)

4
8
8
.
4
8

1
1
4
.
0
8

2
6
.
8
2

4
3
5
.
9
1

1
3
5
.
0
9

4
7
.
6
7

1
9
3
.
9
1

1
3
2
.
8
5

2
2
8
.
1
2

E
M
V

F
O
R

S
T
R
A
T
E
G
Y

(
3
)

6
2
9
.
3
8

6
1
8
.
6
7

5
5
4
.
8
8

93



94

Expected Values Under the GNRH Treatment Strategy:

If a cow is treated with GNRH and recovers on the first treatment, then it

may be kept on for at least two more lactations based on the fact that the

weighted individual lactation returns are higher on a lactation basis than for a

replacement heifer over her potential optimal lifespan. At the end of the fifth

lactation, the monthly flows are computed to be $22.55 per month over 33

months. This gives a present value of $22.55 times 27.9897 (the present value of a

dollar received monthly at a 12% discount over 33 months, that is, an annuity

factor). _To the product, $631.17, will be added an additional month's expected

return from a replacement heifer. This value will be added only for one month

because the desire is to have an equal planning period for each management

strategy and in this case the basis is that each strategy allows for a second

treatment in case of failure on the first one. This income would be realised in the

34th month. The $16.22 has a present value of $11.56 (16.22 x .713, the discount

factor). This gives a total present value of 642.73 for node 1. The expected

present value is a function of the present and probability the particular state of

nature occurring (.76). Thus the expected present value on the first node is 642.73

x .76 = $488.48.

The second node represents a situation where the cystic cow recovers only

after the second treatment. On recovery, the cow would have a potential of going

through the 5th lactation with monthly returns above those of the potential

replacement heifer at the optimal level. The monthly returns are computed at the

level of $21.79 per month. This value, multiplied by the annuity factor (28.7027)

gives a present value of 625.43. Given the probability of occurrence for this state

of nature, the expected present value comes to be $114.08 (625.43 x .24 x .76).

The third node represents a situation where the cow does not recover and is

replaced soon after the second treatment by the potential replacement heifer.
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Thus over the reminder of the period, the returns are estimated by those of the

potential replacement, $16.22. Over the 34 month period, this gives a present

value of $465.56. This value, weighted by the probability of occurrence for the

state of nature gives an expected value of 26.82 (465.56 x .24 x .24). Thus the

total expected value of treating with GNR is $629.38 (488.48 + 114.08 + 26.82).

Similar computations are made for the treatment of HCG and NT. Expected

values for the three management strategies are computed by incorporating the

probabilities of the occurrence of the respective states of nature.

The results (Figure 5.4) show that the management strategy of using GNRH

results in the highest expected value $629.38 compared to HCG ($618.67) and NT

($554.88). The difference between the GNRH strategy and HCG strategy is only

$10.71. However, the difference between the no treatment strategy and the two

treatment strategies is over $60.00 in each case. These results add to the

argument that treatment is more economical than no treatment for cystic

ovaries. However, the difference in expected values between GNRl-I and HCG

reinforce the difficulty in selecting one strategy over the other based on the

$10.71 monetary difference between the two.

5.5 Cost of Days Open:

Estimation of the cost per day of extended estrus or day open is one of the

areas of contention in the evaluation of the economic impact of animal diseases

that cause extended calving intervals. The results of the study may put some light

on the analysis since the model analyses the entire life span of the animal in

question over different days of extended calving interval. One approach used here

is to compare the difference in expected monthly returns over a situation where

the cow had an extension of the calving interval by one month with the situation

where calving interval was less than one month due to spontaneous recovery from
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diagnosed cystic ovaries. In this case the comparison is made between node 1 and

node 2 for the no treatment (NT) strategy. For the NT strategy, the difference

between node 1 and 2 is $13.76 (646.37 - 632.61) based on present monetary values

(Figure 5.4). This difference occurs just because of an extended calving interval

of 1 month. This represents a daily average of $.45 (13.76/30). This becomes,

therefore, an approximation of costs per day open.

5.6 Sensitivity Analysis

The analytical model presented in this study uses a broad range of variables

and variable parameters based on certain assumptions. These variables relate to

level of milk production and lactation curves, feeds and feed costs, lactation

number and month, treatments and their costs, animal response to treatment, cow

and calf values, general health costs and their distribution over lactations,

probabilities of death, involuntary and voluntary culling and milk prices.

Theoretically, sensitivity analysis should test the sensitivity of the model to

changes in the above variables. However, it is clear that some of the variables

would have a relative impact on the results of the model especially with regard to

optimal lifespan and relative profitability of management strategies. The author

felt that the following variables were more critical and sensitivity analysis was

conducted on them using the model. These variables were: (1) level of milk

production; (2) lactation number; (3) treatment cost; and (4) animal value and

salvage value.

A. Level of Milk Production:

As already stated, milk returns are the most important when tracing the

flow of returns from dairy cattle over time. As such these would have significant

impact on choice of management strategy and optimal animal lifespan. Table 5.11
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represents weighted standardized returns of potential replacement heifers at

different levels of milk production in first lactation. In general high production in

first lactation results in higher standardized returns over the first several

lactations, in general terms. As the cow lives beyond lactation 8 or so, the

expected standardized returns in general will diminish to such an extent that the

distinction between initially high producers and low producers become less

pronounced. All the heifers would reach their highest production level, based on

weighted standardized returns, in the fourth or fifth lactation. However, the

major impact of higher producers would be to lower the timing when a cystic cow

would be replaced. With low producing heifers, the cystic cow in the base run

would be kept for one lactation or longer.

Table 5.11: Weighted Standardized Returns for Potential

Replacements at Different Levels of Milk

Production in the First Lactations

 

 

12,000 14,000 15,000 18,000

1. .51.59 -52.04 .44.33 -38.64

2. -10.05 -1.94 4.03 8.62

3. 3.95 10.38 14.98 18.71

4. 7.95 12.75 15.22 19.15

5. 8.11 11.59 14.11 15.34

5. 5.25 8.51 10.14 1 1.52

7. 4.17 5.51 5.49 7.39

8. 2.18 2.83 3.30 3.74

9. 1.03 1.32 1.54 1.73

10. .40 .51 .59 .55

11. .14 .18 .21 .24

12. .03 .04 .04 .05

13. .01 .01 .01 .01

14. .001 .002 .003 .003

 

Source: Sensitivity analysis run.
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Table 5.12: Weighted Standardized Returns for a Cystic Cow

at Different Levels of Milk Production

 

 

production 14,000 15,000 18,000 20,000

(lst lactation)

Lactation

3 30.23 43.94 45.89 52.90

4 28.53 36.65 37.75 42.88

5 22.47 27.92 28.63 31.88

6 15.15 18.54 18.87 21.05

7 9.27 11.26 11.51 12.75

8 4.56 5.52 5.64 6.24

9 2.06 2.49 2.55 2.82

10 .76 .94 .96 1.06

11 .26 .32 .34 .37

12 .05 .06 .07 .07

13 .01 .02 .02 .02

14 .003 .004 .004 .005

 

Source: Sensitivity analysis run.

Table 5.13: Weighted Standardized Returns for a Cystic Cow

at Different Beginning Lactations

 

 

Beginning

Lactation 2 3 4 5 6

2 41.98 -- - -- --

3 36.83 30.23 -- -- --

4 29.49 28.53 29.15 - -

5 22.34 22.47 23.91 21.01 --

6 14.81 15.15 16.07 15.43 13.27

7 9.0 9.27 9.79 9.51 9.09

8 4.41 4.56 4.81 4.71 4.59

9 2.0 2.06 2.17 2.13 2.08

10 .76 .76 .81 .79 .78

11 .26 .26 .28 .27 .27

12 .05 .05 . .05 .05

13 .01 .01 .02 .01 .01

14 .004 .003 .004 .004 .003

 

Source: Sensitivity analysis run.
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Table 5.12 presents weighted standardized returns for a cystic cow at four

levels of milk production in first lactation. High first lactation production levels

are reflected in higher returns in the first several lactations and later the

differences diminish as the cow gets older. Higher returns also mean that one

would prefer to treat and keep the cystic cow longer based on monetary

expectations than with low level producers. Thus whereas the base run had the

cow reach its maximum optimal level (relative to replacement) in the 5 lactation,

higher producers would attain this level in the 6th lactation.

B. Lactation Number:

The lactation number has a definite impact on the model results. First of all

as the cow gets older, the production level may increase around the 3rd, 4th or 5th

lactation. However, in latter lactations, production level falls and in addition, the

cow is 'more vulnerable to disease and other ailments. Table 5.13 shows the

results of the base run cow having cystic ovaries at different lactations. The

results show that if the cow is in lower lactations, the economical choice would be

to treat and, on the other hand if the same cow is in lactation 5 or above, keeping

the cow would not be economical and hence replacing the cow would be a most

economical decision.

C. Treatment Cost:

The costs of treatment including examination costs were some of the lowest

items influencing the flow of returns over an animal lifespan. This is expected

given the cost of drugs that were the focus of the model. Table 5.14 shows the

weighted standardized returns over 14 lactations with cost of drugs ranging from

$0.0 to $26.0. The $26.0 represents a doubling of the $13.00 cost of HCG and $6.5

represents half the price. Similarly $4.0 represents half the price of GNRH and
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$16.00 twice the GNRH price. Clearly treatment cost has insignificant impact

and hence where the effectiveness of each treatment is not well known, selection

between the treatments may remain to be based on other factors rather than cost

especially in Michigan.

D. Animal Value:

The base run assumed a potential replacement to be valued at $1500 and an

older cystic cow in 3rd lactation and above at $500. These values were arbitrarily

taken from a previous study that used the same values (Ngategize et al., 1986).

The impact of changing these values for both the potential replacement heifer and

the cow are represented in Table 5.15. As the results show the assumption on the

value of the potential replacement has an impact on returns and hence optimal

replacement as determined by the model.

Table 5.14: Weighted Standardized Returns for a Cystic Cow

With Different Treatment Costs

 

 

Treatment

Cost ($) 0.0 4.0 6.50 8.00 13.00 16.00 26.00

Lactation

3 31.39 31.03 30.81 30.68 30.23 29.96 29.07

4 28.94 28.82 28.74 28.69 28.53 28.43 28.12

5 22.68 22.62 22.58 22.55 22.47 22.43 22.27

6 15.25 15.22 15.20 15.19 15.15 15.12 15.04

7 9.32 9.31 9.30 9.29 9.27 9.26 9.22

8 4.59 4.58 4.58 4.57 4.56 4.56 4.54

9 2.06 2.05 2.05 2.05 2.06 2.04 2.04

10 .76 .76 .76 .76 .76 .76 .76

ll .26 .26 .26 .26 .26 .26 .26

12 .05 .05 .05 .05 .05 .05 .05

13 .01 .01 .01 .01 .01 .01 .01

14 .003 .003 .003 .003 .003 .003 .003
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Table 5.15: Weighted Standardized Returns at Different

Heifer and Cow Value Assumptions

 

Cow/Beef Value = $500 Heifer Value = $1500

 

 
 

Heifer Value __ Cow Value

1750 1500 1000 250 500 750

Lactation Lactation

1 -70.73 -44.33 8.46 3 52.75 30.23 7.71

2 -7.70 4.03 27.49 4 36.54 28.53 20.52

3 8.27 14.98 28.43 5 26.51 22.47 18.44

4 12.11 16.22 24.45 6 17.21 15.15 13.09

5 11.54 14.11 19.27 7 10.31 9.27 8.23

6 8.66 10.14 13.10 8 5.01 4.56 4.12

7 5.68 6.49 8.11 9 2.23 2.05 1.87

8 2.94 3.30 4.03 10 .82 .76 .70

9 1.38 1.54 1.84 11 .28 .26 .24

10 .54 .59 .70 12 .06 .05 .05

11 .19 .21 .25 13 .02 .01 .01

12 .04 .04 .05 14 .004 .003 .003

13 .01 .01 .01

14 .003 .003 .003
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5.7 Conclusion:

The results from the model show that the best management strategy for

cystic ovaries is treatment with GNRH. However, under the assumptions of the

model, all the management strategies result in relatively the same standardized

returns over the 14 lactation lifespan. This is expected given that the costs

associated with treating cystic ovaries are generally low compared to other

variables that affect the flow of returns like milk production and feed costs. The

optimal lifespan of 4 or 5 lactations was also not unique as has been reported by

other researchers (Hlubik, 1979). On most dairy farms in Michigan it is not

common to have cows going beyond 4 to 5 lactations. This is also an added

validation of our model assumptions in spite of the fact that some variables for

selection and keeping dairy cows on the farm like temperament were not included

in the model. Dijkuizen et al. (1985) have already shown that a cow may be breed

up to six times with the hope of becoming pregnant before thinking of replacing it,

all other factors being equal. Thus for a cystic ovary condition, where 90 percent

recover on the second treatment, it is always advisable to treat or even withdraw

treatment up to 2 months with the expectation of spontaneous recovery rather

than cull based on cystic ovaries alone.



CHAPTER VI

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

6.1 Summary

The general objective of the study was to develop an analytical model that

could be used in evaluating the economic impact of animal diseases that reduce

production efficiency and in assessing the benefits and costs of alternative

management strategies.

Three years prior to the beginning of the study, the Kellogg Foundation had

granted 1/2 million dollars to the FAHRMX team to develop a computerized herd-

health program that would be instrumental in addressing animal health problems in

dairy farms, especially in Michigan. For a long time, animal diseases have been

managed by protocol. A sick animal was treated according to the current

knowledge and technology about the disease. Disease impacts that offered great

concern were the ones that caused mortality or observable defects. The

increasing pressure on farmers arising from increasing competition, increasing

production costs and declining farm product prices has given rise to a growing

attention to the diseases that cause reduction in production efficiency. The

economic impact of such diseases are generally intangible and are spread over the

productive life of the animal. Diseases causing such impacts include cystic

ovaries, metritis, mastitis and dystocia. Cystic ovarian disease has among others,

the impact of prolonging the calving interval. This implies that future expected

returns from calves, milk and others are postponed even more. This represents a

cost since, as already stated, "a dollar today is worth more than a dollar

tomorrow." Secondly, there are the costs associated with the treatment of the

103
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disease like drug cost, veterinarian costs and others. It has been shown that a cow

suffering from cystic ovaries will produce more milk over the lactation than in a

lactation without cystic ovaries. The complexity represented by diseases that

reduce reproductive efficiency represents a challenge in attempting to quantify

disease impacts and put a monetary value on the respective impacts.

Another problem associated with managing such diseases is selection among

alternative management or treatment strategies. There is an increasing range of

treatments on the market. Each treatment is differentiated from another to meet

a specific objective but sometimes the. differentiation is to make it more

attractive to buyers. Thus, it becomes a problem for the user (farmer) to select

the treatment that is appropriate for his situation. The study attempted to

address the broad area of evaluating the economic impact of diseases on

production by using cystic ovarian disease as a case study.

From a broad range of statistical/epidemiological and economic models

decision analysis was used as the anlytical framework for the model. The

limitation of generating model inputs and outputs over time was overcome using

simulation analysis. Thus, the resulting model was an integration of decision

analysis with simulation that utilizes dynamic programming to generate the

monetary outcomes for the decision nodes. The model viewed a cow as a durable

asset, with benefits and costs occurring over time (14 year period) with the

possibilities of death, involuntary culling or voluntary culling (based on

production). In each case, a replacement heifer was available.

The results showed that the potential replacement heifer would reach its

highest economic based on weighted standardized returns in the 4th or 5th

lactation while the cystic cow would reach the point in the 5th lactation. GNRH

was superior to HCG and NT and a $.45 cost per day was estimated for each day

of extended estrus.
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6.2 Conclusions and Recommendations:

The reduction of production costs by farmers will partly be made by the

ability of farmers to determine the benefit-costs of diseases that reduce

production efficiency of dairy cows and evaluating the alternative management

strategies for those diseases. Because such diseases give rise to costs that tend to

be indirect rather than direct, out-of-pocket expenses, or cow mortality, they

have long been of less concern to the farmer. Even where a small amount of

money spent on treating or controlling the disease would result in increased

returns, most people may not see the returns as direct and hence become

reluctant to incur the extra costs. This problem can be overcome by developing

models and analysis that can give the explicit benefits and costs of such diseases

and their management strategies so that farmers have a basis for selection

between alternatives and deciding on actions to take.

In addition to meeting the objectives of the study, the developed model

represents an improvement on previous use of decision analysis and evaluation of

disease cost by having:

1) incorporated the value of the animal in the analysis;

2) the ability to simulate returns over time thus analysing the cow as a

durable asset;

3) the capacity to make decisions relating to culling and replacement;

4) the ability to evaluate the cost of days past the optimal dry period; and

5) The ability to incorporate many variables and parameters to generate

monetary outcomes and to conduct sensitivity analysis efficiently.

The limitations of the study are related to weak or insufficient data for

economic analysis. Without good economic analysis, FAHRMX can not be able to

provide farmers with sufficient information for decision making. As a result

farmers may be frustrated. Therefore, there is a stronger need to support more
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research and less need to stress on the extension related goals of FAHRMX until

sufficient information generated by tested models are available. There is need for

further research in:

1) Improved data and variable coefficients. For example, the probability

of occurrence of a disease over the cows lifespan and the impact of

such a disease over the lifespan and also to evaluate if there is any

significant saving of money on feeds when an animal is off feed during a

disease episode.

2) Incorporating the expected utility hypothesis. Farmers goals and

objectives are more than monetary. The expected utility hypothesis

would result in a more objective decision criteria.

3) Adaption of the model to other diseases. Other diseases have different

impacts with regard to magnitude timing and specific effects. The

model could easily be adpated to many other diseases.

To the extent that research in these areas is not well developed, programs like

FAHRMX may be too ambitious with respect to the extension component.
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3:015L5:TY(T~"4T“S) 3‘ .05:a'(¢O--( ..o I‘:o:!).':"7:’“53))

357 3 PLK:NC ‘ chF ' TFCOST ‘ “L,“

:srtsc : 16' o CZSRLTE(?HNTHS)

:FIIK 0-30 “573TIO3NCO(ICCH .50. l)oifl;o(L-CT 0:3. :))’“5\

3 CIAC ACCISC ‘ CSTIVC‘S-LVE

fLEEIFIIK 05$. ”ST-7,04N0012C3a 0:60 :IQARCOILACT 0:3. :)"‘53

5CCIKC 3 5CCIfiC ‘ SSTZNC OSALVGV

{LEE

5CCIAC 3 ACCIAC ‘ :STZfiC

ENCIF

ST::\ = ACCINC - iNHUITY(T‘NTkSl

0
|

7
’

COPPUT? EAPSCTEC RZTURLS JIJEU TnE FiCBAéILITI’S 7F 35:7“0237'LLTE’Y

CULLIUG IN: SURVIViL JV LACTATICU EY LACTATICNS 33513.

I‘IK .53. é’THEV

STZIACS : STZIECOPRHVILACT)OPCEATPILACT)

{LSEIF(K oEGo LOCLGT‘SICK1Fn51

STCSLV= SJCoCOPISR1T2(TNNT45)00%hLIIYITFNT“S)

STCINCC=¢ISIOISCOSTDSLV)OP°“N(L$CI)09CLLL(LAC’)l

STCIACS =(lSTOIflC ‘STDSLVI'PPCLLLCLACTll

STCIWCT = STCIHCC ’ STDINCC ‘ STCIZCC

HEITEIEo'l'STCIflCT = 'cSTDIhCT

{LEE

{NCIF

OUTPUT THE RESULTS OF THE 390636?-

urlte(607)7PNT“SoHLKINCsCALFoT'CCSToFLTthiTocFA'HS.

‘0ISRITE(TFRTHS)0CSTINC0ACCI¥CoiMhLITYCTFNTPS)oSISIfl

Torflat(EXQIEQQXoFéossInops-ZOZXIE’oZolloFboZOEXQEI3.39‘YIIEoLAO

’EFI:03)

FIND IPE CURRENT UALUE 7F FAX

IF‘ICEU .50. ‘ oANCo STDINCT .5?- NAAIIHEN

max = STOINCT

«QIKU? : TMKTHS

"JALACT = LICT

ELSE

ENEIF

ano 1H5 CFTIFAL 529120 FER «a: 386 '85 75517:: :.-~ns=s C:a»Ax :s

GREQIER TFAR PIX.

IFCICEL .EG. 1 .ANC. STCINCT .GT. ..L .snco S’CI%CT .LE. HaxlThEV

CCHPII = STEINCT

CChLACT = LBCT

CJ-hLP = TENTHS

ELSE

ENCIF

CJHPUTE TnE .EIGHTEB INDIVIDuzL LacrerCN STEPDACIZZC oarupns.

IF‘ICCH OEG. I’THEN

:F(1 0870 LAC? .OR. K .57. LACLGT‘SICK’THE3

ILHNC 3 IL'NC ‘1

CISFT2IILPNC) 3 led/(IOOI'FILHNC’

‘NNTZIILFNC’ 3 I‘0.1/(103‘(1031(IQCIIPPIL“NC)))

9'-
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= 251- :zsarztannc:

T = SCIShET ooxsnsr

:LMQC .Efi. QIYH£2

PSI! = sczsnar - £22..

‘IL’VC .530 LACL$’*S:CK)7~E\

bfTLV = S:IS%EV‘5’J0.

ILSTCO 3 SUM53X ’ANNTZ(IL!%C)OFRNN(L3CT)'=DEA*H(L;CT)

ILSTEC =(SUPTLV*5CTOSISPTZ(IL?%C))IAKNT2(IL“HC)O

0(P9’N(LJCT)-‘CEATH(LACT)3

bILSTC:($ICK)= ZLSTDC 0 ZLSTSC

:F(4ILSTDI(S:CK’ 0LT. ‘il .2300 TENF‘S:CK,OG?O ‘1X)-‘E\

JIFF($ZCK)= VOCEV(SIC()-“A¥

dRITE'éo'D'NCDEV'953C40': ‘vNCDEV(SICK)

flRZTE¢So')'CIFF'o£ICK0'= 'QCIFF(SICK)

3301F

CQ‘QUYE tr EXFECTEC FONETARY UALLZ.

{\DIF

{VCZF

{=(z oéTo L‘CT)THE”

I=(K .50. L‘CLGTOSICKiThsfi

I3IT5(590)'EIL$TCZ'QSICKo’2 'oaILSTCI(SICK)

f‘ZIF

ENBIF

3"” 0:00 LJCLGT‘S:CK)THEH

”OCEV‘SICK) 3 STCIQCS

TE"(SICK): HILSTDICSICK,

i'ITECfio'D‘ILNHC = 'QZLHNC

IL'NC - Co;

DISKET ” 1- I.

SCISVET : 5.5

SL952! = 7.5

SC'YLV 3 to.

{LSYOC = 3.;

ILSYCC = '03

€NCXF

ENOIF

CORTIKUE

IF((ICCb .59. 1)oAhOo(Z oESo_LACT))TPEA

LACLGT = LACTIH - SICK

ELSE

ENCIF

C XNCREHEKT THE LACTBTION AND CALVING 'CNTP PARAMETEQS.

C

IF“ICCd .50. 1).Au3.(1 oEGo LiCY).ANCo(SICK oEC. 2))THfifl

VAYH : "\TH 02
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:L:::F((ICJB o:co 1,03aDoC: 0:60 L3C7)o&hCO(S:CK 0:30 .’)T“:Y 3571

vnTh = 'NTr 01 #27:

{L85 3%?

«5f» : My?" c“ 191A

2%CIF 3575

1‘ (NRTH .GTo 12)MflTH = MRTd - 1; 3892

“ST£T : ° 3???

C UUTDUT Tnfi aEIuhTEQ RETURNS F09 JE:T9 vCLLL nag SURVIsz JITH T-E 39‘:

C TOTRL =53 L!CTATIC%. 392‘

C . 3?2‘

c PRCCEE: TC THE REX? LACT;T!ON. 3?}?

C 3?“

272 fCATIflCS 39:?

C 395?

dfltTET$o-3"&ALACT = 'o'th:CTc'“4xAUF = '9‘:XNUNv' "A? = 'aNA‘ 39‘1

4=LTE(é.-)'ExP-3T: = '.GN°ESTI.'HCGST1 = '.hCGST;.'”TST1 = 'g.'ST13972

.55 CSATIRUE 399‘

d°ZTE(§oID'C33LACT= 'QCSULACTo'CCaNUT= '9CCHRUVQ' C3a“3!= 'ICZJNA!339.

HQITECév-D'G%RHST:= 'oJNRHSTIu'“CSSTz = 'o~CG$T!o'”T€T: = 'ot 2T: #:53

c 0‘1“

6: TC 135 ¢‘2c

c 0‘3:

c no nc=s ca CAT; TC =ROCESSth =azsaar. Q'QQ

C 0‘!”

eta» cemrznuz
"55

antxr $‘11 “‘75

3‘9?

?‘0; ‘03"1T('-OCRE') 0"?

{MC 31‘:

C ‘1‘:

C o...0.0-occtooooootoo.9§G:N SLEifiLT:5:5..ooovogcootcco'coocooooc..ocoqzzQ

C §111

SU33CLTINE RDFIXD(NISCoLACFACoSEAFACcPLK=TcFCULL.AVFCPpAV“C°9 ‘12:

O’CSTFACoExarcoCJCPEWoJCPENoPRCPLKoPPCPsnquEEDSoFCSSTo~CGPIorCGPEo413;

onCGCToGNRHPIoGNRnPZoGNRHCToFDEAThoFavnoFPCLLL) 4:0.

C 3153

C THE SU&?0LTIN£ IS TO asau THE F115: VARIABLES FQR Tri “QSEL.’PE Q15?

C INCLUCE AQRAYScTAELESoGENEQAL VARIJELES ENC VAPIABLES SFECZFZC " #17:

C THE ANIPAL UNDER A PARTICULAR RUN. 019?

c ¢199

CHn=ACTER NISCOEC.S?-a? $220

QEAL LiCFhC‘19)oSEAFAC(12’QNLKFTC7917)oPCULL‘lQ)9335iTH(1"! 921:

'FEECS(éc903)9FCOST(§)o HPTCIETcNCSTFACTIQ)99°”~¢1¢)9=PCULL(:*)0 ‘22?

OHILKvFLKIflC.AVFC°oAVHC9oEXAHC.CUOPEN.FiC9L*9NS’o #237

oHLTF.CYSTIC.TF235T.C;LFoDATIO ‘24?

INTEGER ICCboILCPLoCCHcSIREoLscTcFfiTPotGE #253

C ‘26:

C READ IA FIXED VARIABLES. “15C REAC TC SPACE DATA CAL? $272

C ~29?

3550(501)$P
qgg~

1 FORUATCA) “333

reac(§.2) LACFAC “31‘

2 formatt10197f1€.4) 532?

3EA0(201)SP 033?

reec(!o2) SEAFAC 039°

reaaczul) SF 0352

?E:C(292) PCULL 036"

neao¢:.2) POEA'F 037%

REACt997) PRnN 9371

, 9::oce.7) PPCULL 4372

7 rcnvlT(13X¢?:1:.a) 0373
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9536(591 SP

QEJC(592) “CSTFBC

aE5C($o'.) SF

P986C592) (PLKFTTI913)0I=195)

reecCSo!) ((PLSFT(I!U)0I=Ioc)0931935)

FDR'lTCl‘XOEFI'oE)

reactficl) SF

CéLC LFFER BCUKC ZN P3? $3 25 2;

fll'9t179153 = £5203.

ratio = (Itxat(6917)-nlkot(2u17)) / (25323.3-ntkptttg1'))

30 1: ::;.30

anct¢7.1) : ntkct(2.1) o (mlk;t(£.1)-mlkpt(291))lratio

CD..TI‘4UE

reeatfioi) .43: .

reuc(!c6) avfccgavmcc.examc.ccccenoDSPSMoarcmtkoFRC"ZAT

=CR“:T(:Xo7¢12o2)

25::(592)!!SC

RE:C(29c)HCGPlorCGPZoHCGCToGHRrPloGhPHFZoGfl°HCT

formattllxoéfIZoZ)

reactfio!) SF

reenCSc!) S=

reac(:g3) (tfeecs!1.1.:J.1=1.é).j::.9)

reac(!o!) Sc

reaa(395) ‘cost

993'6T(23xo5F12.3)

reactSot) S=

reecTScI) Sc

4555(303) (CFEECE‘I!J¢£)9I3Zoé)9d='v?)

QE3C(§oZ) 8‘

23:0(591) SP

REACTEol) ((FEED-(I.J951g1=19é)ou=199)

°EAC(201) SP

”E3C(502) SF

return

enc

+39?

‘39:

9*‘3

‘91?

‘42:

A93‘

440’

OQS‘

OQQ‘

¢¢7T

.49”

0¢9‘

QSCC

451?

O52‘

‘33‘

#54?

Q55‘

‘36“

‘57“

~57:

Q58“

#59“

65‘:

Qét‘

5&2‘

‘63“

064‘

$95‘

‘66‘

697‘

49%“

45°‘

97‘0

371-

472?

.73’

C900...'0COOOODOOOOOODOOOQOOOOQOOOIODQOOOOOOOQOOOOGOO00.0.0...QOCQCOQQOCQ753

sucrout1n¢ caLcaLk(VLJncbgPPCPLn.PCSTFAC.FLKINC.

9HLK°TQICDHQLACLGTvSICKoFPToKoLACT)

THE

LACT

n
n
n
n
n

SUCRGUTINE CDHDUTES THE HILK YIELD FCR THIS LACTATIZN IND

DOLLAR VILLE CF THE FILK IN THE L:CTATION.PILK YIELC IE °°EDICTEC

I LACT=TIDH FACTOR AND A SEASONAL F3CTCQ BASED CORRESPONDING TE

ATICS KUNSEfloPILK QETUQNS ARE FREEICTEC CV A HDA’HLY BASIS.

REAL HLK'T(7917)9H°T(lé)oHCSTFJC(14’o

001LK.-Lx1nc.orcntk,YLCPL.YL330&.RATI2

C MILK

C LACT

c .

C CALCULATE

C

INTEGER IcouollctvnntfloIoJoLoKoloSICKOLACLST

IS CDPPUTED AS A FUNCTION CF THE INITIAL pRODUCTIDN LEVEL.

STICK NUMBERoSEASDNAL FACTQR AAO THE DISEASE FACTOR.

RATZC = 7

DO 123 T3297

0 3 1‘1

ThE LBS’DAY/HDNTP MILK YIELD F9CH L3CT£TICV CLRVES(TAULES)

$76:

¢772

¢’!:

479?

~5~u

#31:

$227

.5--

4540

435:

555?

¢81fi

4889

9992

9933

Q9“:

092"

493‘

090’

99!”

096’

#911

0983
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IF (YLOHDH .LTo ”LEP’(I01’))éS ’5 L2. ‘39"

If; CCRTISLE 5936

5‘13

120 CCATZRLE 5'23

RATED 3 (YLCflDa'FLK’T‘Jol73) I (MLA°T(001017)'”LK°'(UQ1’)I 5331

5"?

IFlK oGTo LACLG'OSICKATHEN S'Su

.VPT(K) : 7.; 5‘5?

ELSE 5"?

'FT(K) 3 PLKPT(J.K) 0 RRTIC°(NL$FT(J’19K)'“LKF’(JQK)) 5‘35

ENCIF 5‘9C

IFS‘ICCS OECO IICANOOSI 0:30 LACTIITFED 51.4

”ILK 3 ‘PT(K)'“C3TFAC(K)93 511C

ELSE $125

“ILK : MPT(K)03” 5:3?

EUCIF 5346

C MILK IACJPE 35 A FUNCTICh 1F RILK YIELD 4%C =RICEo 315:

C 5163

nlxinc : milk 0 cranx 3172

return 5:90

enc . 519”

Coco-concoct.00.00.900.000...0.9.oococc'oooooocoooonooccccocovvoacoogocofizg‘

sucroutine catcctftFRCMLKoCIg=CoL;CFLCoIoéch3oAVMCPonoch9) 522‘

C 23‘

C THE SU:RCUTINE CiLCULATE” THE FREEEHT UALUE UP 1 CALF ”E‘DUCEC 2V SZQ

C THE C35 THIS L3CT:TICN BASE: 3a THE 1VEEGGE CCCT CF :CSLF .NC °°EZIC' 5253

C MILK DIFFERENCE OF THE CCJ IN HER LIFETIPE- 525‘

C 52?"

C 525“

reaL SUFoPRCPLKoCIoFfloLACFLC¢24)oJVFCFo£VFCPoCALFoEEY 529?

INTEGER IoK 53‘C

C 531'

C COMPUTE THE EIFECTED SREECING VALLE(EEV) CF THE CALF oASES 3" 532'

C THE CCb IADEXCCI) AND THE SIRE'S cRECIC'EC DIFFEREKCE(PD) 5331

SUV 330$ 53“

59V 3:0; 535’

EBV =CC-5 0 CI)¢(3o5 0 PD) 535"

C 537"

C COMPUTE THE EXTRA MILK VALUE 3F THE CALF CUE T? HE” GENETIC 533-

C SUPERICRITY¢PODIFIED EQUATION BY KUIPERS.A.(29£??.J 5393

C , SQ‘C

30' 3 3065 0 30513 ' DPCILR 0 EBV ' LACFBC(I) 5‘1?

C 5‘2?

C ADD ALL TFE FLCbS AHD RETURN THE CUERALL CLLF VALUE TO THE ERCQRA? 543%

C 5‘9“

1"“ DEC. I’TPEV 5‘5“

caLf =Co§41tC avfcc 0 sun) 0 (Iots9oavaco) 556:

ELSE 5‘7?

CALF = 1.3 :03”

ENCIF' SR9“

return 5520

enc 551“

Con...-oonoonoooocccco-OQoooooocttotoocoo'ocncoooooocnoocotccoctocnoooco§522

suoroutino calcYCOCICDUQLACTngTbFEECSoFCDSTgTFCDSToKI 55.0

5553

C THE SUdRCLTINE CCPPUTES THE FEED CCSTS IKCURREZ CV FER LACTATICT 5563

C BASED CN nHETHER THE CD. I3 DRY OR LACTATING. FOR ALACTATIHG 631 557"

C FEED REQUIREMENTS ARE COMPUTED BASED CN CAILY 'ILK YIELD PER NGNTP 5589

C 5599

C 5630

REAL FPT(16)QFEECS(69993)oRATICofccst(§)oTFCCSToX 561C
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INTEGER I ChoLGCTeIod040L02 5523

C 553?

C CiLCULfiTE LbS/CAY/PCNTH 31553 :5 :;r: In reffitx. 565?

C 356"

337:3 = 2.; 56?”

IF (LSCT oLEo C)THEK ETCC

L = LIC’ 571‘

ELSE 572“

L: 3 573‘

'UCIF 57"

C 513‘

no “EC 1319? 576’

231-1 577“

C "E

:F(”PT(K’ 05:0 150: 00300 "CT(K) 0LT. 3?..TTHER 57°-

"FT€K) : 31.; ' 55’”

ELSE:F(~FT(K) 0LT. IEOCITHES $-1‘

”97(K) = To: 552

ELSE 533‘

EECIF SEQ‘

if tnpt(K).ttofeeos(19doL)) go to 435 5353

C 536'

43” continue 557

535 CGNTZ\LE 535‘

rat1o : (mottK)-teeas(1o29L)) I (feecstlozeloLI-feecstloZoL)) 59"

TFCCST = ‘ ‘ ‘9‘?

10 *4. ‘3295 E91.

1 = 1eecs¢jozoZoL) o r3t1: . (teecscjoiqzolgL)-teecs(30;.zuL))592‘

x = x 0 320C O Tcost(5)02.3 593‘

tfcost = tfcost . r 59“

«on CONTINUE 395'

C 595?

return $97“

one 5997

599'

Coco...not...canoe-eeoeoeetoecucooncone-eeecc0eeeeoeee000.cooooeeoeeeecgg‘03

SUERCLTZNE CALCHLT(YLDNOHQICC‘oCYSTCToEXAHCoKoIoSICKcMSTAToL3C'o TIC

OHLTP) 6‘2?

C 5'3?

C THE SUERCLTINE CALCULATES HEALTH CCSTS PEP LACTATICA. 6740

C HEALTH CCSTS ARE A FUNCTION OF MILK PRCDLCTICR LEVEL95TAGE OF ’HE S‘SC

C LACTATICK :ND DISE35E CCSTS INCLUDING TREATPENT CCSTSoEX3HINATIOU 636C

C COSToAhC CCST 3F DAYS SPEETIN THE CSSE CF CYSTIC “VARIES)o 5??”

C 6???

9E3L YLDMO-QCYSTCToEXAficoHLTH 529C

INTEGER ICCUoKoHSTLTesiCKeIoLACT 1:3

C 5313

IFtYLChOU oGTo ISODO)THEN 635$

fit!" 3 ZOoC'(IoCIK)¢\£YLDflOU r 15.3O)OL.I'50‘12) 6150

ELSE 6350

HLTH 3 2CoJO(IoCIK) 617C

ENCIF 6120

IF((ICCd oEGo I).ANDo(I oEGo LSCT)oAflD.(K .LTo FSTLTOSICK))'HEfi 6193

FLT" = FLTP‘CYSTCTOEXANC 6239

ELSE 521‘

ENCIF 6227

623‘

C RETURN TC THE PAIR PROGRAM 62‘?

returr 625’

enc 626n

c.0000...cocooooeoeooeoo-coee0.0.0.090.a...ooceoeooooeeoeooooooceooeoooofiZTQ
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