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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 signiﬁcantiy 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 &
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 I

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,
1984). 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

E) 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.



R
placent
calving

L
are lik
busine:
COSts
CoSts
sterile
has to
availal
range

makes

L2

farme
feprog
and ¢
the ¢
Conse.
herq
farme
Crstic
incor;
fesy)y

the c



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 al. (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 I
CURRENT USAGE OF EPIDEMIOLOGICAL/STATISTICAL
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. Regression 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.



dt
(P
qu

log

wic

of

of ¢

mod
heals
as50c
yieid,
the f
Proje

mdepe

(1975)

lactati

(Hirg ;

|
Lop|



11

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. Path Analysis

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: 1) 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:

D; = dj;Z + di2Z9 + —d lpr, where D; = the score on the discriminate
function.

d; = weighting coefficient.

Z; = 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: 1) 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



15

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 < .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 <.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 Modeis
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. Equi-marginal Principle

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 Budgeting (P 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 Ib. of
feed, yield per cow.

The usual format is of the form:

Objective function:

Maximize Z = Cij;

Subject to (constraint):

Aixj=bi and
X)— Xj 0.
Where
pA = variable being maximized;
Cj = coefficients of payoffs of the activities;
= activity on enterprise J;
Aijs = input/output coefficients;
b; = resource constraints i.

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 20% to less than 5% at the end of 5 years. The model constraints were
epidemiological, ecological and economic in ﬁature. 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:

(S1, S2, S3, Sy)y ~ -
° 1y ti2 t3 tyy | = (Sy» S25 S35 Sy

t23 t24
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t3) t32 133ty
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Where S; to S, for t, represents the number of animals in state one to four
respectively in the initial period. The four states could comprise of: 1)
susceptible animals, 2) infections, 3) immune, and %) removed or dead. The tii's
are probabilities of transfers from state i to state j in a given period. S; to Sy for
t; 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.

2.8 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.



CHAPTER I

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 ev<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>