%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

ISSN 1327-8231

ECONOMICS, ECOLOGY AND
THE ENVIRONMENT

Working Paper No. 134

Economics of Controlling Livestock Diseases:

Basic Theory

_ oy I

Clem Tisdell

November 2006

e-..-
om -

\' e
o
%HEV

_AC_

I THE UNIVERSITY OF QUEENSLAND N



ISSN 1327-8231
WORKING PAPERS ON
ECONOMICS, ECOLOGY AND THE ENVIRONMENT

Working Paper No. 134

Economics of Controlling Livestock Diseases:

Basic Theory'

by

Clem Tisdell*

T A contribution prepared for J. Rushton, The Economics of Animal Health and Production to be published by
CABI, Oxford, UK.

School of Economics, The University of Queensland, Brisbane 4072 QLD, Australia.
Email: c.tisdell@economics.uq.edu.au

k



mailto:c.tisdell@uq.edu.au

WORKING PAPERS IN THE SERIES, Economics, Ecology and the Environment are
published by the School of Economics, University of Queensland, 4072, Australia, as
follow up to the Australian Centre for International Agricultural Research Project 40
of which Professor Clem Tisdell was the Project Leader. Views expressed in these
working papers are those of their authors and not necessarily of any of the
organisations associated with the Project. They should not be reproduced in whole
or in part without the written permission of the Project Leader. It is planned to
publish contributions to this series over the next few years.

Research for ACIAR project 40, Economic Impact and Rural Adjustments to Nature
Conservation (Biodiversity) Programmes: A Case Study of Xishuangbanna Dai
Autonomous Prefecture, Yunnan, China was sponsored by the Australian Centre for
International Agricultural Research (ACIAR), GPO Box 1571, Canberra, ACT, 2601,
Australia.

The research for ACIAR project 40 has led in part, to the research being carried out
in this current series.

For more information write to Emeritus Professor Clem Tisdell, School of Economics,
University of Queensland, Brisbane 4072, Australia.




Economics of Controlling Livestock Diseases: Basic Theory

Abstract

Extends the simple model of the economics of controlling livestock disease as first presented
by Mclnerney (1991) to take account of start-up costs which give use to thresholds effects. A
further extension is given to allow for economics of such in disease control which can also
have a threshold effect. The problem of uncertainty about the costs and benefits of disease

control in livestock is also discussed.



Economics of Controlling Livestock Diseases. Basic Theory

1. Introduction

Economic analysis of the optimal control of livestock diseases is complex. This is because of
the diversity of diseases, differences in their epidemiology and in their nature of occurrence
as well as considerable variation in preventative measures, treatments and responses.
Economic analysis takes account of the monetary benefits and costs of controlling diseases.
To do this, it has to combine biological and veterinary knowledge with financial
considerations. Consequently, inputs from both economists and non-economists are required

for this economic analysis.

Cost-benefit techniques are widely used in economics for determining optimal economic
choices at the farm-level and on wider scales, such as at regional or national levels. Using
this approach, optimality is achieved where net benefits, that is economic benefits less costs,
are maximized. Mclnerney (1991), Mclnerney, Howe and Schepers (1992), Tisdell (1995)
and others have advocated its use for obtaining the economically optimal control of livestock
diseases. Some simple economic models are outlined here which illustrate its use. They

draw on and extend some of the models in Tisdell (1995).

2. Economic Benefit from Controlling a Disease as Economic L oss Avoided

The economic benefit from controlling a livestock disease can be measured by taking into
account the reduction in economic loss from the disease corresponding to different levels of
expenditure on its control (Mclnerney 1991). In Figure 1, for example, OA is the economic
loss from the disease if there is no expenditure on its control and ADF represents the
economic loss as a function of control effort measured by variable expenditure on control of
the disease. Therefore, the difference between line AG and curve ADF, shown by the shaded
area represents the economic benefit from controlling the disease for possible levels of
expenditure on its control. Given available knowledge it is assumed that for any level of
expenditure on disease control that expenditure is undertaken in a way that maximizes

economic benefits. To ensure this, however, is not always an easy task.
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Figure 1. An illustration of the economic benefit from the control of a livestock disease by

the level of economic loss avoided.

3. Optimality in avery Simple Economic Model and Threshold Possibilities
A very simple economic model can be developed from the above. Mathematically, the type
of economic benefit relationship illustrated in Figure 1 can be expressed as:

B =a - g(E), (1)
where B is economic benefit, a is the level of economic loss in the absence of control of the
disease, and E represents the level of variable cost of (expenditure on) control of the disease.
The total cost, C, of control of the disease, can be envisaged as consisting of possible start-up,

fixed or overhead costs, Kk, and variable outlays, E. Thus:

C=k+E, (2)

where K> 0. Therefore, the net benefit from disease control is:
NB=B-C =a-g(E)-(k+E) 3)
=f(E) - (k+ E) 4)

If the benefit function increases at a decreasing rate, that is if f > o and " < o, net benefits
from disease control will be maximized when the value of E, expenditure on control, is such
that the extra economic benefits from control equals the extra costs of control, that is for the
value of E for which:

f(E)=1 (5)



This is so provided that for this value

f(E) - (k+E) > o, (6)
that is total benefits exceed total cost. Otherwise no expenditure on controlling the disease is
optimal. Other things equal, the higher is k, the more likely is it that no control is optimal.
However, even if k = o, it is possible that no control of a disease is optimal because the
marginal benefit of control of the disease, f(E), is always less than its marginal costs of

control.

The presence of start-up or overhead cost for controlling a disease, k > o, creates a control
threshold. If it is economic to control the disease, control must be on a minimum scale before
benefits cover costs. This can be illustrated by Figure 2. In this figure, start-up costs are
shown as OH and line OHJ (a 45 degree line) represents the total cost of controlling the
disease. The curve marked OLMP shows the total benefit of controlling the disease, and OA

is the loss caused by the disease in the absence of its control.

$.Y J
A G
P
Y|, [Ttttk
Economic Benefit
. Cost of controlling the disease
Yo fo---o---- ;
i |
O 1

E, E Ei$

Level of variable control expenditure

Figure 2 A cost benefit model for livestock disease control in which start-up costs give rise
to a threshold effect.



From Figure 2, total expenditure of less than Y, on control of the disease, involving a
variable expenditure of E,, can be seen to be uneconomic. At least this level of outlay on
control is required before benefits cover costs. However, net benefits are maximized for a
total outlay of Y, or an operating outlay of E; and the optimum corresponds to point M in
Figure 2. Other things equal, the larger are start-up costs, the larger is the control outlay

required before benefits cover costs.

4. A Second Economic Sour ce of a Disease Control Threshold

The economic benefit curve from expenditure on the control of a livestock disease may not
be strictly concave everywhere unlike in the model considered above. It may, for example,
take a logistic form like that shown in Figure 3 by curve OKLMP. In this example, start-up
or overhead costs for control of the disease are assumed to be absent and therefore, the 45

degree line OLJ represents total outlay on control of the disease.
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Figure 3 Another cost-benefit model in which economies of scale rather than start-up costs

of control give rise to a threshold effect.



The net benefits of control are maximized when E; = Y is spent on controlling the disease.
Furthermore, a minimum of E,= Y, must be spent on controlling the disease before the costs
of its control are covered by the benefits gained. This threshold, created by initially
increasing returns from undertaking control on a greater scale, arises in the absence of start-

up or overhead costs.

5. Discussion

Empirical evidence is of course needed to establish which types of benefit and cost functions
are relevant to the control of particular livestock diseases. There may even be some cases
where it is economic to eliminate all losses that could arise from a disease by eradicating it.
In such cases, the benefit functions would actually meet line AG in Figure 2 rather than
merely approach it. The modelling can also be extended to take account of the simultaneous
control of several diseases as suggested in Tisdell (1995) and more specific allowance can be

made for time. Nevertheless, the above simple models provide policy insights.

They highlight the potential importance of thresholds for the control of livestock diseases.
When such thresholds arise, they can be lowered by reducing fixed, start-up or overhead costs
of control or by increasing the productivity of control outlays in securing benefits, depending

on their source.

It is also important to realize that the benefit and cost curves for disease control do not remain
stationary in time. For example, if the economic value of particular types of livestock
increase, then greater benefits are obtained by controlling diseases that afflict these livestock.
The models outlined can also be used to show that diseases causing great economic loss
maybe less economic to control than those that cause less economic loss. Often the presence
of a large loss from a livestock disease is used as a political argument in favour of its control
and for spending more on its control than a disease that causes smaller economic loss.

However, this may not maximize net economic benefits from the control of livestock diseases.

A major problem in deciding on levels of optimal expenditure in controlling livestock
diseases is uncertainty about the economic cost and benefits involved. Trial-and-error may
be used to search for the economic optimum but this will be risky if large thresholds occur

before benefits exceed costs. The search procedure can, however, be undertaken by small



steps in the case illustrated by Figure 1 if K= o or is small, that is if start-up costs are zero or

very small, (see Tisdell,1996 Ch.3).

More information may also be collected about the nature of the benefit and costs curves; for
example from trials or experiments. However, even the collection and processing of
information has an economic dimension. Baumol and Quandt (1964) suggested that it is only
economic to collect and process information up to the level where the extra cost of this equals
it expected extra economic value (see also Tisdell 1996, Chl; Ramsay et al, 1999). Thus,
even if it were possible to collect enough information to obtain perfect knowledge of the
benefits and costs of controlling a livestock disease, it may not be economic to do that. Or in
the case of public administration, less funds may be provided to obtain information about the
benefits and costs of control of livestock diseases than is optimal. Consequently, much
decision-making about the economically optimal level of control of livestock diseases must
be made under conditions of uncertainty. Therefore, it is also important to analyse the
optimal control of livestock diseases under conditions of uncertainty, for example, by
drawing or decision-making models, some of which were stimulated by the development of

the theory of games (Tisdell, 1968, Ch2, von Neumann and Morgenstern,1953).
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