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Preface

During the last 200 years, there has been massive socio-economic change through industrial
and agricultural revolutions. This change has been associated with rapid increases in human
and domestic livestock populations, and a movement of people from rural to urban areas.
More than half the people in the world now live in urban environments where they have bet-
ter access to work, but limited or no access to land and livestock to produce food. This implies
that a majority of people are dependent on others for raw, semi-processed and processed food
products. The efficient functioning of the livestock sector, encompassing all facets of input sup-
ply, production, processing and marketing, has become a critical issue for guaranteeing:

e that sufficient livestock products are available at affordable prices — food security; and
e that the livestock products are safe to eat — food safety.

Within the livestock sector, the livestock producers and business people involved in input
supply and output processing and marketing need to be able to plan, make a profit and have
a sustainable livelihood. The State also plays a critical role in facilitating how the livestock sec-
tor functions and develops in order to satisfy society’s needs. Therefore, both the private and
public sectors require economic theory and tools to understand the drivers of change for the
livestock sector, and how to assess the impact of future actions and investments.

Background

The mid to late 18th century saw important advances in livestock production, in particular
the recognition of more productive breeds. However, it was not until the middle of the follow-
ing century that livestock production systems began to change. In Britain, the prices for meat
began to rise in the 1840s, which stimulated an adoption of more intensive livestock produc-
tion and a modification of housing systems. Around the same time livestock diseases became
more problematic as livestock and livestock product movement increased and livestock value
chains became longer and more complex. Of greatest note was the importance of economic
diseases such as rinderpest, contagious bovine pleuropneumonia and foot-and-mouth disease
(FMD). These diseases caused such problems that the State reacted and began to invest in vet-
erinary services, education and research (Fisher, 1998). However, the response to diseases that
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cause less dramatic losses to production, yet have serious impacts on human health, was not
addressed in many developed countries until much later (Fisher, 1998; Waddington, 2002; see
also Alexandra PM. Shaw, Chapter 14). At international level, concerns on the need to control
rinderpest stimulated the creation of the international office of animal health in the 1920s.

These initial investments in animal health and production, mainly associated with
developed countries, were stimulated by large changes in livestock production and their asso-
ciated value chains, perhaps best described as the first livestock revolution. The changes in the
livestock sector created new disease problems, and also amplified the impact of contagious
diseases. The response over time has been a combined public and private effort to control ani-
mal diseases in order to minimize their socio-economic impact. In some cases this has led to the
eradication of disease in a number of countries.

Through a process of investigation of livestock production systems (Steinfeld and Maki-
Hokkonen, 1995; Sere and Steinfeld, 1996), and followed by an analysis of the supply and
demand of livestock products (Delgado et al., 1999), it was realized that a new livestock revolu-
tion had begun. Unlike the previous revolutions, this was based largely on monogastric produc-
tion and, to some extent, on changes in milk production. Similar to the early changes in livestock
production and supply chains, it was being driven on the demand side by rapid human popula-
tion increases, growing urban populations and increasing incomes. On the supply side, produc-
tion and processing technologies had improved; there was availability of cheap feed grains and
a reduction in bulk transport costs. The production changes of this new livestock revolution
have been concentrated in the developing countries. Some raised concerns that the changes may
leave some poor people behind (Haan et al., 2001; Heffernan, 2002; FAO, 2005; Owen et al., 2005)
and others focused on the environmental impacts of change (de Haan et al., 1997; Steinfeld et al.,
2006). What was not anticipated were the growing problems with the control of transboundary
animal diseases and, more specifically, the resurgence of zoonotic diseases (Greger, 2007).

Therefore, over a period of around 200 years, the world has moved from relatively simple
livestock value chains to increasingly complex ones. In the simple livestock chains a high pro-
portion of produce was either consumed in the farm household or sold in local and regional
markets. In addition, much of this food was processed within the household (see Fig. 1).

In the complex food value chains that are now dominant in many parts of the world, pri-
mary production has complex relationships with consumers through processing and market-
ing companies. The links in the chain are maintained by middlemen, transport companies and
finance groups. Where the value chains become integrated, i.e. owned and controlled by one
company, the middlemen disappear. In addition, consumer demands have become more
sophisticated for processed food and food with zero risk of food-borne diseases (see Fig. 2).
These livestock value chains can also be global.

The adoption of more complex livestock value chains has not been gradual; rather it appears
to have been in jumps. The first of these probably occurred in the mid 19th century in Europe
and North America with linkages to Australia, New Zealand and probably Argentina, and the

Family or household |
| Production | Frosh tzrgg:gssms:rls
l t ! t | product ]
Purchased [ "PUtS —»|  product  Residues pZZf,’;e Labour  |..Processed _,| . with I(;’W
inputs P v | v | product em?p s c;n
| Processing | |Consumption| quality an
who process
Processed s
product le—— £ the_ food in
their homes
Labour

Fig. 1. Simple livestock value chains. (From Rushton and Viscarra, 2006.)
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Fig. 2. A schematic diagram of the dominant complex livestock value chains. (From Rushton and
Viscarra, 2006.)

| Middlemen, financial services

second in the late 20th century mainly in Asia, but also in other developing countries. Both these
jumps appear to be associated with societies in rapid transition from being largely rural to being
urban and industrial. There is also an influence of the globalization of livestock and livestock
product movement, associated with technological changes in transport and storage.

There has been a more gradual change in support of the new livestock value chains by
animal health systems. The initial successes were with the control and eradication of rinder-
pest and contagious bovine pleuropneumonia in the late 1800s (Fisher, 1998). The distribution
of livestock diseases began to change more rapidly in the 1960s and 1970s as European and
North American countries and Japan began to make serious inroads into the control of a range
of both transboundary and endemic diseases.! This was achieved through significant invest-
ments in human skills, building on previous investments in veterinary organizations, educa-
tion and infrastructure from the mid 19th century onwards. The more recent investments,
however, saw an intensified implementation of much more rigorous and organized pro-
grammes that used epidemiology and economics research to assist in decision making. Towards
the end of the 1980s, many of these developed countries had become recognized as free from
the major transboundary diseases and were beginning to make assessments of how to protect
themselves from potential re-entries or re-emergence of disease. On a worldwide level, there
were also successes that included the control and near eradication of rinderpest and the
improved control of other transboundary diseases in developing countries with strong live-
stock export potential (Rushton, 2006). This would seem to indicate that methods of control-
ling disease, the production systems in which they are found and the methods used to assess
their use are adequate.

However, there have been some major setbacks and large areas of the world have not been
included in these advances (Rushton and Upton, 2006). The setbacks include:

e  occasional introduction of transboundary diseases in developed countries such as FMD;

e emergence of new diseases such as bovine spongiform encephalopathy (BSE) and highly
pathogenic avian influenza H5N1; and

e impact of food-borne pathogens such as E. coli O157 and Salmonella.

New problems relating to food-borne pathogens mean that the major impacts of livestock
diseases are related to human health and welfare (see Alexandra PM. Shaw, Chapter 14).
In developed countries these impacts can be enormous, dwarfing the production losses due
to disease. With other diseases there are large impacts due to food scares and trade restric-
tions, and implications in other larger aspects of the rural economy. This has raised questions

'It is recognized that some diseases were controlled well before this period (see Fisher, 1980); however
major breakthroughs were mainly made in the period suggested.
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about how to prevent the entry of exotic, contagious diseases and the most appropriate way
to control such diseases if they occur. In particular, environmental and welfare concerns were
raised about the large-scale slaughter and disposal of affected animals, and there were wor-
ries about the economic losses outside the livestock sector that were caused by animal disease
control (Thompson et al., 2002). In developed countries, there is also concern about endemic
diseases, which are important in terms of production losses and control costs at farm level
(Bennett, 2003), but remain largely uncontrolled. In developing countries investments in ani-
mal health are struggling to keep pace with the change in livestock sectors (Rushton et al.,
2006a), although countries with a strong interest in trade would appear to be responding more
strongly (Rushton, 2006).

The increasing complexity of livestock production and their associated value chains had a
background of changes in the political and institutional environment. From the late 1940s to
the 1970s State action was accepted to be important in economic and agricultural development.
However, during the 1980s, there was a change in thinking that stressed the market as a way
to organize economic activity, supported by a small or even a minimal role for the State.

In this context, safeguarding animal health was until the 1980s regarded as an inherently
public and therefore predominantly governmental service. At this point the provision of ani-
mal health services became more open to the use of market institutions, and there were evalu-
ations of government services against those of the private sector. Market failures in animal
health services remained, for which there is a role for the State in the correction of such failures
through the provision of goods and services, the setting and enforcement of regulations and
through taxes and subsidies. In addition, other policies such as education and infrastructure
can have important impacts on livestock disease prevention, control and eradication. However,
understanding which interventions require public support goes well beyond the traditional
analysis of farm-level technical animal health interventions. Such analysis requires both the
old and new methods and skills (see Hernan Rojas, Chapter 23, on the changes in cost-benefit
analysis in Chile).

The major questions for the economics of animal health and production

Rushton et al. (2007) developed a list of the major questions that need to be addressed by the
economics of animal health and production based on the recent experiences with transbound-
ary, food-borne and endemic diseases. They identified the following:

e How can one guarantee not just reasonably priced livestock products (food security) but
also food that has low or almost no risk in terms of spreading disease (food safety) and
from farming and processing systems that guarantee that animals are treated humanely
(animal welfare)?

e Food safety and other quality attributes have become an overriding concern for
many developed countries in recent times and in part this reflects not just the power
of media, but also the fact that food-borne diseases cause losses that make produc-
tion losses at farm level appear insignificant (Perry et al., 2001, 2005; Rushton,
2002).

¢ Animal welfare and ecologically ‘sound” production practices are increasingly import-
ant and economically have become a selling point in many livestock product chains
(Pritchard, 2004).

e There is an increasing tendency to introduce food safety and welfare attributes into
international law through the World Organization for Animal Health (OIE) and the
World Trade Organization (WTO; Byron Nelson, 2005).

e  What is the optimal level of resource allocation to the detection and prevention of exotic
and emerging diseases?
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e It is important to recognize that even if an optimum level is identified through data
collection and modelling (see Alistair Stott, Chapter 9), it will change over time with
changes in the livestock sector. In order to address this constant evolution a data
collection, analysis and monitoring structure is critical to ensure that policy makers
have up-to-date information at hand (see Andrew James, Chapter 8).

e With regard to the allocation of resources, there is a need to think about how to balance
the allocation of resources between insurance that involves ‘active’ measures such as
surveillance and vaccination versus more ‘passive’ measures such as the purchase of
insurance policies and the establishment of contingency funds in the prevention, control
and eradication of animal diseases (Rushton et al., 2006b).

e Where livestock value chains are increasingly concentrated into large industrial inte-
grated systems, who should insure against a contagious disease outbreak? Large indus-
trial units have a much larger potential to contaminate and spread infectious agents in
the surrounding environment than smaller units and the spillover costs are often borne
by the State (Otte et al., 2007). Striking a balance where some of the spillover costs are
recognized by the private sector could have important and positive implications for
production-level biosecurity measures.

e Is there a justification to allocate public resources for campaigns to control and eradicate
endemic diseases?

e  What methodologies can improve the implementation of animal disease control pro-
grammes that are assessed to be nationally economically profitable?

¢ Inananimal health system what roles should the public veterinary services and the private
sector play to improve the welfare benefits from animal disease control investments?

e The improvements in animal disease status should take into account the needs of all
socio-economic groups, poor and rich, producers and consumers.

e It should be recognized that ideally each country would develop an animal health
system according to its stage of development, cultural and social needs, rather than
following models.

e At international level, where do responsibilities lie for the control of transboundary
diseases? This is particularly relevant for countries that are poor and have the potential
to export livestock products, but have difficulties in achieving OIE/WTO regulations to
enter into attractive export markets.

It is difficult and in most cases impossible to separate science from economics in addressing
animal health and disease problems. Epidemiology is so tightly mixed with economics that
often one forgets to say epidemiological and economic analysis of a disease and its control.
For example, costs and benefits of disease control influence the willingness to participate in
surveillance programmes and disease control strategies, and trade influences the movement
of livestock and livestock products, which in turn influences the spread and maintenance of
diseases.

The Book Objective and Structure

The challenges and opportunities for the economics of animal health and production require a
holistic or systems perspective which combines an analysis of the political economy, the economic
incentives, the social acceptability and the technical feasibility of disease control measures and
programmes. With this in mind, the book sets out to provide the theoretical and practical basis
to assess livestock systems and animal disease control for farm, private enterprise and govern-
ment policy through the provision of data collection and analysis methods and examples of
their application in decision making.
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Book structure

The book draws on an extensive review of the literature on animal health economics (Rushton,
2002) and experience in livestock issues in Europe, Asia, Africa and Latin America. It is the
work of a number of authors who are well respected in their own fields of economics and have
also made significant contributions to livestock and animal health economics. The book is
divided into the following chapter and three major parts:

e  History of livestock and animal health economics (Chapter 1);

e  Theory and tools for the economics of animal health and production (Part I);

e  Areview of the application of economics to animal diseases and health problems (Part II);
e  Economic analysis and policy making: examples from around the world (Part III).

Part I, on economic theory and tools, includes an explanation of production economics theory
supported by a contribution by Professor Clem Tisdell. The following chapter provides an
overview of data collection management and methods, which is supported by a contribution
from Dr Rommy Viscarra. In Chapter 7, the main tools available for farm-level assessment
are presented and the chapter is supported by Dr Alistair Stott’s explanation of optimiza-
tion methods and Dr Andrew James’ contribution on models and data collection. Chapter 10
covers the main tools for the assessment of markets, the economy and value chains followed
by Professor Martin Upton’s review of the main economic assessment methods and Professor
David Leonard’s introduction to Institutional Economics. Chapter 13 presents the importance
and influence of social and cultural issues with regard to livestock decision making, and
Dr Alexandra Shaw presents a good framework to assessing the impacts of animal diseases
in a wider society context that includes human health. Part I concludes with a chapter on the
general analysis of livestock systems.

Part II, on the review of the literature of studies on the economics of animal health and
diseases, has chapters that cover diseases which affect a range of livestock species followed by
chapters on diseases that affect large ruminants, small ruminants, pigs and poultry. Part Il has
contributions from around the world on the applications of the economics of animal health and
production to different problems, in research, production and policy.

It is not the intention of the author that this book be read from cover to cover; it is a refer-
ence text that will introduce readers to theories and methods which are required to assess
change in the livestock sector and assist decision makers at all levels in making investments
and deciding on future strategies and policies. The examples presented are largely from real
situations and serve to illustrate that the economic analysis of animal health and production
requires a multidisciplinary and systems approach. This reflects the reality that faces livestock
producers, agrobusiness people and policy makers involved in the livestock sector.



Foreword

At a time when the world faces a period of major changes in animal production to meet
rapidly accelerating demand for animal products, it is highly opportune that CABI should
have commissioned this study of relevant economic techniques. It is appropriate too that
Jonathan Rushton has been chosen to edit the study because at the start of his career — as
I saw first-hand — he made a remarkable socio-economic study of the roles of livestock in
Indian villages. This complemented a deep knowledge of modern dairy farming acquired
during his childhood on the family farm in England, and later he has practised his abilities as
a consultant on the small, medium and very large livestock systems of Latin America, Africa,
Asia and Europe. The contributors too have been well chosen to focus their knowledge on
particular aspects of the complex methodologies now available.

In the 1960s, when supplies of animal products frequently exceeded consumer purchasing
power, studies on the value of disease losses attracted little attention. However, as livestock
development schemes expanded, trade diversified and awareness of disease risks for both
humans and animals built up, and the need for socio-economic appraisal techniques has
become more and more urgent. The rapid evolution of recording and computing technology
now enables fully integrated analyses which can reflect the social as well as the economic
implications of changes in animal production and health for farmers, human communities,
nations and whole regions of the world.

This book should prove extremely useful for everyone concerned with production and
health policies and I feel sure it will gain the wide readership it deserves.

Peter Ellis OBE
Former director of VEERU
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1 History of Livestock and
Animal Health Economics

Origins of the Subject

The study of the economics of livestock and
their associated diseases is relatively young
in relation to other economic disciplines and
has really grown out of the movement of the
epidemiology of diseases that began in the
1960s and early 1970s. While it is recognized
that some interest has been shown in develop-
ing ideas of livestock economics (Brown, 1979;
Crotty, 1980; Gittinger, 1982; Simpson, 1988),
the much larger contributions to thinking on
the economics of livestock production sys-
tems and their associated chains have come
from the animal health angle. This interest was
generated by governments who were begin-
ning the final stages of eradication of major
diseases and also becoming aware of the eco-
nomic impact of less dramatic diseases such
as infertility and parasitism. These animal
health initiatives coincided with the interest
in the economic analysis of the use of public
funds. Prior to this period, veterinary services
had kept records of the costs and benefits of
disease control without any detailed analysis.

In the mid-1960s, Peter Ellis and Heinz
Konigshofer documented the information
available from the veterinary services in the
Food and Agriculture Organization/World
Health Organization/World Organization for
Animal Health (FAO/WHO/OIE) Animal
Health Yearbook. In the following years, Bill

R. Macallon and associates at the United
States Department of Agriculture (USDA)
made more comprehensive assessments of a
number of specific diseases. From this point
onwards a number of important schools of
thought began to emerge.

Main schools of thought and their
contributions to its development

This section will briefly examine the schools of
thought identified, listing some of their con-
tributions to knowledge and reasons behind
their existence. The reference lists provide the
major articles written by people identified.
The following schools are identified:

1. Ellis, Morris, Hugh-Jones, Putt, James and
Shaw at the Veterinary Epidemiology and Eco-
nomics Research Unit (VEERU), University of
Reading, UK;

2. Carpenter at the Department of Medicineand
Epidemiology, School of Veterinary Medicine,
University of California, Davis, USA;

3. Mclnerney and Howe at the University of
Exeter, UK;

4. Dijkhuizenatthe Animal Health Economics,
Farm Management Group, Department of
Economics and Management, Wageningen
Agricultural University, The Netherlands;
and

©CAB International 2009. The Economics of Animal Health and Production
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5. Emerging schools Tisdell, Harrison and
Ramsay at the University of Queensland,
Australia; Perry at the International Livestock
Research Institute (ILRI), Kenya; and Bennett
at the University of Reading.

Reading: Veterinary Epidemiology and
Economics Research Unit (VEERU)

Peter Ellis was the founder of the Veterinary
Epidemiology and Economics Research Unit
(VEERU) at the University of Reading and in
many ways a pioneer in the subject of animal
health economics. His interest in economics
evolved from work on foot-and-mouth dis-
ease (FMD) in South America where he dis-
covered that FMD epidemiology could not
be separated from livestock prices and farm
management systems. When Ellis returned
to the UK, he worked at the Agricultural
Economics Research Institute in Oxford and
was introduced to benefit—cost analysis by Ian
Little, the co-author of the Manual of Industrial
Project Analysis in Developing Countries (Little
and Mirlees, 1968).

In 1970, Ellis moved to the University of
Reading where he began an analysis of classi-
cal swine fever (CSF) eradication in the UK
with finance from the Wellcome Foundation
and an agreement with the Ministry of
Agriculture, Fisheries and Food (MAFF; Ellis,
1972a). This was the first study to apply cost—
benefit analysis techniques to an animal dis-
ease appraisal. The success of this study led
to the interest in carrying out a similar one for
brucellosis eradication in England and Wales
(Hugh-Jones et al., 1975). At this point Martin
Hugh-Jones went to Reading for 2 years to
work on this project.

During these early works on animal
health economics in the UK, Roger Morris
had been working at the Veterinary School of
the University of Melbourne on various
aspects of economics with particular emphasis
on the economics of production disease. Ellis
and Morris met at a meeting convened by
WHOin 1970 in Geneva to discuss approaches
to evaluating the control of zoonoses. Morris
went to Reading on a sabbatical in 1972 where
Ellis and Morris consolidated their views,
which were presented at a follow-up work-
shop for WHO in Reading, in which Macallon

also participated. This workshop produced a
four- or five-page working document, which,
though never formally published, was widely
distributed as a guideline for international
project evaluations.

Morris during his sabbatical also collab-
orated with UK-practising vets who were
involved in Dick Esslemont’s study of oestrus
behaviour in dairy cows. Morris lent a com-
puter program which was modified to become
‘Melbread” and later the DAISY information
system which provided the basis for assess-
ing the loss from infertility.

Demand for help from the European
Economic Council/European Union (EEC/
EU) and support for research from the
Overseas Development Administration of the
British Government, now DfID, resulted in the
development of an interdisciplinary team that
was in 1975 designated as VEERU. The early
contributors to this group were Andrew
James (economist), Nick Putt (veterinarian),
Alexandra Shaw (economist), Lindsay Tyler
(veterinarian), Dick Esselmont (farm manage-
ment), Tony Woods (statistician), Andrew
Stephens (veterinarian), Richard Matthewman
(animal production), Howard Pharo (veteri-
narian) and at a later stage James Hanks (ani-
mal production), Anni McLeod (economist)
and Jackie Leslie (economist).

In 1975, an increasing number of research
students encouraged VEERU to establish a
formal training programme, which offered
short courses in epidemiology and economics
and could be combined with research leading
to an MPhil or a PhD degree. Later a specific
MSc was offered. Many students from all over
the world have passed through these courses.

The VEERU policy was to develop teams
through studies and collaborative projects in
different countries and to build around them
training schemes for middle management in
veterinary and livestock services. These initia-
tives have been supported by ODA, German
Aid, Danish Aid, the British Council, FAO,
OIE and the World Bank and many other
agencies and involved a continuing series of
visits to countries in Latin America, Africa, the
Middle East, the Indian subcontinent and Asia
by various combinations of staff.

In 1976, Ellis invited all the professionals
he knew who were interested in veterinary
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epidemiology and economics to come to
Reading for an exchange of ideas. About 80
people attended the meeting and the proceed-
ings provided a reference document, which
was very widely distributed (Ellis et al., 1978).
The main result of that meeting was the cre-
ation of the International Society of Veterinary
Epidemiology and Economics (ISVEE) and a
plan to hold meetings every 3 years. Morris
was elected Chairman and offered Australia
as the venue for the next meeting. Shortly
after this meeting, the Society for Veterinary
Epidemiology and Preventive Medicine
(SVEPM) was founded in the UK and similar
societies were created in France and other
countries.

Some of the key people in the work of
VEERU apart from Ellis are described below:

e  Martin Hugh-Jones, now at the Depart-
ment of Epidemiology and Community
Health, Louisiana State University, was
seconded to the University of Reading to
work on the study of the economics of
brucellosis eradication in England and
Wales. He has since specialized in geo-
graphic information systems (GIS), mod-
elling diseases such as anthrax, anaplas-
mosis dermatophilis and trypanosomiasis
(a list of his publications is available in the
reference list). What stands out in the work
of Hugh-Jones is the thoroughness of the
research; the economicimpact assessments
he has been involved in are based on a
deep knowledge of the production system
and epidemiology of the disease.

e  Roger Morris, now at Massey University,
New Zealand, was working on the eco-
nomics of livestock disease in Australia
at the same time that Ellis began working
on this subject in the UK. He went to
Reading for a sabbatical year in 1972
where he completed his thesis for a
Master’s from the University of
Melbourne. He did his PhD supervised
by Ellis in which he explored comple-
mentary methodology including the
applications of risk analysis and chaos
theory. He is one of the leading veter-
inary economists in the world and was
co-editor of a book on animal health eco-
nomics (Dijkhuizen and Morris, 1997).

e Nick Putt was an important figure in
the epidemiology and economics of try-
panosomiasis in Nigeria and Zambia.
He directed the study on trypanoso-
miasis in Nigeria and also coordinated
and authored some sections of the Inter-
national Livestock Centre for Africa
(ILCA) manual on epidemiology and
economics (see below). Unfortunately, he
died in the prime of his career in 1995.

e Alexandra Shaw, now an independent
consultant, specialized in the economics of
trypanosomiasis and its control, using her
experiences from western Africa to explore
not just the impact of the disease at herd
level, but also its impact on land use and
the general economy. She was also the key
economist in the ILCA manual, which was
the first to detail livestock disease econom-
ics techniques in book form, and she has
been an important figure in the training of
veterinarians and livestock productionists
in the use of economic techniques around
the world. She has also used her extensive
language skills to forge links with West
African, French and German institutions
working in the field of epidemiology and
economics.

e Andrew James, currently Director of
VEERU, worked on early assessment of
FMD costs and their control, first in gen-
eral terms and then with examples from
India. His later work concentrated on east
coast fever (ECF), tick and tick-borne dis-
ease economics, with a series of papers
based on experimental work in Zambia,
Zimbabwe and Kenya. This work was
coordinated with Rupert Pegram and
Bruno Minjauw. James has also given
important inputs to discussions on rinder-
pestand animal recording systems. Finally,
probably his major contribution has been
to clarify the concepts of production and
productivity. His pioneering modelling
work looking at production systems and
returns to feed use is the basis for much
research in animal disease economics cur-
rently coming from the VEERU group. He
also developed the database PANACEA.

Their major contributions were in the early
use in scientific studies of:
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e  cost-benefit analysis techniques;

e  herd models (CLIPPER and LPEC);

e herd monitoring systems (DAISY, EVA,
MONTY, INTERHERD);

e  promotingtheuseof economictechniques
in planning processes; and

e examining economic impact
different levels of society.

across

Their approach was and remains in the much
more practical field of the economic assessment
of animal disease based on detailed knowledge
of the production system and the epidemiology
of diseases within the production system. This
was not popular and remains unpopular with
the pure economist (see a list of publications by
McInerney in the reference list).

Tim Carpenter (Davis, California)

Tim Carpenter was another pioneer in the field
of animal health economics during the 1970s.
His early work was on Mycoplasma gallisepticum
(Carpenter et al., 1979) and Mycoplasma melea-
gridis in turkeys (Carpenter, 1980). Carpenter
was probably the first to examine the use of
different economic analysis techniques in the
study of diseases and their control such as:

e decision tree analysis (Carpenter and
Norman, 1983; Carpenter et al., 1987; Ruegg
and Carpenter, 1989; Rodrigues et al., 1990);

e microeconomic analysis of disease
(Carpenter, 1983);

e simulation models to assess animal
disease (Carpenter and Thieme, 1980);

e dynamic programming (Carpenter and
Howitt, 1988);

e  dualestimationapproach toderive shadow
prices for diseases (Vagsholm ef al., 1991);

e estimation of consumer surplus
(Mohammed et al., 1987);

e willingness to pay for vaccination
(Thorburn et al., 1987);

e linear programming (Carpenter, 1978;
Carpenter and Howitt, 1980; Christiansen
and Carpenter, 1983);

e use of economic analysis to review sub-
sidies to veterinary support institutions
(Carpenter and Howitt, 1982); and

e the use of the cost-benefit analysis
approach for selecting veterinary ser-
vices (Zessin and Carpenter, 1985).

Carpenter has also been involved in economic
analysis with more conventional economic
tools such as financial and cost-benefit analy-
sis (Carpenter et al., 1981a,b, 1988; Davidson
et al., 1981; Kimsey et al., 1985; Mousing et al.,
1988; Vagsholm et al., 1988; Sischo et al., 1990).
He has contributed to the discussion on the
difficulties and problems of veterinary eco-
nomics (Carpenter, 1994) and has been an
important figure in the teaching of animal
health economics (Carpenter, 1979).
Carpenter’s work has been based on very
thorough knowledge of the production sys-
tem and the epidemiology of the disease con-
cerned. He has been involved in the study of a
number of diseases. What sets his contribu-
tion to the subject apart from other economists
and veterinarians has been his willingness to
experiment with a wide range of techniques.

John Mclnerney and Keith Howe
at Exeter University, UK

John Mclnerney, during his time at the
University of Reading, had some contact
with the VEERU group. However, as an
economist he was unhappy with the more
practical approach to animal health econo-
mics that this group presented. With Keith
Howe at Exeter, McInerney began research
on the more theoretical economics of live-
stock disease, developing largely conceptual
models of farmer behaviour towards disease
(Howe, 1985; McInerney, 1988, 1999; Howe
et al., 1989; McInerney et al., 1992; Howe and
Christiansen, 2004). They continued this
approach and to some extent with Richard
Bennett at the University of Reading, in try-
ing to teach their veterinary colleagues what
economists do and how they approach asse-
ssment of disease (Howe, 1992). However,
their influence on the thinking of animal
health economics has largely been limited to
concepts and theory. Howe was involved in
early assessments of overall disease losses
in the UK (Beynon and Howe, 1975) and
they have had some involvement in analy-
ses of mastitis (McInerney and Turner, 1989),
tuberculosis (McInerney, 1986, 1987; Bourne
et al., 2000; Morrison ef al., 2000) and Aujesky
disease (Willeberg et al., 1996). Mclnerney
has also had some input into animal welfare
economics (McInerney, 1991, 1994).
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This group is credited as being the first
to begin thinking about the conceptual
framework behind the economic analysis of
disease and its control. However, it should
be noted that the conceptual framework that
was developed by McInerney has recently
been criticized by Harrison et al. (1999), a
group of economists based at the University
of Queensland, Australia (see below).

Alt Dijkhuizen (Wageningen,
The Netherlands)

In the 1970s, Dijkhuizen began investiga-
tions into the costs of disease with Renkema,
but particularly with an emphasis on mastitis
(Dijkhuizen, 1977; Dijkhuizen and Renkema,
1977, 1983; Dijkhuizen and Stelwagen, 1981,
1982) and diseases that affect dairy cattle
(Renkema and Dijkhuizen, 1979; Dijkhuizen,
1983a,b). He also investigated the economics
of animal surgery (Breukink and Dijkhuizen,
1982; Rougoor et al., 1994) and production prob-
lems (Dijkhuizen, 1983a,b; Dijkhuizen et al.,
1984, 1985; Sol et al., 1984; Joosten et al., 1988).
He used these earlier studies to begin research
on the use of economic analysis techniques for
animal disease (Renkema ef al., 1981; Renkema
and Dijkhuizen, 1985; Berentsen et al., 1992b;
Dijkhuizen et al., 1994, 1996, 1998; Buijtels et al.,
1996; Horst et al., 1996; Rougoor et al., 1996;
Jalvingh et al., 1998). This work culminated in
a co-edited book on animal health economics
(Dijkhuizen and Morris, 1997), of which full
details are provided in the following section.
In addition, Dijkhuizen and his team, in
particular Jalvingh and Huirne, have worked
on the following diseases and disease problems:

e Pig disease economics (Dijkhuizen, 1987,
1989a), economics of pig fertility (Houben
et al., 1990; Dijkhuizen et al., 1997b) and
culling management (Scholman and
Dijkhuizen, 1989); the particular diseases
this group has worked on are: CSF (Horst
etal., 1997a; Dijkhuizen, 1999; Meuwissen
et al., 1999; Nielen et al., 1999; Mangen
etal., 2001), porcine reproductive and
respiratory syndrome in The Netherlands
(Klink et al., 1991) and Porcilis APP
(Dijkhuizen and Valks, 1997).

e Cattle problems and diseases they have
particularly worked on:

e reproductive economics in cattle and
buffalo (Shah et al., 1991);

e the economics of cattle lameness
(Enting et al., 1997);

e bovine respiratory diseases (Fels-Klerx
et al., 1999);

e economics of mastitis (Schakenraad
and Dijkhuizen, 1990; Schepers and
Dijkhuizen, 1991; Houben et al., 1993,
1994; Barkema etal., 1995; Rougoor
et al., 1999);

e paratuberculosis, particularly in The
Netherlands (Benedictus et al., 1985,
1986, 1987; van Schaik et al., 1996);

e leptospirosis (van der Kamp et al., 1990);

e bovine diarrhoea virus (Wentink and
Dijkhuizen, 1990; Pasman et al., 1994;
Stelwagen and Dijkhuizen, 1998);

e bovine spongiform encephalopathy
(BSE; Geurts et al., 1997);

e bovine herpes virus (Noordegraaf
etal.,, 1999; van Schaik et al., 1999;
Noordegraaf et al., 2000).

e FMD disease economics particularly
with reference to control strategies at a
time when Europe was contemplating
changing a policy of annual vaccination
to no vaccination and a stamping out
policy (Dijkhuizen, 1988,1989b; Berentsen
et al., 1990a,b, 1992a,b); they also contrib-
uted to discussions on the veterinary
regulation  associated =~ with FMD
(Berentsen et al., 1991).

e  Risk of exotic disease (Horst et al., 1997b)
and the incorporation of risk analysis
into economic analysis (Dijkhuizen et al.,
1997a); within this work they looked at
the possible use of insurance against
the occurrence of contagious diseases
(Meuwissen et al., 1997), risks of animal
movements introducing contagious dis-
eases (Vos et al., 1999) and the modelling
of virus introduction with examples of
CSF and FMD (Horst et al., 1999).

e Animal welfare, food safety and animal
health economics (Dijkhuizen, 1998).

Dijkhuizen developed his work from using
animal recording systems such as PORKCHOP
and developing the use of decision support
systems such as CHESS. The recording sys-
tems” work extended beyond the farm level
with analysis of national recording systems.
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His modelling inputs have been to develop
models to assist decision makers at farm,
national and region levels.

In summary, Dijkhuizen has concen-
trated on the intensive pig and dairy sectors
of The Netherlands. His work has been
mainly on the important contagious diseases
such as CSF and FMD, production diseases
such as mastitis and production problems
such as fertility. This has largely been focused
on the Dutch commercial sector. However, his
experience has also been used to examine dif-
ferent techniques for the economic assess-
ment of diseases and the use of economic and
risk analysis tools to aid decision makers. His
contributions in these areas have been import-
ant in directing animal health policies in his
own country.

Emerging schools

TISDELL, HARRISON AND RAMSAY AT THE
UNIVERSITY OF QUEENSLAND, BRISBANE, AUS-
TRALIA. During the 1990s, an animal health
project in Thailand was supported by the
economics department at the University of
Queensland headed by Tisdell. This proj-
ect provided material for research into the
economics of livestock diseases and their con-
trol with a focus on FMD economics. Tisdell
(1995) and Harrison (1996) examined the use
of cost-benefit analysis for assessing animal
disease programmes. It is the first school to
have carefully examined and criticized the
McInerney conceptual theory and was able
to do so on the basis of practical experience
and intellectual capacity. These economists
also investigated how animal health pro-
grammes can help sustainable development
(Harrison and Tisdell, 1997) with particular
reference to Thailand. Ramsay, Tisdell and
Harrison (1997a,b,c) also looked at how better
information for animal health could improve
decision making and how this affected the
benefits from these improved decisions. This
work was based on analysis of the FMD pro-
gramme in Thailand (Harrison and Tisdell,
1999) and research work on control of Babesia
bovis in Australia (Ramsay, 1997). The econo-
mists involved in this research published
many of their ideas on animal health econom-
ics in the Australian Centre for International

Agricultural Research (ACIAR) publication
titled Advances in the Collection, Management
and Use of Animal Health Information (Harrison
and Sharma, 1999; Harrison et al., 1999;
Ramsay et al., 1999a,b), and one of their main
contributions has been to critically assess the
conceptual models developed by McInerney
on animal disease control. Their conclusions
suggest that endemic diseases have two
options: do nothing or eradication (Harrison
et al., 1999; Tisdell et al., 1999). This view is
based on the need for large fixed costs at the
beginning of a programme, which initially
have no benefits in terms of reducing disease
losses, but are needed to lead to eradication
of disease. If these initial fixed costs cannot be
met, then there is no point in investing small
amounts in the control of disease.

BENNETT AT THE UNIVERSITY OF READING, UK.
Richard Bennett at the University of Reading
has made contributions to the subject of animal
health economics, initially with work on how
to use information on animal health decisions
(Bennett, 1991) and decision making for lep-
tospirosis in cattle (Bennett, 1993). The main
contribution of his work so far has been in the
field of animal welfare economics (Bennett,
1995, 1998; Bennett and Larson, 1996; Blaney
and Bennett, 1997; Anderson et al., 1999) and
assessing the losses from endemic diseases in
the UK (Bennett et al., 1997, 1999a,b; Bennett,
2000). His work on endemic diseases in the
UK touches on the economics of impact and
control of most of the diseases across a range
of livestock.

PERRY, MUKHEBI, YOUNG, RANDOLPH, MCDERMOTT AND
RICH AT THE INTERNATIONAL LIVESTOCK RESEARCH
INSTITUTE (ILRI), NAIROBI, KENYA. The epidemiology
and disease control unitat ILRI in Kenya wasled
by Brian Perry. Perry is one of the world’s most
prominent epidemiologist with a depth of expe-
rience in a range of diseases. In the early 1990s,
Perry worked on the economic impact of ticks
and tick-borne diseases (Perry et al., 1990). This
work was with Adrian Mukhebi and concerned
the economic assessments of ECF (Mukhebi
et al., 1989, 1990) and theileriosis (Mukhebi et al.,
1992). He also wrote a paper with Young on
the epidemiology and economics of tick-borne
disease (Perry and Young, 1995).
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Recently, Perry has made other import-
ant contributions to the field of animal health
economics. He coordinated the first book to
bring together a number of important themes
in animal health economics: farm-level eco-
nomic assessments; trade implications of sani-
tary requirements; and veterinary service
delivery (Perry, 1999). In addition Perry, with
Tom Randolph and John McDermott, has
written papers on epidemiology and econom-
ics (Perry et al., 2001), economics of parasitic
diseases (Perry and Randolph, 1999) and has
carried out major research into FMD econom-
ics (Perry et al., 1999). He was also involved in
the economic assessment of heartwater
(Mukhebi et al., 1999). More recently Karl Rich
hasjoined the ILRI team and has made contri-
butions on animal health economics, particu-
larly in the area of complex modelling to
capture the impacts of animal diseases and
their control (Rich et al., 2005).

In addition to the list presented, the fol-
lowing people should be added, and groups
or focuses are also identified:

1. Alistair Stott at Scottish Agricultural
College (Stott, 2005) has pioneered the use of
optimization methods in animal health deci-
sion making and the book includes a contri-
bution from Dr Stott.

2. There have been investigations into vet-
erinary service delivery and the use of New
Institutional Economics by World Bank eco-
nomists (Umali ef al., 1992). David Leonard and
Vinod Ahuja have taken this early work to new
levels with fieldwork and analysis in Africa and
India, respectively (Leonard, 2000, 2004; Ahuja,
2004). Some interesting work in Africa on this
subject area has been carried out by Cheik Ly
(Ly, 2003). David Leonard makes a contribution
in the applications section of the book.

3. FAO pioneered early classification systems
to detail how the livestock production units
were developing and where they were con-
centrating (Steinfeld and Miéki-Hokkonen,
1995; Sere and Steinfeld, 1996). Building on
these approaches, it was recognized that a
livestock revolution was ongoing, respond-
ing to the growing demands of urban popula-
tions in developing countries (Delgado et al.,
1999). It was documented at an early stage
that much of the growth in the livestock sector

was coming from the intensive monogastric
systems and to some extent from a growth in
milk production. For many reasons, these dra-
matic changes in livestock production were
celebrated, some concerns were raised about
poorer livestock producers being left behind
(Haan et al., 2001; Heffernan, 2002; FAO, 2005;
Owen et al., 2005) and issues on the potential
negative impacts on the environment have
been well investigated (de Haan et al., 1997;
Steinfeld et al., 2006).

4. In FAO, there has also been the Pro-Poor
Livestock Policy Initiative led by Joachim Otte
investigating the use of a variety of economic
methods. They have challenged the strong
technical focus of animal health decision mak-
ing and raised the need to see animal health
problems as a mixture of policy, social and eco-
nomic issues (FAO, 2007).!

Important references and books

With regard to the economics of livestock dis-
eases some important books and papers are
provided below:

e  Putt, SN.H., Shaw, APM., Woods, A.J.,
Tyler, L. and James, A.D. (1988) Veterinary
Epidemiology and Economics in Africa.
A manual for use in the design and
appraisal of livestock health policy. ILCA
Manual No. 3, International Livestock
Centre for Africa (now International
Livestock Research Institute), Addis
Ababa, Ethiopia.

e This is the first book published on this
subject and contains sections on ‘The
use of economics in the planning and
evaluation of disease control pro-
grammes’; ‘Estimating the costs of
diseases and the benefits of their con-
trol’; and ‘Economics and decision-
making in disease control policy’. It
also includes discussions of modelling
techniques with an early example of
the James’ static herd model.

¢ Mcnerney, ].P., Howe, K.S. and Schepers,
J.A. (1992) A framework for the economic

http://www.fao.org/ag/againfo/projects/en/pplpi/
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analysis of disease in farm livestock.

Preventive Veterinary Medicine 13, 137-154.

e First outline of conceptual ideas for
animal health economics, which intro-
duces the need for thoughts on costs of
disease control not just losses caused
by disease. This is the basis for improv-
ing decisions on diseases.

Dijkhuizen, A.A. and Morris, R.S. (eds)

(1997) Animal Health Economics: Principles

and Applications. University of Sydney,

Postgraduate Foundation in Veterinary

Science, Sydney, Australia.

e The book brings together much of the
modelling work of the Dijkhuizen group
with contributions from other world
leaders in animal health economics. The
book contains the following sections:

1. Framework and basic methods of
economic analysis:

(a) 'How economically important
is animal disease and why?’
(Morris, pp. 1-11);

(b) “Economic decision making in
animal health management’
(Dijkhuizen; R.B.M. Huirne;
Morris, pp. 13-23);

(c) ‘Basic methods of economic ana-
lysis’ (Huirne; Dijkhuizen, pp.
25-39); and

(d) ‘Economic impact of com-
mon health and fertility prob-
lems’ (Dijkhuizen; Huirne; A.-W.
Jalvingh; J. Stelwagen, pp. 41-58).

2. Advanced methods of economic
analysis:

(a) ‘Critical steps in systems simula-
tion” (Dijkhuizen; A.W. Jalvingh;
R.B.M. Huirne, pp. 59-67);

(b) ‘Linear programming to meet
management targets and restric-
tions” (Jalvingh; Dijkhuizen; J.A.
Renkema, pp. 69-84);

(c) ‘Dynamic programming to opti-
mise treatment and replacement
decisions’ (Huirne; Dijkhuizen; P.
van Beek; Renkema, pp. 85-97);

(d) ‘Markov chainsimulationtoeval-
uate user-defined management
strategies’ (Jalvingh; Dijkhuizen;
JLAM. van Arendonk, pp. 99-
113); and

(e) ‘Monte Carlo simulation to
model spread in management
outcomes’ (W.E. Marsh; Morris,
pp. 115-133).

. Risky choice in animal health

management:

(a) ‘Scopeand concepts of risky deci-
sion making’” (R.B.M. Huirne;
J.B. Hardaker, pp. 135-147);

(b) ‘Application of portfolio theory
for the optimal choice of on-
farm veterinary management
programs’ (D.T. Galligan; W.E.
Marsh, pp. 149-157);

(c) "Modelling the economics of risky
decision making in highly conta-
giousdisease control’ (Dijkhuizen;
AW. Jalvingh; PB.M. Berentsen;
AJ. Oskam, pp. 159-170);

(d) ‘Risk analysis and the interna-
tional trade in animals and their
products’” (S.C. MacDiarmid,
pp- 171-185).

. Decision support in animal health

management:

(a) ‘Examples of integrated informa-

tion systems for decision mak-

ing at farm and national level’

(Morris; W.E. Marsh; R.L. Sanson;

J.S. McKenzie, pp. 187-199);

‘Profitability of herd health

control and management infor-

mation systems under field con-
ditions” (Dijkhuizen; J.A.A.M.

Verstegen; R.B.M.  Huirne;

A. Brand, pp. 201-207);

(c) ‘Disease control programs in
developing countries: prospects
and constraints’ (B.D. Perry); and

(d) "How do we integrate economics
into the policy development and
implementation process?” (A.D.
James).

(b

~

. Use of spreadsheets in animal health

economics:

(a) ‘Building a spreadsheet model’
(Morris; C.W. Rougoor; R.B.M.
Huirne, pp. 233-245); and

(b) ‘Computer exercises on animal
healtheconomics’ (Rougoor; A.W.
Jalvingh; Dijkhuizen; Morris;
Huirne, pp. 247-305).
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e In 1998 OIE commissioned an edition of
their journal titled “The economics of ani-
mal disease control’ (Perry, 1999).

e This edition of Scientifique et Technique
contains information on economic anal-
ysis techniques from farm level through
to consumer surplus analysis. In addi-
tion, it looks at the importance of veteri-
nary service delivery and trade
implications with greater global move-
ment of livestock and livestock products.
Finally the edition has case studies on:
FMD; rinderpest; rabies control; BVD.

e Animal health work supported and funded
by ACIAR during the 1990s was published
inamonograph titled Understanding Animal
Health in South-East Asia — Advances in
the Collection, Management and Use of
Animal Health Information (Sharma and
Baldock, 1999).

e This ACIAR publication contains
important ideas developed by Tisdell,
Harrison and Ramsay on animal health
economics, benefits from animal health
projects, integrating economics with
GIS systems for animal health deci-
sions and improving animal health
decisions through better information.

The above publications provide the reader
with a very good basis for beginning economic
assessment of livestock diseases, covering
the conceptual aspects of disease losses and
control of diseases (Mclnerney etal., 1992;
Harrison et al., 1999) and information on the
methodologies and techniques for the analysis
of diseases and their control (Putt et al., 1988;
Dijkhuizen and Morris, 1997; Perry, 1999). In
addition to these animal health economics
texts, the papers by Upton (1989, 1993) and
James and Carles (1996) on livestock prod-
uctivity assessments are a very useful intro-
duction to assessing livestock interventions
and systems changes. Other overviews of the
subject of animal health economics have been
written by Rushton et al. (2007) and Howe and

Christiansen (2004). The basis of the paper by
Rushton et al. (2007) comes from the material
presented in this section.

Summary

In summary, this chapter on the history of
the economics of animal health and produc-
tion demonstrates that it is a dynamic area
of work and research. Doubts have been
expressed whether this subject is a discipline
(Howe and Christiansen, 2004), but it is clear
that a small group of academics, consultants
and other professionals are dedicated to
investigating the economics of livestock sys-
tems and animal health problems associated
with these systems. It is a relatively special-
ized area of economics in the sense that the
underlying technical issues for livestock sys-
tems are very specific (Rushton et al., 1999;
Part I). However, in contrast to the well-
documented social and economic importance
of crop diseases (Apple, 1978), the economic
implications of animal diseases have been
comparatively understudied (Rushton et al.,
1999). Mclnerney (1996) urged that much
more work be done in applying ‘old econom-
ics’ to the ‘new problem’ of livestock disease.
In one sense, it seems extraordinary that live-
stock disease has still not been thoroughly
explored within the analytical framework of
production economics.

Rushton ef al. (2007) also posed the ques-
tion of whether the subject of animal health
economics is moving and changing to meet
the environment and challenges set by the
livestock sector and society as a whole. In
partial answer to this question, Part I will pro-
vide an overview of the theoretical basis for
making assessments of animal health and
production and introduce important data col-
lection methods and practical tools. The
intention is to provide the reader with an ana-
lytical framework to respond to the changing
demands of society.



This page intentionally left blank



Part |

Theory and Tools for
the Economics of Anhimal
Health and Production

Introduction

In order to make economic assessments of
animal health and production, it is important
to have some understanding of the socio-
economic setting of which thelivestock system
is part. In particular, animal diseases are often
closely linked to socio-economic activities of
the people who own and look after them and
the consumers who eat livestock products.

Markets for livestock products drive animal
and livestock product movement, which for
many diseases are critical aspects of disease-
agent maintenance and spread. These markets
also influence the general development of
livestock production methods. Markets, both
input and output, can be modified by State
policies on subsidies, research and general
infrastructure development. In turn, animal
diseases affect livestock systems with direct

11
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impacts and rather subtle implications that
are much less obvious (Morris, 1997).

The linkages between government policy,
markets, livestock systems and animal dis-
eases create complexity in the study of the eco-
nomics of animal health and production. In
addition, livestock systems differ from other
agricultural systems in the following ways:

¢ Most livestock systems take longer than
a year to complete a full cycle.

e Livestock are mobile.

e In comparison with crop systems there
are relatively few livestock, which makes
collecting a representative sample more
difficult.

e Livestock can reproduce.

e Livestock have an inherent capital value.

Farmers also keep livestock as a means of
transforming resources into a wide range of
outputs such as milk, meat, traction power,
dung for fertilizer, fuel or buildings, hides,
wool, fibre and/or animals. These outputs
may be used for home consumption or they
may be sold. In many societies, the owner-
ship of livestock is important in terms of
social status, and in countries with chronic
inflation problems livestock are one of the
few relatively safe investment options. Where
owners have a social objective to increase
the number of their animals and thus their
wealth, the output can be viewed as a process
of reinvestment. At a sector or national level,
society has an interest in having livestock that
can provide food in the most efficient man-
ner. This system needs to be balanced against
the possibility of being able to import similar
products at competitive prices.

Therefore, livestock systems are relatively
complex and serve various monetary and non-
monetary purposes at individual, household,
local and national levels. Added to this is that
animal diseases are themselves complex. Such
complexity requires a systems approach rather
than a focus on individual units or linear rela-
tionships. However, asystems approach requires
a good grounding in aspects of production eco-
nomics, farm management tools, investment
appraisal and modelling. No single aspect pro-
vides all the necessary information for a com-
plete analysis of animal health and production,

but combined they become a powerful tool. The
wide range of subjects that will be covered in
Part I have required it to be split into the follow-
ing chapters:

e Abrief introduction on what is economics
and how it can be useful for planning
and policy processes is provided.

e A short explanation is given of some of
the most important aspects of production
economics, in part to provide a theoretical
basis for the farm management tools
described. For those interested, Professor
Clem Tisdell’s contribution gives an expla-
nation of how this theoretical thinking
can be applied to animal health.

e Analysis cannot be performed without
data. Therefore, a chapter has been
included that covers the different data col-
lection methods. Dr Rommy Viscarra and
Dr Jonathan Rushton provide a discussion
of formal and informal data collection
methods. A summary of the management
of data collection exercises is provided as
there is little point in having strong plan-
ning and analysis processes for the data if
the collection is badly done.

¢ However, data are not useful until they
have been analysed and turned into infor-
mation. Analytical structures range from
farm management tools to livestock and
household models and through to sector
or economy-wide models. This chapter
focuses on economic tools for livestock pro-
duction with practical examples and
descriptions of tools at a local or national
level. This part is supported by contribu-
tions from Dr Andrew James on modelling,
Dr Alistair Stott on the use of optimiza-
tion methods, Professor Martin Upton on
the general strengths and weaknesses of a
variety of policy tools, Professor David
Leonard on institutional economics and
animal health and Dr Alexandra Shaw on
the economics of zoonoses.

¢ Afinal chapter has been included on the
general analysis of livestock systems. This is
supported by papers by Dr Jonathan
Rushton and Dr Rommy Viscarra on the
analysis of livestock systems in South
America and a local analysis of livestock
systems in southern Bolivia.



2 What Is Economics
and How Is It Useful?

Introduction

Economics and the term economist were first
used in the context of efficient management
of agricultural estates by the Greek Xenophon
between 394 and 365 BC (Backhouse, 2002).
Lionel Robbins defines economics as ‘the
science which studies human behaviour
as a relationship between ends and scarce
means which have alternative uses’ (cited by
Backhouse, 2002, p. 3). While this definition
captures many ideas such as prices, money,
production, markets, bargaining, it does not
capture policy issues. Marshall’s (1920) defini-
tion that economics is ‘the study of mankind
in the ordinary business of life’ is another
good description but rather imprecise for the
nature of the current book. Dijkuizen (1993)
wrote that ‘Non-economists often qualify
economics as the discipline that simply meas-
ures things in monetary units, while other
disciplines use physical units. This view is
simplistic and inappropriate.” For the pur-
poses of this book and Part I on theory and
tools for the economics of animal health and
production, economics is not concerned prin-
cipally with money but with making rational
choices/decisions in the allocation of scarce
resources for the achievement of competing goals.
Monetary units are simply used as a yardstick
to compare the different resources and goals
involved in the decision. The underlying

theme is that economics helps us deal with
problems of scarcity (Sloman, 1991).

Where this book sits in providing infor-
mation for rational decision making is that
understanding problems at farm, national or
international level requires good information
on objectives and constraints of the people
implementing the actions of greatest interest
in improving disease control and livestock
production in general. In past times, this has
focused at the farm level, but as described
above the livestock sector now involves com-
ponents of input industries, farm-level pro-
duction and processing. All these components
can have influences on the spread of diseases
and also the nature of the impact of those dis-
eases on society. This is particularly the case
where diseases also affect humans, zoonoses
and food-borne pathogens.

At the production level, economic theory
and tools are particularly important in plan-
ning in order to assess the implications of
allocating resources in a particular way before
deciding whether to act. As Upton (1996)
states, this is ‘an essential part of rational
decision making’. Formal procedures such as
budgeting are used by large commercial units
use for guiding agricultural and production
practices, as they have closer control of the
system and interaction with service providers
(Upton, 1996). Smaller-scale farmers and
agrobusiness people may not use these formal

©CAB International 2009. The Economics of Animal Health and Production
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methods frequently, either through lack of
knowledge or time. It must be recognized
that the data collection and the use of eco-
nomic tools for analysis themselves have a
cost which in a small-scale operation may
outstrip the benefits of their use in decision
making. The implication is that economic the-
ory and tools become more and more useful
where the scale and complexity of the prob-
lem being dealt with increases. In this they
provide a manageable framework that does
not just rely on what can be remembered and
assessed by one person.

In this sense, Upton (1996) also identified
that planning tools are used in two different
ways: to prescribe what farmers or agrobusi-
ness people ought to do in order to advise on
how systems can be improved; and to predict
how farmers and agrobusiness people will
respond to changes in prices, institutions or
technology. The former is important in guid-
ing the people actually involved in making
decisions on a livestock situation and the lat-
ter in guiding policy makers in decisions on
how to facilitate the livestock sector.

Important Economic Concepts

There are some underlying economic con-
cepts that are important to clarify with regard
to the allocation of scarce resources. These are
choice and opportunity cost, rational deci-
sions and the marginal costs and benefits.

Choice and opportunity cost

When making a choice or decision, there
must be some sacrifice. In very simple terms
if farmers have two livestock markets in their
area that are run on the same day, they must
decide which market will provide the best
inputs or livestock for their farm. This requires
sacrificing being able to buy the inputs and
livestock that will be available at the market
that they do not go to. At a livestock enter-
prise level, farmers may be advised that the
fertility management of their animals can
be improved if they spend more time mak-
ing checks of the animals in the late evening.

However, this requires sacrificing time with
their friends and family or perhaps reducing
the amount of sleep they get. Similarly, people
involved in agrobusiness make choices in the
type of agricultural products they will focus
on to process and sell. A company that has
specialized in the slaughter and processing
of pigs will have to sacrifice the possibility of
using the slaughterhouse, human resources
and finance for poultry. For governments,
whether at local or national level, there are
also decisions in how State money is spent.
Decisions on whether to invest in a livestock
research project may depend on whether this
money could be better invested in an infra-
structure project that generates electricity. At
a consumer level, people with a limited
budget may be able to afford a small beef
steak per week, but with the same money
could buy a chicken and three eggs.

The sacrifices involved in making deci-
sions on how time or resources are used cre-
ate costs. In other words, the production or
consumption of one thing involves the sacri-
fice of alternatives. This sacrifice of alterna-
tives in production (or consumption) of a
good is known as its opportunity cost.

Rational choices

When making decisions of how to allocate
scarce resources, farmers, agrobusiness peo-
ple, government officials and consumers of
livestock products need to assess the costs
and benefits of their actions. Where a person
makes a decision that generates the greatest
benefit relative to cost an economist would say
that a rational choice has been made. Therefore,
the decision is not made on cost alone, but also
comparing this cost with the benefit that is
derived from spending the money and using
the item purchased. People making rational
decisions know the cost, but also understand
the value of the decision. People making poor
decisions might well know the cost of every-
thing and the value of nothing!

At a personal level, consumers of ham
have a wide range of products available at dif-
ferent prices. The purchase of the best hams
may allow a person to buy only a little of that
ham, but the memory and satisfaction of
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eating a little of this product may be much
greater than eating a lot more of an inferior
ham.

Similarly, firms that make feed inputs for
livestock production will want to assess the
investment and running costs required for a
new feed mill versus the income that this mill
will generate. A more complex decision-
making process is carried out by governments
when deciding which projects to fund and
how big they should be. The government
must weigh up the relative costs and benefits
of each project to produce a mixture of pro-
jects that give the best chance for economic
growth and encourage poorer groups in soci-
ety. Therefore, a decision to run a dairy devel-
opment project may be affected by a project to
build a road, because the road is thought to
benefit the country and its people more.
A government has limited amount of funds,
and therefore it requires a mechanism to
ration this funding. One of the main mech-
anisms for allocating government funding is
the use of the technique known as cost-benefit
analysis.

Marginal costs and benefits

The above description of rational choices
focuses on the comparison of total costs ver-
sus total benefits. This assumes that the best
level of an input is known, or that amount
that a person might be able to consume
and continue to get the same satisfaction is
known. In reality, people will experiment
with the levels of inputs until they reach a
level where they can see the greatest benefit.
Consumers will also recognize that livestock
product consumption creates a high pleasure
for small amounts, but additional amounts
create less and less pleasure. Therefore, reach-
ing a rational choice on how much of an input
to use or how much of a product to consume

often involves assessing the marginal costs of
extra inputs or products versus the marginal
benefits they create.

For example, the consumption of strong-
flavoured cheese can create strong pleasure in
small amounts, but in extreme cases may
make people feel ill, if they eat too much. Pig
farmers making rational decisions on how
much time they need to spend on oestrus
detection will compare the incremental
amounts of time versus the extra benefits they
produce. In this decision, the value of the time
will vary according to the hour it has to
be provided. So a farmer may have to con-
sider the costs of checking his sows during
unsociable hours, in terms of overtime pay-
ments to staff or the need to sacrifice their
time with their friends and family. The farmer
will not be interested in the overall piglet pro-
duction, but in the extra piglets produced by
the intervention. They will compare the mar-
ginal benefit with the marginal cost of the
extra time spent on oestrus detection.

Summary

Economics is the study of making rational
choices/decisions in the allocation of scarce
resources for the achievement of competing goals.
The underlying issue is that there is scarcity
and it is not possible to do every activity at
all the levels that one wants. Making deci-
sions on how to allocate resources requires
sacrifices that generate opportunity costs.
These decisions are rational if they compare
the cost of the decision versus the benefit
generated. In general, such a rational deci-
sion-making process will compare the mar-
ginal costs of a decision versus the marginal
benefits. These concepts are important for
Part II, which covers production economics
and applies these principles to animal health
and production.



3 Livestock Production Economics

The conceptual basis of the livestock and
farm production-level analysis tools that
will be described in Chapter 4 is produc-
tion economics. Doll and Orazem (1984)
describe in detail all aspects of production
economics, and its relationship to farm
production-level analysis tools is described
by Boehlje and Eidman (1984, pp. 86-127).
The current chapter will present the basic
principles of production economics with
examples applied to livestock production
systems.

The principles of production economics
clarify ‘the concepts of costs, output response
to inputs, and the use of resources to maxi-
mise profits and /or minimise costs” (Doll and
Orazem, 1984). Therefore, for the production-
level decision makers seeking to maximize
profit, the principles of production economics
are very useful.

A farm environment is a complex mix of
production activities; livestock, crops, house-
hold activities and non-agricultural activities
and consumption activities; rest time, eating,
purchase of goods. To achieve maximum
returns from production activities requires
knowledge of:

1. Agricultural practices — technical and
husbandry.

2. How to allocate resources, available on
and off the farm, and react to economic forces
that have origins far from the farm.

The latter requires analysis tools to indicate
the best use of resources and how to react
to external changes. The logic of production
economics provides a framework for decision
making at the livestock unit, farm and agro-
business levels. Based on the theory of the
firm, the study of the principles of produc-
tion economics should clarify the concepts
of cost, output response to inputs, and the
use of resources to maximize profits and/or
minimize costs. Therefore, the principles of
production economics should be extremely
useful to the farm unit seeking profit and
efficiency.

In addition to assisting in decision mak-
ing, the general principles of production
economics are useful for understanding the
decision-making process. These principles
can be applied to studying how different
components of the livestock sector will react
to changing prices and policy measures
taken by a government, including disease
control policies. However, such analyses will
be realistic only if the analyst has a clear per-
ception of the technical production problems
facing the components of the livestock sec-
tor. By nature, then, production economics is
a combination of the technical relationship
between inputs and outputs and the costs
and prices of these goods. It is therefore an
interdisciplinary subject, looking beyond the
biology and purely technical aspects of
production.

©CAB International 2009. The Economics of Animal Health and Production
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Studying Production Processes

Production economics will help to answer the
following types of question within the live-
stock sector:

1. What is efficient production? By examin-
ing the different stages of production.

2. How is the most profitable amount of an
input determined? By assessing the relation-
ship between input (factor) and product.

3. Whatis the best combination of a number of
inputs? By examining the relationship between
inputs called a factor/factor relationship.

4. What enterprise combination will maxi-
mize farm profits? By determining what is
called a product/product relationship.

5. How will farm production respond to a
change in the price of an output, e.g. milk
or meat?

6. How much can a livestock farmer pay for a
durable input, such as a bullock cart?

7. What should a manager do if they are
uncertain about livestock production levels?
For example, livestock production will be
uncertain if a farmer is in a region with animal
diseases. This requires risk analysis tools.

8. How will technical change affect output?

Answering these questions is not straight-
forward due to the complexities of livestock
processes. Production is affected by inputs,
some of which can be controlled by the farm
unit, while others are random such as rainfall.
Time is important, particularly as livestock
cycles often take a number of years to com-
plete. Even in livestock systems with short
cycles such as poultry and pigs, there will be
investments that will take years for repayment.
Dealing with this complexity requires a frame-
work, which production economics provides.
Biological scientists would establish
experimental plots to determine the impor-
tance of the factors that affect production. For
example, growth of pigs can be tested by vary-
ing the amount of essential amino acids in
their diet. However, it is not possible to set up
trials of this sort to test changes in the live-
stock markets. For example, introducing a
bonus for milk produced based on milk qual-
ity and antibiotic residues may influence the
level of veterinary product use and the quan-

tity of milk produced. Establishing a similar
trial to that described for the pig feeding trial,
where only a small group of farmers are
involved and milk quality prices are varied,
will be difficult if not impossible. The farmers
in the trial would probably demand a stable
quality premium so that they can plan their
production and if the trial is perceived to be
beneficial farmers outside the trial will
demand to be part of it.

Therefore, economists have developed
a logical reasoning process that in every
sense parallels the experiment of the ani-
mal production scientist. This process,
embodied in the theory of the firm, predicts
how the profit maximizing components of
the livestock sector will respond to a change
in price policy for livestock products and
inputs, given that other variables do not
change. One important difference is that
while the experiment can be observed and
measured, the reasoning of the economist
is abstract. This abstraction makes the dis-
cipline appear more difficult than it actu-
ally is.

To study the livestock production process
a distinction is made between inputs with the
following different categories identified:

e  Variable inputs can be controlled by the
livestock system and vary with the level
of livestock product produced. A good
example would be feed, or veterinary
care. This concept will be used again
when farm management methods such
as gross margin analysis are presented in
Chapter 4.

e Fixed inputs do not change over the anal-
ysis period. They are the inputs in terms
of infrastructure such as a building and
can also include the investment in the
animals themselves.

e  Random inputs are associated with inputs
that cannot be influenced by the livestock
producer such as the weather, and in the
market the prices of inputs and outputs.
To simplify this, an economic analysis
often assumes that these random inputs
are constant. To generalize, the result
would require further work on the
robustness of the result with changes in
important parameters.
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The problem of random inputs will be dealt
with later, but it is first necessary to have
a starting point for building an economic
analysis framework. The following is a brief
description of the important initial assump-
tions of production economics:

1. The first set of assumptions is designed to
make the production process stable during
the period of study.

¢ Technology is assumed constant; the live-
stock system selects the most efficient
known technology and does not change
it during the production period.

e Institutional factors such as land owner-
ship and government policies do not
change.

2. A second set of assumptions is required to
make the analysis of the production process
easy to conceptualize.

e Production functions are drawn as
smooth, well-behaved curves.

¢ Inputs are taken as being indivisible and
mobile. Such assumptions are quite rea-
sonable for some inputs, such as com-
mercial fertilizer, but unrealistic for
others, such as labour. The same assump-
tions of homogeneity and perfect divisi-
bility are also applied to products.

3. Athird category of assumptionsis required
to deal with the randomness of some inputs.

o Initially, the assumption of perfect cer-
tainty is made. This assumption is restric-
tive and implies that the farm unit has
perfect knowledge of prices and the gen-
eral environment and that the cost of
obtaining this knowledge is zero. Because
of this, price and livestock production
uncertainties are removed. Clearly, the
impact of random variables, particularly
animal disease, on livestock production is
important, but initially the production
process will be presented without uncer-
tainty in order to provide a basis for under-
standing decision-making processes.

4. A fourth category of assumptions is
required to deal with time. Perfect certainty
removes the random elements associated with
time, but another problem remains. A dollar
at farrowing time has a different value from
a dollar at finishing time. This is called time
discounting and is not initially considered. In

the presence of perfect certainty and in the
absence of time discounting, production can
be abstracted from time and for practical pur-
poses considered as instantaneous.
5. Finally goals of the livestock system must
be considered:

o theinitial assumption is that the livestock

system is motivated by profits; and
e rationally seeking to maximize profits.

These assumptions allow the development of
economic theory, and help to identify which
facts are useful in examining problems such as:

1. Determining the best use of resources by
livestock production, processing or produc-
tion units, given the changing needs, values
and goals of society.

2. Determining the consequences of alterna-
tive public and private policies' on output,
profits and resource use within the livestock
sector; these may include:

e evaluation of the effects of technical and
institutional changes on production and
resource use by the livestock sector or
components of that sector;

e determination of the response of the
livestock sector output in terms of live-
stock product supply and resource use
to changes in prices.

3. Understanding the behaviour of the dif-
ferent components of the livestock sector as
profit maximizing entities.

The Economic Setting for the
Livestock Sector

Markets used by the livestock sector can be
classified according to the:

e  Number and size of the firms which sell
their products to the markets.

e Number of buyers who purchase the
livestock products and the amounts they
purchase.

e  Similarity or lack of similarity of animals
and livestock products sold at the

1This recognizes that some livestock systems are
private sector-led and private sector-regulated and
their policies have a strong influence on livestock
sector supply (see Henson, 2006, for more details).
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markets. For example, cattle are kept for
different purposes, and for dairy cattle
there are different points in the produc-
tion cycle such as heifers, in-calf cows
and barren cows. For livestock products
such as eggs, there are classifications
based on species, breeds, size and type of
production system. Different markets
and traders often deal with different
types of animals and livestock products.

e  Ease with which firms may enter into, or
cease, production of a livestock sector
input, an animal or a livestock product;
while not examined in any detail in this
chapter, these transaction costs will be
discussed more carefully in the contribu-
tion by David Leonard on institutional
economics (see Chapter 12).

If we consider a livestock farm as a seller, live-
stock farmers all over a nation will produce
beef, eggs, milk, etc. For any one product,
beef for example, so many sellers exist that the
quantity sold by any one seller is infinitely small
compared to the quantity sold by all other sellers.
The quantity of beef produced by one farm
unit is minute compared to the beef produced
annually by a nation.

Therefore, there are many sellers of live-
stock products, but that is not all. Agricultural
products of a given type are similar in
appearance and quality. Livestock farmers sell a
homogeneous product. The beef raised by one
farm unit may be of a higher quality than a
neighbour’s, but will be similar to the beef
produced by a large number of other efficient
farm units. In general, buyers do not prefer
the products of one farmer to the products of
asecond. Theresultis thatindividual livestock
farmers are generally unable to create a
unique demand for their own particular prod-
ucts by special marketing methods such as
advertising.

These two conditions, many sellers and
homogeneous products, mean that an individ-
ual livestock production system cannot influence
the market price of their product. The livestock
production system can therefore be described
as a price taker, meaning that it must take the
market price as given.

Let us consider now the livestock pro-
duction unit as a buyer. In general, it is one of

many buyers, all of whom need the same or
similar type of input. If the livestock produc-
tion unit decides not to buy a veterinary
input, the price will not be affected, as the
individual livestock production unit’s pur-
chase represents an infinitesimal quantity rel-
ative to the total veterinary inputs sold.
However, in general, most livestock produc-
ers regard the price of inputs as given.

Usually, farm units are only able to influ-
ence market prices themselves in a local mar-
ket and not the general price level facing all
farm units. There are also exceptions for spe-
cialty livestock products, but these tend to be
for niche markets and have been established
over long periods of time. These products are
usually associated with regions. For livestock
inputs where livestock production systems are
very large, as is the trend in many developed
countries and also in certain developing coun-
tries, there may be more bargaining power.
Farmers may also form groups or cooperatives
to have improved negotiation power for the
purchase of inputs and the sale of outputs.

The type of market described above, with
many buyers or sellers and a homogeneous
product, is called a purely competitive market.
Many of the markets in which livestock farm-
ers buy and sell approximate pure competi-
tion. There are two more conditions for a
purely competitive market:

1. Businesses must be free to enter into, or
cease, production as they please. There should
be no patents etc.

2. There should be no artificial restrictions
placed on the supply of, or demand for, prod-
ucts. Thus, prices are free to vary, and equilib-
rium levels will be reached in the marketplace.
In thisway, increased productionby the industry
results in a lower market price and an increase
in the quantity demanded and vice versa.

Pure competition is rarely found in the real
world, but is considered worthy of study for
the following reasons. First, it comes closer
to approximating market conditions in agri-
cultural production than any other type of
market. Second, one of the characteristics of
an industry selling in a purely competitive
market is that profits are the result of natural
rather than contrived scarcity. Profits made
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by livestock farms in India are due to them
because they own milk animals that are natu-
rally scarce. Profits from contrived scarcity
would result if a farm purchased all milk ani-
mals in India and took them out of production.
In an industry selling in a purely competitive
market, however, no individual producer
owns enough of any productive resource to
be able to create artificial shortages.

In summary to this introduction and con-
cepts for production economics, the key
assumptions are the following:

e Inputs can be classified into variable,
fixed and random inputs.

e Inputs are homogeneous and equivalent
in quality and are divisible and mobile.

e There is perfect certainty.

e  The production process is stable, i.e. dur-
ing the analysis period there is constant
technology.

e  The goal of the livestock farmer or agri-
business person is profit maximization.

e  Thelivestock farmer or agribusiness per-
son is a price taker and cannot influence
the price of either input or output.

e There are numerous producers, which
implies there is perfect competition.

Relationship Between Inputs
and Outputs

The management of a livestock production or
processing enterprise, be it a large commer-
cial company or a small subsistence farmer,
requires decisions on the level of input use
that is appropriate. This requires the use of
information on the technical relationship
between the inputs and the output and the
prices of the inputs and output.

The underlying process of a livestock
production system is biological with the level
of output being directly related to the amount
of input. Such a relationship can take on vari-
ous forms of which the most common are the
following:

Constant productivity is one where each
unit of variable input added to the fixed inputs
increases the livestock output by the same
amount (see Fig. 3.1). Best examples of this
type of relationship are bulky items such as the
addition of new housing facilities for animals.

o

5 10 15 20 25
Variable input

Fig. 3.1. Physical production function with
constant productivity.

Diminishing productivity is one where
each additional unit of the variable input
adds less to the total livestock output than the
previous unit (see Fig. 3.2). Many examples of
this sort of response are seen in natural situa-
tions, an example would be additions of pro-
tein supplement to beef cattle.

Increasing productivity is one where each
additional unit of the variable input adds
more to total livestock output than the previ-
ous one (see Fig. 3.3). This sort of response
will generally only be seen at very low levels
of input use. Perhaps an example would be the
period of compensatory growth seen in cattle
that have been through the dry season.
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Fig. 3.2. Physical production function with
diminishing productivity.
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Fig. 3.3. Physical production function with
increasing productivity.

The curve shown in the top graph of
Fig. 3.4 represents an idealistic production
function. It shows all aspects of productivity
from increasing to diminishing. It is unlikely
that a production function for an input to
animal production system would look like
this. One reason is that most production pro-
cesses have some residual level of input.
For example, in an experiment looking at the
response to feeding concentrates the animal
will be getting a certain level of nutrients
from the forage. Therefore, the initial portion
of the production function will not be
displayed. The use of this idealistic function
is to allow the building of a useful economic
framework.

The input and output relationship is of
interest, as it can be used to determine the
efficient area of production and the optimum
level of input use. However, the biological
optimum level of input use is not necessarily
the same as the economic optimum. To calcu-
late, the latter requires input and output
prices. Before introducing prices, it is neces-
sary to look first at the relationships between
inputs and outputs, which are represented by
the production function.

Production Functions

Production is the process of using materi-
als (inputs, factors, resources or productive
services) to create goods or services (output

Production
_@nction
5
=
>
o
Input
Stage | Stage Il Stage Il
3
=| MPP—
o
\
APP
Input

Fig. 3.4. The classical production function and the
three production phases.

or product). In a more practical context, the
process of producing milk from cows requires
inputs of land to produce fodder and feed,
labour to care for the animals and capital
to buy or hire the animals. These inputs are
combined to produce milk. All livestock sys-
tems or agrobusiness enterprises are produc-
tion activities.

Productivity is the relationship between
output and input, and is used as an effi-
ciency measure. In other words, it is the rate
at which livestock output varies as addi-
tional equal units of variable input are used.
In the curves presented above, productivity
is the same throughout the increases in
inputs for Fig. 3.1, i.e. constant productivity.
For Fig. 3.2, each additional unit of input
generates a smaller amount of output than
the previous unit, i.e. decreasing productiv-
ity. Finally in Fig. 3.3, each additional unit of
input generates a greater amount of output
than the previous unit, i.e. increasing
productivity.
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To analyse livestock production processes,
itis necessary to develop quantitative relation-
ships between inputs and outputs, which is
precisely what a production function does.
A production function is a quantitative or math-
ematical description of various technical pro-
duction possibilities facing a livestock farmer,
livestock input supplier or livestock process-
ing company. The production function gives
the maximum output(s) in physical terms for
each level of input(s) in physical terms. The
production function can be expressed in three
ways: tables, graphs or equations.

Tables

Tables are an obvious representation of a pro-
duction function but are limited for analyses.
They provide a useful starting point when
looking at the relationship between inputs
and outputs, but become increasingly compli-
cated when expressing relationships between
multiple inputs and an output.

e Tables represent a production function in
a discrete or discontinuous manner.

Graphs

Graphs are a useful representation of produc-
tion functions, but are limited by the number
of inputs to output they can represent. It is
easy to draw a graph of one input relating to
one output, difficult to plot two inputs and
one output and impossible to plot three and
more inputs to one output. A graphical rep-
resentation of an input to output can be seen
in Figs 3.1-3.4. These are all single input and
single output representations.

Figure 3.4 is a graph of a production func-
tion. This line represents the frontier of technically
feasible production and is the most technically
efficient region of production for the agricul-
tural operation it represents. The area above
the line is therefore a technically infeasible
region with the present state of knowledge
and the area below the line represents the tech-
nically suboptimal points. The graph contains
no information on prices and is only related to
the physical input and output levels.

e Agraph canrepresent a production func-
tion either as a discrete or discontinuous
relationship or a continuous relationship.

e A graph can be used to represent what
happens with a technological change.

Equations

Equations provide the most analytically
useful representation of the production
function.

The generalized expression of a produc-
tion function in equation form is as follows:

Y =f(X1, Xy Xy - X(n—l)' X.)
where Y = Output
X,, X, = Inputs (resources)

fmeans function of and implies that a unique
amount of output is derived from a given set
of inputs.

In situations where some inputs do not
change over the period of production (i.e.
they are fixed costs or resources), the produc-
tion function equation would be written in
the following manner:

Y :f(X1 | Xy Xy 0 X(n-l)’ X,)

When a production function is written in
such a way it indicates that anything before
the solid line is varied (i.e. variable costs or
inputs), but after the solid line the inputs are
kept constant (fixed cost or inputs).

Equations provide an easier method of
expressing more complicated relationships on
paper. More than one input can be introduced
and still be expressed in a relatively simple
form with an equation.

Summary

Tables, graphs and equations are the three
theoretical methods of expressing a production
function. All three methods provide a
relationship between inputs and outputs,
but equations are the most powerful for ana-
lytical work. It is noted that gross margins,
enterprise budgets and farm budgets, which
will be explained in Chapter 7, represent a
point of a production function. They indicate
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the expected output levels for the inputs dis-
played, but provide no information on what
would happen to the level of output with a
change in any one of the inputs.

Terminology for Production
Economics

The generalized equation for expressing the
production function can be used to calculate
the livestock output produced in a produc-
tion process with any given level of input
or combination of inputs. The total output
produced is sometimes called the total physi-
cal product (TPP) and can be expressed in the
following way:

Total physical product (TPP) =
Y=fX,| Xy .., X,)

There are two different measures of produc-
tivity used in production economics. Both are
related to the production function and the
TPP and are explained below.

The average physical product (APP) is the
average livestock output per unit of variable
input and can be calculated by dividing
the total livestock output by the amount of
variable input used. This is a measure of how
efficiently input is converted to output.
APP can be represented by the following
equation:

Average physical product (APPx,) =

L: f(Xl | X2r~--/Xn)
X1 Xi

The marginal physical product (MPP) is equal
to the change in the amount of product pro-
duced over the change in the amount of input
that is used. Therefore, if an extra amount
of variable input, dx, produces dy of extra
livestock output then the MPP,; is equal to
dy/dx,, MPP is equal to the slope of TPP
and therefore represents the rate at which an
input is transformed into an output. This can
be represented by the following equation:

Marginal physical product (MPPy,) =
dX, Xm

Elasticity of production (g,) is the percent-
age change of an output over the percent-
age change of an input. It is an indicator of
the responsiveness of output to changes in
input. It can either be represented as partial
or factor elasticity (where only one input
is varied, all others held constant) or func-
tion coefficient or total elasticity (where
all inputs are varied by an equal amount).
This can be represented by the following
equation:
dYy
_ %change in output y  MPPy,
0= o change in input  dX:  APP
Xi

Law of diminishing returns

In the production function drawn in Fig. 3.2,
the relationship between the input and the
output begins to show decreasing productiv-
ity. At this point, the increase in the level of
input adds less and less output. This in its
most basic form is the law of diminishing
returns. A strict definition is as follows:

The law of diminishing returns (also
called the law of variable proportions)
states that if increasing amounts of one
input are added to a production process
while all other inputs are held constant
the amount of output added per unit of
variable input will eventually decrease.

Note that the statement makes the allow-
ance for a period of increasing as well as
diminishing returns. Many people use the
concept of marginal change, and often the
law is referred to as the Law of Diminishing
Returns.

Stages of production

APP, MPP and elasticity of production are
all derived from the production function.
They are useful in determining the region of
rational production for an agricultural pro-
cess. Figure 3.2 has a number of stages marked
out on both graphs and these represent
important areas with regard to economic
decision making. These stages are described
below.
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Stage |

During this stage, the TPP is increasing at
an increasing rate. Productivity is therefore
increasing during this stage. In the bottom
graph, it can be seen that during this stage
APP is increasing and MPP is greater than
APP. MPP also reaches a maximum during
this stage. Elasticity of production is greater
than one, which means that the response to
increases in input levels is elastic.

End of stage | and beginning of stage Il

MPP equals APP, elasticity of production is
equal to one and APP reaches its maximum.

Stage Il

Duringstage II, TPPis increasing ata diminish-
ing rate and therefore productivity is decreas-
ing. APP is greater than MPP. The efficiency of
using a variable input is at its greatest where
stage II begins; however, the efficiency of
using the fixed inputs is greatest at the end of
stage II. Optimal use of inputs lies somewhere
in stage IT and it depends upon the input costs
and output prices. Throughout this stage elas-
ticity of production is between one and zero
and responsiveness of output to increases in
input can be described as inelastic.

End of stage Il and beginning of stage Il

At the end of stage II, TPP reaches its maxi-
mum point and MPP equals zero. The elastic-
ity of production also equals zero.

Stage Il

During stage III, TPP declines, MPP is negative
and APP is declining. It would be wasteful if pro-
ducers were at this stage of the production func-
tion. Elasticity of production is less than zero.

The efficient usage of inputs: examination
of the different stages of production

It would be irrational for a livestock farmer or
agribusiness person to operate in stages I and
III of production, regardless of the level of
input and product prices. This is obvious for
stage III where the addition of extra input is

reducing the level of output. The logic of not
producing in stage I of production is a little
more difficult.

To understand why it is not sensible to
produce in stage I of production, it is necessary
to examine the full meaning of APP. APP mea-
sures the efficiency of resource use. The live-
stock farmer is interested in the most efficient
use of his resources. During stage I, APP is
increasing, implying that the level of efficiency
with which a single input is being used is also
increasing. The most efficient point of input
usage is where the APP reaches its maximum.
This is at the end of stage I and the beginning
of stage II. Therefore, a livestock farmer would
not be utilizing resources in the most efficient
manner if they produced in stage I. This is
illustrated by the following example.

Table 3.1 gives the offtake of sheep meat
in kilograms with different levels of fertilizer
application to a pasture. MPP and APP for the
production function have been calculated,
and indicate that Phase I runs from zero fertil-
izer use to the application of five units of fer-
tilizer, and that Phase II runs from the
application of five to ten units of fertilizer.

Figure 3.5 presents the graphical form of
the production function and the associated
productivity measures.

To demonstrate why a farmer would not
produce in stage I, another constraint is added.
The farmer has only 10ha of land and ten units

Table 3.1. Relationship between fertilizer use and
sheep meat production per hectare.

Quantity
of fertili-
zerper  TPP (kg of Elasticity of
hectare X, meat/ha) APP,, MPP,, production
0 0.0
1 7.6 7.60 7.60 1.00
2 16.2 8.10 8.60 1.06
3 25.4 8.47 9.20 1.09
4 34.7 8.68 9.30 1.07
5 43.8 8.76  9.10 1.04
6 52.1 8.68 8.30 0.96
7 59.3 8.47 720 0.85
8 65.0 8.13 5.70 0.70
9 68.7 7.63 3.70 0.48
10 70.9 7.09 220 0.31
11 67.5 6.14 -3.40 -0.55
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Fig. 3.5. Relationship between fertilizer use and
sheep meat production per hectare with measures
of average and marginal physical products.

of fertilizer to spread on it. To obtain the best
combination of the two inputs, all the units of
fertilizer used and the amount of land used are
varied. Table 3.2 shows that most sheep meat
is produced if 1.66 ha land is used and that six
units of fertilizer per hectare are applied to this
land, i.e. within Phase II of the production
function for fertilizer and meat production.

A comment on production functions
and production economics

The ideal aim would be to produce an equa-
tion that would give us a precise method
of calculating output from any given level
of inputs. However, the difficulty in generat-
ing the production functions is a lack of data.
As a consequence, researchers and livestock
managers alike rely on few observations

Table 3.2. Total sheep meat output with different
combinations of fertilizer and land.

Total meat

Units of Hectares Meat  production from
fertilizer ofland  yield per ten units of
per hectare  used hectare fertilizer

1 10 7.6 76

2 5 16.2 81

3 3.33 254 84.582

4 25 34.7 86.75

5 2 43.8 87.6

6 1.66 52.1 86.486

7 1.43 59.3 84.799

8 1.25 65.0 81.25

9 1.11 68.7 76.257
10 1 70.0 70

and make large interpolations between data
points. Therefore, equations are often good
approximations, which take into account the
cost of collecting data and their end use.

It will be noted here that the production
function material from one area may not be
applicable to other areas. The reason is rela-
tively obvious in that important determinants
not under the control of the manager and
researcher play a large role in determining
the level of production. Such items include
climate and the quality of the soil.

What is often found with farmers is that
they have reached an understanding of their
own production functions through a long
period of trial and error. They are therefore
able to select the optimum use of an input
from the knowledge that has been built up
over many years. Problems tend to arise,
however, when new inputs are introduced
and farmers are unfamiliar with their use, or
when there are fluctuations in the markets for
inputs and outputs. Livestock research and
dissemination of information on the use of
new inputs are vital to assist livestock farm-
ers in making optimum use of resources.
Some elements of using research-guiding
resources for animal health decision making
are provided by Professor Clem Tisdell in
Chapter 4 and Dr Alistair Stott when he exam-
ines how optimization methods can be used
to look at farm-level data for disease control
interventions (Chapter 9).
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Necessary and sufficient conditions

The previous paragraphs defined a range of
production where there is no possibility of
producing the same amount of product with
fewer inputs and no possibility of produc-
ing more product with the same amount of
inputs. This is of course stage II of production
when elasticity of production is greater than
zero but less than one. This is a physical rela-
tionship and is universally applicable under
any economic system. It is objective in nature
and is a necessary condition of production.

The necessary condition produces a
wide range of possibilities of input use for
the livestock farmer, livestock input supplier
or processor and some method is needed for
narrowing it down. This can be done by add-
ing choice indicators that reflect how a live-
stock farmer (the decision maker) chooses
the level of inputs. In the idealistic situation,
the livestock farmer is a profit maximizer,
which implies that prices are the choice indi-
cators to determine profit maximizing points
for input use. This selection of choice indica-
tors and determination of optimum points is
our sufficient condition.

Production Economics: Profit
Maximization Point for a Single
Variable Input

The technical relationship between an input
and livestock output has been examined and
represented as a production function. This
technical relationship has helped to make
some recommendations about input use,
with stage II of production defined as the
rational region of production. If a product
has any value at all, input should continue
to be increased until at least stage II has been
reached, the point of maximum physical effi-
ciency. Even if the input is free it should not
be used in stage III of production, as this will
simply mean reducing the quantity of prod-
uct produced.

The physical relationship is useful, but to
determine the most profitable amount of vari-
able input to be used, and hence the most
profitable amount of product to be produced,

requires the prices of the input and output
tobe known. There are three methods of
determining this profit maximization for a
single input to single output relationship
(factor/product):

1. Calculating the profit for different levels of
input use and the resultant output;

2. Graphing the profitline to determine where
it reaches a maximum;

3. Algebraically.

Before examining the use of these three meth-
ods, it is first necessary to provide some addi-
tional definitions.

Total value product (TVP) is the total mon-
etary value of the production of an enterprise
and can be written as:

TVP =P, +Y
where Y = the amount of output at any level of
input; and Py = the price per unit of output.
Average value product (AVP) is APP times
the price per unit of Y and can be written as:
AVP = APP*P,
=(Y/X)*P,
=TVP/X
Marginal value product (MVP or VMP) is

MPP times the price per unit of Y. MVP is the
slope of the TVP line. It can be written as:

MVP = MPP*P,
=(dY/dX)*P,
=d/dX(TVP)
Total variable costs (TVC) are the total mon-

etary costs for a variable input used for pro-
duction and can be written as:

TVC=P, *X

where X = the amount of variable input used;
and P, = the price per unit of input.

Total fixed costs (TFC) are the total monetary
value of fixed inputs used for production.

Total costs (TC) are the total monetary
value of all costs of production and can be
written as:

TC=TVC+TFC

Profit () is TVP minus TC. Profit is also
called net returns or net revenue. It can be
written as:
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Profit(r) =TVP - TC
=TVP-TVC-TEC
=P, * Y-P +*X-TFC

The production function is vital for calcu-
lating profit for the livestock enterprise. It
relates TVP to the amount of input and TC
to the amount of output: i.e. TVP is easily
related to livestock output; it is price times
quantity. In the same way, TC may be derived
for various input amounts. However, only the
production function can relate inputs to rev-
enues and outputs to costs.

The following example will use two of
the methods described above to determine
the profit maximizing point for a single vari-
able input to produce one output.

Table 3.3 provides data on the production
function for milk yield of a cow with different
levels of concentrate feeding. The following
information is available on the prices of feed
and milk:

Price per unit of milk (P,) = £2
Price per unit of feed (Py) = £1
TFC = £10

Table 3.3 contains further information on
technical and economic productivity measures
and profit. The profit maximization point for
the use of feed for milk production with the
prices described is the use of 20 units of feed.

Figure 3.6 is a graphical representation of
TVP from the varying levels of feed input.
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Fig. 3.6. Graphical representation of the total value
product of milk production and varying levels of

feed input use with the associated measures of
economic productivity.

Table 3.3. Relationship between feed use for a dairy production with the associated value of output,

costs, profitability and productivity measures.

Units of  Milk out-

feed (X) put(Y) APP MPP AVP MVP  TVP TFC TVC TC Profit
2 1.14 0.57 0.72 1.14 1.45 228 10.00 200 12.00 -9.72
4 2.85 0.71 0.98 1.42 1.95 5.70 10.00 400 14.00 -8.30
6 5.00 0.83 1.16 1.66 2.31 10.00 10.00 6.00 16.00 -6.00
8 7.42 0.93 1.26 1.86 253 14.84 10.00 8.00 18.00 -3.16
10 10.00 1.00 1.30 2.00 260 20.00 10.00 10.00 20.00 0.00
12 12.58 1.05 1.26 2.10 2.53 25.16 10.00 12.00 22.00 3.16
14 15.01 1.07 1.16 2.14 2.31 30.02 10.00 14.00 24.00 6.02
16 17.15 1.07 0.98 2.14 195 3430 10.00 16.00 26.00 8.30
18 18.87 1.05 0.72 2.10 1.45 37.74 10.00 18.00 28.00 9.74
20 20.00 1.00 0.40 2.00 0.80 40.00 10.00 20.00 30.00 10.00
22 20.42 0.93 0.00 1.86 0.01 40.84 10.00 22.00 32.00 8.84
24 19.97 0.83 -0.46 166 -0.93 39.94 10.00 24.00 34.00 5.94
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It also shows the economic productivity meas-
ures and the cost lines. Where the cost line and
TVP line cross, profit becomes positive, and
where the slope of the cost line is equal to the
slope of the TVP line, profit is maximized.

Algebraic solution to the profit
maximization point for a single
variable input

If profit is considered as a function of input, then
the optimum amount of input is where profit is
at a maximum. At the point where profit is at a
maximum, the slope of the profit line is equal to
zero. The slope of a line can be obtained by dif-
ferentiating the equation of that line.

Therefore, consider the profit equation as
a function of input:

Profit = P, f(X)—~ P,X ~TFC

If this function is differentiated with respect
to X, the following equation is derived:

dProfit _ Py day Py

dXx dXx
As this equation represents the slope of the
profitline and the maximum point is reached
where the slope equals zero, the following
can be done to calculate the profit maximi-
zation point for a single variable input:

dProfit _py dy _Py=0
dX dXx
=PyMPP-Px=0
or
PyMPP=Px
MVP -1
Px

The profit maximization point solution to this
generalized profit function implies:

The use of an input should be increased
until the point is reached whereby the
last £ (or $, Kwacha, Rupee, Shilling,
etc.) spent on the input returns exactly
its incremental cost.

Therefore, if the MVP is greater than the price
per unit of an input (or the marginal factor cost

of an input), then profit can be increased by
increasing input use. If MVP is less than price
per unit of input, then profit can be increased
by reducing input use. In the example above,
the table and graphical solutions to identify
profit maximization were imprecise, indicat-
ing that 20 units of feed should be used; in fact
the profit maximization point can be calcu-
lated more accurately with an equation of the
production and the prices at just under 20.

Production with Two Variable Inputs:
Factor—Factor Relationship

The relationship between a single input and
single output has been examined to determine
a general profit maximizing point for that
input. This point is reached where the MVP
for the input is equal to the price per unit (or
marginal factor cost) of that input. This prin-
ciple will be useful for determining the best
combination of two inputs and to develop a
general theory on multiple input use.

In examining a livestock production sys-
tem with two variable inputs and a single
output, it is assumed that all other inputs are
held constant, and that the livestock farmer
can buy as much of either variable input with-
out affecting the price of those inputs. The fol-
lowing generalized equation represents the
production function facing the farmer:

Y = f(X1,X2|X3, X4,.., Xn - 1), Xn)

Data for such a production function can also be
represented in tabular form as Table 3.4 shows.

Alternatively it can be shown as a three-
dimensional graph (see Fig. 3.7).

The production function is represented
by a production surface in the graph. Any point
on this surface represents the technically fea-
sible level of production for a combination of
the two variable inputs, soybean meal and
fishmeal. Any point above this surface is tech-
nically infeasible and points below are techni-
cally suboptimal. Compare this with the
production function for a single variable
input and a single output.

It is possible using the profit maximizing
point for a single variable input and data like
those shown in Table 3.2 to find the profit
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Table 3.4. Relationship between pig growth and
the use of soybean meal and fishmeal.

Soybean meal (g)

60 80 100 120 140
Fishmeal (g) Growth (g)
20 76 90 95 97 96
40 78 92 100 104 105
60 78 93 102 105 108
80 77 92 103 106 109

maximizing point for two variable inputs. For
this, it is necessary to have some prices, which
are given as:

Value of live weight gain = K 2.50/g
Price of soybean =K 0.2/g
Price of fishmeal =K 0.25/g

If the fishmeal is held constant at 20 g, then it is
possible to determine the MVP of growth with
increases of soybean meal (see Table 3.5).

From Table 3.5 it can be estimated that
the profit maximizing point for pig growth
with varying levels of soybean meal in the
diet is 120g of soybean meal. If the soybean
meal is now held constant at 120g, the fish-
meal can be varied (see Table 3.6).

90+

Growth (g)

[o]
o
1

Fishmeay in the fg 20

From Table 3.6, it can be estimated that
the profit maximizing point for pig growth
with varying levels of fishmeal is 40g of
fishmeal. There is one final check to exam-
ine if profit can be improved by further
inputs and that is to increase both the fish-
meal and the soybean meal at the same time
(remember we are examining a production
surface not a production line). Looking at
the first table, increasing fishmeal by 20-60 g
and soybean by 20-140g will increase
growth from 105 to 109g. This will give a
change in financial output of K 10 (4 * 2.5).
The cost of the inputs to achieve this change

Table 3.5. The production function and measures
of technical and economic productivity of soybean
(variable input) and pig growth (output).

Soybean (g) Growth (g) MPP MVP
60 76
0.7 1.75
80 90
0.25 0.625
100 95
0.1 0.25
120 97
-0.05 -0.125
140 96

Fig. 3.7. Relationship between pig growth and
varying levels of soybean and fishmeal.



30 Chapter 3

Table 3.6. The production function and measures
of technical and economic productivity of fishmeal
(variable input) and pig growth (output).

Table 3.8. The profit from feeding varying levels
of soybean meal and fishmeal and producing pig
meat.

Fishmeal (g) Growth (g) MPP MVP
20 97

0.35 0.875
40 104

0.05 0.125
60 105

0.05 0.125
80 106

in output is K9 ((20*0.25) + (20%0.2) ). This
implies that the profit maximizing point, for
this relationship at these prices, is 108 g of
growth produced by feeding 140g of soy-
bean meal and 80 g of fishmeal.

Table 3.7 highlights the path that has been
taken to seek the profit maximization point. If
we had begun by holding the soybean meal
constant at 60g we would have reached the
same profit maximization point (if you are not
convinced try it yourself).

Finally, for those not convinced that this is
the profit maximization point, examine the data
presented in Table 3.8, which shows the profit of
the production process as the value of the out-
put (grams of growth multiplied by price per
gram of growth) minus the cost of soybean and
fishmeal. The highest profit is achieved with 60g
of fishmeal and 140g of soybean meal. (Note:
The addition of fixed costs to the calculation will
make no difference to the profit maximization
point, as these will always be constant.)

Table 3.7. Production function for pig growth
(output) with varying levels of soybean and
fishmeal (variable inputs) and the path to obtain
the profit maximization point for the use of these
two variable inputs.

Soybean meal (g)

60 80 100 120 140
Fishmeal (g) Growth (@)
20 76 90 95 97 96
40 78 92 100 104 105
60 78 93 102 105 108
80 77 92 103 106 109

Soybean meal (g)

60 80 100 120 140
Fishmeal (g) Profit (Kwacha)
20 173 204 2125 213.5 207
40 173 204 220 226 2245
60 168 201.5 220 223.5 227
80 160.5 194 217.5 221 224.5

The above example shows that it is pos-
sible to determine a profit maximizing point
for two inputs using the general theory devel-
oped for single input use. However, it is nec-
essary to have some general theories for two
inputs in order to determine:

1. The least cost combination of two inputs
for any particular level of output;
2. The level of output that maximizes profit.

To ease the development of a general theory for
the least cost combination, it is necessary to rep-
resent the relationship between an output and
two inputs in a two-dimensional way. This is
achieved by representing the different levels of
output as lines known as isoquants. These lines:

1. Never cross;

2. Represent combinations of the two inputs
that yield equal amounts of output;

3. Provide a substitution rate between the
two inputs.

Isoquants are analogous to contour lines on
a geography relief map. Figures 3.8 and 3.9
show a number of common sets of isoquant
lines for two inputs.

The rate at which one input replaces
another to maintain the same level of produc-
tion is called the marginal rate of technical
substitution (MRTS). MRTS is as important to
the relationship between two variable inputs
(factor—factor relationship) as the MPP is to
the single variable input and output (factor-
product) relationship. It is represented by the
slope of the isoquant. The marginal rate of
substitution of variable input X, for variable
input X, (see Fig. 3.10) is defined as the
amount by which X, must be decreased to
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Type of isoquants
Concentric rings

Asymptotic
X4
X1 é
Constant slope % Synergistic
Xy 1
X, X,

Fig. 3.8. Isoquants showing the relationship
between two inputs and varying levels of output.

maintain output at a constant amount when
X, is increased by one unit.

The MRTS of variable input X, for vari-
able input X, can also be written as a formula:

MRTS of X, for X; =dX, /dX.
There are four basic rates of substitution:

1. Decreasing rate of substitution occurs when
the input being increased substitutes for suc-
cessively smaller amounts of the input being
replaced. This type of substitution is shown
by the asymptotic and concentric ring types
of isoquants shown in Fig. 3.8. A real example
of this type of situation would be the replace-
ment of concentrate feed for forage in milk
production.

2. Constant rate of substitution occurs when
the amount of one input replaced by the
other input does not change as the added

Type of isoquants
Fixed proportions

X5 X>

Fig. 3.9. Isoquants that show a fixed proportion
relationship.

input increases in magnitude. In some litera-
ture, inputs that substitute at constant rates
are termed ‘perfect substitutes’. This type of
substitution is shown by the constant slope
type of isoquants demonstrated in Fig. 3.8.
An example would be one type of concentrate
feed for another.

3. Complements occur where inputs that in-
crease output only when combined in fixed
proportions are called technical complements.
Examples would be labour and the introduc-
tion of a machine such as a tractor.

4. Lumpy occurs whereboth of the inputs arenot
completely divisible but exist only in discrete
units; then the isoquants appear as dots which,
when connected, appear as linear segments.
Decision making with lumpy inputs, because
of fewer alternatives, is less complex than when
substitution relationships are continuous.

Factor—Factor Relationships: Least
Cost Combinations and Profit
Maximization Point

To develop theleast cost and profit maximization
points for two variable inputs and one output

Y = Constant

dx,

X>

Fig. 3.10. The marginal rate of technical
substitution for two variable inputs (X; and X))
with constant level of output.
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the concept of isocline will be introduced. An
isocline is a line connecting points that have the
same rate of technical substitution. The general
equation for an isocline is as follows:

MRTS of X, for X, =dX,/dX, =a

where a is an arbitrary constant.

Isoclines are of use in defining a rational
region of production for two variable inputs
and a single output. This can be done by
deriving two special isoclines known as ridge
lines. For one ridge line, the MRTS of variable
input X, for variable input X, is equal to zero
and for the other ridge line the MRTS of vari-
able input X, for variable input X, is equal
to . Figure 3.11 presents this information
graphically for variable inputs and outputs
with asymptotic isoquants.

The area above the ridge line for variable
input X, and to the right of the ridge line for
variable input X, are irrational combinations
of the variable inputs X, and X,. In these
regions, the MRTS is positive, indicating that
instead of one input replacing another to
maintain production at a certain level it will
require extra amounts of both inputs to main-
tain that level of production.

How does the MPP of X, and X, relate to
the MRTS? It is possible to examine this by
carrying out some simple algebra.

To obtain a small change in output (Y)
itis necessary to have a small change in

variable input X, and a small change in vari-
able input X,. This can be written as a formula
in the following way:

dY = (smallchangein X, ) *(rate of
transformationof X, intoY)+
(smallchangein X, )*
(rateof transformationof X, intoY)
=dX, *MPP,, +dX,*MPP;,

However, the definition of an isoquant implies
that:

dY =0

Therefore, 0 = dX, * MPP,, + dX, * MPP,,

dX,*MPP,, = —dX, *MPP,,
dX, /dX, =-MPP,, /MPP,,
MRTS of X: for X1 = — MPP,, /MPP,,

Least Cost Combination of
Two Variable Inputs

To determine the least cost combination for
two inputs, it is necessary to introduce a budget/
expenditurefisocost line. This line represents a
constant amount of money spent on the inputs
and can be represented as the general equation:

and MPPy; =0

MRTS of X, for Xy =«

Ridge line
for X4

/

/
/
/
/
/
/
1

M j AR %

T~ MRTS of X, for X; =0
and MPPy, =0

X2

Isoquant Ridge line

for X,

The region between the two isoclines is the rational region of production

Fig. 3.11. The rational region of production for two variable inputs and a single output.
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C=Py* X, + P, *X,
where C = Amount of capital (money)

Py, = Price per unit of X,
Py, = Price per unit of X,

It can also be shown graphically as seen in
Fig. 3.12.

Such an isocost line can be introduced
into a graph with isoquant lines. The point of
tangency of an isocost line and an isoquant
line is the least cost combination for the two
inputs (see Fig. 3.13). At this point of tangency
the slopes of the isocost line and the isoquant
line are equal.

The slope of an isoquant is represented
by the MRTS of X, for X,. By having a method
to determine the slope of the isocost line, it
will be possible to estimate the point where
the slopes of the isoquant and isocost lines
are equal. This of course is the least cost com-
bination of two variable inputs for the pro-
duction of a single output. The slope of a line
is the rise divided by the run. For an isocost
line, the rise is equal to zero minus the point
where the isocost line crosses the X, axis. The
point where the line crosses the X, axis is:

X, :C/Px1

Therefore, the rise can be represented in the
following way:

Rise=(0-C/P,,)
Similarly, the run is equal to the point where

the isocost line crosses the X, axis minus zero.
The point where the line crosses the X, axis is:

X,=C/P,

X,

Isocost line

Xa

Fig. 3.12. Isocost line for two variable inputs.

Least cost combination
of Xj and X,

Isocost line

X

Fig. 3.13. Least cost line for two variable inputs
and the isoquant for these two inputs, indicating the
point of least cost combination of the inputs in the
production of a single output.

Therefore, the run can be represented in the
following way:

Run=(C/Py,-0)
The slope of the line is:

Rise/Run=(0-C/Py,)/(C/Py, - 0)
=(-C/Py)*(Px,/C)
=Py, /P,

This implies that the least cost combination
of two inputs and a single output is reached
where the MRTS of X, for X, will be equal to
the price ratio of X, to X,. The following can
be expressed as a general formula:

MRTS of X, for X, = -dX,/dX, =
— MPP,,/MPP,, = —P,,/P,,

Figure 3.14 shows a family of isoquant curves
and the least cost combination points for
each isoquant. The isocline that joins these
least cost combination points together is
known as the expansion path. To reach the
most profitable level of output for this two
input single output scenario, it is necessary
to move along to the end of this expansion
path line.

Therefore, the most profitable level of
production (output) must first satisfy the cri-
terion of least cost combination of inputs. The
general expression for an expansion path is
given as:

MPPx2 Py,

MPPx1 Py,
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Expansion path

Fig. 3.14. The expansion path for two variable
inputs and a single output.

Profit Maximization with
Two Variable Inputs

If fixed costs are ignored, then a general
relationship for two variable inputs can be
derived. The following general equations can
be written about the relationship:

Output=Y = f(X,, X,)
TVP=P, *Y =P, * f(X,, X,)
TC =Py, # X, + Py, *X,
This implies that profit can be written as:
Profit=TVP -TC
Profit =P, *[f(X,, X,)]— [Py, * X, + Py, * X, ]
=P, # f(X;, X;) =Py * X, - Py, # X,
For profit to be at a maximum, the first con-
dition that must be met is that the slope of
the profit line equals zero for both variable

inputs. Therefore, the following general equa-
tions can be written:

dProfit 0Profit function for input X,
dX,;
and
dProfit _ OProfit function for input X,
dX,

This implies that:

dProfity, P *dY _
dX,; dX, -P,,
and
dProfity, P, *dY
dX, dX, - Py,
which can be simplified to:
P xdY
dx, =x1
and
Pﬁzi ; dy _ P,
2
or
MVP,, =P,
and
MVP,, =P,

This implies that, at the profit maximization
point for two variable inputs, the ratio of
MVP for input one to price per unit of input
one should equal one and the ratio of MVP
for input two to price per unit of input two
should equal one:

MPPx2  MPPx: -1
Px2 Px1

which means that, for a livestock production
process with multiple inputs, the last pound
(or kwacha, shilling, rupee, dollar) spent on
each input must return exactly a pound (or
kwacha, shilling, rupee, dollar).

Product—Product Relationships

The examination of the relationship between
the production of two livestock products or the
production of a livestock product and a crop
product called the product—product relationship
will help to answer the following question:

What combination of enterprises should
be produced from a given bundle of
fixed and variable inputs?

The logic of product-product relation-
ships is a formalization of the procedures
used in budgeting and other planning
techniques.
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To answer the question it is necessary to
look at something called a production possibil-
ity curve. This is analogous to an isoquant, but
instead of output remaining constant it is the
input levels that remain constant. The inputs
can be switched between outputs. One ques-
tion that will arise is how much input is
available.

Unlimited inputs

If a livestock farmer, livestock input supplier
or processor can buy as much of any input they
require to maximize profit, it is not important
to look at the allocation of resources between
enterprises.

Limited inputs

With limited inputs available it is not certain
that the optimum use for each livestock enter-
prise can be taken for granted. By definition,
limited availability of inputs means that the
total amount of input available is less than
that amount needed to apply the optimum to
each enterprise. Limited input situations are
also referred to as limited capital situations.

When inputs are limited in quantity, live-
stock enterprises on the farm become uniquely
related and can no longer be considered inde-
pendently. The degree of interdependence
among enterprises depends on their technical
and economic relationships.

The concept of the production possibility
curve is best demonstrated by an example.
Alivestock farmer has the opportunity to
produce two outputs: sheep meat Y, and beef
Y,. We will assume that there is only one vari-
able input feed X, all other inputs are fixed
and specialized. This variable feed input can
be used in both meat production processes.
Table 3.9 gives the expected output with vary-
ing levels of input applied to sheep meat (Y;)
and beef enterprises (Y,).

If the feed input is limited to seven units,
then the relationship between sheep meat and
beef is shown in Table 3.10.

The production possibility curve is a
convenient device for depicting the two pro-

Table 3.9. Production functions for variable inputs
of feed and outputs of sheep meat and beef.

Units of feed Units of feed

(X) used to Output of (X)usedto Output
produce sheep  sheep produce of beef
meat (Y;) meat (Y;) beef (Y,) (Ya)
0 0 0 0
1 7 1 12
2 13 2 22
3 18 3 30
4 22 4 36
5 25 5 40
6 27 6 42
7 28 7 43
8 27 8 42
9 25 9 40

duction functions on the same graph, which
is shown in Fig. 3.15.

The relationship shown in Fig. 3.15 is a
competitive one between the two outputs.
There are other types of relationship that exist
between outputs, which are described below.

Competitive relationship

Acompetitiverelationship is where the switch
of inputs from one livestock enterprise to
another leads to the increase in the livestock
output of one enterprise and decrease in
output of the other. An example of this type

Table 3.10. Relationship between sheep meat
and beef production with only seven units of feed
available.

Units of feed Units of feed

(X) used to Output (X) used to

sheep of sheep produce  Output of
meat (Y,) meat (Y,) beef (Y,) beef (Y,)
0 0 7 43

1 7 6 42

2 13 5 40

3 18 4 36

4 22 3 30

5 25 2 22

6 27 1 12

7 28 0 0
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o

0 7 13 18

22 25 27 28

Sheep meat

Fig. 3.15. Production possibility curve for sheep meat and beef production with only seven units of feed.

Competitive products

Non-linear curve Y; Linear curve Yj

Fig. 3.16. Production possibility curves for
competitive relationships.

of relationship would be concentrate feeding
to different animal breeds, species and ages.
The competitive relationships are usually
non-linear. There are also linear relationships
and an example would be the transfer of land
between livestock enterprises.

Figure 3.16 presents the production possi-
bility curves for competitive relationships.

Complementary relationship

Where the production of one livestock product
can increase the production of another prod-
uct, this is said to be a complementary relation-
ship. An example is cattle being fed the straw
from a cereal crop and producing manure
and draught power to produce the crop in the

Complementary products
Y, b

I

Complementary
range

Y,

Fig. 3.17. Production possibility curve where
products have a complementary relationships and
range.

future. From a crop situation, legumes planted
with a cereal crop either as a rotation or as mixed
cropping increase the yields. However, comple-
mentary relationships eventually end up being
competitive. Figure 3.17 presents a comple-
mentary production possibility curve. As can
be seen the complementary range is only for a
part of the production possibility curve.

Supplementary relationship

There are also instances where expansion
of one livestock enterprise will leave other
enterprise production levels unaffected. This
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Supplementary products

Supplementary range

Y, Y,

Fig. 3.18. Production possibility curves where
products have a supplementary relationship and
range.

could be when resources are not fully uti-
lized throughout the year, and during slack
resource use an extra enterprise can be added.
Examples would be sheep fattening over the
winter on an arable farm; chicken and pig
fattening on a mixed farm, the growing of
crops during the dry season using irrigation.
Figure 3.18 presents two possible production
possibility curves with different supplemen-
tary ranges. Similar to the complementary
relationships, they become competitive.

Joint products

In a livestock production system, it is com-
mon that two products are produced, which
are distinct and different. Good examples of
this type of production are meat and wool,
manure and milk, calves and milk, eggs and
meat. For duck systems in South-east Asia,
there are systems that produce three prod-
ucts, eggs, meat and feathers. Production of
one is not possible without the production of
the other. No substitution is possible between
the products and the inputs are used in fixed
proportions. Figure 3.19 presents a joint prod-
uct relationship.

The objective of the product—product
relationship is to determine the combination of
enterprises that best meets management objec-
tives, given the resource limitation. The pri-
mary use of the production possibility curve is
to determine the most profitable combination
of enterprises for a limited amount of input.

Joint products

\£

Fig. 3.19. Production possibility curves with joint
products.

Revenue Maximizing
Combination of Products

Similar to the two variable input relationships
there is a concept known as marginal rate of
product substitution (MRPS), which is the slope
of the production possibility curve. This is
analogous to MRTS for the variable inputs.
The MRPS can be represented as the general
equation:

MRPS of Y, for Y, = %

1

A negative MRPS indicates a competitive
relationship between products; a positive
MRPS indicates a complementary relation-
ship. If the MRPS is zero then the products
are supplementary.

The isorevenue line is the point where the
total revenue from the two products is con-
stant. This is analogous to the isocost line for
the two variable inputs. The isorevenue line
can be represented as a general equation:

Total revenue (TR)=P,, *Y, + P, *Y,

Figure 3.20 presents the isorevenue line in a
graph.

The revenue maximizing combination of
two products is the point where the produc-
tion possibility curve and the isorevenue line
touch. This is known as a point of tangency
and at this point the slope of the two lines is
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Y2

Isorevenue line

Fig. 3.20. The isorevenue line for two outputs.

equal. The slope of the production possibility
curve is given by the MRPS (see Fig. 3.21).

The slope of the isorevenue line can be cal-
culated by dividing the rise by the run. For an
isorevenue line the rise is equal to zero minus
the point where the line crosses the Y, axis. The
point where the line crosses Y, axis is:

_TR

Y
? PYZ

Therefore, the rise can be represented in the
following way:

0-TR

Rise =
Y2
Similarly, the run is equal to the point where
the isorevenue line crosses the Y, axis minus
zero. The point where the line crosses the Y,
axis is:

2 Production posssibility curve

Revenue maximizing
combination of Y; and Y,

Isorevenue
line

S
Y

Fig. 3.21. The revenue maximizing point for the
combination of two livestock products.

Therefore, the run can be represented in the
following way:

Run= R
P,-0

The slope of the line is:

0-TR
Rise \ P,

Run TR
P,-0

— _Pw

PYZ

Therefore, at the revenue maximization point
for two products:

MRPSof Y, forY, = _PP e

Y2

ay, _

ay, P,

_PYl

where dY, is negative.

dY, # P, =dY, P,

This implies that at the revenue maximizing
point the switch of resources from Y, to Y,
will mean that the fall in revenue generated
from output Y, will be equal to the increase in
the revenue from Y.

Returning to the above example with
sheep meat and beef, if the price per unit of
sheep meat (Y;) = US$2 and beef (Y,) = US$1,
itis possible to calculate the MRPS of beef (Y,)
for sheep meat (Y;) and the revenue, and
determine the revenue maximizing point (see
Table 3.11).
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Table 3.11. The marginal rate of product substitution for sheep meat and beef with a set number of feed

units.

Units of Units of feed

feed (X) used Output of (X) used

to produce sheep to produce Output MRPS

sheep meat (Y;) meat (Y;) beef (Y,) of beef (Y,) dy, dy, (Yy), (Y,) Revenue

0 0 7 43 143
7 -1 -0.14

1 7 6 42 56
6 -2 -0.33

2 13 5 40 66
5 -4 -0.80

3 18 4 36 72
4 -6 -1.50

4 22 3 30 74
3 -8 -2.67

5 25 2 22 72
2 -10 -5.00

6 27 1 12 66
1 -12 -12.00

7 28 0 0 56

Note: The revenue maximizing point is where the MRPS of Y, for Y, equals the price ratio of Y, to Y,.

General Revenue Maximizing Point

The change in the output of Y, and Y, is
caused by the switch of a small amount of
input X (dX). If we divide both sides of the
above relationship by dX we get the follow-
ing equation:

(dY,#P,,) _(dY;%P,,)

dXx dx

which can be rearranged to:

MPPyy, * Py, = MPPyy, * Py,

MVPy,, = MVP,,,

Finally, if we divide by the price per unit of
input X:

MVP,,,
Py

_MVPy,,
Py

This allows us to make the statement of the
equimarginal principle:

The general equimarginal principle
states that the ratio of the value of the
marginal product of an input to the unit
price of input (MVP, /P,) be equal for all
inputs in all outputs (enterprises).

Time and the Production Process

The general introduction to the subject of pro-
duction economics has excluded time, and
livestock production processes were taken as
instantaneous, with inputs disappearing and
outputs appearing as if by magic. This is obvi-
ously unrealistic for any production process,
but was necessary to develop an economic
framework for analysing decision making.
In Chapter 6, there will be an introduction of
tools that also do not take into account time
such as gross margin analysis. This limits cer-
tain aspects of how both the tools and the pro-
duction economics theory that underlies them
can be used, and it is important to recognize
these limitations.

Reintroducing time gives a more realis-
tic three-dimensional feel of the production
process. The value of time will be further dis-
cussed when the subject of investment and
cost-benefit appraisal is presented in Chapter
6. It should not be forgotten that even with
time introduced, where profit maximization
is the main objective, there is a search for the
point at which every dollar spent on an input
will return a dollar.
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When considered as a function of time,
inputs and outputs may be classified as:

e Point inputs would be fertilizer, seed,
vaccination, worming drugs and exam-
ples of point outputs would be grain,
meat, replacement heifers.

e  Sequential inputs would be rainfall, feed,
vitamins and examples of outputs would
be milk.

e  Continuous inputs would be temperature.

For each of the three types of time-dependent
inputs, timeliness of application can be
important. In the animal health field at
a farm level, timing the application of
deworming drug in a sheep enterprise can
be critical to ensure that the parasites are
removed and do not return before lambs
are fattened. Innational animal disease
control campaigns, the speed of detection
and response becomes critical in stopping a
disease spreading.

Costs and revenues can occur at single
points or sequentially. At farm level, the
farmer must maintain funding for family
expenses, production costs and mortgage
payments. For disease control programmes,
having access to funding so that vaccina-
tion campaigns can be targeted at certain
high-risk times of the year can be critical
for the success of the campaign. Cash
flows within the production period or year
therefore become important. Even when
yields and prices are known with certainty,
revenues and expenses could be poorly
timed, resulting in unpaid bills. Capacities
of durables, such as machinery, storage
bins, milking parlours or laboratory equip-
ment, become important for planning
the timeliness of farm-level production,
marketing and national animal decision
making.

The introduction of time into a pro-
duction process adds an additional com-
plexity to the assessing decisions. Some
aspects of examining this are shown in the
preceding examples on a fattening unit
and the purchase of durable input. For fur-
ther examples please refer to Doll and
Orazem (1984) and Dillon and Anderson
(1990, chapter 6).

Profit maximization for a variable
production process

Two issues need to be addressed when exam-
ining a variable production process:

1. Is the objective of the farmer to maximize
the profit over the single production process?
or

2. Is the objective of the farmer to maximize
profit over a set period of time?

The latter option implies that the production
process can be repeated a number of times
over the set period. For many commercial
farmers, the set period will be a year, because
of the need for financial and tax accounting of
the farm business. Having a set period of
time to maximize profits may have little or
no relevance in many smallholder situations.
However, pressures such as yearly school
fees may make this a growing issue for farm-
ers with children. For the remainder of the
discussion, it will be assumed that the critical
time period for a farmer is a year.

If the production process takes exactly a
year, then equating marginal revenue with
marginal cost will maximize profit for the
production process and for the year. However,
most production processes do not last for a
year. This raises the question of whether the
length of the production process is fixed. If it
is fixed, for example most cropping activities
will be fixed, the profit maximization for the
production process is the same as the profit
maximization for the year.

If the length of the production process is
not fixed, then the profit maximization of the
production process is not the same as the
profit maximization for time. The appropriate
objective in this situation is the maximum
profit per unit of time.

Livestock feeding operations, such as
broiler production, pig fattening and feedlot
fattening for cattle, are typical examples of an
agricultural process that can be varied in
time. The important decisions the farmer has
to face in this situation are:

1. What type of ration and feeding system
should be used? Will the choice of diet affect
the rate of gain and time when the animal is
marketed?
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2. When should the animals be marketed to
obtain the best possible price? (Are there sea-
sonal prices for the output?)

3. Given the ration and market price, how
long should the production process be to
maximize profits per unit of time?

In the following example of drylot cattle
feeding system, the last question will be
examined in detail. The feedlot buys in ani-
mals that are 6001b (11b = 0.45359237 kg)
in weight. To simplify the analysis only
the costs of animal purchased and feed are
considered, and all other costs are assumed
constant. Any animal can be bought or
sold at US$0.20/1b. The possibility that the
quality and hence the value of an animal
will vary with time is also ignored. Once
an animal has been fattened and sold, it
will be immediately replaced with another
animal.

The total time costs (TTC) of keeping an
animal in this feedlot has been estimated as
follows:

TTC =120+ 2N +0.0067N*

where N = time in 10-day feeding units.

The total time revenue (TTR) from the
sale of the animal at any time is estimated to
be the following:

TTR =120+ 0.6N* — 0.02N°
where N = time in 10-day feeding units.

Table 3.12 presents the revenue and costs
for the enterprise with different time units.

With the introduction of time, there are
different profit maximization points. If the
farmer is trying to maximize profit for a single
animal then the point is 131-day fattening per
animal. This would allow the farmer to raise
2.8 animals per year, assuming that there was
no need for time between animal lots. This
profit maximizing point assumes that feed is
the variable input and that the animal is a
fixed input.

However, if we consider that time is
limited, then the farmer should be interested
in the point where the average profit per unit
of feed is at a maximum. For this relation,
this would be 112 days, which would allow
3.3 animals to be fattened per year. The profit
in a year with this solution for a single ani-
mal unit would be US$50.66 versus US$46.87
for the 2.8 fattened animals per year when
looking at the profit maximizing point for
feed.

The solution of 131 days assumes feed
to be the variable input, the animal the
fixed input and time to be available in infi-
nite quantities. The solution of 112 days is
determined assuming feed and animals to
be variable and the amount of time to be
limited. In this solution, the farmer is
applying feed and animals to a fixed
amount of time. If the farmer does not
intend to repeat the feeding operation, i.e.
if they feed just one lot a year, then he
should maximize returns to the animal and
feed rather than to time.

Table 3.12. Revenue and costs of a feedlot operation with estimates of
profitability and economic productivity with varying lengths of fattening

time.
Units of
time (10 Total Total Marginal ~ Average
days) costs revenue Profit profit profit
0 120.00 120.00 0.00
2 124.05 122.24 -1.81 -0.91 -0.91
4 128.43 128.32 -0.11 0.85 -0.03
6 133.45 137.28 3.83 1.97 0.64
8 139.43 148.16 8.73 2.45 1.09
10 146.70 160.00 13.30 2.29 1.33
12 155.58 171.84 16.26 1.48 1.36
14 166.38 182.72 16.34 0.04 117
16 179.44 191.68 12.24 -2.05 0.76
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Production Economics:
Durable Inputs

A durable input is something that can be used
over a period of years on a farm. Examples
of durable inputs are tractors, buildings, oxen
for draught power, etc.

If a durable input lasts for 10 years then
it does not mean that it can be purchased in
ten bits, it will have to be purchased as one
piece. To charge the cost of a durable input
during the year of its purchase would distort
the cost structure of the farm for the first year
and for the next 9 years. To remedy this, an
annual depreciation charge should be levied
against the farm expenses each year of a
durable input’s productive lifetime. When
the durable input is worn out, it should be
completely ‘paid for” by depreciation, thus
ensuring that capital will be available to pur-
chase another. When farmers are unable to
make depreciation payments because of low
farm earnings, they are said to be ‘living off
their investment’. They use the depreciation
fund to pay annual living and farming
expenses and are unable to replace durable
equipment when it wears out.

Depreciation of durable resources used
only on one enterprise can be charged directly
to that enterprise; depreciation should be
charged each time the production process is
repeated. On a farm, durable assets such as
tractors, trucks and combines are commonly
used in several enterprises; i.e. they are
involved in several production processes. In
such cases allocation of depreciation among
the enterprises is difficult, and depreciation
can only be charged against the farm business
as a whole.

Depreciation deals with the money
required to repurchase the durable input at
the end of its life. However, it is also neces-
sary to take account of the value of money
that is invested in the actual machine. This
can be done by charging interest at the local
bank lending rate on the purchase price of the
durable input.

Therefore, depreciation is the money
required to replace the durable input when it
can no longer be used and interest is the cost of
the capital that is invested in that durable input.

Purchasing durable inputs

When purchasing a durable input, it is impor-
tant to have some method of assessing what
size of durable input to invest in (75hp versus
50hp tractor, draught bullock versus draught
cow) and what price to pay for the input.
Three methods are available for assessing
durable inputs:

1. Using a production function for a durable
input, it is possible to determine the number
of durable inputs to purchase.

2. Using purchase and salvage values for the
durable input and examining cost curves for
different output levels, it is possible to deter-
mine the price to pay for that input.

3. Using a durable input budget, it is possible
to determine the average fixed cost per unit
of physical output and total cost per unit of
physical output.

The first two techniques require a knowledge
of production function for the durable input
and, as it is unlikely that this will be available
in most livestock situations, these techniques
will be ignored. The third technique requires
knowledge of creating an enterprise budget,
but the general technique is relatively easy.

The costs first need to be considered as
either fixed or variable. The fixed costs for a
durable input include:

e  depreciation;
interest;
taxes;
insurance;
housing.

The variable costs will be different for the
different durable inputs being assessed. The
following example develops the issues of
durable assets and how they can be assessed.
A feeder wagon has been purchased for
US$6000 and Table 3.13 presents the depre-
ciation, interest, taxes, insurance and housing
costs on an annual basis.

If the feeder wagon is expected to handle
500t of silage per year the average fixed cost
per tonne can be calculated as follows:

Average fixed cost per tonne = 960/500
=US$1.92/t
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Table 3.13. Annual costs of depreciation, interest,
taxes, insurance and housing for a feeder wagon.

Percentage of the Fixed costs

However, it may also be necessary to consider
the convenience of having the feeder wagon
on the farm.

purchase value per year

Depreciation 9 540 Comparison of draught oxen
Interest 5 300 and draught cows
Taxes 1 60
Insur;lance 0.5 30 Table 3.14 contains information on the use of
Housn_wg 05 30 oxen and cows for draught power production
Total fixed costs 960 . . . . .

per year in two villages of India. Information is also

The variable costs per tonne of silage have
been calculated to be US$1.56 so the total cost
per tonne of silage would be as follows:

Total cost per tonne of silage =
Average fixed cost per tonne +
Variable cost per tonne
=1.92+1.56
=US$3.48/t

To help a farmer make a decision on the pur-
chase of the feeder wagon, they should be
looking for contractors who would offer a
price of less than US$3.48/t of silage handled.

given on the cost of hiring a team of draught
animals for a day in each village.

The cows in Golahally are kept primarily
for draught power production and milk pro-
duction is secondary. The price of milk is Rs
5.8/1 and cattle feed is Rs 5.0/kg. Table 3.15
presents the enterprise budgets for the differ-
ent sources of draught power in the two dif-
ferent villages.

The table shows that only the owned
oxen in Golahally have a lower cost per day
than hired oxen. However, if the output of
milk is included then the owned cows also
have lower daily costs than the hired oxen in
Golahally. Including milk production in the
calculation is justified as the cows were kept

Table 3.14. Information on the draught animal markets and use of animals in two different villages in India.

Golahally Byatha

Item Local cows  Local oxen Hired oxen Local oxen Hired oxen
No. of animals per team 2 2 2 2 2
Purchase value (Rs/animal) 2250 3000 - 5500 -
Hire price per day (Rs) - 60 - 80
Output
Draught power days 65 105 1 85 1
Milk output/cow/year 150 - - -
Variable costs
Feed/day of work (kg/animal) 0 0.75 0 1 0
Fixed costs/animal/year
Feed (Rs) 1000 1000 1250
Labour (Rs) 250 250 250
Vet cost (Rs) 22 25 60
Building (Rs) 100 100 100
Depreciation as a percentage

of purchase price 20 20 20
Interest as a percentage of

purchase price 15 15 15

Note: Rs = Rupees.
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Table 3.15. Enterprise budget per team of animals.

Golahally Byatha

ltem Local cows Local oxen Hiredoxen Localoxen Hired oxen
Output
Physical output (days worked/year) 65 105 1 85 1
Financial output (Rs/year) 1740
Variable costs
Feed 0 787.5 0 850 0
Hire charge - - 60 - 80
Total variable costs 0 787.5 60 850 80
Fixed costs
Feed 2000 2000 0 2500 0
Labour 500 500 0 500 0
Vet cost 44 50 0 120 0
Building 200 200 0 200 0
Depreciation as a percentage 900 1200 0 2200 0

of purchase price
Interest as a percentage of 675 900 0 1650 0

purchase price
Total fixed costs 4319.00 4850.00 0.00 7170.00 0.00
Total costs 4319.00 5637.50 60.00 8020.00 80.00
TFC/physical output 66.45 46.19 0.00 84.35 0.00
TC/physical output 66.45 53.69 60.00 94.35 80.00
TC minus other output/physical 39.68 53.69 60.00 94.35 80.00

output

primarily for draught power and the differ-
ence between the daily rates for using their
own cows and hiring animals translates to a
large increase in milk production.

Difference in daily rates = 60.00 —39.68
=Rs 20.32
Multiplying by the number of draught power

days the cows are used per year, an annual
saving can be calculated:

Yearly saving = 65 =* 20.32
=Rs 1320.8
Finally, the extra milk yield per cow needed
to switch from the cows being used primar-
ily as draught animals to primarily for milk
production is as follows:

=1320.8/5.8
=227.71/team/year
=113.91/cow /year

This is a 75% increase in the annual milk yield
per cow and is an unlikely target for these

animals to achieve. The daily cost of owned
bullocks in Byatha is much higher than the
hire charge. This indicates that:

1. Data are incorrect; bullock prices may be too
high; number of days worked is too low; etc.

2. The hire price is not a true reflection of the
demand for draught power.

3. The importance of timely cultivation during
critical times may mean that it is worth paying
more than the hire price for draught power.

Summary

The basic elements of production economics
have been covered in this chapter with the
aim to introduce the theory behind the tools
that will be described in detail in Chapter 7.
The concepts of points of profit maximization
and least cost combinations are important to
recognize either when assessing a decision-
making environment in the role of someone
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studying why people within a livestock sec-
tor react in certain ways; or as an adviser to a
livestock farmer or livestock policy on what
would be economically more favourable as
an action.

The most important message from what
has been covered is that when advising peo-
ple in the livestock sector it is not sufficient to
look only at the technical relationships
between inputs and outputs. The conclusion
if only the technical relationship was used
would be to use more inputs if they are pro-
ducing more output. As resources for the live-
stock sector are limited, it is necessary to
introduce values to the inputs and outputs.
With values, the decision-making process can
be refined with an aim to reach a point where
the value of each incremental addition of

input should return exactly the same value of
output. Beyond this point adding more inputs
will actually lose value or reduce profit to the
livestock activity.

There are some limitations in this general
approach that are covered in some detail
when the topic of institutional economics is
discussed in Chapter 12, cultural and social
issues in Chapter 13 and the need to make
assessments of impacts on human health in
Chapter 14. However, a good understanding
of production economics allows for a much
greater interpretation and use of economic
decision-making tools and therefore stronger
levels of advice to actors within the livestock
sector. Chapter 4 by Professor Clem Tisdell
applies a theoretical framework to animal
health economics.



Economics of Controlling Livestock

Diseases: Basic Theory

Clem Tisdell

Introduction

Economic analysis of the optimal con-
trol 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, i.e. econo-
mic benefits less costs, are maximized.
Mclnerney (1991), McInerney et al. (1992),
Tisdell (1995) and others have advocated
its use for obtaining the economically opti-
mal control of livestock diseases. Some
simple economic models are outlined here
to illustrate its use. They draw on, and
extend, some of the models in Tisdell
(1995).

Economic Benefit from Controlling
a Disease as Economic Loss
Is Avoided

The economic benefit from controlling a live-
stock disease can be measured by taking into
account the reduction in economic loss from
the disease corresponding to differentlevels of
expenditure on its control (McInerney, 1991).
In Fig. 4.1, for example, OA is the economic
loss from the disease if there is no expendi-
ture on its control, and ADF represents the
economic loss as a function of control effort
measured by variable expenditure on con-
trol of the disease. Therefore, the difference
between line AG and curve ADF, shown by
the shaded area, represents the economic ben-
efit 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.

Optimality in a Very Simple Economic
Model and Threshold Possibilities

A very simple economic model can be devel-
oped from the above. Mathematically, the
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o} E
Control effort as measured by the level of
variable control expenditure

Fig. 4.1. An illustration of the economic benefit
from the control of a livestock disease by the level
of economic loss avoided.

type of economic benefit relationship illus-
trated in Fig. 4.1 can be expressed as:

B=a-g(E),

where B is economic benefit, a is the level of eco-
nomic loss in the absence of control of the dis-
ease 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 envis-
aged as consisting of possible start-up, fixed or
overhead costs, k, and variable outlays, E. Thus:

C=k+E,

where k > 0. Therefore, the net benefit from
disease control is:

NB=B-C=a-g(E)-(k+E)
= f(E)-(k+E)

If the benefit function increases at a decreasing
rate, i.e. if f' > 0 and f” < 0, net benefits from dis-
ease control will be maximized when the value of
E, expenditure on control, is such that the extra
economic benefits from control equal the extra
costs of control, i.e. for the value of E for which:

f(E)=1
This is so, provided that for this value:

f(E)-(k+E)>0

i.e. total benefits exceed total cost. Otherwise,
no expenditure on controlling the disease is
optimal. Other things equal, the higher k is,
the more likely it is that no control is optimal.
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Fig. 4.2. A cost-benefit model for livestock
disease control in which start-up costs give rise
to a threshold effect.

However, even if k = 0, it is possible that no
control of a disease is optimal because the mar-
ginal 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 > 0, creates a control
threshold. If it is economic to control the disease,
control must be on a minimum scale before ben-
efits cover costs. This can be illustrated by Fig.
4.2. In this figure, start-up costs are shown as
OH and line OHJ (a 45° 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.

From Fig. 4.2, 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
Fig. 4.2. Other things equal, the larger the
start-up costs, the larger is the control outlay
required before benefits cover costs.

A Second Economic Source of
a Disease Control Threshold

The economic benefit curve from expenditure
on the control of a livestock disease may not
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be strictly concave everywhere, unlike in the
model considered above. It may, for example,
take a logistic form like that shown in Fig. 4.3
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°
line OL] represents total outlay on control of
the disease.

The net benefits of control are maximized
when E, = Y, is spent on controlling the dis-
ease. 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.

Discussion

Empirical evidence is of course needed to
establish which types of benefit and cost
functions are relevant to the control of par-
ticular 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 func-
tions would actually meet line AG in Fig. 4.2
rather than merely approach it. The model-
ling can also be extended to take account of
the simultaneous control of several diseases
as suggested in Tisdell (1995) and more
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Fig. 4.3. Another cost-benefit model in which
economies of scale rather than start-up costs of
control give rise to a threshold effect.

specific allowance can be made for time.
Nevertheless, the above simple models pro-
vide policy insights.

They highlight the potential impor-
tance of thresholds for the control of live-
stock 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 out-
lays 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 exam-
ple, if the economic value of particular
types of livestock increases, then greater
benefits are obtained by controlling dis-
eases that afflict these livestock. The models
outlined can also be used to show that dis-
eases causing great economic loss may be
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 con-
trol than a disease that causes smaller eco-
nomicloss. 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 live-
stock diseases is uncertainty about the eco-
nomic 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 illus-
trated by Fig. 4.1 if k = 0 or is small, i.e. if
start-up costs are zero or very small (see
Tisdell, 1996, chapter 3).

More information may also be collected
about the nature of the benefit and cost
curves, for example from trials or experi-
ments. However, even the collection and
processing of information has an economic
dimension. Baumol and Quandt (1964) sug-
gested that it is only economic to collect
and process information up to the level
where the extra cost of this equals its
expected extra economic value (see also
Tisdell, 1996, chapter 1; Ramsay et al., 1999).
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Thus, even if it were possible to collect
enough information to obtain perfect
knowledge of the benefits and costs of con-
trolling a livestock disease, it may not be
economic to do that. Or, in the case of pub-
lic administration, less funds may be pro-
vided to obtain information about the
benefits and costs of control of livestock
diseases than are optimal. Consequently,
much decision making about the economi-

cally 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 on decision-making
models, some of which were stimulated by
the development of the theory of games
(von Neumann and Morgenstern, 1953;
Tisdell, 1968, chapter 2).



5 Data Collection

Introduction

When performing an economic analysis of
animal health and production, it is easy to
forget the need to carry out data collection.
Sophisticated analyses can be meaningless
if the data used are of poor quality either
through badly planned data collection exer-
cises or the need to use estimates due to a lack
of data. Planning and implementation of data
collection itself are economic exercises where
there needs to be a balance between the costs
of collecting the data versus the extra bene-
fits of refining information provided through
analysis. The principles described in Chapter
3 of marginal costs and benefits should be
applied to a data collection exercise. This chap-
ter briefly describes the important elements of
data collection, from descriptions of what data
are to the need for careful management of a
data collection exercise. This is followed by a
contribution from Rommy Viscarra with an
overview of the data collection tools available
for the economic analysis of animal health and
production. First a brief introduction on the
familiarization of an area is presented.

Familiarization of an area

Before beginning an economic data collec-
tion exercise, it is recommended to carry out

a thorough familiarization of the area where
the work will take place. Three activities are
highlighted in this initial phase:

1. Check all available secondary data through:

(a) A web search for the area and the live-
stock sector.

(b) Organizations: find out which organi-
zations have been working in the area,
e.g. government, cooperatives, aid
organizations, etc., and check if they
have records or reports.

(¢) Individuals: find out if the farmers
keep records of their activities and
enterprises.

(d) The important data to find are:

(i) prices of agricultural commodi-
ties and agricultural inputs;

(ii) quantity data from local markets,
purchasers and suppliers of agri-
cultural produce;
population data (both human
and animal);

(iv) farm size data;

(v) weather data to determine impor-

tant seasons.
2. Visit the area with a guide and make care-
ful observations using your eyes and ears; do
not miss an opportunity to observe what is
taking place in the fields. Turn these initial
observations into questions to your guide
and to the farmers you initially visit. A note
of caution at this stage, check if your guide is

(iii)
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familiar with the area and if the farmers you
talk to are representative of the area.
3. Record all observations in a diary.

Once familiarization of the area has taken
place, develop a list of questions that need
to be answered on the topic of interest. These
should be given to your guide and it is use-
ful to question a small selection of farmers
on future visits. Notes should be made at the
time of visit to allow for clarification of the
answers. This first stage will help to place
the purposes of the data collection into per-
spective. It should help to determine what is
feasible and what is infeasible to collect in a
more formal approach. It will also direct the
most appropriate methods that will be used.

What Are Data?

Data are a series of observations, measure-
ments or facts that can be either qualitative
or quantitative, the former generally being
thought of as ‘subjective, verbal and descrip-
tive’ and the latter as ‘objective, numerical
and amenable to mathematical analysis’
(Moris and Copestake, 1993).

A distinction is made between data and
information. Data are collected and turned
into information by analysis. For quantitative
data collection an analysis structure is usually
an important aspect in directing data collec-
tion. Therefore, information plays a key role
in directing data collection.

Who Needs To Collect Data?

Data are collected in many forms. For exam-
ple, a farmer is constantly collecting data on
their livestock, farm and household systems.
These data are analysed to manage exist-
ing and plan future livestock enterprises
and household activities. These data may be
stored on record sheets, computer databases
or in most cases around the world these data
are simply stored in the farmer’s head.

Data are also collected by governments
in order to assess the importance of the
livestock sector in terms of its contribution
to the general economy and employment.

Governments require such data to plan devel-
opment initiatives, programmes and projects
and monitor the impact of policy.

The agrobusiness companies, either
providing inputs or marketing and process-
ing outputs, also need data to manage their
activities and plan for future services and
investments in the livestock sector. These data
may also be used to lobby governments on
the need for policies, programmes and proj-
ects that support the livestock sector in gen-
eral. The storage of data by large organizations
generally has a formal structure and usually
requires computerization.

Is Livestock Data Collection Different
from Other Types of Data Collection?

Poate and Daplyn (1993) state that ‘livestock
data collection does not present different prob-
lems from other farming activities” but they
go on to say that the long production cycle of
large animals requires a different strategy for
data collection. They specifically recommend
that production parameters such as mortality
and fertility rates are estimated by ‘recording
historical life cycles for a number of animals’.
In addition to these differences two other
aspects complicate livestock data collection:

e nomadic or semi-nomadic livestock-
owning communities present special
problems for sample selection and
enumeration; and

e continuous production activities such as
milk or eggs require frequent detailed
recording.

These problems will be discussed inmore detail
in the tools available for data collection.

Different Levels of Data Collection

Data collection for the economic analysis
of livestock systems can be conveniently
split into three levels: the animal, the
herd/flock and the farm/household (Fig. 1,
Preface, this volume). The types of data to
be collected at each level will be different,
and data collection methods used at the
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different levels will need to reflect these
differences. In addition to the levels of data
collection for the livestock systems, there is
also a need to consider the input and out-
put markets that livestock producers use,
and the influence of government policies
and programmes on the livestock sector in
general (see Fig. 5.1).

Animal

At the animal level, data collection can include:

e age;
e milk or egg production;
e  weight gain or loss;

o fertility;

e feed intake;

e disease; and

e drug usage.

Feed intake, milk or egg production requires
frequent data collection from the same farms.

Fertility data and recording of inputs such as
drugs would not require such regular record-
ing. Animal data can be used to determine
physical productivity parameters, input-—
output coefficients and epidemiological
information.

Herd/flock

At the herd/flock level, data can include:

numbers of animals in a herd /flock;
e  herd/flock age structure;
e  herd/flock inputs.

Herd or flock data can be used to assess
breeding performance and characteristics,
sales and purchases and life cycle events.
Livestock numbers may be used as an indica-
tor of wealth, to assess pressure on grazing or
feed stocks or as a measure of draught avail-
able in the community.

Government policies
Macro, livestock, poultry and animal health

'

Policy instruments Laws Programmes Projects —
Consumerlevel
Consumers| | Consumers| | Consumers| | Consumers| | Consumers|<—
Market and processing level T """""""" 1 """""""""""""""""""""""""""""""
Poultry Poultry Poultry |
traders and processors| |traders and processors| |traders and processors
A 1
Producerlevel b ¥
Poultry Poultry Poultry Poultry Poultry
keepers keepers keepers keepers keepers
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4 Ll i
Flock level
|Biras| |Bids| |[Bids| |Birds| |Birds| |Birds| |[Birds| |Birds H

Fig. 5.1. The different levels of data collection for the livestock sector.
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Farm/household

At the farm /household level, data can include:

e labour availability;

e competition for resources with the live-
stock enterprise of interest;

e the use of livestock products by other
farm/household activities;

e attitudes to the livestock such as interest,
status, etc.; and

e knowledge of livestock management
issues including local knowledge systems.

These data are required for determining farm
management strategies and assessing the
potential for adopting new technologies.

Markets

It is also important to recognize that mar-
ket data are required to carry out economic
analysis in order to convert production
into monetary values. In some cases this
is straightforward, as a disease may affect
growth or production but have no impact on
the quality of product produced and hence
the price received per unit. However, dis-
eases such as mastitis do affect the quality
of product and in situations where produc-
ers are rewarded for good-quality milk and
punished for bad quality there is an impact
on price. Another example is pig meat with
cysts, which has a much lower value than
meat that is free of cysts. Therefore, market
information needs to recognize prices for
quantity and quality.

The economic analyses that are con-
cerned with the impact of diseases in a much
wider national or regional sense need to esti-
mate the impact on the changes in production
levels on prices. With changes in output of
livestock products there is likely to be a
change in the price of that product. The shape
of the supply and demand curves will deter-
mine if an overall change is positive and who
are the winners and losers within the society.

Again there are different levels of market
data collection:

e Household market data. These are
needed in situations where much of the

produce from an enterprise is being con-
sumed by the household members.

e Local market data. These could be from
villages or local towns. The source of the
data will depend on the infrastructure
connecting the place where the goods are
produced and where they are sold.

e National market data. These data may
indicate the differences in market struc-
ture for a country and help to explain
reasons for the concentrations of certain
specializations in different areas of a
country.

¢ International market data. These data are
required for analysis on protection or
taxation of agricultural production.

Policies

Much valuable discussion and specification
exists of what needs to be achieved in live-
stock development, but there is much less on
how this should be achieved (Omamo, 2003).
One of the reasons is the lack of knowledge
of how policies influence changes in the
livestock sector and how these subsequent
changes affect the livelihood strategies of
the poor and have an impact on poverty
reduction. However, such changes in live-
stock sectors are taking place (planned and
unplanned) and there exists evidence to
improve the understanding of the impact
on poverty of these changes and the policies
that encourage or constrain these changes.
In order to explore how policy affects access
to public and private goods by livestock
producers and people involved and affected
by the livestock sector, it is necessary to
identify the political, institutional and tech-
nological constraints that affect livestock
development.

The institutional domain refers to ‘how
people organize themselves and relate to each
other’. Formal and informal organizations and
institutions with influence on livestock-
keeping systems and livestock keepers are
considered. In addition, there are social, cul-
tural and economic factors that can influence
people’s relations. In particular, the research
examined how people:
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e Promote, adopt and adapt technology
and inputs.

e  Make market transactions.

e And if there are differences in the
nature of these relationships between
poor and non-poor groups within the
society.

The policy domain is part of the produc-
tion environment created by governments,
non-governmental organizations (NGOs)
and private companies. Policies on their
own are just statements. To have an effect
or impact, these policies need policy instru-
ments such as laws, programmes and proj-
ects. The key question here is what are the
key policies for the livestock sector? The
focus is on specific livestock policies, but
there is also a need to consider policies that
affect livestock systems and institutional
relationships such as credit policy, land
tenure, education, etc. There is a need to
investigate how livestock systems and the
relationships between actors are affected
by policies. These impacts can be posi-
tive, neutral or negative, and should be
differentiating by socio-economic group.
The important end point with policy data
collection and analysis is to determine the
impacts on the poorest and look for means
of poverty reduction.

The above identified levels are an
enabling environment where policies are
made and are implemented through laws,
programmes and projects. Examples of
these are:

1. A policy to increase livestock production
may be implemented through a project that
introduces high-yielding breeds of animals
that directly affect the herd or flock level.

2. A policy to increase the efficiency of
feed resource use could be implemented by
improving herd or flock fertility management
in order to generate more young stock per
breeding female. This would influence the
relationship between the herd or flock and
the livestock keepers.

3. A policy to empower women may be
implemented by extension messages that tar-
get women with training and information.
This would influence the intra-household
dynamics of the livestock keepers.

4. A policy to increase government revenues
could be implemented through laws that put
value-added tax on livestock and livestock
products. This would affect the relationships
between livestock keepers, livestock traders,
livestock processors and also consumers.

5. A policy to improve the nutrition of urban
consumers could be implemented through
the introduction of subsidies on livestock
products. This would influence the relation-
ship between livestock product traders and
processors and consumers.

Data collection requires searches of reports,
policies, laws, programmes and projects.

A note: there are different ways of
measuring inputs and outputs

Standard units for livestock inputs and out-
puts would be litres, kilograms and tonnes.
Plus it is common practice to convert the
monetary estimates into American dollars.
However, not all countries or regions within
countries use these measures to estimate the
quantities of inputs and outputs.

Milk in many countries is not sold in
metric units. In the USA, measures used are
quarts and gallons. In Nepal, milk is sold in
units known as ‘Mana’ that are equivalent to
0.598 of a litre. In the high Andes of Bolivia,
sheep are small and sold by the head not by
weight, which would require data collection
on an average weight.

In many developing countries, farmers
slaughter animals on their farms and sell the
meat. The offal is eaten by the family, so an
estimate of the number of animals slaugh-
tered with the weight and nutritive value of
the offal is required to estimate the family
consumption of protein from such sources.

Manure and draught power are common
livestock products used within a farming sys-
tem. In countries such as India, markets exist
for draught power and farmers will be able to
say how many days’ work are required to
plough an area of land and how much 1 day
of an oxen team is worth. This can then be
converted into monetary value or a measure
of horsepower used. Similarly, the body-
weights of animals and the types of housing
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and grazing systems can be used to estimate
the availability of manure for a family’s crop-
ping system. If this information is combined
with information on the chemical composi-
tion of manure, estimates of chemical avail-
ability of the manure can be made.

Which monetary unit to use for inter-
national estimates has also been made more
complicated with the fluctuations of the
American dollar. Any analysis that is pres-
ent in dollars needs to recognize that a rise
in the value of output may partially reflect
the devaluation of the dollar. Similarly, in
the past a reduction in the value of the out-
put may have been related to a very strong
dollar.

The Management of Livestock
Data Collection

The key to obtaining good livestock sector
data is a well-managed collection exercise.
This is an area that is frequently ignored once
survey and questionnaire design have been
completed. If the data collection exercise is
not properly managed data will be missing
and data quality will be poor. The key com-
ponents to achieving good data collection
management are:

1. Clearly defined organizational structure;
2. Recruitment of appropriate enumerators
and supervisors;

3. Good training and retraining procedures;
4. Provision of appropriate facilities and
equipment for staff;

5. Appropriate level of public relations to
encourage respondent’s and local organiza-
tion’s cooperation;

6. Effective supervision of data collection
procedure and early checking of data;

7. Appropriate data input and preliminary
analysis procedures;

8. Timely report writing.

Informal survey

Informal surveys are normally small and
the teams implementing them are usually

highly skilled and motivated. Therefore, it is
unlikely that organization will be a problem.
However, beware of lags in the report writing
from such surveys, as one of the strengths of
such work is the timeliness of the information
they provide.

Formal surveys

A number of decisions have to be made
with formal surveys. Enumerators have to
be recruited and their quality will play a
vital role in the quality of the data collected.
Decisions have to be made about: Where to
recruit the enumerators from? What form
of organization to construct? Use personnel
from an existing body? Recruit personnel
specifically for the survey and establish a per-
manent body?
All decisions will be dependent on the:

1. Resources available for the survey;

2. Data to be collected;

3. Organization in the area;

For example, the presence of a veterinary
college would allow veterinary students to
be employed to collect data. The advantage
of this approach would be that they would
know the subject area. However, the dis-
advantage is that their own interests may
influence the data collected.

4. Length of time the data collection will run.

There is little point in establishing a perman-
ent body for the completion of a cross-
sectional survey.

Whether establishing a permanent body
or utilizing personnel from other organiza-
tions, it is important to establish a clear,
explicit, complete and unambiguous struc-
ture of responsibilities, reporting and com-
munication. Organizational charts are useful
to ensure that each person is responsible to
one and only one supervisor. It is also neces-
sary not to have too many subordinates. An
absolute maximum should be seven and a
minimum five. The ratio, however, will
depend on the ease of access of the subordi-
nates. For example, if enumerators are based
in close proximity to each other it would be
feasible for a supervisor to supervise seven.
However, in sparsely populated regions
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where enumerators are widely spread, jour-
ney times to visit enumerators will increase
and subsequently the number of supervisors
to enumerators should be reduced. Provision
of clear duty statements or terms of reference
is recommended for reducing conflict.

Recruitment of field workers

Recruitment of field workers requires the
consideration of the following issues:

e  Educational level:
Reading, writing and arithmetic, but also
method of thinking.

e  Formal skills:
Use of equipment, map knowledge,
interviewing skills, rural knowledge/
background, and language skills; rural
knowledge particularly of livestock and
livestock issues may be critical for farm-
ers to take an enumerator seriously.

e  Personal skills:
Self-reliance and motivation, maturity,
courteous, flexible, honest.

It should be noted that good education levels
are not the only criteria for selection of field
staff. Where staff are selected who are over-
qualified for the data collection work, it can
lead to frustrations and difficulties in com-
pleting the work satisfactorily.

Informing stakeholders of the data
collection exercise

Before a survey begins, the respondents need
to understand the reason for the survey being
done. It will be useful to outline the benefit to
the respondents, but beware of raising expec-
tations too high. Farmers should not be told
that they will receive a miracle medicine or
gift. Reassurances that the data collection
will be confidential and will not lead to tax
assessments may also be necessary. These
messages may be presented to local lead-
ers and farmer organizations, or through
media such as posters, radio and television.
After initial introduction of the survey, it is
important that the enumerators are properly

introduced to the local people. It may be nec-
essary to ask the local leader to come with
the enumerators during the first visit to an
area.

Training and supervision

Training should include material on the:

e reasons for the survey to be carried out
and its relevance to national and local
development;

e rationale of sampling employed;

e  purpose of particular measurement tech-
niques or topics.

Course material should be compiled as an
enumerator manual, which can subsequently
be used as a reference guide in the field.

Supervision of data collection
procedure and early checking of data

Supervision of fieldwork needs to be carried
out in the field and in the office. Field visits
should be random to check on the activity of
enumerators and the visits should include
supervision of the actual data being collected,
not just a brief chat and a handover of com-
pleted forms. Forms should be scanned by
the supervisor before being hand on. This will
allow a check of the data being collected. It is
usually relatively easy for a trained eye to see
data that are being fabricated or data that are
not being taken correctly. Questions that are
generating the wrong data need to be care-
fully assessed. Although it may be possible to
retrain the enumerator, it may be necessary to
consider dropping the question from the sur-
vey. The following considerations have to be
made before coming to a decision:

e How important is the question?

e How large a part of the sample has
already been wrongly enumerated?

e How costly in resources and time it
would be to go back and gather data
again?

e  Whetheritis physically possible to repeat
the measurement or interview?



Data Collection 57

Other possible errors relate to the sampling
frame used. Bad questions need to be changed
or dropped. The list for making a decision is
similar to the one above.

Data checking, entry and storage

Establishment of good data input facilities and
procedures will facilitate data analysis. This
is vital for the production of timely reports.
It is important to make best use of computer
facilities for repetitive checking of data and
assessment of its quality. There should also
be a good level of feedback to field staff. This
is important for both good- and bad-quality
data. Do not use the feedback to tell bad news;
use it as a means of telling the staff they are
doing a good job. Maintaining good morale
in the field staff is a large part of the battle of
maintaining data quality.

Summary

Data and data collection are not the ‘sexiest” of
subjects, particularly in the field of economics
and agricultural economics, where more and
more emphasis is given to complex analyti-
cal methods. However, it is worth reflecting

that all analytical methods require data either
for their development and/or their verifica-
tion. The quality of an appraisal is as much
to do with the quality of data as it is with the
analytical structure. The quality of data is
related to the planning and management of
the data collection. Once available, data need
to be analysed using an open and flexible
approach, where interesting and less obvi-
ous trends in the data set should be analysed.
In such an approach, it is important to place
the data analysis and the appraisal of the
livestock system within the socio-economic
and cultural environment of the livestock
keepers. The end point of such analyses is
to provide information that can be used by
livestock keepers, technical staff working
with livestock keepers and political decision
makers. The latter groups are in positions of
allocating resources to the livestock sector
and their decisions can only be improved if
they are provided with information gener-
ated by good data collection systems, data
and appraisal methods.

Chapter 6 includes a contribution from
Rommy Viscarra, who has a broad experience
of primary livestock sector data collection
in Bolivia and of secondary data collection in
Latin America. It will present a broad over-
view of the main types of livestock data col-
lection methods available.



6 Livestock Data Collection Methods

Rommy Viscarra and Jonathan Rushton

Primary livestock data collection methods can
be classified into the following categories:

1. Informal data collection methods:
e participatory rural appraisal (PRA);
e rapid rural appraisal (RRA).
2. Formal data collection:
e cross-sectional;
e longitudinal.
3. Combination of informal and formal data
collection methods.

The following discussion will detail some
problems of sampling for the different live-
stock data collection methods. However, it
does not include statistical sampling meth-
ods. Those requiring more information on
sampling and statistical design are referred
to Poate and Daplyn (1993, chapters 2 and 3),
Casley and Lury (1981, chapter 4) and Putt
etal. (1988). For those more interested in
general sampling biases that can be intro-
duced by informal methods please refer to
Kumar (1993, pp. 16-18), and for biases cre-
ated by rapid execution of these methods to
Heffernan et al. (2003, 2005).

In addition to primary data collection
methods it is important to mention that much
data and information already exist and are more
accessible than ever before through the use of
web searches. Before investing time, money
and energy in planning primary data collec-
tion exercises, the authors recommend doing
searches for available data and information.

Informal

Informal data collection methods use unstruc-
tured or semi-structured methods of col-
lecting data, and do not concern themselves
with obtaining a representative sample of
the study population. A number of general
reference works are available on informal
methods (McCracken et al., 1988; Theis and
Grady, 1991; Kumar, 1993; Narayan, 1996)
and there are some reference works for live-
stock (Waters-Bayer and Bayer, 1994; RRA
Notes, 1994; Conroy, 2005).

Rapid rural appraisal (RRA)

According to McCracken et al. (1988), RRA are
methodologies ‘which make use of a multi-
disciplinary team, working with farmers and
community leaders to develop in a quick, yet
systematic fashion, a series of hypotheses for
such purposes as:

1. Assessing the agricultural and other devel-
opment needs of community;

2. Identifying priorities for further research
into those development needs;

3. Assessing the feasibility (on both social
and technical criteria) of planned interven-
tions and innovations;

4. Identifying priorities for development
actions;
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5. Implementing development actions; or
6. Monitoring development actions’.

In some instances, as the above description
demonstrates, there is very little to distin-
guish RRA from PRA. However, they can be
distinguished by the role of the data providers
in the data analysis. RRA gathers data and the
analysis is performed by the researcher.

RRA is useful where the researcher has a
lack of time and resources available to carry
out more formal methods of data collection.
If well done, RRA can generate data of as
good a quality as more formal methods. An
example of an RRA method used for livestock
data collection is livestock interviews or pro-
geny histories. This method has been used by
livestock professionals for many years, but
has only recently been documented.

Livestock interviews or progeny histories

Progeny histories can be used to collect data
on mortality and morbidity rates, reproduct-
ive and sale rates. They provide a means of
structured memory recall.

The following list of questions can be
used for this:

1. For each adult in the herd/flock ask:
Where did it come from?
How many times has it been pregnant?
How many abortions has it had?

2. Then for each birth ask:
Was it a single or a twin?
What happened to the offspring?
Why?

These questions should generate information
on abortions, offspring disposal and mortalities.
There is a potential bias with this method. The
better animals will stay the longest on the farm
and therefore there is greater chance of them
being interviewed. Also, if the herd/flock is
large the question arises which animals do you
interview. Again the farmer is likely to select the
best, as he/she will probably want to impress
an outsider. It may be worth asking to see the
best, the worst and the average animal. Finally,
in a flock of sheep or a herd of goats, individ-
ual performance details may not be available.
Therefore, the use of this method needs some
caution, and in some instances modification.

Participatory rural appraisal

PRA is a process ‘which actively involves the
rural people in identifying their problems,
seeking solutions and evaluating results. PRA
combines local capacities for development
planning with those of external develop-
ment agents’ (Waters-Bayer and Bayer, 1994).
Narayan (1996) also describes participatory
research as ‘an approach to data collection that
is two-directional (both from the researcher to
the subject, and from the subject to researcher).
The process itself is dynamic, demand-based
and change-oriented’. Therefore, PRA requires
the farm household members to be involved
in both data giving and data analysis.
Information generated from PRA exer-
cises should then be available to the local
community in order to plan their own devel-
opment. This empowerment of the target
groups is the basis for long-term success of
data collection activities. The more appropri-
ate the data collection activities for assisting
households with their development, the more
likely the data collection will continue to be
used. These activities do not need to be con-
fined to informal data collection methods. For
example, formal methods such as dairy
recording systems are successful because the
information generated allows farmers to plan
their enterprise future with greater certainty.

Livestock in general

Waters-Bayer and Bayer (1994) produced an
excellent review of the rapid and PRA meth-
ods available for livestock data collection and
development. Many of the main tools are well
described in their manual and have changed
little since this publication.

Conroy (2005) has added to the Waters-
Bayer and Bayer book with another excellent
review of two general methods: participatory
situation analysis and participatory experi-
mentation. The former is a subject area that
has been developed from RRA and PRA,
which are subjects that have been at the fore-
front of livestock development since the late
1990s. Participatory livestock experimentation
in his book is well covered with examples
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from different regions. The only limitation of
Conroy’s book is that it does not include the
organizational or institutional context of
farmer participation and experimentation;
nor does it go into detail on general livestock
development issues.

Heffernan et al. (2003, 2005) have worked
extensively on poverty and livestock devel-
opment, collecting data from three different
continents. Their models of how to bring
these data together and produce information
are based around conceptual ideas of inter-
linking layers of the livestock sector. While
useful, these models have yet to be tried in a
development context and only recently has
the group moved into extension and infor-
mation provision. The latter has been on the
basis of providing information through touch-
screen computer information points.

Animal health

Mariner (2001) has been very successful in
developing participatory methodologies in
searching for rinderpest in the Horn of Africa
and Pakistan. These methods have involved
a mixture of key informant interviews and
prioritization methods of diseases and treat-
ments, combined with scientific disease
investigation. In the FAO manual Mariner
produced details on his field experiences in
the latter stages of the worldwide rinder-
pest eradication programmes. Catley (1999,
2005) details the key participatory methods

for collecting data on animal health and their
overlap with conventional methods.

Rushton and Viscarra (2003) present how
participatory methodologies can be used
within a more general epidemiology and data
collection framework that combines participa-
tory and scientific data collection to help pri-
oritize disease at local, regional and national
level in order to direct animal disease control
policies. These methods have been applied in
a Bolivian context.

Many informal PRA methods exist for
livestock systems. Two examples are provided
that illustrate how these techniques can be
used to help community development. For a
complete list readers are referred to Waters-
Bayer and Bayer (1994, chapter 2).

Preference for livestock

Mukherjee (1994) describes the use of the
matrix method to determine the preference
for different types of livestock. Cattle, goats,
poultry and donkeys were ranked according
to six attributes: number kept; utility; hardi-
ness; security; ease of acquisition; and ease of
marketing. Ideally a farmer, or group of farm-
ers, would be given a set number of counters
and asked to place appropriate quantities on
the attributes of each species. The resulting
matrices could then be used to assess how
important each species was. The final table
may look something like below and the per-
centages have been calculated to give some
impression of the importance of each attri-
bute (Table 6.1).

Table 6.1. Results of a matrix ranking exercise.

Species
Cattle Goats Donkeys Poultry
Attributes Number % Number %  Number % Number %
Numbers kept 3 10 10 20 5 13 9 17
Utility 9 29 18 36 7 18 14 27
Hardiness 5 16 6 12 13 34 10 19
Security 10 32 7 14 7 18 6 12
Ease of acquisition 2 6 4 8 3 8 6 12
Ease of marketing 2 6 5 10 3 8 7 13
Total 31 100 50 100 38 100 52 100
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Production priorities

The production priorities method links two
important aspects of PRA, a ranking exercise
with a simple causal model to stimulate dis-
cussion and prioritize further data collection
and analysis.

A group of farmers are asked to partici-
pate. This group should have representatives
from the different socio-economic groups. The
groups are asked to list the outputs from a
livestock enterprise. The outputs are written
or drawn on the ground. Each farmer is given
a set number of counters and asked to allocate
the counters according to the importance of
each output. The results are recorded. A simi-
lar approach is then applied to livestock enter-
prise inputs. The results are then examined to
find the important inputs and outputs.
Farmers are then asked to discuss how the
important output(s) is/are related to the
important input(s). If the understanding of
the relationship is poor then longitudinal data
collection and further analysis can be sug-
gested so that development opportunities can
be assessed.

PRA summary

Successful use of PRA often requires a change
in attitude of people involved in the exer-
cise. Outsiders are likely to find this easier to
achieve as they are willing to listen and learn
about new systems. However, it is a method
that may be difficult to apply by a researcher
who has been, or is, living, working and
possibly farming in the area of study for two
reasons. First, the researcher will have a good
idea of the farming systems, constraints and
requirements for the area. Second, for such a
researcher to carry out a PRA, it will be dif-
ficult to remain impartial as their perceived
value judgements may differ from people
interviewed, or where priorities raised or
ignored could affect the researcher’s own
livelihood. Waters-Bayer and Bayer (1994)
also note that ‘participatory planning with
local people is the commencement of a long
process and should not be started unless
there is a commitment from the initiators to
continue’.

Summary

Both RRA and PRA data collection methods
are valuable in allowing livestock keepers to
set agendas and establish target groups. They
are also often presented as techniques that
require fewer resources and time than for-
mal data collection methods. If informal data
collection techniques are well applied, it has
also been argued that they can produce more
appropriate data than formal approaches
(Franzel and Crawford, 1987). However, the
representative nature of the findings from
such studies relies on the knowledge and
abilities of the team carrying the RRA and
PRA surveys. The one-off nature of RRA
could create a data bias.

Formal

Formal data collection uses structured meth-
ods of data collection, often with statisti-
cal samples of farm households, a prepared
questionnaire and trained enumerators. The
method is seen as a more quantified approach
than the informal methods of data collection.
Formal approaches to data collection are well
described in a number of general data collec-
tion textbooks (Casley and Lury, 1981; Poate
and Daplyn, 1993). These books have sections
on the different types of formal survey work
such as censuses, sample surveys and case
studies. The books also include important
details of designing questionnaires, manag-
ing a data collection team and managing and
analysing the data.

Survey design will depend on the pur-
pose of the enquiry. Production studies within
a settled community would probably involve
longitudinal data collection, with a stratified
multistage sample design and static resident
enumerators. For data collection activities
that require an inventory of livestock from a
large area, a cross-sectional survey or aerial
survey may be used. Aerial surveys are of
importance for pastoral systems where it may
be difficult for enumerators to locate farmers.
These types of surveys are also vital for
wildlife number estimations (see Poate and
Daplyn, 1993).
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Sampling

Many descriptions of formal sampling proced-
ures are available in textbooks (Casley and
Lury, 1981, pp. 42-64; Putt et al., 1988, pp. 30—
37; Poate and Daplyn, 1993, chapters 2 and 3).
These descriptions provide information on
the difficulties of applying sampling meth-
odologies for household surveys. However,
only Putt et al. (1988) address the problems of
sampling of livestock populations. They raise
the problem that in most situations a sample
frame for animals will not exist. Their solu-
tionis to adopta multistage sampling method-
ology, which is essentially cluster sampling.
Household or village lists are used as the
sample frame for the initial sampling. Once
chosen, all animals in a village or household
will be surveyed. This has the advantage of
reducing travelling time. The disadvantage is
that the sample size for such a cluster sample
has to be larger than a random sample if an
estimate of a parameter is to be produced
with the same reliability. These issues of sam-
pling relate to individual animal information,
but the problems with sampling methods for
other levels of livestock data collection will be
similar to other types of survey.

Interviews and questionnaire design

No formal survey can be properly conducted
without a well-designed questionnaire and
interview protocol. This section will present
some issues relating to interview protocol,
questionnaire design and the use of cross-
sectional and longitudinal data collection
procedures for livestock data collection.
Good questionnaire formats and inter-
view protocols are vital for the success of a
formal data collection exercise (Putt et al.,
1988). The questionnaire ‘forms should be
orderly, with related items grouped together
(calf number, date of birth, place of birth),
convenient to use (the form should fit on a
clip board), and technical words not likely to
be understood by field staff avoided” (Putt
et al., 1988). The forms should also have a sec-
tion to record the date, place, farm and enu-
merator. Questions can be improved and

ambiguities reduced if the names of inputs,
outputs, diseases and common treatment
methods are accurately translated into the
local languages. Some data such as capital
assets, i.e. livestock, will be sensitive inform-
ation and farmers may not be willing to give
accurate figures if they are suspicious of the
use of the data. This type of data therefore
requires careful questioning, an element of
trust of the data collection process and in
some cases a means of double-checking if the
figures generated are correct.

General points on questionnaire design
and interview protocol would be:

1. Provide an explanation of the survey
purpose.

2. Do not ask leading questions. This will pro-
duce answers that the data providers think
you want to hear.

3. Do not make the questionnaire too long.

4. Questions that produce subjective data
should be avoided.

5. Long complicated questions tend to create
misunderstandings and wrong answers.

Finally the questionnaire and interview proto-
col should be tested and modifications made
before proceeding.

Cross-sectional

A cross-sectional formal survey involves a
one-off visit to livestock-keeping farms to
collect data. Such activities may involve a
sample of farmers or alternatively all farmers
may be included, i.e. a census. For a census,
data would usually be collected on the num-
ber, species and possibly sex and age of the
livestock held by each household. This type
of inventory data collection is prone to prob-
lems. First, such data collection has very little
participation of the local communities and its
use is usually for wide-scale planning needs of
areas. Second, concealment of land, crops and
animals is a constant problem. Land and crops
have the advantage of being immobile, but ani-
mals can be walked away. If the main purpose
of the survey is to count animals, a combined
approach, making use of household interviews
and ground or aerial transects, should be con-
sidered (Poate and Daplyn, 1993).
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Cross-sectional studies that involve col-
lecting data from a representative sample of
livestock keepers can provide important
details of herd structure. These can be used
to make estimates of the herd production
parameters such as offtake and fertility. These
methods require an understanding of live-
stock system dynamics, but, as discussed by
Matthewman and Perry (1985), there are limi-
tations with the approach. A minimum set of
data for such analysis would be total livestock
numbers, age and sex structure, fertility and
mortality. Such data require considerable
resources and ideally involve return visits at
yearly or biyearly time periods. Methods to
reduce the amount of time for surveys are to
use local terminology for ageing animals and
to shift the focus of survey work to individual
animals. Individual animal performance can
then be used in livestock models to estimate
herd performance (Poate and Daplyn, 1993).

Cross-sectional formal surveys are proba-
bly the least participative method of data collec-
tion. Data are taken from the local groups and
usually analysed by the researcher. The infor-
mation generated is usually the basis of further
research or development action. However, it is
unlikely that the analysis involves discussion
with the providers of the original data.

Longitudinal data collection

Formal longitudinal data collection is prob-
ably the most satisfactory method to obtain
data that can be used to generate livestock
production parameters, inputs and outputs.
However, there are limitations and problems
with this approach: it is expensive in terms of
enumerator staff and it requires careful thought
to ensure that the data providers remain com-
mitted and enthusiastic about the survey.
Continuous production such as milk,
eggs and weight gain and continuous inputs
such as feed require longitudinal data collec-
tion methods to obtain accurate information.
From a sampling point of view, the recording
frequency should be chosen to suit the accur-
acy and precision required from the survey.
The choice is between daily visits, frequent
less-than-daily visits and a single point esti-

mate. A single point estimate by memory
recall will tend to produce a long-run aver-
age estimate of output and may not reflect
the specific period accurately. However, fre-
quent visits are expensive in terms of
resources and time. Very frequent visits may
also run into problems of farmers having to
commit too much time to providing data.
While it may appear most accurate to have
daily visits, to avoid farmer fatigue, it is usu-
ally best to limit to fortnightly or monthly
visits. If data are required between visits,
farmer involvement should be sought. In
some cases, this can be achieved by involving
school children in collecting daily milk or
egg production or recording the feed and for-
age given to livestock.

Longitudinal data collection works best
where there is an analysis system in exis-
tence, supporting the data collection. This
allows information to be returned promptly
to the farmers. The analysis system may be
centred on a model. Alternatively, many sys-
tems are based on generating reports that can
be used by farmers to plan routine fertility
checks, identify high-performance animals
and keep accurate records on critical inputs.
Livestock systems where this two-way pro-
cess has been most successful are dairy cattle
systems. These systems require information
on the herd and individual animal perfor-
mance which can be used to produce accu-
rate livestock parameter information and
help to prioritize information for livestock
development.

To summarize, longitudinal data collec-
tion requires a two-way flow of data and
information if it is to be successful. If such a
data collection is implemented where no rele-
vant information is taken back to the livestock
keepers, it is unlikely that the farmers will
continue to participate, and if they do they
will probably provide poor-quality data.

Summary

Formal data collection methods require
greater resources and time to be completed
than informal methods, but are capable of
producing a more quantified approach. The



64 Chapter 6

choice of analysis method is dependent on
the skills and interests of the investigator.

Combination of Formal and
Informal Methods

Informal data collection techniques can be
used to determine the constraints of a system.
These, in turn, can be used to develop a ques-
tionnaireforaformalstudy. Preliminaryanaly-
sis can then be carried out by the researcher
and presented to the data providers for dis-
cussion and clarification of the findings.

The description of the production prio-
rities method described above provides a
good example where informal and formal
methods can be combined. This method has
been used in Java, Indonesia, to identify a
need to investigate the relationship between
grass intake and manure production. This

investigation required the use of formal lon-
gitudinal data collection methods and results
were then presented to the livestock farmers
concerned.

Summary

Livestock data collection methods can be dis-
tinguished by how data are collected, either
informally or formally, and by how the data
are analysed. For informal data collection,
RRA and PRA methods are distinguished.
RRA is seen as a process of data gathering
and analysis by the researcher, whereas PRA
data are both provided and analysed with the
target group. For formal data collection a dis-
tinction is made between cross-sectional and
longitudinal data collection methods. It is rec-
ommended that a combination of methods is
used in any study.



7 Economic Analysis Tools

Introduction

As stated in Chapter 3, the conceptual basis
of farm management, enterprise and business
analysis techniques is production econom-
ics. For those unfamiliar with this conceptual
background to these techniques, it is recom-
mended that they refer back to Chapter 3.
Enterprise management, be it for a large
commercial company or a small subsistence
farmer, requires judgements about the level
of input use that is appropriate. To answer
this question, information is needed on the
technical relationship between the inputs and
the output and the prices of the inputs and
the price of the output.

The underlying process of a livestock
operation is biological. The level of output is
directly related to the amount of input. The
type of relationship can take on various forms
and has been explained in Chapter 3, in the
description of the input and output relation-
ship (see Figs 3.1-3.3, Chapter 3, this volume).
This is of interest because it can help to deter-
mine the efficient area of production and the
optimum level of input use. However, the
biological optimum level of input use is not
necessarily the same as the economic opti-
mum. To calculate the latter requires input
and output prices. An enterprise budget is a
representation of the relationship between

inputs and outputs as a single point on a pro-
duction function (see Fig. 7.1).

The interest for someone involved in the
livestock sector is first to be able to describe
the current enterprise through the simple rep-
resentation of its inputs and outputs in the
form of an enterprise budget. This can then be
used to determine important inputs and
examine efficiency questions of the key out-
puts and inputs. Finally, if data have been col-
lected from different people involved in the
livestock sector, it will be possible to see vari-
ation in enterprise budgets between these
people. This information can be used to deter-
mine if some people are able to achieve better
levels of profitability than others and if
changes in production of the less good people
are profitable or not.

This is a very basic explanation of the
relationship between production economics
and farm management tools. Readers who
require a more in-depth study of this are rec-
ommended to refer to Boehlje and Eidman
(1984, pp. 86-127).

The remainder of this chapter will focus
on an explanation of the main farm manage-
ment analysis techniques, which for con-
venience have been split according to the
classification adopted by Dorward (1984) into
conventional and complex farm management
analysis techniques.

©CAB International 2009. The Economics of Animal Health and Production
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Fig. 7.1. Relationship between an enterprise budget and the production function.

Conventional Farm Management,
Enterprise and Business
Analysis Techniques

Conventional farm management, enterprise
and business analysis techniques such as input
and output analysis, gross margin analysis,
enterprise budgets and whole-farm budgets
are well explained in a number of farm man-
agement textbooks (Barnard and Nix, 1979;
Brown, 1979; Boehlje and Eidman, 1984; Dent
et al., 1986; Upton, 1987; Rae, 1994). These tech-
niques are widely used in developed coun-
tries to identify production improvements
and assess the value of change. Conventional
farm management analysis techniques, how-
ever, have not been widely adopted in devel-
oping countries. The reasons for the poor
adoption can only be placed in context with
a brief description of conventional farm man-
agement analysis techniques.

Gross margin analysis

Gross margin analysis is a technique used to
evaluate and compare the profitability of dif-
ferent enterprises. It is based on actual records
and each gross margin is essentially a single
point of an enterprise production function
(Kletke, 1989). Gross margin analysis assumes

that there is a set of fixed assets on the farm
and it only considers inputs that vary accord-
ing to the scale of the enterprise. The analysis
period is usually a year, or less if the enter-
prise is completed in a shorter time period. To
allow enterprise comparisons, it is normal to
divide a gross margin by the major limiting
resource used by the enterprise.

Gross margins can be used to perform
price sensitivity analysis, and a collection of
gross margins can be used to select the best
combination of enterprises. Dent ef al. (1986)
recommend that the selection of enterprises for
a farm system should be on the basis of choos-
ing the enterprise with the highest gross margin
first, and scaling this enterprise up to the max-
imum level possible within the constraints of the
fixed assets. The second enterprise would be
chosen in a similar manner (Dent et al., 1986).

Gross margins can either be generated
from on-farm records or taken from standard
reference books such as the Nix Pocketbook (Nix,
2001). Both sources depend on gross margin
analysis techniques being appropriate for the
farming system. In smallholder farming sys-
tems, gross margin analysis has limited applic-
ability. For instance, gross margins value an
enterprise by its final financial output, and this
is usually represented as an output per unit of
land area. In many smallholder farming sys-
tems, financial returns are not the only criteria
for enterprise selection. Other constraints, such
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as the need to generate food grains, can play
an important part in decision making. Poor
applicability of gross margin analysis at farm
level reduces the incentive to collect gross mar-
gin data. The lack of data reduces the number
of gross margin models available for enterprise
comparisons.

Gross margin analysis is a useful tech-
nique for livestock and farming systems ana-
lysis where quantitative enterprise data are
available and farmers are primarily motivated
by profit maximization. Where profit maximi-
zation is not the main goal, the gross margin
analysis structure needs to be adapted. This
would probably require graphical output of
resource use and production, and less reliance
on the final financial figure summary.

Additional issues that need to be taken
into account when using gross margins are:

1. Comparisons of livestock enterprises with
gross margins are only justified where the
production systems are similar.

2. Differences in gross margins, given simi-
lar conditions, are due to the level of yield
obtained and/or price differences of inputs
and output. To make justifiable comparisons
in terms of efficiency, the input and output
prices used and the climatic conditions of the
year the calculation was carried out should be
clearly indicated.

3. Gross margin figures should never be looked
at in isolation and should always show the
workings for the costs. The very nature of how
one farmer produces a litre of milk may mean
that costs would be variable in one system and
fixed in another, e.g. the hiring of labour ver-
sus permanent labour to milk animals.

The gross margin is defined as the enterprise
output less the variable costs attributable to it:

Gross margin = Output — Variable costs

While this is a familiar technique for most farm
management specialists, there are a number of
important issues when applying the gross mar-
gin model to a livestock enterprise. Livestock
outputs should include all animals and pro-
duce sold and purchased. For subsistence sys-
tems, this requires the monitoring of animals
slaughtered for home consumption and milk
and eggs used in the house. It will also require
the recording of animal gifts to, and from, the

enterprise. Finally, the usual time period for
gross margin analysis is 1 year, which is shorter
than the life cycle of larger animals. Therefore,
there is a need to recognize a change in herd
value, which is not a cash item but a change
in capital value. The following gives a clear
statement of what outputs to look for from a
livestock system.

Livestock outputs

1. Animals and produce ‘out’ — these items will
be positive. They include:

 sales of products; milk, meat, hides, wool,
hair, draught power;

 sales of animals;

« home consumption of products;

« gifts of animals or products, for payment of
labour or presents.

2. Animals and produce ‘in’ — these items will
be negative. They include:

« livestock purchases;

« gifts of livestock received or animals trans-
ferred into the enterprise or herd from
another enterprise or herd on the farm.

3. The change in the value of the herd (can
either be positive or negative). This is calculated
by the following method:

e closing valuation of the herd (the number of
animals at the end of the period multiplied
by their value) minus the opening valuation
of the herd (the number of animals at the
beginning of the period multiplied by their
value).

Variable costs

Variable costs are those costs that vary in the
short run, and vary directly with the amount
of output produced, declining to zero if output
is zero. In practical terms, variable costs can
easily be allocated to individual enterprises.
Variable costs include items such as feed,
veterinary inputs, seed, fertilizer, insecticide,
marketing costs and casual labour (employed
specially for certain jobs such as harvesting,
in contrast to permanent or regular labour,
which is a fixed cost).

Although in theory, fuel and oil con-
sumed by vehicles, gas, water and electricity
charges are variable, they are generally not
included in variable costs in farm accounting,
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unless they can be assigned to a specific enter-
prise and increase in proportion to its output.

Other resources will vary according to
the enterprise chosen by the farmer and the
scale of those enterprises, e.g. the number of
cattle maintained. These resources are described
as variable costs and are included in the gross
margin analysis. The variable costs should
satisfy two criteria:

1. Be specific to a single enterprise;
2. Vary approximately in proportion to the
size of the enterprise.

For variable costs, it is normal that live-
stock enterprises split these into forage
costs and other costs. Therefore, there will
be two gross margin figures, gross margin
before forage costs and a gross margin with
forage costs. This again requires consid-
eration of data collection required for live-
stock-related activities and forage-growing
activities.

Figure 7.2 presents the gross margin
structures for crop, non-grazing and grazing
livestock based on a British farm management
perspective.

Determination of Gross Margins

CROPS NON-GRAZING GRAZING
LIVESTOCK LIVESTOCK
ENTERPRISE ENTERPRISE ENTERPRISE
OUTPUT OUTPUT OUTPUT
Minus Minus Minus
VARIABLE COSTS VARIABLE COSTS VARIABLE COSTS
Seed (incl. home-grown) ) )
Fertilizer Concentrates (incl. home Concentrates (incl. home

Sprays and chemicals grown)

Contract (specific)
Casual labour
Miscellaneous

(specific)

and

Purchased roughages

Veterinary and medical
Miscellaneous

grown)

Purchased roughages
(specific)

Veterinary and medical
Miscellaneous

(Mainly in horticulture)
Marketing expenses
Commission
Containers
Glasshouse fuel

Equals

Equals

I
Equals
I

GROSS MARGIN
excl. Forage Variable Costs

Minus

VARIABLE COSTS
Seed (incl. home-grown)
Fertilizer

Sprays and chemicals
Contract (specific)
Casual labour
Miscellaneous

Equals
I

GROSS MARGIN

GROSS MARGIN

GROSS MARGIN

Fig. 7.2. Determination of gross margins for crops, non-grazing livestock and grazing livestock.

(From MAFF, 1980, p. 7.)
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The power of gross margin analysis:
the economic impact of FMD in the
livestock systems of the UK

The last two major epidemics of foot-and-mouth
disease (FMD) in the UK have had extensive
analyses of the impact of this disease across the
economy in general (Power and Harris, 1973;
Thompson et al., 2002). These studies have much
value in terms of valuing the impact of the FMD
control measures adopted in both epidemics
and in particular the more complex impacts out-
side the livestock sector. One point of interest is

the apparent assumption that across all systems
and species the control of FMD is a good thing
for producers. During analysis of FMD vaccina-
tion strategies for the Royal Society inquiry into
the 2001 epidemic, FMD impact was assessed
at farm level for different systems and species
in order to assess the farm-level incentives to
control this disease (Rushton et al., 2002). The
analysis model was based on gross margin data
for different production systems (Nix, 2001) and
the entering of expected changes in the produc-
tion parameters due to the presence of FMD (see
Table 7.1).

Table 7.1. Farm-level impact of FMD in the different production systems of the UK. (Modified from

Rushton et al., 2002.)

Species System Impact

Comment

Cattle Intensive  Dramatic drop in milk yields for
dairy between 7 and 15 days
systems Mastitis with as high as 90% of

the herd affected (penalties
on milk quality)

Increased replacement costs
A 10% reduction in milk yield
creates a break-even
enterprise budget figure

Pigs Intensive  Increased pig mortality
rearing  Increased abortion
systems Lower milk yields

Increased sow replacement

Pigs Fattening  Poorer feed conversion
unit Possibly higher mortality

Cattle Beef Reduced fertility
suckling Increased calf mortality
systems Increased replacement rate of

breeding stock

Cattle Beef Possibly slower finishing
finishing Some mortality
systems

Sheep Lameness

Possibly a reduction in fertility,
but there is no information in
the literature on this subject

The choice without government intervention
would probably be to close the farm or replace
the stock. Between destocking, disinfecting
the farm and restocking it is likely that the
business will be unable to earn income for
between 2 and 3 months. An intensive dairy
system in the UK could not survive a FMD
outbreak. It would be put out of business.

Therefore, there are strong incentives to eradicate
the disease in areas with large dairy populations

Small changes in the number of piglets per sow
can produce a loss in the production system.
The system is very sensitive to small changes
in fertility rates and it is doubtful that these
systems could survive the impact of FMD.
Strong incentives to eradicate the disease in
areas with large pig breeding populations

These systems are sensitive to feed conversion
rates. Small changes can put the enterprises
into a loss

Lowering calving rates from 90% to 45% does
not produce a negative gross margin. Variable
and fixed costs are small in comparison to
output. Subsidies are provided according to
stocking density rather than production. Less
incentive to spend time with the cattle to
increase production

Protected by subsidy payments

Well protected with subsidy. Reduction in
lambing rates has little impact on the gross
margins of these systems and in the case of
hill flocks the lamb per ewe can be dropped to
zero and the gross margin remains positive.
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This analysis, using a relatively simple
gross margin analysis, shows that the impact
in the main livestock systems of the UK indi-
cates that the most severe impact at farm level
is in dairy and pig systems. It is likely that
FMD would put these types of farm enter-
prises out of business in a very short time.
However, in beef and sheep systems, which
have lower variable costs and lower capital
investments and are supported by subsidies,
the impact at farm level of FMD is much
lower. These latter systems could possibly
‘ride out” an outbreak of FMD on a farm and
manage to survive. This indicates that farm-
level incentives for control and eradication
are very different in different systems and
therefore very different within different areas
of the UK. Whether an outbreak can be iso-
lated, however, depends on the movement of
animals between the different points of the
country.

Enterprise budgets

An enterprise budget is an estimate of the
input costs and output returns for produc-
ing a unit of an enterprise and the differ-
ence between them produces the enterprise
profit. Unlike the gross margin analysis the
fixed costs are included. In general, it can be
calculated on a basis of a certain number of
key inputs or outputs in a similar way to the
gross margin analysis, which introduces the
concept of productivity.! In this way it can
be considered an extension of the gross mar-
gin analysis work that has been discussed
and we can define the enterprise profit as
follows:

Enterprise profit = Output — Variable
costs — Fixed costs

The household or farm profit would therefore
be the sum of the enterprise profits:

Household profit = Sum of the
enterprise profits

" Note that productivity is a measure of how efficient
an enterprise is and is very distinct from production,
which is a measure of how much an enterprise
produces.

A more in-depth explanation of fixed costs is
provided below.

Fixed costs

Fixed costs vary only in the long run, and are

still incurred even if output is zero. Fixed

costs are usually shared by several enter-

prises. They are sometimes called overheads.
Fixed costs usually include:

e regular paid labour or permanent staff —
including both paid labour and an esti-
mate of the value of any unpaid (usually
family) labour;

e  where family labour inputs are divided
into gender and age, this should be recog-
nized in the analysis and labour inputs
separated into men, women and children;

e depreciation on equipment, machinery,
vehicles, some buildings, etc. (see below
for a further explanation of this concept
and how to calculate depreciation);

e maintenance and repairs;

e fuel and oil costs, where these cannot be
assigned to a particular enterprise;

e rent (both paid rent and estimated or
‘notional’ rent on land owned by the
actor in the chain);

e gas, water, electricity costs where these
cannot be assigned to a particular
enterprise;

e  paid management costs;

e  paid interest (see below for a complete
explanation).

While discussing payments to labour, it is
worth mentioning payments in kind. Where
casual or permanent staff is paid partly with
produce, the value of such payments should
be included as a fixed cost.

However, definitions of variable and fixed
costs can vary slightly from country to country.
Readers working in the Indian subcontinent
will probably find that, although at the level of
economic theory the definitions of variable
and fixed costs apply, at a practical level, the
division of farm costs between fixed and varia-
ble costs is slightly different. You should check
on what the local conventions are, and follow
these. In the end, the objective of this type of
accountancy exercise is to come up with esti-
mates of output and gross margins that can be
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compared with those made for other farms or
by other people. For this reason, what is impor-
tant is that everyone working in the same geo-
graphical area uses the same system.

To complete this section on fixed costs,
an explanation is required on depreciation
and interest.

Depreciation

Depreciation is not a cash value cost, but an
estimate of the amount by which the value
of a capital item falls in a given period.
Therefore, it represents a cost of ownership
of that item. The inclusion of such a cost in
an enterprise budget is to recognize that
in the future when this object needs to be
replaced there is sufficient money available
to do so. Where depreciation is not taken into
account and the contribution of capital items
is important, there can often be a false sense
of making large profits in the early years of
a business. If this money is not reinvested
during this period, problems could well arise
when capital items need to be replaced. One
of the common problems of many businesses
is that replacement costs for capital items are
not taken into account.

Depreciation may occur for three reasons:

1. Obsolescence;
2. Gradual deterioration with age;
3. Wear and tear with use.

The first two factors limit the economic life of
a machine or capital item and the third limits
the life of the item in terms of hours or days
of use. In a context where capital items are of
relatively low technology, the most important
reason for depreciation to occur is the wear
and tear with use. Therefore, where the live-
stock activity is seasonal and practised for
short periods of time each year, the number
of years of life is likely to be much longer than
for an activity that is increasing in intensity.

There are three common ways of calcu-
lating depreciation:

e straight line method - estimated by
dividing the difference of the purchased
and salvage price of the item by the
number of useful years of its use;

e diminishingbalances method —estimated
by taking a percentage of the remaining
value of the item as the depreciation year
on year. For example:

Depreciation = (Estimated value the pre-
vious year?) multiplied by the percentage

e sum-of-the-years’-digits method - esti-
mated by multiplying the difference
between the cost and salvage value of the
item by the number of years before the
item will be replaced divided by the sum
of the years of useful life. For example, in
year 5 of an item with 8 years’ useful life
for an item that costs 2000 pesos with a
salvage value of 200 pesos:

Depreciation (year 5) = (original cost
minus the salvage value) multiplied by
((total years of useful life minus year the
depreciation is calculated) divided by
(sum of the digits of the years of life))

(2000—200)*((8—5)/(1+2+3+4+5
+6+7+8))

=(1800)*(3/36)

=150 pesos

Table 7.2 presents the estimation of
depreciation using the different methods with
an example of a capital item that cost 2000
pesos, with a useful life of 8 years and a sal-
vage value of 200 pesos.

The diminishing balances and sum-of-
the-years’-digits methods are relatively com-
plicated in comparison to the straight line
method. They are also more applicable where
there is a need to calculate depreciation for an
item with a large degree of obsolescence, e.g.
a lorry, a computer or a processing machine;
where technologies change rapidly, the value
of such an asset will decline rapidly in the
first year of life due to the purchased item
being quickly replaced by newer versions
with different technologies. For capital items
such as basic tools, machetes, spades, etc. or
buildings, the straight line method is pre-
ferred and more appropriate for investments
that are basic technologies often used at farm
level. However, investments in capital equip-
ment that has rapidly changing technologies

2This will be the original value in year 1.
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Table 7.2. Estimation of depreciation using different methods. (Modified from Barnard and Nix, 1979).

Annual depreciation method

Estimated value of the item
(Written-down value)

Year of Diminishing Sum-of-the- Diminishing  Sum-of-the-
life Straight line balances years’-digits Straight line balances  years’-digits
0-1 225 500 400 1775 1500 1600
1-2 225 375 350 1550 1125 1250
2-3 225 281 300 1325 844 950
3-4 225 211 250 1100 633 700
4-5 225 158 200 875 475 500
5-6 225 119 150 650 356 350
6-7 225 89 100 425 267 250
7-8 225 67 50 200 200 200

Note: Written-down value = original cost less the sum of the depreciation values. It is an indication of the present value

of the capital investment.

should have depreciation methods applied
that take into account the need to recognize
the sharp decrease in the value of that asset in
early years of life.

Interest

In an enterprise budget it is a common con-
vention to estimate interest as the interest
charged on half the initial cost of any capital
item. For example, if a family invested 300
Bolivianos® in equipment to collect rubber
and the interest rate in the region was 10%,
then in the enterprise budget the cost of
interest for this capital investment would be
(300/2)¥10% = 15 Bolivianos per year. Note
that this simple method assumes simple
rather than compound interest.

Example: enterprise budget as a
tool to examine returns to key
inputs and outputs

One of the major difficulties in livestock
studies is the valuation of labour and capital
inputs to livestock production, processing
and marketing activities. While it is possible
to collect data on local labour rates, these can

SBoliviano is the official Bolivian currency; in
November 2005 the exchange rate was US$1 = 8
Bolivianos.

vary according to the time of year and also the
gender of the person supplying the labour. In
addition, given that labour is such an impor-
tant input it is important to estimate how effi-
ciently labour is used. Therefore, to overcome
these problems and investigate the interesting
issues with regard to labour it is possible to
remove this input from the enterprise budget,
and once the final profitability has been found
to divide the final output by the number of
labour days used to generate an estimate of
income per day of labour. This provides a fig-
ure that can be compared with local labour
rates and gives an indication of whether the
livestock activity is attractive. It can also pro-
vide a means to examine the rewards of labour
input from men and women.

Similarly, where capital is an important
input, but the investment in capital items has
come from family resources, interest can also
be set to zero and an estimate made on the
returns of the investment as a percentage.
Again this can be used to compare investment
returns in other local activities and also to
compare these returns with local available
credit sources. The latter will provide infor-
mation on whether a livestock activity would
be able to repay credit to begin the activity.

Whole-farm and business plans and
resource allocation tables

Whole-farm and business plans look at all the
resources used and produced by the farm or
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livestock sector businesses, and also the avail-
ability of resources throughout the year. The
overall structure of whole-farm or livestock
sector business plans and resource allocation
tables provides a good method for assessing
farm and business profitability and examin-
ing change. However, to develop individual
farm or business plans, either on paper or
by spreadsheet, is cumbersome and time-
consuming. Performing sensitivity analysis
can also be difficult, if it involves a change in
enterprise combinations. Finally, adapting a
farm or business budget to a new production
or marketing system is difficult, and it is usu-
ally easier to develop a totally new budget.
The lack of flexibility of these methods gener-
ally discourages experimentation.

An enterprise gross margin measures the
contribution of that enterprise to farm or
business profit. The sum of the enterprise
gross margins minus the fixed costs of the
farm or business equals the farm or business
profit (or loss).

Profit = Sum of enterprise gross margins
— Fixed costs of farm or business

However, gross margins do not directly meas-
ure profit of the enterprise as they ignore fixed
costs. They are useful for enterprise compari-
sons and assessing enterprise efficiency or
productivity. Such comparisons may lead to
minor plan modifications, where the fixed
costs remain the same. Figure 7.3 shows how
gross margins relate to farm profit.

However, to assess the change from one
enterprise to another requires budgeting
methods to compare the marginal benefits
and costs from a change. The next section will
introduce a partial budgeting, a method
designed for such comparisons.

Assessing change in livestock
systems and the components
of the livestock

The economic assessment tools presented
are generally speaking used to assess over-
all profitability of systems or enterprises. To
assess change, there are other methods, which
will be presented below.

Partial budgeting

Partial budgeting is a technique used to assess
small changes in farming systems, a livestock
sector enterprise or an existing organiza-
tion. Costs and benefits of a change are esti-
mated and compared to give an indication
of whether the change is worthwhile. If costs
and benefits occur in different time periods,
it is necessary to introduce discounting. This
marginal analysis is not designed to show the
profit or loss of the farm as a whole but the
net increase or decrease in net farm income
resulting from proposed changes. Partial
budgeting is based on expected values and
can be used as an evaluation tool, e.g. esti-
mating the economic impact of disease. The
economic concept of partial budget is import-
ant for cost-benefit analysis of disease control
projects, which will be discussed later.

Partial budgets are interested in four
basic items:

Costs Benefits

(a) New costs
(b) Revenue foregone

(c) Costs saved
(d) New revenue

To assess a change, there is need to estimate
the difference between (a) + (b) and (c) + (d).
If the benefits exceed the costs then it would
be advantageous for the farmer or person
in the livestock sector to pursue the change;
conversely if there were no difference or the
costs were greater then the existing system
would be better. Compare this to moving
along the production function in the one
input, one output relationship or the produc-
tion surface for more than one input. The
search is for the point where the last dollar
spent returns a dollar. The methods compare
marginal costs versus marginal benefits (see
Fig.7.4).

Partial budgets are most often used for
considering the use of a new input, enter-
prise or farm practice. Therefore, it is a useful
technique to test the viability of introducing
a new medication or a different animal man-
agement practice. It can also be used to eval-
uate the feasibility of adding a supplementary
enterprise, for example poultry or pig rearing
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(From MAFF, 1980, p. 9.)

to utilize surplus family labour. Care should
be taken to ensure that surplus labour is truly
surplus. For example, women may not be
working on the farm, but they will be

ncome and management and investment income.

involved in important activities such as pre-
paring food, washing and taking care of the
children. The demand for labour may also be
seasonal so that surplus labour will only be
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Fig. 7.4. Marginal costs and benefits.

available at certain times. Animals need care
throughout the year and if the labour is not
available at one time then it will often not be
economically viable for the family to take on
extra responsibilities. Careful consideration
of changes that utilize (perceived) surplus
resources cannot be overemphasized. Many
suggested changes are poorly adopted
because farmers are simply unable to man-
age them.

The technical feasibility is an essential
precondition of partial budgeting. It is com-
pletely useless to test the economic feasibility
of a change if it cannot be implemented or the
technical assumptions made are invalid.
A change can only be technically feasible if:

1. The soil, climate and other physical and
biological factors are conducive to the proper
growth of the livestock.

2. The change made to the system will not put
undue strain on the existing organization.

Partial budgeting is an extremely useful tech-
nique for examining change, and its concep-
tual basis is also used when introducing time
into analysis to assess change (see section on
investment appraisal). However, itis not capa-
ble of examining seasonal resource flows, and
it is also unsuitable for enterprises that have
irregular or lumpy inputs and outputs.

Partial budget example: improvement
of dairy enterprise

In the following example, a farm planting 150
decares of wheat and 50 decares of barley has

After

Marginal benefits

Benefits  m——p

Marginal costs

Costs  =—————p

ten dairy cows, and produces ten fattened
animals each year. All the straw and 60% of
barley grain produced by the farm is fed to
the dairy and fattening stock. The farm also
purchases 15,400kg of dairy concentrate feed
each year. The dairy cows have a calving
interval of 400 days and a lactation yield of
25001. The annual milk production from the
unit has been calculated to be 22,800 1/year
((365/400) x 2500 x 10). The average number
of calves produced per year is estimated to be
9.125 ((365/400) x 1 x 10). The labour require-
ment per year is calculated to be 3777h or 472
days.

It has been recommended that the farmer
should replace 4 daa of wheat for lucerne and
feed all the barley grain to the dairy and fat-
tening stock. The lucerne produced will be
fed to the fattening stock.

The change reduces the amount of dairy
concentrate purchased to 15,000kg. All the
straw produced by the farm will still be fed to
the dairy and fattening stock. The change is
also estimated to reduce the calving interval
to 375 days and to increase the lactation yield
to 3000 1. The annual milk production for the
unit will therefore increase to 29,175 1/year
((365/375) x 3000 x 10) and the number of
calves produced per year will increase to
9.733 (365/375 x 1 x 10). The labour require-
ment per year for this plan is estimated to be
4092h or 511.5 days.

The following parameters are provided:

e  wheat yield 200kg/decare;
e Dbarley yield 250kg/decare;
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e fattened animal sale weight 300kg live
weight;
e  Prices June 1995:
(a) wheat 6475 TL/kg;
(b) barley 4900 TL/kg;
(c) concentrate 7000 TL/kg;
(d) milk 17,000 TL/1;
(e) beef 85,850 TL/kg live weight;
(f) labour 60,000 TL/h;
(g) calf 3,000,000 TL/animal.
e  Costs per decare of crop:
(a) lucerne 563,000 TL/decare;
(b) wheat 790,000 TL/decare.

Table 7.3 presents a partial budget for the rec-
ommended change.

The change would improve the farm
income by 65,112,000 TL/year (116,160,000 —
51,048,000), which would clearly indicate that
the change is economically favourable. One
note of caution is the large increase in labour
that this change requires.

Investment appraisal

Gross margins, enterprise budgets and partial
budgets are restricted because they can only
be carried out for set periods of time, either
a year or production cycle. For assessing a
change in management or an investment
that affects outputs over a number of years,
a different approach is required. Investment
appraisal utilizes the basic framework of par-
tial budgets, i.e. identifying costs and benefits
of change, but adds the concept of the time
value of money. This allows the analyst to

examine the impact of a change in disease
over a number of years with a flow of costs
and benefits.

For partial budgets the following steps
were outlined:

1. Identify all the benefits.
2. Identify all the costs.

However, if these benefits and costs occur
over a number of years at different points we
also have to consider exactly when they will
occur. For investment appraisal, this list alters
slightly to include:

1. Identify all benefits and when they occur.
2. Identify all costs and when they occur.

Costs and the benefits of a change are then
compared, but investment appraisal recog-
nizes that the value of money changes over
time. For example, receiving US$100,000 now
is better than receiving US$100,000 in a year’s
time because US$100,000 could be invested.
If the money were placed in a bank account
with an interest rate of 10%, then it would
be worth US$110,000 next year, US$121,000
in 2 years’ time, US$133,100 in 4 years’ time,
and so on.

Conversely, if a person is to be given a
sum of money in the future rather than a
sum now, it is necessary to calculate what
the sum is worth in present value terms. In
the example above, US$121,000 received in 2
years’ time would be worth no more than
US$100,000 to be received now, so that the
present value of US$121,000 in 2 years” time

Table 7.3. Partial budget for a change to improve dairy production.

Costs (000 TL)

Benefits (000 TL)

New costs

Lucerne (4 x 563,000) 2,252
Labour ((4,092 - 3,777) x 60,000) 18,900
Revenue foregone

Barley grain sold ((50 x 250) x 24,500

0.4 x 4,900)

Wheat grain sold (4 x 200 x 6,745) 5,396
Total costs 51,048

Costs saved

Wheat costs (4 x 790,000) 3,160

Concentrate ((15,400 -
15,000) x 7,000) 2,800

New benefits

Milk ((29,175 - 22,800) 108,375
x 17,000)

Calves ((9.733 - 9.125) 1,825
x 3,000,000)

Total benefits 116,160
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is US$100,000. Converting future values into
present values is known as discounting.
Discounting requires a rate known as a dis-
count rate. The discount rate does not neces-
sarily equate to the rate of interest offered at
banks. The underlying concept of discount-
ing is stated as follows:

A basic principle is that a US dollar now
is worth more than a US dollar to be
received some time in the future because
that (present) US dollar received can be
invested at interest to accumulate more
than its original value.

To compare costs and benefits that occur
in different years it is necessary to convert
their value into a present value. This is done
by using a technique known as discounting.
Discounting requires a rate known as a dis-
count rate. The formula for discounting is as
follows:

_ X
1+7r)

where PV is the present value,

X, is the amount of money in year ¢,

r is the rate of discount (expressed as a
proportion, e.g. 10% = 0.1), and

t is the number of years from the present
date.

When all benefits and costs are converted to
present values it is possible to compare
them. This is commonly done using three
decision-making criteria: net present value,
internal rate of return, and the benefit/cost
ratio.

The net present value (NPV) is the differ-
ence between the sum of the present value of
the benefits and the sum of the present value
of the costs. The formula to calculate the NPV
is as follows:

Br Cr

NPV = - :
d+7) 1+7r)

NPV=PVB—PVC

If the NPV is negative, then investment is
not worthwhile, while a positive NPV indi-
cates only that the investment might be
considered.

An alternative approach to assessing an
investment is the calculation of the invest-
ment’s internal rate of return (IRR). The IRR is
the discount rate that will make the NPV
equal to zero. In simpler terms, the IRR is the
interest rate that will make the investment
just break even. In mathematical terms it is
the discount rate for which:

Br Cr

NPV:Z(lHﬁ)t_ (1+r)’:

If the IRR exceeds the minimum accept-
able discount rate or the opportunity cost
of money, the project is worth further
consideration.

A third criterion, the benefit/cost ratio
(BCR), is calculated by dividing the sum of
the present value of benefits by the sum of the
present value of costs.

Br
1+7)
Cr
(1+7)

BCR =

An investment is worth considering if the
BCR is greater than 1.

Each of these three investment apprai-
sal criteria has strengths and weaknesses
(Gittinger, 1982), and for this reason it is com-
mon practice to present the results of an
investment appraisal with all three measures
of project worth.

Investment appraisal provides the basis
for much economic impact assessment of
livestock diseases and their control.
However, it is important to recognize the
difficulties with assessing costs and benefits
from livestock systems. Livestock are diffi-
cult investments to appraise, because of
their ability to reproduce and the fact that
they take a number of years to reach matu-
rity. These characteristics mean that it is
often necessary to model the livestock sys-
tem being studied to obtain a satisfactory
impact assessment.

Carrying out a cost/benefit analysis
of disease control projects requires a proc-
ess similar to partial budgeting. It is not
the value of the whole livestock system
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that is of interest. Instead the analyst
examines how proposed changes in health
management and treatment will affect the
output of the livestock system under
study. To do this, it is necessary to calcu-
late the losses being incurred because of
the disease, generally either through mor-
tality or morbidity, and to calculate how
much it would cost to control or eradicate
the disease.

MORTALITY. The cost of losing an animal to dis-
ease can in most cases be taken as the market
value of that animal, as this should reflect the
expected future income from the animal. It
is important to recognize that, if the animal
can be sold after its death, there may be a sal-
vage value. It is also important to recognize
that acutely sick animals may be slaughtered.
An animal slaughtered because of illness will
probably have a lower value than if it was
slaughtered at the time the farmer planned.
However, slaughtering sick animals will
reduce the mortality rates and increase off-
take, which may appear to increase output. In
this case, it is important to obtain information
from farmers about their attitude to sick ani-
mals and to see if they classify the slaughter-
ing of a sick animal as a death or as normal
offtake. Their classification can hide the true
cost of a death due to disease.

MORBIDITY. A disease is likely to have an effect
on those animals that survive. This will usu-
ally affect the animals” performance in terms
of:

o fertility;

e delays in reaching maturity (for repro-
duction or sale);

e  decreased production of milk, eggs, wool,
etc.;

e  decreased draught power available;

e decreased weight of fattened or culled
animals.

Once the effects have been quantified it is
necessary to consider the different control
options.

Perhaps the most efficient way of con-
verting observations on morbidity and
mortality into livestock outputs and inputs

is through the use of herd models, which
will be discussed in more detail later in the
book.

The following example presents how
mortality and morbidity can be used within
an economic analysis framework in order to
compare the costs and benefits of FMD vacci-
nation campaigns in Bolivia. These campaigns
had differing rates of success, but it was par-
ticularly difficult to achieve high levels of
vaccination coverage in the extensive beef
systems. In order to understand the difficul-
ties encountered with the campaigns, an eco-
nomic analysis of the impact of FMD was
carried out to determine the incentives to par-
ticipate (Hoyos et al., 2000). A deterministic
herd projection model was developed which
allows the user to change mortality, fertility
and offtake rates and also modify prices. The
model has two projections, one for a herd
without vaccination and another for a herd
with vaccination. The impact of the disease
was entered as an outbreak in the first year.
Further analysis was then carried out to deter-
mine the frequency at which an outbreak
would have to occur to make a farm-level
vaccination programme attractive. The results
are shown in Fig. 7.5.

Figure 7.6 shows the undiscounted costs
associated with FMD control and the losses
caused by the disease. The costs in the herd
without FMD and practising twice a year vac-
cination are related to the herd size, but are
relatively constant. In the herd that had a
FMD outbreak in year 1 of the simulation, the
losses are similar to the costs of vaccination
until years 4-6. The difference is greatest in
year 5, which is approximately 4 years after
the outbreak.

The reasons that losses are predicted to
occur so long after the outbreak relate to the
time that an animal is ready for sale in these
extensive systems. Male animals are sold at
between 4 and 6 years of age and female ani-
mals are normally all retained in the herd.
An FMD outbreak in such a system has little
effect on the male adult animals, but increases
calf mortality and reduces fertility in cows
and heifers. Therefore, in the year of the out-
break, the calf crop is reduced and this is
only felt as a loss when this calf crop matures
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Fig. 7.5. Projections for herds with vaccination against FMD (i.e. no disease) and a herd without
vaccination and an outbreak of FMD in the first year of the simulation.
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Fig. 7.6. Undiscounted costs and disease losses for a herd with vaccination and a herd without
vaccination and an outbreak of FMD in the first year of the simulation (US$).

for sale between 4 and 6 years after the out-
break. The nature of these losses is worrying
in that it is unlikely that farmers will recog-
nize the importance of FMD to their sales of

animals as the major impact occurs so long
after the outbreak. It would be natural for
farmers to confuse a low number of animals
for sale with other problems such as flooding
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Table 7.4. Net present value of costs for each strategy with and without outbreaks.

Vaccination strategy

Outbreak in year 1

No outbreak

Herd that is vaccinated
two times a year

Herd that is not vaccinated

Herd that is vaccinated
once a year

147417 147417
3921.51 0
2162.26 1094.38

or drought in the previous years. The NPVs
for different vaccination strategies are pre-
sented in Table 7.4.

At farm level, the control of FMD in
extensive beef systems does not give a posi-
tive economic return and the losses caused by
an outbreak appear to be greatest some time
after the outbreak. A positive return to control
is only generated if the disease occurs once
every 1 or 2 years, which is probably biologi-
cally impossible. Given that these systems
also are managed in a way that only allows
farmers to see their animals once a year, there
is a great need for a vaccine that protects an
animal for 12 months, reducing costs of vacci-
nation and improving FMD control.

With the information presented above
there is a need to shift the assessment from
farm/household implication to broader sector-
level impacts of FMD and the control measures
proposed. To place this analysis of disease
impact and its control at sector or national level,
a number of questions have to be answered:

e How many livestock owners have exten-
sive beef systems?

e How many extensive beef farmers vacci-
nate twice, once or not at all?

e  What are the additional costs and bene-
fits from having a sector or national FMD
control programme?

The answering of these questions requires
a classification of livestock systems and an
analysis of the market, social and environ-
mental implications. In some situations,
farm/household models that predict live-
stock owners’ behaviour in response to a
change in disease status (and hence produc-

tivity of the livestock system) are used. A brief
section on these types of models is presented
below in relation to the farm level. They are
also discussed in relation to analysis at the
sectoral and national levels. The complete
discounted costs and benefits of this analysis
are presented below under different assump-
tions of disease outbreaks and eradication
(see the section on risk and uncertainty).

In summary, investment appraisal takes
account of the time involved for a system to
reach a steady state and of the time value of
money. As most livestock systems have
cycles that are longer than a year this tech-
nique is extremely valuable in the economic
impact assessment of livestock diseases and
their control. The framework of investment
appraisal is the basis of cost-benefit analysis,
which is a method of analysis at the sectoral,
national and regional levels. The process of
carrying out investment appraisals has been
made far easier with the availability of com-
puters and spreadsheets. Those interested in
applications of this method with spread-
sheets are referred to the farm management
book by Rae (1994).

A weakness of investment appraisal for
investigating the impact of animal diseases is
the lack of a component that can consider the
probability of an event occurring. As disease
outbreaks are random events, this failing has
to be addressed using other methodologies,
which are discussed below. It also needs to be
stressed that investment appraisal provides
an estimate of the economic profitability of a
change; it does not, however, go into detail of
whether that change is implementable. The
following description of financial feasibility
provides detail on this.
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Financial feasibility

Once the economic profitability of various
investments has been analysed and an alter-
native is chosen, its financial feasibility should
be evaluated. The purpose of financial feasi-
bility analysis is to determine whether or not
the investment project will generate sufficient
cash income to make the principal and inter-
est payments on the borrowed funds used to
purchase the asset. However, if the asset is
purchased with money that does not need to
be borrowed, i.e. equity, then financial feasi-
bility is not necessary.

The steps for financial feasibility are as
follows:

1. Determine the annual net cash flows for the
investment. These should be available from
the economic feasibility.

2. Determine the annual principal and inter-
est payments based on the loan repayment
schedule.

3. Compare the annual cash flow with the annual
principal and interest repayments to determine
if a cash surplus or deficit will occur.

If the investment produces cash surplus, it
will be able to meet the loan repayments and
it can be classed as financially as well as eco-
nomically feasible. A cash deficit means the
investment is not financially feasible. This
does not mean that the investment should not
take place; it simply means that the servicing
of the loan will meet with problems.

Cash deficits can be reduced or elim-
inated in a number of ways:

1. Extending the loan terms, i.e. more years
to repay the principal, will result in lower
annual debt servicing requirements.
2. Increasing the amount of down payment
will reduce the size of the principal and inter-
est repayments.
3. Increasing the utilization of the asset; in
the example above, more diagnostic tests
could be carried out.
4. Subsidizing the investment repayments
from other activities:

e decision tree analysis;

e modelling.

Those interested in examples of financial
feasibility are referred to Boehlje and Eidman
(1984, pp. 332-334).

How to deal with risk and uncertainty
in the economic analysis of animal
health and production

At the end of the example on investment
appraisal for a farm-level vaccination strat-
egy, it was mentioned that decisions can be
assisted by taking into account uncertainty.
Risk and uncertainty were also mentioned
in the discussion on production economics.
Uncertainty in the livestock sector has three
main causes:

e environmental variations causing produc-
tion and yield uncertainty;

e price variation causing market uncertainty;

e lack of information.

For livestock enterprises, risks of disease
and reproductive disorders are obvious.
Livestock farms in harsh climates will also
experience the risk of dry seasons or long
cold seasons, both of which affect the level
of animal production achieved through the
year. The lengthy period between making a
production decision and obtaining an output
in the majority of livestock enterprises means
that the prices at the point of sale cannot
be known. This is particularly true for beef
enterprises where it may take 3—4 years for
an animal to reach a sale weight, but it can
also be argued that a dairy enterprise which
invests in buildings and equipment has the
same problem even though the product is
sold every day. The price variation can be
reduced by promoting more stable markets,
for example through dairy cooperatives or
quantity agreements with local butchers.
Livestock farmers who live in isolated areas
and are geographically distant from markets
may have large costs to obtain market infor-
mation. There are also livestock producers
who because of low levels of education are
unable to obtain information due to illiteracy.
Both the latter two groups will experience a
lack of information.
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Additions to the list of uncertainties in
many countries are state actions and wars. Many
markets in developing countries are controlled
by state bodies, and farmers are therefore in
the hands of politicians for the sale of their
produce. Farmers are also subject to policies
from outside the area — for example, livestock
farmers in West Africa have been affected by
the European Union exporting meat at cheap
prices to their zone. Finally a number of coun-
tries in the developing world such as Vietnam,
Ethiopia, Mozambique, Angola and Sudan
have experienced civil war. Where there are
wars, farmers are constantly open to the pos-
sibility of their animals being stolen, which
makes production decisions very difficult.
War zones also have problems in terms of
access to veterinary services and products and
it is no surprise that rinderpest was last
encountered in the troubled zones of Sudan,
Ethiopia and Kenya.

With all the uncertainty detailed above,
livestock farmers and people within the live-
stock sector cannot plan with certainty — their
decisions on livestock production and invest-
ments in the sector are subject to risk.

Ellis (1988) presents the following list of
impacts of uncertainty on farmer decision mak-
ing which is applicable for the livestock farmer:

e  Uncertainty results in suboptimal eco-
nomic decisions at the level of the produc-
tionunit (livestock enterprise) and therefore
means that there is no profit maximization.
Note that one of the assumptions in the
development of a framework for produc-
tion economics was perfect certainty.

e  Uncertainty results in unwillingness or
slowness to adopt innovations such as
new disease control methods.

e Uncertainty can help to explain farming
practices such as keeping a mixture of
livestock species. Such practices are suc-
cessful ways of mitigating the effects of
uncertainty.

e  The impact of uncertainty is more severe
for poor than for better-off farm house-
holds, which implies that it reinforces
social differentiation.

e  Uncertainty can be reduced by increas-
ing market integration through improved
information, communication and access

to market outlets. However, greater mar-
ket integration can exacerbate uncer-
tainty as the safety of subsistence is
replaced by the insecurity of unstable
markets and adverse price trends.

Therefore, the livestock sector has various
means to adapt to uncertainty, and the dis-
cipline of economics has developed frame-
works and tools to support livestock farmers
and people involved in the livestock sector in
this process.

There is often a distinction made between
risk and uncertainty with risk being defined as
where the decision maker knows the alterna-
tive outcomes and can attach a probability to
each of them, and uncertainty being where the
decision maker has less information on the
outcomes of a decision and also cannot attach
probabilities to their outcomes. At one time
the distinction made between the two terms
was about their objective or subjective nature.
The probabilities attached to a risk situation
were thought to be objective in nature, but the
probabilities attached to an uncertain situation
were subjective due to a lack of information.
This distinction has now been discarded,
because it is impossible in any situation to
determine objectively the probabilities of an
outcome. Uncertainty helps to describe the
economic situation facing a farmer and
the farmer can take a degree of risk in each of
the events within that uncertain environment.

Measuring risk

Risk is a measure of the effect of uncertainty
on the decision maker. In these terms, it is an
attempt to measure the difference between the
outcome of a decision made with uncertainty
in mind and a decision that produces the opti-
mum outcome. The general opinion on peo-
ple’s attitudes in decision making is that all
people are risk-averse. This means they are
willing to forego some income or face extra
costs in order to avoid risk; they are cautious
in their decision making. Two methods will be
explained below of measuring risk in order to
assist decision-making variation or instabil-
ity of income and the possibility of disaster or
ruin, through the use of an example.
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A farmer has the option of two breeds of
sheep, a hardy breed and a productive breed.
The hardy breed is a good mother capable of
withstanding very cold weather, but has a lower
lambing rate. The productive breed is not such
a good mother and is less able to withstand cold
weather, but has a higher lambing rate. A sheep
farmer in a marginal area wants to examine
which breed to adopt with the information
shown in Table 7.5 on the lambing rates of the
two breeds in different weather conditions. This
table is called a “pay-off matrix”.

It is assumed that the quality and price of
the lambs produced from both breeds are the
same. Therefore, the farmer will only be inter-
ested in the pay-offs in terms of number of
lambs rather than cash. The number of lambs
produced per 100 ewes is less variable for the
hardy breed than the productive breed. If a
decision had to be made just from this infor-
mation then a cautious farmer may decide to
use just the hardy breed. In this way, they
guarantee that they will get at least 80 lambs
each year even in the worst weather condi-
tions. This is known as the MAXIMIN choice
as it maximizes the minimum or worst possi-
ble outcome.

Such a policy would be very cautious and
would assume that the weather is always
going to be bad. If the sheep farmer adopts
just the hardy breed, they will forgo 60 lambs
in warm years, 20 lambs in normal years and
only gain 40 lambs in the cold years. There is,
therefore, a trade-off between adopting a risk
avoidance policy and net gains. The choice for
a sheep farmer would, however, be clear-cut if
one breed outperformed for all weather types.
For example, if the productive breed outper-
formed the hardy breed in all weather condi-
tions it would ‘dominate’ the hardy breed.

Table 7.5. Pay-off matrix: number of lambs
produced per 100 ewes in different weather
conditions.

Weather conditions during
lambing season

Warm Normal Cold
Productive breed 140 120 60
Hardy breed 80 100 100

This decision can be refined by informa-
tion on the weather conditions of the area
where the sheep farm is found. The meteoro-
logical office has predicted the probabilities
of warm, normal or cold years as being a
warm year 0.2, a normal year 0.5 and a cold
year 0.3. These probabilities can be used to
calculate the expected lamb numbers for each
breed using the following formula:

E(Y)=2XYP =Y,P +Y,P+...+Y,P,
where Y, Y,,...Y, are the lamb numbers
under the different weather conditions and

p, P,...P, are the respective
probabilities.

The expected number of lambs produced by
the productive breed is (140 x 0.2) + (120 x 0.5) +
(60 x 0.3) = 106 lambs and for the hardy breed
is (80 x 0.2) + (100 x 0.5) + (100 x 0.3) = 96
lambs. A sheep farmer who is risk-indifferent
rather than risk-averse would choose the pro-
ductive breed rather than the hardy breed as it
gives the highest expected number of lambs.
However, as well as the expected number
of lambs it is also important to look at the
variation in the output. The variation can be
quantified in two ways: either as the variance,
which is the square of the ‘standard deviation’
calculated using the following equation:

V(Y) = S(Y,-E(Y)) P

where V(Y) is the variance,

E(Y) is the expected production level,

Y; is the production level in each season,
and

P, is the probability of that season
occurring,

or as the mean of absolute deviation cal-

culated using the following equation:

MAD(Y) = 3lY, - E(v)| P

where MAD(Y) is the mean absolute deviation,
E(Y) is the expected production level,
Y, is the yield in each season, and
P, is the probability of that season
occurring.

The variance and mean absolute deviation
of lamb crops for the productive breed are:
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V(Y) = (140 - 106)*> x 0.2 + (120 — 106)*> x 0.5 +
(60-106)? x 0.3 =964 and MAD(Y) = (140 - 106)
x 0.2 + (120 — 106) x 0.5 + (60 — 106) x 0.3 =
27.6. For the hardy breed the variance is 64
and the mean absolute deviation is 6.4.

This information just confirms the ini-
tial observations that the productive breed
although capable of producing more lambs
has a much more variable output. Such a situ-
ation may make a farmer think carefully before
adopting such a breed. However, as mentioned
above, it would be a cautious farmer who
chooses the hardy breed as in the long run he
will lose out.

If, instead of choosing one or the other
breed, there is a mixture of the breeds then
output and variation of output can be modi-
fied. This is diversification of risk by having
more than one breed of sheep on the farm ata
time. To keep the example simpleitis assumed
that there is no cross-breeding, but simply
having different numbers of the two breeds.
Table 7.6 presents the different possibilities of
lamb crop, variance and standard deviation
for various combinations of the hardy and
productive breeds.

It can be seen from the table that the lamb
crop from a combination of the 20 productive
breed sheep with 80 hardy sheep is less varia-
ble than one breed on its own. Examining the
data further it is possible to continue a line of
study either in terms of the worst possible
outcomes or in terms of the variation of out-
comes. Examining the table the choice of 20
productive breed sheep and 80 hardy sheep
would maximize the worst possible outcome.
This combination is the maximum level of
production even in the cold and the warm
season and is the MAXIMIN strategy of the
mixed breed strategy. These points are easier

to examine when the lamb crop is presented
graphically (see Fig. 7.7). The first chart plots
the different outcomes for warm, normal and
cold years. The second chart plots only the
line that specifies the minimum output for a
combination of years. It is clear from this sec-
ond chart that the maximum output in the
worst scenario is 20 productive sheep and 80
hardy sheep.

Adopting the MAXIMIN policy would
again be cautious as there are extra returns to
be gained by adding a higher number of the
productive breed to the flock. Most farmers
would probably choose a point somewhere
between this solution and a higher level of
lamb crop production. What level that is can
be examined by looking at the trade-off with
risk expressed by plotting minimum return
against total expected return. Note that the
steepness of the curve is a reflection of the
riskiness of the enterprise.

Assuming that the sheep farmer has
to have a lamb crop of 70 per year to cover
their farm and living expenses, a minimum
output can be introduced that restricts the
choice of combinations, but still leaves a wide
choice. Alternatively, assuming that the sheep
farmer’s minimum is dependent on his utility
function, the optimum level of output can
be determined with indifference curves.
The steepness of these indifference curves is
related to the farmer’s attitude to risk.

The range of species kept on a farm may
help to reduce risk due to disease as different
species will be affected by different diseases.
However, for climatic problems, such as
drought, it will probably mean that the risk is
the same for all species and hence the vari-
ation of production is not minimized. In these
situations it may be necessary to examine the

Table 7.6. Expected lamb crops, variance and mean absolute deviation for different combinations of sheep.

Number of lambs produced during

Number of productive breed Expected
sheep in a flock of 100 Warm Normal Cold yield Var. MAD
0 80 100 100 96 64 6.4
20 92 104 92 98 36 6.0
40 104 108 84 100 112 9.6
60 116 112 76 102 292 15.6
80 128 116 68 104 576 21.6
100 140 120 60 106 964 27.6
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The maximin strategy for sheep farming
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Fig. 7.7. Lamb crop for different combinations of hardy and productive sheep.

possibility of insurance or increased numbers
of animals. Insurance may be in the form of
some formal policy where money is paid to a
company on the possibility that some costly
event will occur in the future. In societies
where there is no access to institutions that
offer such insurance services, families will
probably develop more complicated social
ties. When times are good the family may
give gifts and provide support for other fam-
ilies; when times are bad they will expect
similar support from the families they have
helped or paid patronage to in the past.
Therefore, there are various means of coping
with risk, first by reducing variation and sec-
ond by putting in place mechanisms that alle-
viate bad situations when they occur either

through formal insurance or through infor-
mal social insurance policies.

Another concept that was introduced was
aminimum level of output or threshold income
required to meet basic requirements. In some
situations this may mean a level that provides
sufficient food and shelter for the family. In
other societies it may be an income necessary
to maintain a large house, three cars and pri-
vate education. People’s needs and utilities
will generally reflect the expected level of
income for the society in which people live. It
would appear that if income can be guaran-
teed above a certain threshold people would
accept variation in output or income. However,
a large degree of variation may be unaccept-
able as it makes future planning difficult.
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Mace and Houston (1989) present an anal-
ysis of the unpredictable environments of pas-
toralists in Africa and through modelling
methods determine what combinations of
camels and small ruminants provide a viable
household income. The models they use are
stochastic — a process that is random. The
authors describe the long-term viability by
minimizing the chances that the basic house-
hold needs will not be met. This is similar to
minimum income or output discussed above.
In their work they found that goats have the
greatest variation in output, which means that
they are unlikely to provide a good long-term
viability. Model runs that begin only with goats
and have no possibility of exchange for camels
found that less than 1% of families would have
a viable flock to maintain a family after a 15-
year period. However, goats were important
during good years to rapidly build up animal
numbers. Once goat numbers have exceeded a
level required to meet a basic household
threshold, it is then important to convert the
extra goats, which are risky, to the more stable
camel units. This strategy provides long-term
viability. If camel numbers drop below the
threshold for minimum basic household needs
there is a need to change the camels for goats to
try to rebuild the family stock of animals. This
is a risky strategy, but the alternative is a con-
stantly reducing camel herd size. These conclu-
sions from the modelling analysis are supported
by empirical evidence, which reports that fam-
ilies adopt such strategies when animal num-
bers fall.

Practical tools for assessing risk

The theoretical aspects of risk and uncertainty
described above are supported by a range of
economic tools that can be applied when faced
with an uncertain situation where risk needs
to be quantified. The following will focus on
sensitivity analysis, break-even analysis and
decision tree analysis and pay-off tables.

Sensitivity analysis

Sensitivity analysis is used where uncertainty
exists about prices of both inputs and outputs
and where there is variation in the level of out-
puts due to environmental factors. A range of

figures is provided for the parameters that are
uncertain and the worst and best scenarios
for the project or activity are used to perform
separate gross margin analyses, partial budg-
ets or cost-benefit analyses. Such analyses are
greatly facilitated by using spreadsheets and
being able to quickly change the factors that
are known to be most variable.

The output of the sensitivity analysis can
then be used to determine how sensitive a
project or the activity is to changes in the costs
and benefits that cannot be given definite val-
ues. In this manner, sensitivity analysis is esti-
mating the risk of the activity and it can help
indicate which prices or production levels
have the greatest impact on project or activity
profitability. If these are known, a farmer or a
person involved in the livestock sector can
use this information to monitor the most
important variables. This is clearly an import-
ant method to prioritize data collection.

For livestock product systems that are
heavily reliant on concentrate feed inputs
such as pig, poultry and dairy units the price
of concentrate feed is likely to influence the
profitability of the enterprise. Sensitivity
analysis can be used to determine the range
of prices that an enterprise can support. The
analysis will also help a producer to make
investments in data collection on sourcing
and pricing feed from different locations. In
some situations costs of such activities may
be borne by a group, perhaps through a
cooperative.

Break-even analysis

Break-even analysis is a form of sensitivity
analysis where the search is for a value of a
parameter, be it a price or a level of output,
which will produce a zero profit or NPV. For
example, the IRR is actually the break-even
rate of return for an investment or cost-
benefit appraisal. The technique can be modi-
fied to produce an answer which would pro-
duce an output value which is an acceptable
threshold for an enterprise or a family.

Decision analysis, decision trees and
pay-off tables

Livestock production and health decisions
often involve a series of events, some of



Economic Analysis Tools 87

which can be controlled and others happen
by chance. For example, the occurrence of
FMD on a farm involves chance events like
the entry of the virus to a property and also
control events such as vaccination of the
herd. The decision to vaccinate is often taken
through an informal analysis of the risk of the
virus entering the farm and the impact of
the disease if it occurs on the farm. Similarly,
decisions on tick control involve a process
of examining the risks of clinical tick-borne
disease occurring, the impact of a tick-borne
disease once it does occur and the costs of
controlling ticks. Such decisions are often
taken with informal or ‘gut feeling” analysis,
but they can be improved by the use of deci-
sion analysis.

Decision analysis is a method for for-
mally analysing complicated decisions which
involve a sequential series of actions and
chance events. It involves the identification
of three aspects within the decision: the
events which a decision maker can control
such as vaccination, treatment of animals or
culling of animals; the probability of the
occurrence of chance events, which are events
such as the entry of a virus in a farm, the bit-
ing of a naive animal by a tick infected with
babesiosis or the delivery of feed contam-
inated with meat-and-bone meal from BSE-
infected cattle; the value of various outcomes,
normally, but not necessarily, expressed in
monetary terms. This could be the cost of
vaccinating, cost of a disease outbreak with-
out treatment or cost of a disease outbreak
with treatment.

Once a decision has identified these three
items, a quantitative analysis is performed using
either pay-off tables and/or decision trees.

Pay-off tables

The use of a pay-off table is best demonstrated
by a simple example. A farmer has 100 ewes
and is worried because enzootic abortion has
occurred in some of the neighbouring farms.
They want to know whether to vaccinate the
ewes (at US$1 per head), treat with antibiot-
ics if the disease occurs, or do nothing. The
vaccine is known to be 100% effective. The
estimated costs of an outbreak of enzootic
abortion in the flock, if left untreated, is
US$1100 while treatment of the outbreak is
estimated to result in losses of US$400 (cost
of treatments plus disease losses). Records
kept at the regional veterinary office reveal
that about 20% of sheep flocks in a district are
affected by enzootic abortion once it occurs
in the area. The above information could be
summarized in a pay-off table (see Table 7.7).

Under each programme are three col-
umns: the net benefit of the programme-
outcome combination (US$), the probability of
the programme—outcome combination (p) and
the expected value of the programme-outcome
combination (US$ * p). The sum of the expected
values of the programme—outcome combina-
tions for a particular programme is the
expected value of the programme.

In the above example, the programme
with the highest expected value, i.e. the lowest
expected cost, is the one involving treatment
(-US$80). However, it must be emphasized
that this expected cost of US$80 is an average
value which will not apply to any single flock
in any particular year. Under the treatment
option, a single flock will either have no losses
or lose US$400. Thus, for a risk-averse farmer,
the vaccination programme might be more

Table 7.7. Hypothetical pay-off table for three programmes for the control of enzootic abortion in a flock

of 100 ewes.
Programme
Vaccinate Treat Do nothing
Outcome uss$ P Uss$*p US$ p  US$*p US$ p  US$*p
Disease -100 0.0 0 —-400 0.2 -80 -1100 0.2 -220
No disease -100 1.0 -100 0 0.8 0 0 0.8 0
Expected value -100 -80 -220




88 Chapter 7

attractive as it is associated with the least maxi-
mum loss (-US$100). For an opportunity cost
of US$20, the farmer could purchase the free-
dom from having to worry about the possibil-
ity of a US$400 loss. This would be the
MINIMAX strategy for this decision. The ‘do
nothing’ programme can be ruled out entirely,
asitis associated with the worst expected value
and the highest maximum loss. Note that the
programme that offers the maximum disease
control, i.e. vaccination, is not the programme
that offers the maximum expected value.

Decision trees

All pay-off tables can also be presented as
decision trees. The advantage of decision
trees, however, is that they can explicitly
depict the chronology of events and can be
used to evaluate a sequence of decisions. The
following example serves to illustrate how a
decision tree can be used to help make a deci-
sion. A farmer wants to know what type of
tick control strategy to adopt and whether
to treat and retain animals with clinical tick-
borne disease symptoms or to treat and cull.
The following information has been provided
about the situation:

1. There are three tick control options: no con-
trol; strategic control, which costs US$10 per
animal per year; and all-year control, which
costs US$30 per animal per year.

2. The probability of animals showing clin-
ical tick-borne disease for the no control strat-
egy is 40%, for strategic control 20% and for
all-year control 10%.

3. The cost of treating an animal with clinical
tick-borne disease is US$25.

4. The loss in income if the animal is culled is
the difference between the salvage value and
the replacement animal cost. A culled animal
is valued at US$150 and a replacement animal
at US$215.

5. The loss in production from an animal
treated and retained in the herd is estimated
to be US$35 during the year. This loss is due
to a lower growth rate.

Decision trees are constructed from left to
right (see Fig. 7.8), beginning with the earliest
decision that has to be made.

e Decision points (nodes) are drawn as
squares, and lines (branches) coming out
of such decision nodes represent the com-
plete set of mutually exclusive options
being considered.

e  Circles represent chance nodes. Branches
coming out of chance nodes represent the
complete set of mutually exclusive chance
events that might occur at that point.

e All branches must be labelled, and branches
for chance events have probability values.

e  The net benefit of each path through the
tree is identified at the terminal branch.

In this example there are two decision node
points:

e the tick control strategy;
e  cull or retain sick and treated animals.

There is also a chance event node which
relates to the probability of an animal getting
clinical tick-borne disease.

A decision tree for the above example
would look like the one in Fig. 7.8.

The tree is ‘solved’ by “averaging out” and
‘folding back’. Starting at the terminal decision,
expected values are calculated for each deci-
sion (averaging out) and the most profitable
decision is identified. The expected value of a
node is written into the node, and the option
which has been discarded is ‘folded back’ by
drawing a double bar through its branch.
Ultimately, the paths not blocked by double
bars will specify the sequence of decisions that
will yield the greatest expected profit.

In the example above, the decision to cull
or retain in all cases would be to retain the
animal after treatment. The option to cull is
therefore discarded. The tick control strategy
is slightly more complicated in that the out-
comes of each branch need to be multiplied
by the probabilities of the chance node. All
workings are show in Fig. 7.8 and in this
example a strategic control strategy for ticks
with a policy to treat and retain any sick ani-
mals would give the lowest long-term costs
for tick-borne disease control.

In situations where probabilities are not
accurately known, as is often the case, the
decision tree analysis could be combined with
sensitivity analysis to examine how robust the
final output is.
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Tick control strategy Clinical TBD = Cull or retain| Total |Control Treatment Losses due
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Fig. 7.8. Decision tree for tick control strategy

A thorough decision analysis would
involve the following steps:

1. Define the problem and the different actions
available.

2. Construct a decision tree for complicated
decisions or a pay-off table for more straight-
forward decisions.

3. Specify the probabilities for each chance
event.

4. Calculate the output or costs for each pos-
sible outcome of the decision.

5. Calculate the expected values by multiply-
ing the calculated costs or output values with
the probabilities at the chance events.

6. Select an option or options for the control
points of the decision.

7. Test the robustness of the options by using
sensitivity analysis on parameters that are
known to vary.

Hardaker et al. (1997) present a realistic
example of decision tree analysis for decision
making on FMD control in a country previ-

ously free. Using this methodology they con-
clude that culling animals in infected herds
and those herds in contact with these herds
is superior and less risky than only culling
infected herds. They also find that, if an out-
break is prolonged, vaccination would reduce
risks. Such analyses help decision makers
during times of crisis, but it should be noted
that because probabilities are introduced
they do not provide definitive answers, only
guidance on what would be the best solution
under different levels of risk.

Mixing risk assessments with time

A country has had reported outbreaks of FMD
since the 1930s. Since the late 1990s, a number
of campaigns have been implemented to
control and eradicate the disease. However,
all have failed to come close to the coverage
of vaccination required to eradicate FMD.
Given the poor support for the campaigns
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by the livestock owners in areas known to be
endemic, an economic analysis is requested
for the extensive beef systems in these zones.
The initial results show that the main eco-
nomic impact of a FMD outbreak in the
extensive beef systems occurs between 4 and
5 years after the disease has been present.
Epidemiological data indicate that the
risk of having a FMD outbreak on a farm is
low, and estimates from official data would
suggest the risk of an outbreak is every 20
years. Given that these data are unlikely to
include all outbreaks, it would be safe to
assume that a farm has a risk of having a FMD
outbreak every 10 years. It is recognized that
some have greater risk where there is greater
cattle movement and 10 years would be an
average across the cattle rearing region.

With this information a simple risk ana-
lysis is presented below. The analysis uses
discounted costs and losses for the different
outcomes and assumes that once the disease
is eradicated the farms can stop vaccination
(see Tables 7.8-7.10).

The risk analysis demonstrates that the
incentive for the extensive beef farmer to par-
ticipate in control programmes is small and
possibly non-existent. Until a programme is
implemented that will achieve short-term
results, it would appear that the farmer would
be better off taking the risk that FMD will
arrive at the farm and treating all animals that
become sick. Policy implications are that the
Government should not advertise FMD con-
trol campaigns until it has the financing and
power to implement a strong campaign.

Table 7.8. Discounted costs if FMD is eradicated in 3 years and there is the possibility of an outbreak

every 10 years.

No vaccination control

One vaccination per year

Two vaccinations per year

Cost Probability Cost Probability Cost Probability
Outbreak 3921.51 0.10 1512.25 0.10 600.50 0
No outbreak - 0.90 444.37 0.90 600.50 1
Outcome 392.15 551.16 600.50

Table 7.9. Discounted costs if FMD is eradicated in 5 years and there is the possibility of an outbreak

every 10 years.

No vaccination control

One vaccination per year

Two vaccinations per year

Cost Probability Cost Probability Cost Probability
Outbreak 3921.51 0.10 1744.49 0.10 913.91 0
No outbreak - 0.90 676.60 0.90 913.91 1
Outcome 392.15 783.39 913.31

Table 7.10. Discounted costs if FMD is eradicated in 5 years and there is the possibility of an outbreak

every 10 years.

No vaccination control

One vaccination per year

Two vaccinations per year

Cost Probability Cost Probability Cost Probability
Outbreak 3921.51 0.10 2162.26 0.10 147417 0
No outbreak - 0.90 1094.38 0.90 147417 1
Outcome 392.15 1201.17 147417
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Summary

There are a number of analytical tools for
handling risk and uncertainty in the study of
the economics of animal health and produc-
tion. Risk is where the decision maker knows
the alternative outcomes and can attach a
probability to each of them. Uncertainty is
where the decision maker has less informa-
tion on the outcomes of a decision and also
cannot attach probabilities to their outcomes.

Conventional farm management analysis
techniques summary

The relatively simple structure of conven-
tional farm management analysis techniques
makes them an ideal medium to interact and
participate with farmers in decision making.
They are basically rudimentary simulation
models that cannot provide optimal solu-
tions, but they can give information that a
family may require to make decisions about
their farming system. The output from these
conventional tools assumes that the farm
decision makers are profit maximizers and,
as Dorward (1984) states, these conventional
farm management tools, though well suited
to ‘commercial farmers’, are of little use to
‘subsistence farmers’, who rely more on qual-
itative data for making decisions.

If the need for a single financial output
were relaxed, qualitative data could be pro-
vided using the basic structure of conventional
farm management methods. For example,
resource use and production can be shown
graphically to identify resource conflicts.
Dorward et al. (1996) discuss the combined use
of conventional farm management tools and
rapid rural appraisal (RRA) and participatory
rural appraisal (PRA) approaches. They sug-
gest new, more relevant smallholder farming
systems analysis structures, such as participa-
tory budgeting, resource-flow diagramming
and developing appropriate combinations of
tools to form simple models. These techniques
are still to be tested in the field, but methods
that generate a mixture of conventional and
qualitative output are seen as being appropri-
ate for assisting smallholder farm planning
and management.

Complex farm management
analysis techniques

Complex farm management analysis tech-
niques are split into two basic categories: opti-
mization techniques and complex simulation
techniques. Optimization techniques identify
a solution to a farming system that is optimal
to a set objective. Complex simulation meth-
ods use a combination of decision structures
to determine how a plan will proceed.

Optimization approaches

Construction of an optimization model
requires the specification of a resource and
activity matrix, which includes all possible
activities and the constraints on resource use
and production. The matrix is solved accord-
ing to an objective function, which should
reflect the priorities of the manager of the
farming system. Early models relied on the
assumption that farm families were profit
maximizers, or some other simple objective,
and that the activity input and outputs were
certain and had non-integer output.

The simple objective functions proved
unsatisfactory as a representation of farm fam-
ily priorities. Zuckerman (1973) found that his
optimization model generated an unrealistic
farming system for the area he had collected
data from. Delforce (1994) also found limita-
tions of an objective function based around
profit maximization. Lopes (1990) using a lin-
ear programming model, with a profit maxi-
mizing objective function, to assess smallholder
dairy systems in Brazil developed conclusions
that appear impractical for such systems.

Other issues are required in the objective
function, such as the need to guarantee cer-
tain levels of home-grown food grains, social
status in the community and dislike of the
drudgery of labour. There is also a need for a
list of priorities, rather than a single goal
(Romero and Rehman, 1984). This has given
rise to an interest in the use of multiple objec-
tives, or multiple criteria decision analysis,
where an objective function can include more
than one goal and the list can be satisfied in
some chosen order (Romero and Rehman,
1989). McGregor ef al. (1994) discuss the use
of this approach for guiding decision making
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in grazing systems. While this may provide a
better method of representing the decision-
making unit, it requires careful data collection
to determine the objective function.

Zuckerman (1973) also found problems
with the type of output generated by his opti-
mization model in terms of non-integer out-
put. He recommended the use of integer
programming, a technique described by France
and Thornley (1984, pp. 58-59).

The use of activities with uncertain inputs
and outputs has been overcome by a number
of mathematical techniques, such as paramet-
ric programming, to examine the way an opti-
mal solution changes as one or more input
coefficient varies (France and Thornley, 1984,
pp- 55-57). These models allow the generation
of a mean and a variance for different plans.
To determine the minimum variance for each
expected level of income from a plan, it is ne-
cessary to minimize a quadratic statement.
This can be done by quadratic programming
algorithms (Hazell and Norton, 1986, pp. 81—
84). However, this programming method can
only deal with a limited number of dimen-
sions, and other techniques have been devel-
oped to get around this problem such as
MOTAD (Hazell and Norton, 1986, pp. 86-90).
The use of these techniques increases the com-
plexity of the optimization technique further.

The literature contains many examples
of optimization models applied to farming
systems analysis. Bhende and Venkataram
(1994) develop a quadratic, risk programming
model to assess the effect of adopting a dairy
enterprise in a smallholder farming system.
They conclude that the adoption is beneficial
both in terms of risk and income. However,
their analysis lacks a livestock system model,
which suggests that the analysis is incom-
plete. Morrison et al. (1986) developed a mixed
integer programming model to represent the
dry land crop-livestock system in Western
Australia. The model was validated through
a feedback process involving farmers, farm
consultants and technical experts. The model
objective function was profit maximization,
and the model represents in detail biological,
technological and financial relationships and
enterprise interdependencies. The model pro-
duced a well-balanced farming system, unlike
the single enterprise solutions provided by

simpler optimization models. Their work
demonstrated that the additional biological
information greatly improved the quality of
optimization model output.

OPTIMIZATION APPROACH SUMMARY. Theidenti-
fication of an ‘optimal’ solution and also the
availability of shadow prices from optimiza-
tion models make them an attractive struc-
ture to analyse a production process. These
models essentially replace the need for a deci-
sion maker, and in some instances are used to
assess how a general decision maker will react
to a change in an environment. Optimization
models are, therefore, of interest to researchers
investigating decision-making processes, and
in particular predicting responses to change.

Constructing and interpreting optimiza-
tion models is intellectually stimulating and
requires considerable skill. However, optimi-
zation techniques suffer a number of prob-
lems in their application to farming systems.
These are highlighted as follows:

1. Optimization models require the specifica-
tion of an objective function and constraints,
which in turn require either:

¢ data collection and analysis;

e trial and error to produce an objective
function that can adequately mimic the
original system.

2. Given that an objective function can be
defined, the subsequent use of an optimiza-
tion model as a predictive tool has an under-
lying assumption that the objective function
will remain unchanged over time. Evidence
of farming systems evolution suggests that
objective functions are not always static.

3. The structure of an optimization model
does not allow easy adaptation to different
farming systems.

4. The complexity of optimization, and the
basic idea that an optimization model pro-
duces an ‘optimal’ solution, restricts and
confines people’s willingness to question the
model output. This problem is experienced
with highly qualified researchers (Lopes,
1990) as well as with farmers.

5. The provision of an optimal solution dis-
courages researchers to go and discuss results
with the people their models are trying to
mimic.
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6. The assumption that an optimal solution
can be found implies that all relevant data are
available. This raises the question of whether
it is optimal to search for these data.

Complex simulation techniques

A complex simulation is taken to be the proc-
ess of setting up a model of a real situation and
then performing experiments with it (Wright,
1971). The simulation methods include struc-
tures such as decision tree analysis, and also
models that have specific decision points that
are solved according to a criteria list or an
interactive process with the user.

The use of simulation models has so far
been rather limited (Wright, 1971; Dorward,
1984) because of the difficulty of construction
and the specificity of each model (Dorward,
1984). The problem of specificity can be over-
come to some extent by modification of exist-
ing models, and the establishment of a database
of available model structures (Wright, 1971).
Some of the issues discussed with the applica-
tion of gross margin analysis are, therefore,
similar to these model structures.

A number of simulation models are
reported in the literature. Van Elderen (1987)
developed a simulation model for scheduling
farm operations with particular reference to
wheat harvesting. Finlayson ef al. (1995)
developed a simulation model to represent a
sheep system. Berdegue ef al. (1989),
Richardson et al. (1993) and Cacho et al. (1995)
developed computer simulation models of
mixed farming systems, and Thomas (1991)
developed a spreadsheet simulation model to
examine agroforestry systems. The Berdegue
et al. (1989) and Richardson et al. (1993) mod-
els will be discussed further in the section on
livestock orientated farm/household models
(p- 99). Beck and Dent (1987) produced a sim-
ulation model of extensive pastoral farming
systems found in North Island, New Zealand.
They included consumption and production
of the farm household in the model, and
attempted to use it for policy analysis.

Wilson (1979) and Thomson and Bahhady
(1995) attempted a live simulation of back-
yard poultry and crop-sheep farming sys-
tems, respectively. Both studies found it
useful to be able to monitor the livestock

closely, but found it difficult to mimic the real
farm systems on a research station (Wilson,
1979; Thomson et al., 1995).

Dorward (1991) developed an interac-
tive, stochastic simulation model of a small-
holder farming system in Malawi. Critical
decision points were identified in the calen-
dar of the farming system. Model runs require
the user to make decisions at the critical times,
and therefore influence the final model
output. Dorward (1984, 1986b, 1991) argues
that such structures are a good method for the
communication and analysis of peasant
farm management. He also emphasizes the
general importance of decision rule structures
for encouraging dialogue between farmers,
extension staff and research services.
However, the model reported is very specific,
and lacks a livestock component.

Jarvis (1974) adapted a simulation model
to obtain a suitable age of sale for Argentinean
cattle systems. The model selects the optimal
age at sale by identifying the point at which
the increase in animal value equals the rate of
interest. Jarvis (1980) applied the same model
structure to an African context in response to
what he believed to be a mis-specification of
livestock sale response by Doran et al. (1979).
Ariza-Nino and Shapiro (1984) and Steinfeld
(1988) also used the model to determine the
age of sale of livestock in African pastoralist
and mixed farming systems, respectively.

COMPLEX SIMULATION MODEL SUMMARY.
Simulation models are generally felt to be
unsatisfactory because they fail to provide
the sort of objective results generated from
‘more formal and general optimising algo-
rithms’ (Dorward, 1984). However, the inabil-
ity to find a solution can also be viewed as a
strength, as it should encourage discussion
with farm-level decision makers.

Complex farm management analysis
techniques summary

Complex farm management analysis tech-
niques have generally been rejected by com-
mercial farmers, because they overemphasize
planning, are only applicable as a starting
point to planning and are of little use during
the general running of operations (Dorward,
1984). This suggests that these structures are
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inflexible, which potentially reduces their
value for sensitivity analysis.

Farm management analysis
techniques summary

The use of farm management analysis tech-
niques for smallholder farming systems
analysis is relevant, but there is a general
lack of suitable techniques (Dorward, 1986a).
Conventional farm management analysis tech-
niques are limited to simple investigations of
smallholder crop-livestock farming systems.
In-depth investigations require more informa-
tion on enterprise interactions, decision-maker
objectives and dynamics of the livestock sys-
tems. Complex farm management analysis
techniques have attempted to address these
issues, but in the process have become too
complex for easy experimentation. Many of
these complex techniques have also failed to
adequately investigate the human compo-
nents of the farming systems (Dent et al., 1995),
and lack structures to investigate the dynam-
ics of livestock systems. The next two sections,
therefore, review household modelling tech-
niques and livestock systems modelling.

Household Modelling Techniques

The difference between complex farm man-
agement modelling techniques and house-
hold modelling is, in some instances, not
great. Many household models use the same
techniques as complex farm management.
However, one critical component that sets
household modelling apart is the recognition
of the value of household time in any pro-
duction or consumption activity. Many farm
household models draw on Chayanov’s farm
household theory, and on ‘new home eco-
nomics’ (Ellis, 1988). The latter subject origin-
ates from a paper by Becker (1965) on time
allocation within the household.

Nakajima (1986) in his thesis ‘Subjective
Equilibrium Theory of the Farm Household”
introduces the ‘farm household as an economic
unit into economic theory’. He represents the
farm household as three interacting subsys-

tems, ‘the farm-firm, the labourer’s household
and the household consumer’. The theoretical
structure developed is a useful basis for quanti-
tative modelling work (Delforce, 1993; Holden,
1993).

Low (1986) applies a household model-
ling approach to describe the rationale of
reduced maize output in Swaziland. The pre-
dominant factor in the Swaziland farming
systems was the existence of an off-farm
labour market for able-bodied males. This
reduced the labour available in the farm,
which encouraged families to adopt labour-
saving activities. High-yielding varieties of
maize, which produce high yields per unit
land area, were selected because family food
grain needs could be satisfied from a smaller
land area and less labour.

Barnum and Squire (1979) developed a
farm household model in which consump-
tion and production activities were sep-
arated. This was justified on the basis of
mathematical reasoning and the existence of
markets. Their approach used econometric
methods to represent the production and
consumption sub-models and they applied it
to a relatively simple rice-based farming sys-
tem in Malaysia. Singh et al. (1986) discuss
the use of this model structure, and present a
number of case studies to which the model
has been applied. However, Delforce (1993
and 1994) questioned its applicability where
econometric techniques are not used for the
sub-models.

Household modelling summary

Household modelling has become an
increasingly important method for assessing
the economic rationale of farm-level deci-
sion making, and is an expanding subject,
as demonstrated by the recent household
modelling book edited by Caillavet et al.
(1994). However, household modelling
approaches have been criticized by Hunt
(1991) for:

1. Not fully exploring the production aspects
of the household;

2. Ignoring the interactions between produc-
tion activities;
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3. Failing to consider intra-household divi-
sion of labour;

4. Failing to recognize rigidities and tensions
of intra-household resource control; and

5. Failing to give a seasonal value to house-
hold time.

In addition to the above criticisms, most
quantitative household models attempt to
replace the decision-making units, in order
to investigate general responses to resource
price, resource access or technology change.
The results are intended to be of use to policy
makers, but do not directly assist farm-level
decision makers.

Livestock Models and Their Use in
Farming System Analysis

Farm management analysis techniques and
household modelling methods provide an
adequate structure for analysing economic
decision making, but often fail due to poor
specification of individual enterprise produc-
tion functions (Dorward, 1984). This is particu-
larly true for livestock systems, where there
are many difficulties in providing simple
enterprise input/output relationships. This
section, therefore, reviews available livestock
models, and examines how some of these
structures have either been extended or used
within farming systems analysis.

Livestock models

A number of livestock models are reported
in the literature (Sanders and Cartwright,
1979a,b; Brockington et al., 1983; Baptiste, 1987;
Shaw, 1989; McLeod, 1993; James and Carles,
1996). To assess livestock models it is useful to
identify common modelling techniques and
classify models accordingly. McLeod (1993)
reviews the classification of livestock models
and provides a method of her own (Fig. 7.9).

Analytical models

Analytical models are used to investigate how
closely observed data fit with a hypothesized
relationship. This is mainly applied to deter-
mining the effect of management on different
aspects of livestock production. Gitau et al.
(1994) make use of this approach to investi-
gate the factors influencing daily weight gain
in calves. Wood (1967) and Groenewald et al.
(1996) use an analytical approach to determine
milk lactation curves for cattle and sheep,
respectively. Schlecht et al. (1993) also use this
approach to develop relationships between
the feed management and manure output.
Muchena (1993) used production function
analysis to estimate the value of non-tradable
livestock products in the mixed farming sys-
tems of Zimbabwe. Accurate analytical models
can, therefore, predict parameters for a live-
stock system, which could then be incorpor-
ated into livestock system models. However,

| Mathematical models |

| Theoretical ||

Analytical |

| Simulation

Optimizing |

| Steady state ||

Dynamic |

Continuous time

Discrete time

| Stochastic | | Deterministicl | Stochastic | | Deterministicl

Fig. 7.9. Classification of livestock models. (From McLeod, 1993.)
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the approach has relatively limited value to
represent the livestock system as a whole.

Optimization models

Many livestock-orientated optimization mod-
els exist in the literature, and their structure is
similar to the optimization models described
above. Kennedy (1986, chapter 7) reviews early
optimization models used to evaluate livestock
replacement problems. These combine infor-
mation on feed formulation, growth rates and
other productions aspects of a number of live-
stock species. Nicholson et al. (1994) developed
a deterministic, multi-period linear program-
ming model to assess the cattle production
systems in Sur del Lago, Venezuela. The model
produced plans that were more profitable than
the traditional farming system. However, these
plans were dependent on labour availability.
Houben (1995) used a stochastic, dynamic
programming model to assess individual cow
insemination and replacement decisions in a
Dutch dairy system.

Mace and Houston (1989) use a stochastic,
dynamic programming model of a livestock
production system to evaluate herding strate-
gies. The model relies on input parameters for
births and deaths, with sales and slaughter of
animals being influenced by household needs.
The proportions of camel and small stock in
the total herd are optimized according to an
objective function that aims to maximize long-
term household viability. The model is used to
show that goats, while being more prolific, are
a riskier enterprise, and that a mixed herd is
preferable to specialization (see p. 86 for a
fuller description of this model).

The livestock optimization models have
similar problems to those listed for the farm
management optimization models.

Steady state or static herd models

Static models assess livestock production
over a set period, usually a year, and assume
that the herd/flock size will not vary over
time. Herd/flock size is maintained by alter-
ing the level of offtake. The livestock produc-
tion efficiency calculator (LPEC; James and
Carles, 1996) and prying livestock productiv-
ity (PRY; Baptiste, 1992) are examples of such

models. Static models are particularly useful
for assessing livestock productivity (Upton,
1989), but are rather difficult to apply in a
smallholder farming system.

LPEC (Livestock Production
Efficiency Calculator)

LPEC is a livestock model which is essentially
a livestock productivity index calculation. It
requires a set of production parameters from
a livestock system (large and small ruminants
or pigs) and uses these to calculate a herd
structure and productivity for that system.
The model adapts the herd structure to ensure
that the herd size reflects the use of feed
resources. The productivity is expressed in
terms of the value of herd or flock output per
unit of feed intake and therefore is a measure
of feed conversion efficiency at herd level.

The main use of LPEC is to compare the
productivity of different production systems
or the same production system under differ-
ent conditions, for example a system with dif-
ferent levels of disease prevalence.

According to the developers of this
model the system of calculations has two
advantages over other models:

1. LPEC expresses productivity as produc-
tion per unit of feed intake, which means it
takes into account the weight of the animals
in the system. Conventional systems that
express output per unit of animal do not take
into account different levels of feed required
for different breeds. This aspect is particularly
relevant in comparison between indigenous
breeds and improved breeds.

2. The LPEC system takes into account all
determinants of productivity and their inter-
actions and it can be used to analyse a range
of production systems and species (cattle, buf-
falo, sheep, goats and pigs) taking into account
products such as manure and draught power
if necessary. This in turn means that LPEC is
data demanding; however, missing informa-
tion can be replaced by assumptions, expert
opinion or information from the literature.

In addition to the points mentioned above the
author would add that the LPEC model is use-
ful in structuring data collection of livestock
information to generate parameters that can
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be used to assess livestock productivity. This
may appear to be a simple task, but in reality,
without an analytical structure, data collec-
tion for the economic assessment of livestock
and the related diseases is very difficult.

LPEC divides the herd or flock into the
following categories:

e breeding females — cows after the first
day of the first calving;

e replacement females (suckling) — females
that are used to replace culled breeding
females or breeding females that die;

e replacement females (weaned) — females
that are used to replace culled breeding
females or breeding females that die;

e  surplus females 1 (suckling) — females not
needed for replacement and can be sold;

e surplus females 1 (weaned) — females not
needed for replacement and can be sold;

e  surplus females 2 (suckling) — females not
needed for replacement and can be sold;

e  surplus females 2 (weaned) — females not
needed for replacement and can be sold;

e  breeding males;

e replacement males (suckling) — males
that are used to replace culled breeding
males or breeding males that die;

e replacement males (weaned) — males that
are used to replace culled breeding males
or breeding males that die;

e surplus males 1 (suckling) — males not
needed for replacement and can be sold;

e surplus males 1 (weaned) — males not
needed for replacement and can be sold;

e surplus males 2 (suckling) — males not
needed for replacement and can be sold;

e surplus males 2 (weaned) — males not
needed for replacement and can be sold.

Note there are two categories of surplus ani-
mals to allow the possibility of have different
management systems for this group. For ex-
ample, some of the surplus animals may be sold
after weaning, while others may remain on the
farm until they are fattened or reach maturity.

The model requires the following data:
Mortality and culling rates:

e mortality rate (% per year) for each
category;

e culling rate (% per year) for breeding
females and males.

Young stock survival and rearing policy:

e  percentage survival of young animals to
24h old (females and males);

e percentage suitable as replacements
(females and males);

e percentage of surplus reared as type 1
(females and males);

e  percentage remaining as surplus 2 — calc-
ulated automatically (males and females);

e  percentage of replacement females barren;

e percentage of surplus 1 and 2 females
pregnant;

e percentage of surplus 1 and 2 males
castrated.

Birth weights, mature weights and ages:

e  For replacement males and females and
surplus males and females:
e birth weight;
¢ age and weight at weaning;
¢ age and weight at maturity.

Metabolizable energy data:

e  For all classes of animals:
¢ mean feed metabolizability;
e activity coefficient.

e  For milk production net energy required
per kilo of milk produced.

Fertility and breeding female management:

e number of breeding females per breed-
ing male;

e  parturition rate (similar but not equiva-

lent to the fertility rate);

mean number of offspring per parturition;

mean weight lost in early lactation;

mean weight gain between parturitions;

mean milk offtake per lactation.

Value of offtake and replacement stock:

e culled and surplus males and females;
e milk;
e  mature replacement males and females.

Optional economic parameters:

e salvage value of dead animals for each
class of animal;

e other costs per year for each class of
animal.
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Purchased feed parameters:

e  For each class of animal:
e maximum metabolizable energy (ME)
from forage per day;
e cost of purchased feed.

The model uses these parameters to predict the
herd structure according to the energy require-
ments within the herd and in order to maintain
a stable herd structure. Therefore, if param-
eters such as parturition rate are low and age at
maturity is high, the model will automatically
buy in replacements to cover the need to replace
females within the herd. It will also calculate the
need to purchase feed according to the needs of
the herd. In addition it produces an estimation
of the value of output for a herd that receives
100 MJ of ME per day throughout the year.

The model does not have stochastic
parameter input but it is possible to run sen-
sitivity analysis for parameters known to be
affected by a disease. For example, partur-
ition rate is a reflection of breeding efficiency
and the model will produce a graph showing
different productivity levels with varying
parturition rate. (Note: the outputis a product-
ivity measure and not a level of production.)

For further information on the basic
workings of the model readers are directed to
the LPEC User Guide (PAN Livestock Services,
1991); for the theoretical aspects of the model
to James and Carles (1996).

Dynamic, continuous time models

The dynamic, continuous time models have
been used with some success in the study
of disease (Anderson and May, 1985). The
complex mathematical nature of these mod-
els limits their develop and interpretation of
their outputs to highly skilled mathemati-
cians. Whilst they can be of value, their com-
plexity can often limit discussion.

Dynamic, discrete time models

A dynamic, discrete time livestock model sim-
ulates a herd/flock over a time period often
specified by the user. Herd/flock size is usu-
ally not constrained and is dependent upon
the mortality, offtake and fecundity parameters
used. There are two basic types of dynamic live-

stock models: deterministic and stochastic. The
distinction between these two types of model
is the treatment of data input parameters.

Dynamic, deterministic models take no
account of input parameter variability, and
have no structure to take account of chance
outcomes. The output from a dynamic, deter-
ministic model for any set of production
parameters will always be the same. The final
herd/flock numbers will usually not be inte-
gers. CLIPPER (Shaw, 1989) and the livestock
models used in TIES (Richardson et al., 1993)
are examples of dynamic, deterministic mod-
els. Dynamic, deterministic models are of
greatest use where the herd size is large and
the numbers can be converted to whole num-
bers without much loss in accuracy.

CLIPPER

CLIPPER (Shaw, 1989) is a spreadsheet-based
model which is capable of comparing a herd
or a flock with and without a disease. The
model contains a dynamic, deterministic herd
model and cost-benefit analysis structure.
The basic data required are:

e initial number of animals divided into
males and females and age categories of
0-1, 1-2, 2-3 and greater than 3 years old;

e mortality and offtake rates for different
categories of animals;

o fertility rates.

This information is required for the herd or
flock with and without disease. This model
is suited to assessing cattle or buffalo disease
problems and is recommended as a good
starting point for assessing large ruminant
disease impact. Modifications are needed for
small ruminants, pigs and poultry and users
need to be aware that often benefits become
large simply because of herd or flock growth
and the model is not able to calculate the extra
feed requirements.

The model reported by Sanders and
Cartwright (1979a) is also a dynamic deter-
ministic model. Animal performance and
mortality in this model are determined by the
availability of feed. However, livestock mod-
els driven by availability of resources, rather
than estimated outputs, are data-demanding
and dependent on the quality of the available
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information on the relationship between
inputs and outputs. The latter will often be
affected by local environments, making such
models difficult to apply generally.

Dynamic, stochastic livestock models do
take account of production parameter vari-
ability. Parameters such as mortality and
offtake can be represented as probabilities of
events occurring. These model input param-
eters are not variable, but the model can use
them to produce a stochastic output. This can
be achieved by comparing the probability of
an event occurring with a randomly gener-
ated number. A slightly different method is to
allow parameters such as offspring live
weight, inter-oestrus periods to be specified
as a mean and standard deviation. A model
can use the mean and standard deviation to
select a value from a normal distribution curve.

A stochastic model output for any set of
production parameters will not be the same
for each run, and the final herd/flock num-
bers produced will be integers. The output
from a number of model runs can be used
subsequently to produce a mean output with
a standard deviation. Dynamic, stochastic
models are useful where a simulation needs
to generate integer output on animal num-
bers. Such models are also of great potential
use in the assessment of risk, as their output
provides an indication of variation.

McLeod (1993) developed a stochastic,
discrete time dynamic model to analyse the
epidemiology of infectious disease. Brockington
et al. (1986) describe the use of a similar model
(Brockington et al., 1983) to analyse short-term
feeding and breeding management decisions
of smallholder dairy producers in Brazil.

Jalvingh (1993) uses a model that com-
bines aspects of stochastic and deterministic
models for an on-farm decision support sys-
tem. The model uses a ‘finite-state Markov
chain approach’, which includes probability
distributions. It requires the specification of
the possible states (i.e. production levels) that
an animal can be in and the possible transi-
tions between these states. This model gener-
ates technical and economic results for a herd
by combining numbers of animals per state
with the simulated performances per state.
Such a model produces a single output, which
is effectively a weighted average. However, it

cannot generate a standard deviation and
therefore could not be used for risk assess-
ment. It also is not possible to use this model
structure to produce integer output.

Livestock model summary

Many livestock models are available, but very
few incorporate farming systems compo-
nents. The importance of the farming system
for livestock development is well recog-
nized, and has stimulated the development of
livestock-orientated farm /household models.

Livestock-orientated farm/
household models

Four livestock-orientated household models
are identified as being potentially useful for
assessing farming systems with livestock:
TIES (Richardson et al., 1993), GRANJAS
(Berdegue et al., 1989), 3WAY and PCHerd
(Udo and Brouwer, 1993) and a spreadsheet
model developed by Gulbenkian (1993).

Udo and Brouwer (1993) developed a
database and analysis structure, 3SWAY, and a
livestock model, PCHerd, during a project in
Bangladesh. PCHerd is a stochastic livestock
model capable of simulating ruminant spe-
cies to predict livestock production perform-
ance. The model can either be run to examine
herd dynamics or to look at individual ani-
mal performance. Predictions of animal per-
formance are based on a series of rules about
feed availability and animal response. The
model also includes a traction component,
which requires a specification of the draught
power requirements of the farm. The selec-
tion of animals to perform draught power
tasks is on the basis of animal weight and
condition, and every animal is assumed to be
available to perform a task.

PCHerd has been shown to be useful for
livestock research prioritization. However,
the rule structure for performance is based
on a limited number of feed trial experi-
ments, and the traction module does not
appear to allow farmer preference for trac-
tion animals. The model also looks at how
livestock production is constrained by the
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farming system, but not how the farming
system may in turn be affected by the live-
stock system. Udo and Brouwer (1993) state
that modelling the whole farm requires extra
modules to examine resource flows and solu-
tions using optimization or multi-criteria
analysis techniques.

TIES (Richardson et al., 1993) is a sto-
chastic household model developed by a
team from ILRAD (now ILRI) and Texas
A&M. TIES has been used to assess East
Coast fever control in Kenyan smallholder
farming systems (Nyangito et al., 1994,
1995, 1996a,b). The stochastic elements of
the model are yields and prices. The live-
stock modelling structure is dynamic and
deterministic with a constraint on herd
size. The model has important merits, in
that it is capable of examining the variabil-
ity of farm output due to either price or
yield fluctuations. However, as a tool to
examine in greater detail the improvements
of the livestock system within the whole-
farm system, it is not entirely satisfactory.
This problem was shown during a study by
van Schaik (1995) in Murang’a District,
Kenya, which used a separate livestock
model to examine livestock changes more
thoroughly.

GRANJAS was developed by a team at
the Catholic University of Louvain, and
applied to a Chilean peasant farm situation
(Berdegue et al., 1989). It simulates household
resource use and balance for each month over
any specified period. The user can specify the
initial quantities of resources, the levels of
activities and the simulation period. The
model appears not to have a component to
model the livestock system. Therefore,
GRANJAS is useful for examining resource
flows, but cannot examine, in depth, a live-
stock system.

Gulbenkian (1993) developed a dynamic
sheep model on a spreadsheet. It included
modules to represent flock growth, on-farm
forage-growing activities and a least-cost
ration programme to determine feed manage-
ment. This model generated an enterprise
gross margin, which was combined with sim-
ple gross margins of other enterprises to
develop farm gross margin, profit and net
farm income.

Livestock and livestock-orientated
model summary

Livestock models that are useful for exam-
ining the livestock enterprises have been
developed, but it is often difficult to apply
them to farm-level analysis problems. Some
livestock-orientated household models have
been developed. Of those highlighted in this
review, PCHerd (Udo and Brouwer, 1993) pro-
vides an inadequate structure for the farming
system, and also complicates the livestock
model with decision structures based on lim-
ited experimental work. TIES (Richardson
et al., 1993) and GRAN]JAS (Berdegue et al.,
1989) have limited economic analysis and
livestock system modelling structures. Finally,
Gulbenkian’s (1993) model is of great interest,
but it is area- and species-specific.

Economic Assessment of the
Role of Livestock in Mixed
Farming Systems

A number of empirical studies have been car-
ried out to assess the economic importance
of livestock in mixed farming systems. These
generally use a mixture of the techniques
described above.

Steinfeld (1988) studied the mixed farm-
ing systems in the Midlands and Masvingo
districts of Zimbabwe. He claims to build
models of resource use and production in
mixed farming systems to improve planning
and policy making for livestock systems.
However, his work concentrates on quantita-
tive analysis of livestock outputs and inputs.
He makes a clear distinction between ‘flow
products’, such as draught power and
manure, and ‘stock products’, such as meat
and milk. For the main livestock inputs such
as feed, Steinfeld uses harvest indices to esti-
mate feed resources available for the livestock
systems. For the mixed farming systems stud-
ied by Steinfeld, the ‘flow products” were
found to be of much greater importance than
the ‘stock products’.

Barrett (1992) utilizes some of Steinfeld’s
work to make estimates of the value of keep-
ing cattle in the mixed farming systems in
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Zimbabwe. He includes outputs such as
draught power and manure, as well as meat.
The results clearly show that low cattle offtake
rates from the communal farming sector in
Zimbabwe are due to the value of on-farm
cattle outputs, such as draught power and
manure.

Muchena (1993) studied the economic
role of cattle in the mixed farming systems of
Chiweshe and Gokwe Communal Areas of
Zimbabwe. Her study attempts to take the
cattle system out of the mixed farming sys-
tem to value its economic contribution. Before
doing this, an analysis structure to value the
‘flow products” was devised. Muchena (1993)
examined three basic methodologies for this
purpose:

1. The cost of replacing the products using
the local market;

2. Production function analysis of the activity
in which the intermediate products are used;
3. Determining a physical equivalent for
the products, such as the mineral content of
manure, or the energy output from draught
power.

She adopted methodology 2 to estimate the
price (marginal value product) of manure
and draught power from the crop production
functions. Herd growth was estimated using
McLeod’s (1993) dynamic, stochastic livestock
model, and this was combined with estimates
of manure and draught power production to
produce a discounted cash flow.

Rocha et al. (1991), assessing cattle pro-
duction in smallholder farming systems of
southern Mozambique, found that the contri-
butions of draught power to the farming sys-
tem more than compensated for the lower
offtake rates found in these systems com-
pared to commercial systems.

Conceptual Models of Energy Flows,
Nutrition Flows for Other
Types of Analysis

Livestock systems can also be represented as
conceptual models, which have no physical
or quantitative structure. These models can
be ideas in the mind or diagrams. Such mod-

els are usually the starting point for the deve-
lopment of quantitative model structures, but
they can also be used for determining data
to be collected to assess a system. The devel-
opment of conceptual models may require
data and information. These models can
then be used to direct further data collection.
Conceptual livestock models can be devel-
oped without data, as there are a number of
biological events that are known to take place
for a herd/flock to survive. By developing
a diagrammatic representation of a system
or process it is possible to identify the criti-
cal parameters to be measured and also to
determine the data required to generate those
parameters. Figure 7.10 provides an example
of a conceptual model of a poultry system,
which indicates the rates of interest and the
types of data required to generate the rates.

An Example of Combining Farm
Management Tools, Modelling
Methods and Conceptual Thinking

Rushton (1996) developed a household
resource model, from the point of conceptu-
alization to the development of a computer-
ized, quantitative model. The step-by-step
development is seen as critical to maintain
a clear perspective during model building.
While the model developed is ideally suited
to analyse the physical flow of resources
through a household system, it also has a
facility to incorporate resources that do not
involve either cash income or expenditure,
and in some cases are intangible. Examples of
such items would be soil quality, social sta-
tus and community credits. In many farming
systems these variables are critical in decision
making.

The input screens were based on gross
margins with outputs and variable inputs.
Aseparate input section dealt with major
investments. The outputs generated were
based on investment appraisal outputs of
NPV, IRR and benefit/cost ratios for the
entire household economy (see Fig. 7.11).

The household resource model has been
developed to examine smallholder crop-
livestock farming systems. Given empirical
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Fig. 7.10. Conceptual model of a scavenge-based poultry system.
Data input
Resource »| Activity
definition definition
Plan definition
Y
| Resource allocation |
Data output | !
[ Resource use and production |
Cash flow | [ Resource balance | | Balance sheet
[ Household cost-benefit analysis |

Fig. 7.11. A simplified conceptual household resource model showing input and output structures.

data, the household model was capable of
providing information on some aspects of
livestock keeping in smallholder farming sys-
tems. However, it is well recognized that
empirical data on a number of livestock

inputs and outputs are either impossible or
difficult to generate. To assess the contribu-
tions of livestock, and the impact of livestock
system changes, requires the livestock system
to be represented as a model. Therefore,
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Rushton (1996) developed a dynamic, sto-
chastic herd model to simulate a livestock
system within a general farming system. The
outputs and inputs required for this model
were first conceptually developed for the
type of livestock systems of interest. From the
conceptual model (see Fig. 7.12), a quantita-
tive livestock model was constructed to gen-
erate monthly totals for livestock inputs and
outputs for cattle, sheep and goat systems. It
could also be modified to reflect seasonality
of breeding, mortality, offtake, movement
and feed quality.

The livestock model output produces
information that can be read directly into the
household resource model activity definition
screen. This information includes:

e milk, manure and draught
production;

e animal offtake;

e  herd/flock value;

e ME and protein requirements;

e and labour requirements.

power

The livestock model output can in turn be
used within the household resource model,
either to calculate the livestock enterprise
profitability, or to examine the use and pro-

Livestock system

duction resources of the livestock systems
within a household resource system.

The model can be used to generate house-
hold cost-benefit analysis results for the
whole-household system. These can be com-
pared between households with and without
livestock (Table 7.11).

The dynamic nature of the model also
allows for a month-by-month balance sheet to
be developed for different systems. The sto-
chastic nature of the livestock requires the
need for different runs of the model and the
results are best displayed graphically as there
is a spread (see Fig. 7.13).

A predicted cash flow is also available
over the period of the analysis and this is
shown in (Fig. 7.14).

The models developed were applied to
two South Indian smallholder crop-livestock
farm household data sets. Both households
kept cross-breed cattle, and this activity was
simulated using the livestock model. Ten sim-
ulations of the each livestock system were
performed, and the output was used to esti-
mate the enterprise and household cash flow,
balance sheet and profitability. The livestock
enterprises gave a positive mean NPV, indi-
cating they were both economically profitable.

Outputs

Feed - Natural
|| Females | service
Livestock ! on heat

system

¢! Suckling___ -

‘r animals

Capital value

_| Draught
power

|
|
|
|
|
|
|
|
|
|
|
! Manure
|

Fig. 7.12. A simple, conceptual, ruminant livestock model was developed to determine a list of livestock

inputs and outputs.
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Table 7.11. The cost-benefit analysis results for an Indian household system with and without livestock.

Total Mean Minimum Maximum SD
Household system including capital costs and benefits
NPV -288,231.64 -28,823.16 -35,599.01 -23,629.69 4,191.33
BCR 7.72 0.77 0.72 0.81 0.03
Household system excluding capital costs and benefits
NPV -212,844.35 -21,284.44 -26,732.70 -15,358.59 3,721.95
BCR 1.35 0.14 0.03 0.36 0.11
Household system without livestock including capital costs and benefits
NPV - -40,471.59 - - -
BCR - 0.66 - - -
Household system without livestock excluding capital costs and benefits
NPV - -12,723.07 - - -
BCR - 0.22 - - -
Balance sheet for Venkatappa's household systems
120,000.00
_ LA bty /_"‘+‘i=+=+"f"f~+—+’+‘+‘+~+-+’J"*"+-+’+-+'+
100,000.00 7™~ R : - 5
80,000.00
1]
(0]
§ 60,000.00 +
o
40,000.00 +
20,000.00
0.00 ———————
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Month
|—2—Mean —0—Minimum —+—Maximum —— Without livestock|

Fig. 7.13. Aggregated balance sheets for an Indian household system with a dairy cow.

However, a number of runs generated a nega-
tive NPV, and no livestock activity had a posi-
tive cash flow. The results were compared
with the actual livestock management. One
household, Venkatappa, sold their cattle
when their value was highest, and the other
household, Nanjappa, fed limited rations to
their cattle, and subsequently suffered fertil-
ity problems. Both responses were considered
rational, given the cash-flow constraints, with

the Nanjappa household making a misjudge-
ment on the best strategy to apply to make a
profit from the enterprise.

The whole-household model output indi-
cated that the livestock activity had a positive
impact on the household profitability.
However, the results from the household runs
were dominated by an inflated land value, and
also indicated that data were lacking on other
household income-generating activities.
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Cash flow for Venkatappa's household systems
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Fig. 7.14. Cash flows for an Indian household system with a dairy cow.

While the livestock systems had an over-
all profitability it was doubtful if they were
viable due to the negative cash flow. As milk
was the main cash output from the livestock
system, this raises the question of whether
the milk price is high enough. The milk sale
price used was the rate offered by the local
milk cooperatives, and this, in turn, was set
by the local government. During the data
collection period many farmers expressed
dissatisfaction with the milk price, and the
model output shows why. The model could
be used to determine a milk price that could
generate positive cash flows, and would pro-
vide a pointer for future milk price policy.
Alternatively, sensitivity analysis could be
performed on input resource values. This
would highlight the resources that need to be
provided at lower rates to achieve enterprise
viability.

The predicted balance sheets and NPVs
were dominated by the value of land. A high
land value was used, because it reflects the
demand for land in the area. The neighbour-
ing city was expanding rapidly, and many
urban dwellers were buying land plots, either
for future housing developments or as an
investment. The true agricultural worth of the
land was much lower than that specified. The
whole-household model runs indicate that

these inflated land prices will probably
change the nature of the farming systems. It
will only be worth cropping the land for high-
value crops, which will probably require irri-
gation. Irrigation in this area requires the
sinking of borewells, and many farmers were
willing to pay large amounts of money to do
this, even for small areas of land. Such reli-
ance on underground water supplies, to guar-
antee attractive agricultural returns, is likely
to have detrimental effects on the water
table.

Summary

Many approaches have been used and are
available for the analysis of livestock farming
systems and other components of the live-
stock sector. These cover elements of enter-
prise or business profitability either in short
time periods or over time, the assessment of
change and the analysis of uncertainty and
risk. However, one approach alone cannot
provide a complete economic analysis of
animal health and production; often what is
needed is a combination of approaches. These
holistic, systems approaches are employed
in the livestock-orientated household/farm
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models presented. To truly capture all ele-
ments for the quantitative assessment of
livestock systems integrated into household
systems, three elements are identified as
critical:

e sufficient transparency in the decision-
making process to allow its use by tech-
nical specialists;

o sufficient flexibility for farming system
experimentation through modelling;

e and an adequate livestock model to
assess a livestock system.

The list of parameters needed by such mod-
els can prioritize the data that need to be
collected. The models can also be used for
returning information to the livestock keep-
ers and people within the livestock sector
supplying the data and hence ensuring their
continuing cooperation in data collection
exercises. This area is further expanded in
the following contribution by Andrew James.
This is followed by an explanation by Alistair
Stott on how optimization models may be
used in policy analysis and decision making
in animal health.



8 Modelling and the Generation
of Information

Andrew James

Introduction

Models have been increasingly used in animal
disease control policy in recent years, at both
national and individual herd levels. The pur-
pose of this chapter is to review the strengths
and weaknesses of some of the modelling
techniques that have been used, to assess the
prospects for future development of models
and to provide indications of when it is likely
that the use of models would be appropriate
to assist decision making.

Key Tools and Case Studies
Epidemiological models

Whenever economic analysis of animal health
policy is undertaken, an epidemiological
model is implied. It is necessary in ex ante
assessment to make assumptions about the
effect of any policy on the pattern of disease
in the population. Similarly, in ex post evalua-
tion it is necessary to make assumptions about
the outcome if an alternative policy had been
adopted. These models range from the purely
conceptual, to simple extrapolation of results
from a sample to the whole population, to
complex computer models. All bring benefits
and risks to the analysis.

A large number of formal epidemio-
logical models have been developed, and
some have been used to guide disease control
policy, both at national and individual herd
levels. Sometimes these have been linked to
formal economic analysis of the predicted out-
comes, but even where formal economic anal-
ysis has not been used, economic evaluation is
implicit: the preferred policy would be the one
that produced the best economic outcome.

Recent applications of epidemiological
models have highlighted the fact that it is dif-
ficult or impossible to estimate some of their
parameters, especially those relating to fre-
quency of contact between animals or herds.
In any case, such contact rates vary according to
local conditions and over time. Usually epi-
demiologists are forced to use ‘guesstimates’ of
these parameters and the result is that the model
will simply forecast their own preconception of
the progress of the disease. For example, if the
modeller judges that short-distance spread is
more frequent than medium-distance spread,
the model will predict that such policies as ring-
vaccination or pre-emptive culling will be rela-
tively effective. In the opinion of the author, this
constitutes a serious lack of objectivity, and the
risks are especially severe when decision takers
do not understand the logical basis on which
the forecasts are being made.

An example of this situation is found in the
UK foot-and-mouth disease (FMD) epidemic of
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2001. One model in particular, that of Ferguson
et al. (2001), played a key role in the decision
leading to the British Government adopting a
contiguous cull policy. A newspaper article
from the time reproduces outputs from the
model under the caption “scientific predictions’
(Daily Telegraph, 11 April 2001). However, this,
and other models, contained simplifications
and assumptions which heavily influenced the
conclusions about appropriate control strate-
gies (Taylor, 2003). Critical assessment of the
models within the FMD Science Group was dif-
ficult and discussion of their possible limita-
tions did not appear to feature greatly in the
decision support process. One interpretation is
that decision makers were seduced by the illu-
sion of truth provided by mathematics (Gupta,
2001), with the result that the models were taken
as prescriptive tools, providing a ready-made
solution to a decision problem.

It is much easier to develop epidemio-
logical models of endemic diseases than of epi-
demics. The reason for this is that, particularly
in the early stages of an epidemic, inherently
unpredictable events have a dominant effect
on the development of the epidemic. Stochastic
modelling techniques do not provide a com-
plete answer to this problem. They tend to pro-
duce the answer that ‘anything could happen’,
which is of limited value in economic analysis
and decision making. Furthermore, most mod-
els have to assume that the population of herds
is homogeneous, or composed of homoge-
neous groups of herds, with uniform contact
rates. This is very far from reality.

Endemic diseases, on the other hand, are
a much easier subject for epidemiological
models. They are usually modelled within
herds, where assumptions of homogeneity
are more realistic. And more data on critical
factors such as contact and transmission rates
are usually available. Despite the more pre-
dictable behaviour of endemic diseases, sto-
chastic simulation is still important. One of
the earliest applications of epidemiological
modelling to disease control policy remains
an excellent example. Hugh-Jones (1976)
developed a model of bovine brucellosis in
the UK to ascertain why farmers were not
joining the voluntary eradication programme.
Brucellosis-free herds received a valuable
premium on the milk price, but had to bear

the cost of culling reactors. The model showed
that on average farmers would benefit from
joining the scheme, but that there was a very
small risk of an individual farmer suffering
major loss. Stories of such cases in the farm-
ing press were sufficient to deter many farm-
ers from the programme.

Epidemiological models do have a very
important potential application in evaluating
ex post data to estimate actual transmission
rates, and evaluate the reasons for increased
and reduced rates over time and space. In this
way, it is possible to identify policies and con-
ditions apparently influencing transmission
rates, and learn lessons for future control and
prevention strategies.

Perhaps the most valuable application of
epidemiological models, including purely con-
ceptual models based on diagrams, is to clarify
understanding of the mechanisms of disease
transmission and maintenance during the
development of the model. The process of hav-
ing to specify possible transmission pathways
and interactions is often very instructive. Even
where it is not possible to assign values to
probabilities and frequencies, it is often clear
that one transmission pathway is far more
important than others, and this can suggest
more effective control strategies. A good exam-
ple of such a process was a recent study to
determine the duration of animal movement
standstill regulations to contain the spread of
exotic diseases such as FMD (Risk Solutions,
2003). A relatively simple spreadsheet model
was produced and, predictably, the model pre-
dicted outcomes reflecting mainly the animal
movement and disease detection assumptions
supplied to it. However, examination of the
model structure and the results made it clear
that any movement standstill regulation was
highly effective in containing spread, almost
regardless of the duration. A clear policy
recommendation emerged from the logic of
the model, and independent of any assumed
values of parameters that could not be esti-
mated or predicted (Taylor and James, 2003).

Livestock databases

The availability of low-cost networked com-
puters and stronger regulation of livestock
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producers have led to the widespread use
of livestock databases, both at national and
herd levels. These provide a very effective
platform for modelling of both disease and
production, and therefore the impact of the
disease on production. A good example
of this is a model used by National Milk
Records ple (NMR) to forecast future milk
production, both for individual herds and for
groups of herds supplying milk buyers. This
information is of value to individual farmers
managing their quota, and to milk buyers in
planning the allocation of collection vehicles
and their production schedules. The forecasts
are made on the basis of the present herd
composition in the NMR database, and recent
actual performance parameters, such as fertil-
ity, culling policy and lactation performance.
The forecast covers not only milk quality but
also protein and fat content, which is import-
ant to farmers and milk buyers. By apply-
ing variations to the policy and performance
parameters, it is possible to predict with great
reliability the production impact of manage-
ment policy changes. It is planned to make
this facility available as a management tool
for farmers in the near future.

The NMR database does not contain com-
plete movement data: animals are only
recorded when they are in customers’ herds.
However, national livestock traceability data-
bases could provide a powerful basis for mod-
elling animal diseases. They contain complete
data on the real host population and real ani-
mal movement patterns.

If the database also held production infor-
mation, such as that held by NMR, the eco-
nomic impact of the disease could also be
assessed. While such integrated livestock data-
bases raise issues of confidentiality and secur-
ity, these can be resolved by effective control of
data security and statutory restrictions on the
availability and wuse of information. The
Government of Chile, for example, is planning
to provide facilities for breed societies, milk
recording organizations, milk buyers and pri-
vate abattoirs within its regulatory database.

A great advantage of database-hosted
simulation models is that they tend to be con-
ceptually simple compared to mathematical
models. They simulate large numbers of sim-
ple events, and technical staff can be fully

involved in their development, allowing them
to understand and assess the assumptions
that are being made.

Risk analysis

When conducting economic evaluation of
exotic disease prevention policy, it is ne-
cessary to estimate both the risk of disease
introduction and the economic impact of an
outbreak if it were to occur.

Risk model-building software based on
spreadsheets is widely available and rela-
tively easy to use. However, it is very easy to
make two types of error in constructing risk
models. The first is to assume that successive
event probabilities in the risk pathway are
independent of each other. This is frequently
not the case, and if there is a positive associa-
tion between the two events (i.e. if the first
event occurs, the second is also more likely to
occur) then the joint probability of both events
occurring obtained by multiplying the two
probabilities will be an underestimate. These
errors can be compounded through the
model, producing serious errors in the risk
assessment.

A second, even more serious, criticism of
many quantitative risk assessments is that
there is no objective way of estimating many
of the key event probabilities. In fact, these
are not risks but uncertainties. Expert opin-
ions may be sought, but these are often con-
flicting with the result that the outcome of the
risk assessment depends on which expert
opinion is believed.

Another difficult issue in quantitative risk
assessment is the calculation of the economic
cost of a risk. Usually, this is calculated as the
product of the expected number of adverse
events per time period and the average cost of
such an event. The problem is to predict the
cost of events such as the introduction of an
exotic disease agent. This could range from
nothing to billions of dollars, depending on
disease preparedness and, to a large extent,
chance. To use the historical average cost of
such rare events (even if any had occurred)
would not be appropriate, as both the livestock
industry and disease control services would be
likely to have changed over the years.
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Humans are by nature risk-averse. The
perceived cost of a risk is often greater than
the average loss per time period. This is
especially true of exotic disease risks, where
the potential losses are enormous, both to the
economy as a whole and the individual offi-
cials who could be blamed for not protecting
the livestock industry. In reality, veterinary
services wish to pursue zero-risk strategies in
relation to exotic diseases, and are likely to
seek risk assessment results that would jus-
tify the banning of trade where they perceive
any risk of exotic disease.

A more constructive approach to disease
risk management could be provided by apply-
ing the methods of Hazard Analysis Critical
Control Points (HACCP) to the problem. This
methodology was developed for the food
processing industry, where the objective is
to establish procedures, control points and
monitoring that should eliminate the possibil-
ity of food contamination or other hazards.
This approach is much better aligned with the
real objectives of veterinary services. Where a
risk or uncertainty is identified, even if it can-
not be quantified, it can usually be prevented
by appropriate controls and monitoring. Many
countries importing animal products already
demand that exporters have HACCP systems

in place to control food safety hazards, and
there seems no reason why similar measures
could not control animal disease risks. The
HACCP methodology is applicable not only
to preventing the importation of exotic disease
agents, but also to their containment in the
importing country.

Discussion and Conclusions

Epidemiological models have great potential
to guide decision making by individual farm-
ers and governments. However, there are
risks that unrealistic models may continue
to misguide policy makers. It is critical that
the technical decision makers understand the
mechanisms, limitations and assumptions of
the models and are able to assess for them-
selves the validity and reliability of the results
that they produce. If this means that models
should wuse less-sophisticated simulation
techniques, then so be it. The availability of
livestock databases offers great potential for
more realistic epidemiological and economic
models. It is also the case that models devel-
oped on such databases tend to be conceptu-
ally far simpler than mathematical models.



9 Optimization Methods for
Assisting Policy Decisions on
Endemic Diseases

Alistair Stott

Why Optimize?

Assisting policy decisions ranges from indi-
vidual farm health planning right through
to international agreements designed to
combat global pandemics. At all levels, it
will be necessary to allocate scarce resources
between competing activities in order to
achieve the most appropriate objectives in
the best way. In other words, economics is
at the heart of this decision support process
and optimization of the guiding principle.
Unfortunately, optimization models, using
for example the loss—expenditure frontier
approach, demand considerable data that are
rarely available (Bennett, 2003). However,
by teaming up with scientists, systems
modellers and epidemiological modellers,
the data required by economists can often
be obtained by computer simulation (e.g.
Stott et al., 2003; Gunn et al., 2004; Santarossa
et al., 2005). Some applications have also
been based on field data (e.g. Yalcin et al.,
1999; Chi et al., 2002).

Decision Analysis and Optimization

The analysis of Mclnerney et al. (1992)
assumes complete information and unim-
peded optimizing behaviour, assumptions

that are not likely to be satisfied in prac-
tice (Tisdell, 1995). Tisdell (1995) therefore
extends the special case of McInerney et al.
(1992) in a number of ways including deal-
ing with multiple diseases and situations
where disease control funds are in short sup-
ply (see Chapter 4, this volume). An alterna-
tive approach is to focus on decision making
rather than on disease and so draw on the
wide range of generic decision analysis tech-
niques available (Ngategize et al., 1986). The
original and best known decision analysis
technique is linear programming (Jalvingh
et al., 1997). Although little used in animal
health economics, linear programming cap-
tures the essence of decision support, i.e. it
addresses the resource allocation problem.!
A more common application in animal
health economics is the decision tree (Marsh,
1999; Chapter 7, this volume), which provides
a visual representation of the decision choices
faced. The decision maker can get directly
involved, drawing on his/her experience to
estimate likely outcomes and risks (Boehlje
and Eidman, 1984) and thus overcoming some
of the data problems mentioned previously.

Stott et al. (2003) used linear programming to
incorporate biosecurity options into whole-farm
planning in order to achieve a farm income target at
minimum risk.
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Fig. 9.1. Loss—expenditure frontier for subclinical mastitis in a sample of 750 dairy herds.

These features are of real benefit in practical
decision support and are far more likely to
result in progress at farm level than more
sophisticated ‘black box” methods. However,
once sufficient branches have been added to
capture the full impact of a present decision
over the many cycles of animal production
likely to be affected, including future decisions
and chance outcomes, decision trees become
very difficult to handle. This is where dynamic
programming (DP; Bellman, 1957) steps in. It
finds the optimum route through a decision
tree in a computationally efficient way.?

Optimization for a Single Disease:
the Loss—Expenditure Frontier

Figure 9.1 drawn from Yalcin et al. (1999)
provides an example of the approach of
McInerney etal. (1992). Each cross on the
graph represents the average performance of
farms in the sample using the same approach
to controlling subclinical mastitis. Those with

2For an explanation based on the animal health
decision-making scenario see Stott et al. (2005a).

the highest control expenditure tend to have
the lowest losses from the disease. The solid
line is the loss—expenditure frontier, joining
the most efficient treatment strategies at each
level of control expenditure. The optimal
strategy is on the iso-cost (hatched) line tan-
gential to the frontier. It has the lowest total
cost (output loss + control expenditure), in
this case £66/cow/year. Average total cost in
this sample was £100/cow /year. This gave an
avoidable loss (true cost) of £34/cow /year.

Dealing with Multiple Diseases and
Restricted Control Funds

Figure 9.2 shows an example of the method of
Tisdell (1995) based on data for bovine viral
diarrhoea (BVD) in beef suckler herds gener-
ated by the model of Gunn et al. (2004) and
using the function for biosecurity costs set
out by Stott et al. (2003). The graph deals with
a hypothetical allocation of expenditure on
biosecurity between beef suckler farms that
are either free of BVD or of unknown BVD
status but otherwise identical. Expenditure
is fixed at £12/cow/year. If this entire sum
is given to the BVD-free herds the net benefit
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Fig. 9.2. Alternative allocations of £12/cow/year
biosecurity expenditure between beef suckler
herds of different BVD status.

(output loss avoided less cost of biosecurity)
will be just over £15/cow/year. If given to
the herds of unknown BVD status the net
benefit is just £1/cow /year. The iso-net bene-
fit (hatched) line shows that giving £8/cow/
year and £4/cow/year to the BVD-free and
BVD-unknown herds, respectively, yields the
highest net benefit (£19/cow /year).

The technique could deal with different
diseases competing for fixed control resources
on the same farm, and can be used to help
decision makers at regional level. In this exam-
ple, by offering twice as much support to farms
free of BVD would not only deliver the best
regional outcome but would also act as a con-
siderable incentive to ‘free-riders’ (Holden, 1999)
who might otherwise be tempted not to act
against the disease.

Multiple Objectives

Most decision analysis techniques seek to
maximize financial gain, but this is not always
the primary objective of decision makers. For
example, at a policy level for endemic disease
prevention, motives such as improved animal
welfare, human welfare and environmental
gain need to be considered. These are not
easily expressed in monetary terms and are

therefore liable to be neglected in a decision
analysis that emphasizes private cost-benefit.
Some decision analysis techniques can handle
multiple objectives, and have been success-
fully applied to the conflicts that can arise
between farm profitability, animal welfare,
human health and the environment in the con-
trol of ectoparasites of sheep (Milne, 2005) and
the trade-off between the short-run productiv-
ity of natural assets and their long-run value
(sustainability) in dairy farming (Santarossa
et al., 2004).

At farm level, the trade-off between risk
and profit is of particular concern as demon-
strated by Stott et al. (2003). They concluded
that risk and decision maker’s attitude
towards risk are important considerations
when choosing the optimum BVD prevention
strategy, and these considerations are likely to
apply to other farm-level endemic disease
control decisions. Santarossa et al. (2005),
using a contingent claim analysis method
(Stinespring, 2002), incorporated risk reduc-
tion and decision makers’ attitude towards
risk into the BVD control choice decision (see
Fig.9.3).

The contingent claim analysis method
calculates the level of (hypothetical) insur-
ance cover necessary to maximize the deci-
sion makers’ expected utility of wealth
(psychological satisfaction of holding wealth)
under risk. The more effective the BVD con-
trol strategy, the less is the risk and the lower
is the excess insurance cover required. For
example, in Fig. 9.3, the excess insurance for
B80 and V80 was not significantly different
from zero, ie. these options provided
adequate protection from the risks of BVD
while the others did not. Hypothetical insur-
ance requirements therefore become a proxy
for measuring the relative value of alternative
endemic disease prevention options in terms
of the trade-offs between profit and risk as
perceived by the decision maker. The main
point to emphasize here is that the results
depend on the decision maker’s attitude
towards risk, which is affected by income and
wealth.® Another decision maker with different

3For the values for these parameters used to derive
Fig. 9.3 see Santarossa et al. (2005).
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Fig. 9.3. Excess insurance coverage needed to offset risk from BVD under alternative control

options. (B80/B60/B40 assumes that biosecurity strategies have a 0.8/0.6/0.4 probability of avoiding

virus introduction in any one year. V80/V60/V40 assumes that vaccine ensures that 0.8/0.6/0.4 of all adult
cattle are effectively immunized each year. Strategies are hypothetical. Results are mean and SE of 100
Monte Carlo simulations in each case using the model of Gunn et al., 2004.)

values would have a different Fig. 9.3 and
make different disease control choices. With
such understanding animal owners will be
able to act in their own best interest but they
may not all act in the same way and their
actions may not always be in the best interests
of other stakeholders.

Discussion and Conclusions

The aim of sustainable development dictates
that the resources required to implement pol-
icy are allocated as efficiently as possible. This
means that optimization methods for assist-
ing policy decisions on endemic diseases are
obligatory, not an optional extra. Such obli-
gation extends from the international policy
maker ensuring value for public money
through to the private business that must
remain competitive to survive. However,
for the reasons highlighted above, optimiza-
tion methods should rarely, if ever, be used
to determine policy decisions. The dangers of
over-reliance on economic optimization tech-
niques are all too evident in the history of the
financial markets of the world (MacKenzie,

2004). This paper therefore highlights more
pragmatic approaches to the use of optimiza-
tion methods in the context of endemic dis-
ease decision support.

Data are rarely available to realize the full
potential of economic optimization methods
in support of endemic disease policy decisions
(McInerney, 1996). This problem can be allevi-
ated by closer collaboration between scien-
tists, modellers and economists. However,
even with perfect knowledge, problems will
almost invariably involve reconciliation of
competing objectives rather than optimization
of independent objectives. The predominance
of multiple objectives in endemic disease deci-
sion problems does not reduce the value of
optimization methods in decision support.
Multiple objectives can be handled as shown
in the above examples based on Tisdell (1995),
Stott ef al. (2002), Stott et al. (2005b) and
Santarossa et al. (2005). Cost minimization
methods based on sound economics also have
vital roles to play. They establish benchmarks
against which to measure the opportunity cost
of alternatives to the optimum solution.
Perhaps more importantly, they demonstrate
clearly to decision makers the vital role that
economics can play in this field. They high-
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light the cost of complacency and question
traditional assumptions about an issue that
has important implications for us all.

It is also important to appreciate that opti-
mization methods can play a wider role in
decision support than their name implies. For
example, decision analysis techniques focus
on decisions rather than on disease. By doing
this, they can widen the perspective and draw
in decisions not normally associated with dis-
ease prevention but potentially vital to it. For

example, better support for the replacement
decision in dairy cows may allow us to better
control endemic diseases such as Staphylococcus
aureys mastitis, which is unresponsive to
antibiotics and/or reduces the use of antibiot-
ics in agriculture with less risk to animal wel-
fare (Stott et al., 2002). The wider perspective
therefore captures some of the externalities of
conventional approaches to animal disease,
thus providing another means to contribute to
sustainability.



10 Tools That Go Beyond the Enterprise,
Farm or Business Level: Investigating
Markets, Market Trends and
Assessing Public investments
in the Livestock Sector

Introduction

Chapter 7 (this volume) presented and
reviewed some of the most important farm
and business-level tools available to the peo-
ple involved in the livestock sector. However,
these people need to use markets either to buy
their inputs or to sell their outputs. For them,
understanding how markets operate, how
to assess if a market is changing and who is
involved in setting the rules for the markets
is as important as understanding enterprise,
farm or business-level profitability. Therefore,
three parts of this chapter will present tools
and information required to carry out rapid
market assessments and review the livestock
value chains that the people in the livestock
sector are part of. The chapter also includes
a very brief review of the economic concepts
behind markets.

The other important actor in the livestock
sector is the State. The role of the State was
mentioned briefly in the different levels of data
collection (see Chapter 5, this volume) and will
be returned to in this chapter in the section
on tools for assessing State-level investments
(p. 122). However, like the individual farmer
or person involved in the livestock sector, the
State needs tools to determine if an investment,
i.e. a change, in the livestock sector will be
worthwhile for society in general. The most
commonly used tool for such appraisals is

cost-benefit analysis and this chapter presents
an overview of the main aspects of this tool
along with a discussion of the additional tools
required to estimate the costs and the benefits
of a proposed change. This includes how mar-
ket analysis can be used to estimate how the
benefits and costs of a large change in the live-
stock sector are transmitted through markets
to both consumers and livestock producers.

This chapter will also discuss a relatively
recently recognized tool in the economics of
livestock and health value chain analysis. This
can be useful for both the farm, agrobusiness
person and the State in assessing components
of the livestock sector.

Market Concepts

In a market there is a problem of scarcity.
In countries where shop shelves are never
empty, very few people go without food and
the majority have adequate housing, it is diffi-
cult to believe that markets can be concerned
with scarcity. If someone were asked if they
wanted more money their response would
undoubtedly be yes. What would they do
with the extra money? It will be spent on extra
goods and services. This response is true of
both rich and poor people. Even very wealthy
people with a big house and an expensive car
would probably like a bigger home, a luxury
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yacht, etc. The important point to be noted
is that human wants are virtually unlimited.
Yet the means of fulfilling human wants are
limited. The world has a limited amount of
resources, which means that at any one time
only a limited number of goods and services
can be produced. Demand and supply and
the relationship between the two actually lie
at the centre of economics:

1. Demand - related to wants:
If goods and services were free, people would
simply demand whatever they wanted.

2. Supply - related to resources:
The amount that firms can supply depends on
resources and technology available.

With the definition of scarcity above, it is pos-
sible to state that human wants exceed what
can actually be produced, therefore potential
demands will exceed potential supplies. This is a
continual problem and has to be dealt with by
society. There is a need to match demand and
supply. In the majority of societies the match-
ing of supply with demand is achieved
through prices. In general, when prices
increase demand will reduce, but supply will
increase as actors involved in livestock pro-
duction, processing and marketing realize
that additional profit can be made.

The characteristics of how demand changes
with a price change is related to a good on
offer, cultural preferences for that good and
the alternative goods that have similar char-
acteristics. For example, goats are an impor-
tant species for religious ceremonies and have
few substitutes. The demand for this good is
strong and people are willing to pay high
prices per head at certain times of the year. In
the case of milk, the goods produced from
this livestock product compete with similar
products made from vegetable oils and soya.
Similarly, wool can be replaced by other types
of fibre. Substitutes are an important aspect of
market structures and recognizing how to
address such competition is an important
aspect of livestock product marketing.

Looking at supply, a change in prices
will change the profitability of a livestock
activity, which can be investigated using
gross margin analyses and enterprise bud-
gets. An increase in prices will mean that the
profitability of the livestock activity will

increase not only in absolute terms (i.e. the
quantity of money produced by the activity),
but also in relative terms (i.e. in comparison
with alternative activities). Where the change
in profitability is sufficiently large, the impact
will be for the current livestock producers
and people in this part of the livestock sector
to dedicate more time and resources in the
livestock production and marketing and also
to attract new people to these activities.
Their combined action will be to increase
supply. This is called the supply response,
and how quickly the response takes place
is dependent on the characteristics of the
baseline production of the livestock produc-
tion, which as outlined in the production
economic chapter (Chapter 3, this volume) is
biological, and the speed at which resources
can be switched from other activities to
the livestock production and marketing
activity.

The general relationship between sup-
ply and demand with the price and size of
the market is represented graphically in Fig.
10.1.

In the situation described where poten-
tial demand exceeds supply, how can actual
demand and supply be made to balance?
There are three ways:

1. Demand has to be curtailed.
2. Supply has to be increased.
3. A combination of (1) and (2).

Market Analysis: from the Point of
View of the Producer

Ideally market analysis should build on the
data and information generated from the
livestock producers using the gross margin
analyses and enterprise budgets of their live-
stock activities. Information on the livestock
producers will indicate their resource man-
agement and use, the organization of the pro-
ducers. Information on the processors and
traders would also be useful as would the
contact of the producers with markets and
traders. The farm-level analyses will provide
a basis to assess how well the livestock pro-
ducers and processors can supply livestock
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Fig. 10.1. Relationship between the characteristics of supply and demand, market price, quantity

of a product bought and sold and total market value.

product demand and how quickly they could
change to growing demand.

Much of the market analysis will be dedi-
cated to examining markets for the livestock
products. However, when investigating the
commercialization of livestock products there
is also a need to investigate key input mar-
kets. Here the link between market analysis
and enterprise budgets is crucial; the latter
will help an investigator identify which are
the key inputs for the livestock producers and
others involved in the livestock sector. In this
way it will also determine which input mar-
kets need to be further investigated for issues
such as seasonality of availability, variations
in quality, number of suppliers, etc. Outside
the standard list of inputs that can be easily
quantified, it should also be remembered that
the market for information on prices and
technology is important in ensuring that the
livestock chain works smoothly and
equitably.

The analysis proposed in this section will
be centred on community-level issues, with
more wide-ranging aspects of the market
introduced in the value chain analysis below.
The analysis described will also be largely
qualitative, for those interested in more quan-
titative analysis please refer to Ferrell ef al.
(1998) or Weiers (1986).

Objectives

The objectives of market analysis are to:

e Identify the key input markets for live-
stock production activities.

e Identify the key output markets for live-
stock and livestock products.

e  Characterize the input and output mar-
kets, identifying the numbers and types
of traders involved.

e  Assess the level of understanding of the
livestock producers of market demands
in terms of:

e the existing options for livestock and
livestock product trading;

e changes in marketing structures over
time;

e sources of market information used at
producer level;

e perceived constraints of the existing
markets.

e  Assess the competition in the production
of livestock, livestock products or live-
stock product substitutes.

e  Determine the commercialization margins
for livestock.

e Improve the producer-level understand-
ing of livestock and livestock product
markets by combining local and external
knowledge data sets.
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With whom?

Market analysis of livestock or livestock pro-
ducts should be carried out at different lev-
els if it is to generate information that will be
useful for production-level decision making.

1. All analysis should begin with the pro-
ducer of the livestock in order to discuss
access to input and output markets.

2. To supplement this local knowledge set,
secondary data should be sought from key
informants and organizations onlarge-scale trends
of the livestock or livestock product market.

3. Information generated by the analysis
should be returned to the producers and
discussed in terms of how it can be used to
increase the success of livestock and livestock
product marketing.

4. Where appropriate, information should
be disseminated to livestock policy decision
makers.

Step 1: Data: where to find them

Data for market analysis can be divided into
data that are collected by the investigators
and the community, which are called primary
data, and data that have been collected and
documented by other people and organiza-
tions, which are called secondary data. There
will be a need to combine both types of data,
unless the market analysis is for a very local
market. In the latter case primary data will
suffice. Please refer back to Chapter 5 (this
volume) for further information

Step 2: Analysis of the internal
environment of the livestock producers

An important part of the market analysis is
the understanding of the objectives, goals and
production methods of the livestock produc-
ers. The following checklist is suggested:

e  Objectives:
(a) Who are the producers?
(i) availability of land and natural
resources to produce livestock;
(ii) socio-economic status;
(iii) skill and education levels;
(iv) other available resources;

(v) access to markets for inputs, out-
puts and knowledge;
(vi) ability to raise finance.

(b) What are their objectives and goals in
the marketing of livestock and live-
stock products?

(c) Do these producers have a good
market?

(d) Is their market growing, staying the
same or shrinking?

e Production costs — available from the
enterprise budgets:

(a) quantity, quality, price and total value
of the livestock or livestock product;

(b) quantity, price and total value of inputs
(variable, labour and fixed costs);

(c) the livestock activity’s profit, prod-
uctivity and efficiency;

(d) the livestock activity’s sensitivity to
changes in input and output prices.

It is noted that this internal environment is
largely under the control of the producer and
therefore has some degree of flexibility. The
internal environment also sets the parameters
in terms of what can be supplied by the pro-
ducer in terms of quality and quantity of the
livestock produced.

Step 3: Analysis of the external
environment

The external environment is largely out of
the control of the producer, but it is import-
ant to understand how the producer engages
with this environment and where necessary
how this can be strengthened. Information
and data for this environment can be sought
first from the producer, but ideally should be
supplemented with secondary data from live-
stock sector organizations. The analysis of the
external environment can be broken down into:

o Competition (this can be other livestock
producers and also producers of prod-
ucts that are substitutes for livestock
products). The key questions are:

e Who are they, what are their strengths
and weaknesses, capacity, product, dis-
tribution, prices, promotion, their reac-
tion in the face of a change, their likely
changes in the future?
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Failure to understand the competition
puts in danger the success of any future
investments in livestock activities.

e The economy, with data from the pro-
ducer and supplemented with secondary
data sources. The key issues are:
¢ The growth of the economy and where

this is focused, i.e. is it across all socio-
economic groups or concentrated in
certain groups? This needs to be related
to who are the current and potential
consumers for the livestock products
and what happens to livestock product
demand when these clients get richer.

e Political, legal and cultural issues will be
discussed in more detail in Chapter 11
(this volume).

e  Technology changes — data should be col-
lected from the producers on their views of
how livestock activities may be improved,
and information should be sought from
other organizations working in similar
areas. The key issue is:

e Could a technological change affect the
quantity and/or the quality of the live-
stock or livestock product? Could a
technological change allow the livestock
product to reach new markets? For
example, processing, storage, transport
or marketing of the livestock product.

Step 4: Client and consumer analysis

Some key questions need to be asked of the
livestock producers in order to understand
how well they understand the demands of
the end clients and consumers. A suggested
list of questions is as follows:

e  What does the consumer or client do
with the livestock or livestock product?

e Where do they buy the livestock or live-
stock product?

e When do they buy the livestock or live-
stock product?

e  Why does the client or consumer buy the
livestock or livestock product from the
producer or the area where this producer
farms?

e  Why do potential clients or consumers not
buy the livestock or livestock product from
the producer or area where they farm?

Market classification

It may also be helpful to classify the clients in
terms of whether they want the livestock or
livestock products for:

e consumption — milk, meat, cheese;

e industrial use — broken eggs, hides, spe-
cific offal parts;

e wholesaling — some livestock markets
attract traders who buy large batches of
animals and then distribute them to many
farmers;

e generation of national and international
public goods — Governments in the pay-
ment to farmers for maintaining the
countryside.

Clients and markets can also be classified by
geographic location:

e international, which can also be divided
into Latin America, USA, Europe, Asia;

e national, which can be divided into the
main cities or regions;

e regional;

e local.

It is also important to state if the clients of the
livestock or livestock products are real, i.e.
they are buying the product now, or poten-
tial, i.e. they may buy the product in the
future, and if the demand for the product is
constant, i.e. the same each month or week,
or seasonal.

It may be helpful with the community to
fill a simple table to express this type of clas-
sification (see Table 10.1).

Market integration and
commercialization margins

Equitability along the marketing chain is an
important aspect of success for livestock pro-
duction and marketing. The question is how
to assess if the distribution of the value of the
product is equitable or not? In a market where
there is equitable distribution the difference
between actors in the chain should reflect the
costs of transport, processing and storage of
the livestock or livestock product plus a level
of profit which reflects the returns of similar
activities within the economy. The starting
point for this analysis is therefore information
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Table 10.1. Simple market classification for some livestock products in Bolivia.

Market location
(local, regional,
national,

Which country,

Who are the clients?

Product international) city or region? Livestock sector Final

Finished pigs  Local, regional The Altiplano and Local traders Local and city-based
the cities of Sucre consumers through
and Tarija, Bolivia restaurants

Turkey Regional Main Bolivian cities National company  City-based consumers

in Bolivia
Llama fibre Regional, Main Bolivian cities, National and City-based consumers
international UK, ltaly, China international in all parts of the

fibre brokers world

on the price paid and received for livestock
inputs, livestock and livestock products by
each actor in the chain from the input pro-
vided to the producer and then on through to
the consumer. These data can then be used to
calculate commercialization margins, which
are based on information of the final unit price
for the livestock product. The formula for cal-
culating the margin is shown below:

Difference between
sale and purchase

price of the product
= X
Consumer price

Commercialization
margin

The commercialization margins for the milk
value chain with cheese as the end product is
presented in Table 10.2.

The calculation of the margin is made
difficult for products that are processed or
transformed when passing through the supply

chain, and also for products which do not
have a standard unit of measure throughout
the supply chain. Therefore, it is not always
possible to present this type of analysis for
every finished livestock product. For exam-
ple, a finished steer will be slaughtered and
processed into meat, offal and hide. The meat
will be consumed, some of the offal processed
and the hide cured and then used in manufac-
turing processes.

An alternative to the commercialization
margins is to calculate the proportion of the
final price taken by the different actors in the
chain. The estimation of the proportion of
the final price taken by the different actors in
the chain requires information on the end
price for the product. There are difficulties in
calculating these proportions if the product is
processed or transformed when passing
through the supply chain and if the unit of
measure for a product changes.

Table 10.2. Commercialization margins of the different actors in a milk

value chain.

Price (Bolivianos/l milk) Margin (per litre milk)
Actor Buying Selling Boliviano %
Producer 3.412 4 0.59
Processor 4 12.03 8.03 43.72
Trader 12.03 18.37 6.34 34.51
Consumer 18.37
Total 14.37 78.22
Final product value 18.37 100.00

aUnit cost of producing a litre of milk.
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While the commercialization margins and
the proportion of the final price taken by the
different actors are of value in some situations
and for some livestock products, the fact that
they do not take into account costs incurred by
each actor in a chain can lead to a distorted
impression of who gains and who loses. Where
there are significant costs, be they transaction,
transport or processing costs, these measures
from the marketing chain can give distorted
information about the apparent ‘profitability”’
of each actor in the chain. Such analyses should
be the starting point of a much deeper cost and
profitability analysis based on enterprise bud-
get analysis of the livestock activities of each
actor along the chain. In addition there is a
need for an understanding of the institutional
context in which each actor is found and
works. This will be discussed in more detail in
the section on value chain analysis in this
chapter and in Chapter 12 on institutional
economics.

Market trends

Markets are not static, in part because eco-
nomic growth will change the socio-economic
status of the livestock consumers and this
often leads to changes in the quantity and
quality of the livestock products demanded
by these consumers. The trends in the live-
stock market can be examined at local level
with discussions on quantities of the product
sold over a historical time period. It is also
important to assess if the quality demanded
has changed and if such changes have been
accompanied with incentives to provide bet-
ter quality, or whether a livestock product that
does not meet a certain quality either is not
purchased or has a lower price. What should
be remembered when carrying out such local-
level analysis is that the information at com-
munity level may be incomplete. This may be
related to how traders pass on information
from consumer to producer, or it may be a
lack of skills in analysing data available on
the market. In all cases it is recommended
that the researchers visit markets outside
the communities, preferably with commu-
nity representatives, to gather extra data and

information on market trends. Ideally, these
data should be supplemented with secondary
data and information. The local and external
data sets then need to be assessed in terms
of the community’s ability to satisfy present
and future demands for quantity and qual-
ity of the livestock product. The combination
of data and information from the producers,
traders and markets is key to generating suc-
cessful livestock marketing strategy plans.

Summary

The market analysis for producers should
provide the basis for developing a market-
ing strategy on how to improve the success
of livestock and livestock product marketing
in the future. Table 10.3 shows how a market
analysis can be summarized.

Tools for Assessing State-level
Investments in the Livestock Sector

The effectiveness of economic impact assess-
ment at State level depends on the speci-
fication of the decision problem, and the
objectives of the various people in the live-
stock sector who will be affected. This obvi-
ously requires discussions with these groups
and some authors such as Carney (1998) and
Scoones (1998) have proposed a more holis-
tic means of doing this through a livelihoods
framework. However, the most widely used
tool for assessing State-level investments is
cost-benefit analysis. On its own this is sim-
ply a framework for comparing costs and
benefits to society that occur over time. Given
the complexity of economies that most societ-
ies have developed, this requires additional
tools to generate information on who gains
and who loses and what are the overall costs
and benefits to society. Therefore, in addition
to an explanation of cost-benefit analysis in
general, economic surplus methods, math-
ematical programming or optimization meth-
ods, and simulation and systems analysis are
described. These methods will be further dis-
cussed with their strengths and weaknesses
by Martin Upton in Chapter 11 (this volume).



Table 10.3. Summary of the information from a rapid market assessment for pig and turkey producers in the Cintis, Bolivia.
For the locally produced
Competition product
Substitute Important Current Potential Recommendations
Product Actual product product organizations  Exports Local demand markets markets and comments
Pork and  Monteagudo Other white - No exports due to  Industrial breed Local in Sucre, Animal health status
pork for local breed meat animal health pigs in the main Camargo, Potosi, needs to be improved
products pigs Vegetable status. There cities. Local breed small Tarija, first for cysticercosis,
Santa Cruz for oil are imports of pigs in Sucre and amounts but also classical
industrial manteca Potosi to Sucre swine fever
breed pigs An analysis of manteca
Argentina production
for pig fat
(manteca)
Turkey Chile, Peruand  Chicken Santa Rosa There are Demand for turkey Does not Tarija and Turkey production
meat Cochabamba  Other imports of in the main cities exist Sucre needs to be directed
Small-scale meats turkey meat during Christmas Christmas to finished birds for
producers in markets Christmas
Sucre and for whole A cost analysis of
Tarija birds and processing the birds
pieces in pieces

|oA8T Ssauisng Jo wied ‘esudialug syl puokeg

gcl



124

Chapter 10

This is by no means a comprehensive clas-
sification of methods available, but is meant
more as a practical set of major headings under
which to discuss various approaches and
issues. All economic impact assessments
require methods to identify and determine
costs and benefits. In a broad sense, cost-benefit
analysis can be seen as the overarching frame-
work into which the outputs from other tools
and methods can be incorporated.

Cost—Benefit Analysis

Cost-benefit analysis, or what Bennett (1992)
terms ‘social cost benefit analysis’, is one of
the most common methods of State project
appraisal (Gittinger, 1982; Winpenny, 1991)
and is analogous to investment appraisal
described for the farm and business enter-
prises (see Chaper 7, this volume). It is used
for projects or activities that involve public
expenditure and values the costs and benefits
to society as a whole (Dasgupta and Pearce,
1978). The basis of cost-benefit analysis is
social welfare, but its outputs include similar
criteria to those of investment appraisal.
Cost-benefit analysis provides a rigorous
and comprehensive framework that incorp-
orates the costs and benefits that arise. The
costs and benefits produced from State-level
interventions may be economic, environmen-
tal, biological and from human health changes.
No other framework forces the analyst to con-
sider the major impacts of a project, pro-
gramme or policy change. It is not uncommon
that the term cost-benefit analysis is used for
analysis of a change using public or private
funds. In this book, assessments of private
investment over time are described as invest-
ment appraisal, as generally speaking they
will not consider the wider implications for
society of a private investment. However, it is
suggested that changes in company reporting
to include issues of corporate social responsi-
bility mean that the methods that will be out-
lined for cost-benefit analysis are equally
applicable to the assessment of large corpo-
rate investments. In addition, Alston et al.
(1995) argue that, when cost-benefit analysis
is used to assess research benefits in a partial

equilibrium framework, then it is in effect a
special case of the economic surplus method
outlined below.

Dijkhuizen et al. (1995) note that, for State
investments in long-term disease control pro-
grammes either at the regional or national
levels, cost-benefit analysis is typically the
analytical structure of choice. In general, this
involves estimating streams of costs and bene-
fits associated with a particular control pro-
gramme, which are then discounted using the
methods described above in the investment
appraisal section. The discount rate to use in
cost-benefit analysis is often a source of con-
siderable uncertainty, but for practical pur-
poses the real rate of interest is used. The real
rate of interest can be more easily calculated
by estimating the difference between the rate
of inflation and the current interest rate on
saved money.

Cost-benefit analyses are typically car-
ried out to compare and contrast different
strategies within the livestock sector, and the
outputs of such analyses include a set of
investment criteria introduced above, such as
the net present value (NPV), internal rate of
return (IRR), and benefit/cost ratio (BCR).
For example, Kristjanson (1997) projected
future costs and benefits for the development
and implementation of a vaccine against East
Coast fever (ECF) in sub-Saharan Africa. This
analysis estimated the maximum Dbenefits
possible from such an intervention (Mukhebi
et al., 1992). A series of factors or assumptions
on the estimated adoption rate, the probabil-
ity of a vaccine being developed, and a depre-
ciation factor for the vaccine effectiveness
were then used to obtain the adjusted benefits
and the total costs of the research programme.
In a 30-year investment period the NPV was
estimated to be US$160 million, the IRR 31%,
and the BCR 15:1.

Various published examples of cost—
benefit analysis being applied to animal
health problems exist (Power and Harris,
1973; Hugh-Jones et al., 1975; Ellis et al., 1977;
Rich and Winter-Nelson, 2007). The data
requirements of social cost-benefit analysis
are very high. The final analyses are often
very sensitive to small changes in assump-
tions of discount rates, adoption rates and
changes in livestock production parameters.
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Some of the costs and benefits may also be
extremely difficult to value appropriately,
particularly where there are impacts on human
health and the environment.

The term cost-benefit analysis has been
used to include studies that look at individual
as opposed to societal costs and benefits. For
example, Bennett et al. (1997) use a standard
methodology to study the economic import-
ance of non-notifiable diseases of farm ani-
mals in the UK. This was set up in a spreadsheet
for various diseases of cattle, sheep, pigs and
poultry. The methodology involved looking,
for each disease, at the systems affected, the
livestock population at risk, the disease inci-
dence and resultant disease effects, and then
calculate the financial loss and the total cost of
the disease, together with treatment and con-
trol costs. Similarly, McLeod (1995) estimated
the costs of the major parasites to the Australian
livestock industry using a simple spreadsheet
of costs and benefit, which was then used to
assess the farm-level profitability resulting
from improved parasite management. This
spreadsheet model has been extended to
assess the importance of tick-borne diseases of
cattle in Asia and Africa as well as Australia
(McLeod, 1998).

It is assumed that these authors have used
cost-benefit analysis to make a financial assess-
ment of a change, whereas social cost-benefit
analysis would be an economic assessment.
The latter would take a method of analysis for
helping society decide what is acceptable and
what is not, and take into account the wider
implications of change. For example, an inter-
vention that implies a livestock population
increase means that there will be pressure on
natural resources. Therefore, environmental
impacts have to be valued to complete the
analysis. Techniques exist for valuing the
environment such as the effect on production
approach, contingent valuation, travel costs
methods, and the human capital approach
(Winpenny, 1991). It is noted that the data
requirements, especially for the more sophisti-
cated techniques, are considerable.

One of the weaknesses of many assess-
ments of the overall impacts of livestock dis-
eases on a society is a lack of information on
the costs to avoid the impacts. The impact of
the disease alone is insufficient to take deci-

sions on the allocation of resources and will
only give an overall impression of the import-
ance of the disease. In order to take decisions
further information is required on:

e the actual situation — a baseline;

e the costs of a change in animal disease
status and when they occur;

e  the benefits of a change in animal disease
status and when they occur.

In many situations the baseline is also dynamic
and for State-level interventions it is often
important to recognize that the baseline may
arrive at similar point to with an intervention.
What the State is looking for could essentially
be described as short cuts to an improved
animal disease status, which in the process
requires State investment and generates bene-
fits to society. Examples of possible baselines
are shown in Fig. 10.2. To develop a good base-
line and also estimate the benefits generated,
there is a need to have:

e A good understanding of the technical
aspects that make up both the baseline
and the intervention line; many of the
benefits and costs will be generated
within the livestock sector and a thor-
ough understanding of the livestock sec-
tor cannot be ignored.

e Information on the incentives for the
producers and people involved in the
livestock sector to control a disease; a
description of value chain analysis will
return to this point.

In State or national-level livestock pro-
grammes, the objective is to accelerate the
development of the sector either through the
control or eradication of an animal disease
or a change in livestock technology. Given
the cost and complexity of carrying out a
cost-benefit analysis, there is a need to have
additional tools to decide whether it is worth
carrying out such analyses. Decisions on
whether to carry out a cost-benefit analysis of
a State investment in the livestock sector can
be refined by determining who benefits from
a change. For example, the control of a conta-
gious disease such as foot-and-mouth disease
or zoonotic disease such as bovine tubercu-
losis by a farmer generates benefits to society
as a whole and this is described as generating
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Fig. 10.2. Estimation of benefits from a State-level intervention with different baselines.

public goods. Such actions provide a strong
justification for the State to assess whether
an overall programme is required. However,
there are interventions where the benefits are
entirely or largely captured by individual pro-
ducers. Such interventions generate private
goods, and the role of the State is less clear.
A possible example would be the control
of parasites which have a localized impact.
Where the State might play a useful role is in
investment on research to control a localized
disease and the dissemination of information
on best control methods.

A change in animal disease status or the
level of livestock technology, production and
productivity of the livestock sector will have
an impact on livestock product supply and in
turn will affect the prices of livestock prod-
ucts. Benefits will accrue across society as
most people are livestock consumers and this
requires information on the relationship of
supply and demand for the product affected.
Information is therefore required in the elas-
ticity of supply and demand. For diseases

that affect human health such as zoonoses or
food-borne pathogens, changes in livestock
sector practices that reduce the existence of
these disease agents will lead to an overall
improvement of human health status. This
will generate benefit in terms of reduced
medical costs, a reduction in the number of
days lost through illness and with some dis-
eases a reduction in the number of people
who die. It has become common to present
these benefits as the number of ‘disability
adjusted life years’” (DALYs) saved by an
intervention. Interventions in the livestock
sector can also create impacts across the econ-
omy as a whole and models are required to
estimate these impacts such as ‘social account-
ing matrices’ (SAMs) or computerized gen-
eral equilibrium (CGE) models. These will be
discussed in more detail below and will be
assessed by Martin Upton in Chapter 11 (this
volume). A complete cost-benefit analysis
should also determine not just where and when
costs and benefits of a proposed intervention
to the livestock sector occur; it should also
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determine who bears the costs and benefits.
Ideally, a State intervention will leave no one
worse off than before and where possible
would improve and facilitate the lives of the
worse off in society.

It is important to reiterate that cost-
benefit analysis provides a framework to
assess a change in the livestock sector, either
through a direct intervention in terms of a
project or programme or through a change in
regulations and laws. These are clear expres-
sions of livestock policy. The analysis then
requires all the costs and benefits of such a
change to be estimated, both when they occur,
where they occur and to whom they occur. As
can be seen, to reach a final answer of a NPV,
IRR and BCR from such complex estimations
requires significant data collection and ana-
lysis and in many cases the use of a number of
assumptions for future change. Therefore,
interpreting the output from a cost-benefit
analysis requires an understanding of the
final output, and the process of analysis used
to reach these final numbers. In this, the final
numbers produced are an expression of many
people’s judgements of the value of change.
There are no hard-and-fast rules on how to do
this, but it is recommended that both people
carrying out the cost-benefit analysis and
those who have to use its output have a strong
understanding of the livestock sector they are
assessing and of the economic tools they use
to examine farm and agrobusiness change
and the wider societal implications. Without
such a mixture of technical and economic
knowledge there will always be the danger of
producing a poor answer, even though the
final analyses may involve very complex
methodologies. There is no replacement for
having good grass-roots knowledge.

The following will give more detailed
descriptions of assessing the impact of change
on markets and also models to predict the
implications of change across society. The
outputs of such methods can then be placed
into a cost-benefit analysis framework.

Economic surplus methods

In discussing the approaches used to measure
the economic consequences of agricultural

research, Alston et al. (1995) present a rela-
tionship (a production function) between:

e current output or productivity, which is
dependent on current flows of inputs
such as concentrates or fertilizer;

e uncontrolled factors such as the weather;
and

e current and past investments in agricul-
tural research and extension.

They divide most of the approaches used
into econometric approaches, which seek
to quantify such relationships directly, and
approaches based on economic surplus meth-
ods, which go beyond the production func-
tion to look at impacts of change on supply
functions.

At aggregated levels in the hierarchy of
systems, economic surplus methods have
been quite widely used to assess the economic
impacts of change. These changes may be
brought about by new agricultural technol-
ogy, such as the application of an animal dis-
ease control technology or strategy in a region.
For this reason, economic surplus methods
have been used in assessing past or future
research activities. Rather than trying to assess
the algebraic relationship between outputs
and inputs, economic surplus methods are
based on the premise that change, brought
about by new technology or policy shifts, has
an effect on the supply of the commodity (or
commodities) being produced. This in turn
changes the price paid for the commodity by
consumers in society. Economic surplus meth-
ods attempt to quantify these shifts and to
estimate the impact that change has for both
the producers of the commodity and the con-
sumers who purchase it.

In a simple example shown in Fig. 10.3 a
country produces beef with an inelastic
demand for the product and elastic supply for
the product. However, the country cannot
export beef because it has foot-and-mouth dis-
ease. This situation creates a small market and
a low price in relation to the international
price for beef for producers. The international
market for beef is assumed to be unaffected by
supply from the country. A plan is developed
to control and eradicate foot-and-mouth dis-
ease. This has two impacts: there is a shift in
the supply curve of beef as no foot-and-mouth
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disease improves farm-level productivity; and
there is access to an international market for
beef. The price increases for producers and
reduces for national consumers. The benefits
are to both groups and can be determined and
quantified by examining the relationship
between the national and international
demand curves and the shifts in the national
supply curves (see Fig. 10.3).

The example above is a very simplistic
representation of reality and in more complex
analyses there is a possibility that changes in
the livestock sector may result in more bene-
fits accruing to consumers rather than pro-
ducers. However, the overall benefit to society
could well be positive. The key steps of eco-
nomic surplus methods are:

e  Technological change occurs.

e  The change has an impact on the location
of the supply curve of the commodity.

e  Analysis takes place to estimate this shift
in supply and to identify the new market

equilibrium.
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e  The partitioning of the benefits is calcu-
lated in some way.

The basic model has been extended in numer-
ous ways. Non-linear supply and demand
curves; non-parallel shifts in the supply curve
(pivotal shifts, for example); multiple markets
for a single commodity; multiple commod-
ities; shifts in the demand curve as a result
of quality changes, for instance; all these and
more can be incorporated within the economic
surplus framework.

Various criticisms have been made of
economic surplus methods from both a con-
ceptual and a practical point of view. Some of
the conceptual problems are related to the
need to make value judgements in such ana-
lyses and issues of policy irrelevance. From a
practical point of view, the major problem is
the substantial effort required in collecting,
processing and analysing economic and tech-
nical data (Falconi, 1993).

There are various examples of the appli-
cation of economic surplus methods to assess
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Fig. 10.3. Impact on markets with a change in animal disease status.
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economic impacts of animal disease control
technology. An example is Kristjanson et al.
(1999), who look at the potential impact of an
as-yet-undeveloped vaccine for trypanosomi-
asis in Africa using field data from Ghibe,
Ethiopia. An economic surplus model was
estimated to value increases in productivity
and capture the uncertainties involved in
ongoing development of a trypanosomiasis
vaccine. The lower production costs were
estimated to increase meat and milk supplies
and at reduced prices to consumers. The
value of the potential increase in milk and
meat production with trypanosomiasis con-
trol was estimated to range between US$420
million and US$1.1 billion per year, with a net
present value of trypanosomiasis vaccine
research estimated to range between US$170
and US$470 million, an IRR of between 28%
and 38% and a BCR varying from 20:1 to 54:1.
Ott et al. (1995) also used the economic sur-
plus method to measure the national eco-
nomic benefits of reducing livestock mortality
with an example of pigs in the USA.

As mentioned above data requirements
for the economic surplus method are consid-
erable. Information is required on:

e  Productivity impacts, which may be dif-
ficult to quantify.

e Costs and prices and elasticities of sup-
ply and demand for the commodities
involved.

e  Adoption rates of the new technology have
to be assessed probably through ex post
studies either by collecting this through
adoption studies or rapid surveys, while
for ex ante studies expert opinion has to be
sought concerning likely adoption lag time
and ceiling adoption levels.

e Ifthestudy is ex ante, then another decision
has to be made, again using expert opin-
ion, about the likely success of the inter-
vention (control programme or research
activity).

However, such data are required for a com-
plete cost-benefit analysis. What the economic
surplus method adds is the ability to examine
how livestock sector change affects markets
and who will gain or lose in such change. The
economic surplus method is reasonably flex-
ible and, for impact assessments that seek to

quantify the effects of animal disease control
programmes or technology changes at the
sectoral, national or international level, there
are few realistic alternatives to methods based
on notions of economic surplus.

Mathematical programming methods

The optimization methods outlined earlier
with regard to the farm level have not been
used widely for animal health purposes at the
regional or national levels. One example is
Habtemariam et al. (1984), who investigated
the economics of trypanosomiasis control in
Ethiopia using linear programming meth-
ods. Dynamic programming, which involves
the search for an optimal solution involv-
ing a sequence of decisions over time, has
been used by Hall et al. (1998) to model the
economics of different animal health control
programmes.

In the real world, decision makers do not
generally have simple objective functions.
Mathematical programming methods have
been developed that allow multiple objectives
to be dealt with, such as maximizing profit
while minimizing income variability, or maxi-
mizing profit while minimizing soil loss.
Especially when dealing with the regional or
national level, the set of objectives that have
to be incorporated may become very compli-
cated. The various stakeholders may have
competing objectives, which imply that com-
promises have to be reached. There are very
few examples of multi-criteria programming
applications to animal health issues at the
regional or national level. There would cer-
tainly seem to be considerable scope for
models such as that of Van Keulen and
Veeneklaas (1993) to incorporate animal
health issues. That particular model treated
animal traction in some detail, and the goals
related to physical production, monetary tar-
gets and risk in a dry year, employment and
emigration, all within an interactive multiple
goal programming framework. Indeed, the
utility of decision support systems based on
multi-objective programming methods would
appear to be substantial, in allowing stake-
holders the opportunity to investigate ‘what-
if” scenarios of different options, in an effort
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to reach compromises interactively between
the various objectives of the different groups
affected.

The effectiveness of such approaches
depends heavily on appropriate specification
of the decision problem and appropriate
specification of the objectives of the various
stakeholders.

Simulation and systems analysis

While modelling and systems analysis have
been widely used to address all sorts of
problems, including animal health issues, at
the animal, herd and farm levels, there are
fewer examples of their use at national or
regional level. Such models have often been
used to help derive input-output relation-
ships that are then used in other analytical
frameworks, such as cost-benefit analysis and
economic surplus methods. Saatkamp et al.
(1996) describe a simulation model based on a
Markov process designed to evaluate national
identification and recording schemes with
respect to their epidemiological impact on
outbreaks of classical swine fever. Snow et al.
(1996) used systems analysis to investigate the
problem of African animal trypanosomiasis
in The Gambia, and identified a few trends as
being of major importance: human population
growth, declining rainfall, reduced fallowing,
etc. The existence of these trends raised seri-
ous concerns as to the sustainability of tra-
ditional grazing on common land, although
it was concluded that improved, intensive
management strategies could go some way to
alleviating these problems.

Summary of methods at the sector,
national and international levels

Table 10.4 presents a summary of the meth-
ods covered. It is clear that, at the national and
regional levels, the major framework is pro-
vided by cost-benefit analysis, often incorporat-
ing notions of economic surplus. Mathematical
programming and simulation modelling sys-
temsanalysis can provide useful information for
decision making and in quantifying costs and
benefits for impact assessments, but generally

require very specific skills. Approaches based
on a combination of methods would seem to
offer considerable potential for decision mak-
ers at the sector and national levels. For exam-
ple, farm-level information might be generated
using optimization or simulation methods,
which could then be related to characteristic
or ‘typical’ farms identified from some sort of
classification. The response from the farm level
could be aggregated to the sector level using
cost-benefit and economic surplus methods, to
identify impacts of change at various levels in
the hierarchy.

For those requiring further information
on sectoral- and national-level investment
tools please refer to Martin Upton’s contribu-
tion to this book in Chapter 11 (this volume)
and Rich et al. (2005) for a review of methods.
The final part of this chapter presents value
chain analysis, which allows thinking on the
general livestock sector, the motivations for
involvement in the sector and potential
changes. Value chain analysis is a useful sup-
plementary tool to cost-benefit analysis in
terms of selecting which interventions require
deeper assessment, and once an intervention
has been shown to be of benefit to society
who needs to be targeted to ensure the inter-
vention is successful.

Value Chain Analysis

The production economics chapter (Chapter
3, this volume) and the following information
on economic assessment tools such as gross
margin analysis, partial budgets and invest-
ment appraisal give the impression that all
aspects of people’s decisions, be they livestock
producers or agrobusiness people involved
in the livestock sector, are based around the
rationale of costs and benefits and the free
access to information. This limited model of
the world is useful in examining certain mar-
ket situations, but in most markets there is
a need to introduce an institutional context
in which that market is found. Here we can
examine who are the actors in the livestock
sector, what their profitabilities and oppor-
tunities are and what their constraints are in
terms of regulations, investment in human



Table 10.4. Some characteristics of the methods discussed for economic impact assessment at the regional and national levels. (Modified from Rushton

etal., 1999.)
Objective Data requirements Qutputs Strengths Weaknesses
Cost-benefit Compare programmes and Productivity impacts NPV A framework that can Data requirements
analysis (strict interventions in terms of Costs and prices IRR combine rigour with Analytical skills required are
sense) their societal welfare effects  Elasticities BCR comprehensiveness substantial
(including valuation of Adoption data
environmental effects) Discount rate
Environmental valuation
of impacts
Productivity impacts
Costs, prices
Economic surplus Quantify the impacts of a shift  Productivity impacts Economic A framework than can Data requirements
in the supply curve and the  Costs and prices surplus US$ be extended with The economic surplus con-
resultant economic surplus;  Elasticities NPV considerable flexibility cept lacks intuitive appeal
partition this between Adoption data IRR to make it realistic Analytical skills required
consumers and producers Discount rate BCR at the national and are substantial

Mathematical
programming

Maximize an objective
function subject to
resource and other
constraints

Simulation modelling Use a systems model

and systems
analysis

(of some description)
to carry out ‘what-if’
scenario analysis

Input—output coefficients

Stakeholders’ attitudes
and objectives

Cost—price data

Detailed understanding
of the system under
study

Activity mixes
shadow prices

Depends on the
objective
function

System response
to particular
input conditions

international levels

A flexible framework
for well-behaved
and well-formulated
problems

The ultimately flexible
framework

Ability to incorporate
risk, uncertainty,
component
interactions

Data requirements

Analytical skills required
are substantial

Needs a very clear under-
standing of stakeholders
objectives

)

Analytical skills required
are enormous

Problem definition can be
somewhat fuzzy — some
models end up as tools
looking for an application

|oA8T Ssauisng Jo wied ‘esudialug syl puokeg

el



132

Chapter 10

capital and infrastructure. In reality, we are
placing the analysis into a framework of new
institutional analysis, a branch of econom-
ics that has successfully argued that markets
and commercialization do not change and
develop through price signals alone.

This type of analysis has been called value
chain analysis, which covers a wide range of
topics from local-level incentives to work on
livestock supply and value chains to govern-
ment regulations that affect how any person
involved in this chain may work. The follow-
ing parts of this chapter will present a limited
range of methods and background theory
required for a thorough value chain analysis.
For those wanting more detailed information
on value chain analysis they are recommended
to refer to Kaplinsky and Morris (2000).

The main objectives of value chain ana-
lysis are identified to be the following:

e Identify the main actors or organizations
in the livestock value chain from the input
provider to the producer, trader, proces-
sor, retailer and then through to the final
consumer.

e Identify the different routes to market
the livestock and livestock products,
which could be what currently exists and
what potentially is available or could be
developed.

e  Assess how well the marketing chain is
working.

A value chain analysis can involve different
groups of people, but it is recommended that
the following are contacted:

1. In the initial stages of the analysis the
research should work closely with the live-
stock producers to identify the important
input suppliers, traders and markets of live-
stock and livestock products. Such contact will
also allow an understanding of how familiar
the producers are with the final demands for
a livestock product. For isolated communities
this can be very important, e.g. llama produc-
ers in the Altiplano of Bolivia were not aware
that consumers paid a premium for meat free
of sarcocystiosis, therefore their production
practices did not alter to control this disease.

2. The analysis should also work with the
livestock and livestock product traders and

markets identified with the producers to
determine what happens to the livestock and
livestock products and who is involved. If
the consumer is not reached at this stage it is
recommended that work continues down the
chain until the consumer is reached.

3. Once an understanding of a chain has been
developed from input supplier to producer
and on to the consumers, data gaps should
be identified and filled with either primary or
secondary data. The latter will involve con-
tacting people and organizations who have
previously collected and documented import-
ant data and information in the past.

4. The initial value chain analysis can be pre-
sented and discussed with the producers and
traders, and where necessary modified and
possible weaknesses identified.

5. If possible interventions are identified that
are beyond the financial, human resource or
logistical means of the actors in the chain, then
results should be presented to government
organizations, either local or national author-
ities for the consideration of State intervention.

A value chain analysis can be split into three
basic steps:

1. Description of the value chain;

2. Identification of important routes and actors
in the chain;

3. Assessing the profitability, power and
institutional environment of the key actors.

Description of the value chain

A graphical representation of the livestock
value chain can be developed through pri-
mary and secondary data collection. Initial
results should be shared with people with
knowledge of the particular livestock subsec-
tor the work is focused on to ensure that the
routes for livestock marketing are accurate
and well described. Such an analysis will
identify the key routes of trade for the live-
stock and livestock products, the important
actors in terms of livestock production, pro-
cessing and trading and also the main con-
sumers and who they are and where they are
found. Once a description has been agreed
this can be transferred to an electronic format
using a program such as PowerPoint.



Beyond the Enterprise, Farm or Business Level

133

Some chains will be complex and involve
different routes for commercialization, with
consumers who have very different socio-
economic status and geographic location.
However, not all livestock value chains are
complicated and some will be dominated by
local processing and consumption.

Identifying the important routes and
actors in the value chain

To identify the most important routes and
actors in the livestock value chain it is recom-
mended where possible to determine the:

1. Number of livestock producers using the
different routes within a chain;

2. Volume of product that moves through the
different routes of the chain;

3. Monetary value that moves through the
different routes of the chain.

A combination of 2 and 3 allows an analysis of
the prices paid per unit, but this information
needs to be combined with quality informa-
tion as some routes may pay more per unit, but
demand different qualities. Figure 10.4 pres-
ents different ways of expressing the impor-
tance of the different branches of a livestock
value chain.

Some of this information may be sensi-
tive and it will not always be possible to carry
out a quantitative analysis of each route in the
value chain.

Assessing the profitability, power
and institutional environment
of the key actors

Having identified the key actors or groups of
actors in the chain, where possible, enterprise
budgets should be developed for their live-
stock activities. In addition, these actors or
groups of actors should be interviewed with
regard to their input and output markets for
their livestock activity, including the oppor-
tunities and constraints they perceive in
terms of supply, demand and regulations of
the activity. Where possible, there should also
be information generated on how important

each actor or group actors is in terms of their
power to determine price, to set quantity and
quality standards and their ability to search
for, and gain entry into, new markets.

Analysis

Equitability in the chain

The market analysis presented commercial-
ization margins and the proportion of the
final product price gained by each actor. Both
are possible measures of equitability along the
chain but neither takes into account the costs
and profits of each actor. To provide a more
adequate picture of equitability, enterprise
budgets should be developed for each actor
or group of actors along the most important
routes of the value chain. These can then be
compared in terms of profit generated per
unit of output, returns per unit of labour and
costs per unit of key input.

Governance of the chain

The type of governance of livestock value chains
can be distilled into the following categories:

1. Markets. There are repeated transactions
among different actors but the costs of switch-
ing to new actors are low. Probably the case
for low volume and infrequent sales such as
the occasional sale of chickens to raise small
amounts of cash.

2. Modular value chains. Suppliers make prod-
ucts to a customer’s specifications. Suppliers
take responsibility for competencies sur-
rounding process technology and incur few
transaction-specific investments. Some milk
value chains have these kinds of characteris-
tics where the demand for milk of a certain
quality demands a premium price and the
producers respond with little investment and
small management changes to improve their
milk quality.

3. Relational wvalue chains. There is mutual
dependence regulated through reputation,
social and spatial proximity, family and eth-
nic ties, etc. For example, the speciality cheese
products such as Stilton or Parmesan, or the
cured ham such as Parma.
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Fig. 10.4. Different ways of assessing the importance of different branches of a livestock value

chain.

4. Captive value chains. Small suppliers depend
on much larger buyers for their transactions
and face significant switching costs and are,
therefore, ‘captive’. These networks are fre-
quently characterized by a high degree of
monitoring and control by the lead firm, creat-

ing dependence on the suppliers. Many milk
value chains now have this kind of structure.

5. Hierarchy. This implies vertical integra-
tion with managerial control. The industrial
chicken broiler industry has integrated value
chains, often where one company owns and
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manages input, production and processing
units.

What type of governance develops within a
chain is dependent on the following factors:

1. Complexity of the transfer of knowledge
between the different actors or groups in the
chain to complete a transaction;

2. The extent to which this information and
knowledge can be codified and transmitted
efficiently without transaction-specific invest-
ment; and

3. Capabilities of actual and potential sup-
pliers in relation to the requirements of the
transaction.

Governance of a livestock value chain is
important because it can influence how the
chain develops in terms of upgrading the
livestock product, process and functioning
of that chain or by changing to a completely
new chain. Private regulation across livestock
value chains is playing an increasingly impor-
tant role in dictating the development of live-
stock production and processing standards.
The enforcement mechanisms through the
private sector are strong as they can be trans-
mitted by price. This is particularly important
when considering demands on the livestock
sector for safer food and also for animals that
have been produced in a welfare-friendly
manner. The role of the private sector for ani-
mal health improvement needs to be taken
into account when planning State-level inter-
ventions (Henson, 1996). Therefore, a good
understanding of the governance of livestock
sector chains will allow public organiza-
tions to identify the key actors in the chains
and develop strategies of how they can be
involved to participate in changes in animal
health practices and standards.

Summary of Value Chain Analysis

The value chain analysis brings together the
data and information generated and struc-
tured by gross margin and market analyses. It

is a flexible tool that can be useful in identify-
ing key constraints and opportunities within
a livestock value chain. It can also be a useful
means to identify possible risk areas for dis-
ease spread within a livestock sector and iden-
tify the main actors involved at these points.
In turn, where the risks are deemed to be high
enough, and the reduction of these risks are
thought to create large impacts on society in
general (termed externalities), public inter-
ventions would appear to be appropriate.
Such initial ‘look and see” analyses help to
direct where further cost-benefit analyses are
required. If these more in-depth and complex
assessment methods predict that a positive
return to society can be generated by a State
intervention then implementation planning
can begin. Value chain analysis can also be a
useful tool in such planning as it directs and
identifies individuals and organizations who
need to be involved in order for an interven-
tion to succeed.

Summary

This chapter has given a brief introduction
into methods beyond the farm and business
management tools. The next two chapters
(Chapters 11 and 12, this volume) are contri-
butions from Professors Martin Upton and
David Leonard. Professor Upton makes an
assessment of different economic tools avail-
able for assessing livestock markets and the
livestock sector in general. Professor Leonard
provides a more general overview on the use
of institutional economics. This is followed by
a chapter that examines the cultural aspects
of livestock production and the livestock
sector in general (Chapter 13, this volume).
Dr Alexandra Shaw’s contribution provides
a very thorough overview of how to assess
the costs and benefits of zoonotic diseases
and their control (Chapter 14, this volume).
The final chapter (Chapter 15, this volume) of
this part presents an overview of general live-
stock systems analysis and presents examples
of such analyses from around the world.



11 Tools for Assessing the
Price and Market Impacts
of Livestock Policies

Martin Upton

Introduction

Awiderange of different qualitative and quan-
titative methods are available for the analysis
of alternative livestock policy options. These
include not only price and market analysis,
but also project appraisal, risk analysis and
applications of the ‘new institutional eco-
nomics’. All these methods are used in many
different contexts, but specific issues arise in
their application tolivestock policy, associated
with the capital investment in the animals, the
rapid growth in demand, the risks of disease,
and the importance of world trade.

The fact that livestock are capital assets,
and that production depends upon rates of
reproduction and growth, necessitates special
methods of accounting, in preparing activity
budgets. Allowance must be made for the
appreciation of young stock and the deprecia-
tion of breeding/milking stock. These may
vary from year to year, depending upon mor-
talities and offtake and changes in flock /herd
structure. As an alternative approach, steady
state herd models may be used for accounting
purposes, while other herd growth models
may be used to predict changes in animal
numbers over time.

There is a greater need for dynamic analysis
than in the case of annual crops. Thus, supply
response by livestock producers is generally
subject to significant time lags. These complicate

the estimation of supply elasticities and may be
responsible for cyclical variation in prices and
quantities supplied, as occurs in the “pig cycle’.

Price and Market Analysis

This contribution is concerned only with meth-
ods of assessing the impacts of policies on live-
stock prices and markets. Much emphasis was
given to price analysis in the 1970s and 1980s
when the international debt crisis was attrib-
uted, in part, to misguided pricing and trade
policies in developing countries. The resultant
distortions would, it was claimed, be corrected
by privatization and market liberalization.
Following structural adjustment reforms in
many developing countries, price distortions
have been reduced. However, tariffs and other
trade barriers imposed by some developed
countries affect world prices. Price and market
analyses are still useful planning tools.

We deal first with partial equilibrium
approaches, to assess price distortions and
market impacts for a single commodity. These
approaches include:

e the policy analysis matrix (PAM); and
e ‘economic surplus’ analysis.

Exploration of the wider market impacts
of policies on prices of other commodities,
and for factors of production, requires the
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use of larger and more complicated models.  Table 11.1. Layout for a policy analysis matrix.
Examples include:

Tradables
e  social accounting matrix (SAM); ———— Domestic
e regional- or sector-level, mathematical Outputs Inputs factors  Profits
programming models; ]
e  econometric multi-market models; Private ) A B c D
el Opportunity E F G H
e computable general equilibrium (CGE) cost
models. Policy effects | J K L

The data and time requirements, for the con-
struction of any of these multi-enterprise
models, are large. They are more likely to be
used as research tools rather than for more
routine policy analysis. Some brief notes on
their relative strengths and weaknesses fol-
low later in these notes.

Policy analysis matrix

Purpose. The PAM is used to measure the
impact of government policy on the private
profitability of a specific agricultural enterprise
and to assess whether there is a comparative
advantage in that enterprise. The first of these
aims is achieved by comparing current market
prices, with the corresponding ‘real’, “social’!
or ‘opportunity-cost’ prices. Comparative
advantage is assessed by comparing the return
to domestic resources, of land, labour and cap-
ital, with the opportunity cost.

The layout of the PAM is illustrated in
Table 11.1.

Data requirements. Construction of a PAM
first requires the preparation of an activity
budget, to estimate the average, or typical,
output (A), tradable costs? (B) and domestic
factor costs (C) per unit of production, all
measured at current market prices. Note that,
in the case of livestock, measurement of out-

1The term ‘social price’ is used in this sense in some
of the literature. However, the term is also often applied
where income distributional weightings have been
used in evaluation. To avoid confusion, the term
‘opportunity cost’ (OC) is used in the present context.
2The terminology for categorizing costs differs from
that used in enterprise activity budgets. However,
‘tradable costs’ correspond closely with ‘variable
costs’, ‘domestic factors’ with ‘fixed costs’ and ‘value
added (on primary factors)’ with ‘gross margin’.

put requires special methods to take account
of multiple products and changes in capital
valuations, as suggested above. Given the
incomplete markets for factors of production,
in developing countries, it may be very diffi-
cult to estimate a private market cost for
‘domestic factors’. However, if estimation is
possible then clearly the ‘profit’ or ‘net mar-
gin’ can be calculated.

These outputs and costs must then be
revalued at their ‘opportunity-cost’ or ‘real
prices’ for insertion at E, F and G. For outputs
(E) and tradable, variable inputs (F), these
values may be estimated by the ‘border
prices’” (p!). For the fixed costs of domestic
resources, other methods must be used to
estimate the opportunity costs (G), such as
the gross margin or ‘value added’, from other
activities.

The policy effects I, |, Kand L are obtained
by subtracting the opportunity cost from the
private market price in each case.

Indices: Given p? = domestic price
of product, p? = border price of product,
p = domestic price of the jth input, p? =
border price of the jth input, a; = input-
output coefficient

Nominal protection _ AJE = Pl

coefficien (NPC)) b
If NPC > 1 producers are protected and
consumers or the public are taxed, but if
NPC < 1 producers are taxed and consumers
or the Government benefit.

Effective protection coefficient (EPC,) =
d d
Va? ) pi _Zaijpj
b b b
Va;  p;i - Z”ijp,-
]

(A-B)/(E-F)=
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The same conditions apply for positive or
negative protection of producers and con-
sumers/taxpayers as for the NPC.

Domestic resources cost (DRC) =

S
G/(E _ F) — %
P? - Zl-zlaijp?

This is the ratio of the opportunity cost of the
domestic resources to the value-added, or
gross margin, when all outputs and inputs
are valued at their opportunity cost.

If DRC < 1, then there is a net gain to the
national economy from producing the com-
modity. The profit or net margin (H) is
positive.

If DRC > 1, then there is a net loss to the
national economy from producing the com-
modity. The profit or net margin (H) is
negative.

Strengths. This tool is a relatively simple
and transparent approach to estimating the
level of government price support provided
to, or taxation (negative support) extracted
from, producers. The nominal protection
coefficient measures support provided
through the product, while the effective pro-
tection coefficient also allows for the effects of
input subsidies or taxes. Indications of both
private and national economic profitability
are provided, the latter being measured by
the domestic resource cost.

The PAM may be used to compare levels
of support and domestic resource costs before
and after policy change (Rushton et al., 2004;
Staal et al., 2004). Comparisons may also be
made of support and domestic resource costs
for different productive activities and possi-
bly for different stages in the production
chain, such as that for dairy products
(Tulachan, 2004).

Weaknesses. The PAM is a partial analysis
of one enterprise at a time, with fixed input-
output coefficients. Differences between pro-
ducers in scale and productive efficiency raise
problems in estimating a typical, representa-
tive activity budget for the whole industry.
EPCs and DRCs might differ substantially
between different types of production system.
The analysis is also static, referring to a single
production cycle.

Measurement of the ‘border parity price’
raises problems of: (i) identifying an appro-
priate measure of the world price on inter-
national markets; (ii) deciding whether to use
the official exchange rate or a shadow
exchange rate; and (iii) adjustment of the bor-
der price to allow for transport to, or from,
the border. Estimation of the opportunity cost
of domestic resources is extremely difficult
and generally requires use of an alternative
planning tool such as linear programming.
The classification of inputs into either ‘trad-
ables’ or ‘“domestic factors’ may raise problems
of economic valuation, since ‘non-tradable’
items, such as electricity or local transport, do
not fall into either category, yet strictly should
be taken into account.

Although the impacts of government
policy on product and input prices are identi-
fied, there is no clear indication of the distribu-
tion of costs and benefits between producers,
consumers and government, or of the relative
costs and benefits of alternative pricing poli-
cies. The PAM results provide little indication
of the policy impacts on efficiency, economic
welfare, the government budget or the
balance of payments.

Economic surplus analysis

Purpose and method. This approach, based
on estimated supply and demand schedules
for a single commodity, provides estimates
of the impacts of alternative price and trade
policies, together with those of technologic-
al change, on producers, consumers and
the Government/taxpayers. The resultant
net social gain, or loss, is also identified.
Generally, market margins and transaction
costs are ignored.

The concept of ‘economic surplus’, sub-
divided into ‘consumer surplus’ and ‘pro-
ducer surplus’, is illustrated in Fig. 11.1.

The hypothetical national supply (SS’)
and demand (DD’) curves for milk are shown
in the figure. The normal assumptions are
made of a downward-sloping demand curve,
reflecting diminishing marginal utility, and
an upward-sloping supply curve, reflecting
increasing marginal costs of production. The
equilibrium, where quantity supplied equals
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Fig. 11.1. Supply, demand and the economic
surplus.

the quantity demanded, occurs at point E, at
an equilibrium price OP.

Given that points on the demand curve
represent the price levels that consumers are
willing to pay for the corresponding quantity
of milk, while the price that is actually paid is
only equal to OP, the difference represents a
‘surplus’ derived by the consumers. The total
is represented by the shaded triangle, ‘PED’
and labelled ‘consumer surplus’.?

Since the supply curve represents the
marginal variable cost of production, the area
below the supply curve (OSEQ) equals the
total variable cost. However, the revenue
from milk sales is equal to price times quan-
tity, which is area OPEQ. Hence, the producer
surplus, or return on fixed inputs, is equal to
the difference, between total revenue and
total variable cost, triangle SEP.

With this theoretical framework, a wide
range of policies, for input and product pric-
ing, international trade and technological
change, can be analysed and assessed. The
effect of a flat rate subsidy per litre of milk is
first illustrated for a closed economy with no
external trade, in Fig. 11.2.

SStrictly speaking, as expenditure on milk is
increased, the residual income of consumers is
reduced. Hence the ‘consumer surplus’ is not an
exact measure of the change in consumer welfare.
However, it provides a reasonable approximation
where the income effects of price changes are
small.

Quantity of milk (litres)

Fig. 11.2. The effect of a product subsidy in a
closed economy.

The subsidy, per litre, is equal to OP,
minus OP, the difference between the pro-
ducer price (P,) and the consumer price (P,).
As a result of the subsidy, the producer price is
raised from P, to P, while the consumer price is
reduced to P, while the quantities of milk, sup-
plied and demanded, are increased to OQ,.

The consumer surplus is increased by the
area, 1 + 2 + 3 (1 + 2 the impact of reduced
price and 3 from increased consumption).

The producer surplus is increased by
5 + 6 (due partly to increased price and partly
to increased quantity sold).

However, the subsidy represents a cost to
the Government or indirectly to the taxpayer.
This costequals (1 +2+3 +4 +5 +6).

Thus, subtraction of the gains in con-
sumer and producer surplus from the cost to
the Government or national taxpayers leaves
a net loss in social welfare, equal to area 4.

In the absence of external trade, the ben-
efits of a subsidy are shared between both
producers and consumers, the proportions
depending upon the relative elasticities of
supply and demand. However, for a country
engaged in trade, the benefits accrue only to
the producer if the local purchase price is
raised above the border parity price, and only
to the consumer if the local sale price is held
below the border parity price. The second of
these cases is illustrated in Fig. 11.3.

In this case, the border parity price is
assumed to be lower than the equilibrium
price with no trade. Hence, the nation benefits
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Fig. 11.3. The effect of a consumer subsidy on
imported milk.

by importing milk at price P,. The gain in con-
sumer surplus, resulting from the lower price,
is greater than the loss of producer surplus, so
overall there is a net social gain. The ‘small-
country assumption’ is also made, namely
that the level of imports has no impact on the
‘world price’. Hence, the border parity price
is constant and can be represented by a hori-
zontal straight line. Pre-subsidy, the domestic
market price would equal the border parity
price (P,), and quantity OQ, would be
demanded, OQ, supplied by domestic pro-
ducers and Q,Q, from imports.

A subsidy on imports reduces the con-
sumer price to the level of P.and increases the
level of imports to Q,Q,. The producer price is
driven down to the level of P, with a corre-
sponding reduction in domestic supply. The
welfare impacts are then as follows:

Increase in consumer surplus=1+2+3 +
4+5

Loss of producer surplus = —(1 + 2)

Cost of subsidy =-(2+3 +4 +5+6)

Net social loss = (2 + 6).

Area 2, though part of the gain in con-
sumer surplus, involves a cost to both pro-
ducers, loss of producer surplus, and
taxpayers, covered by the subsidy. Thus, a net
cost is incurred. Area 6 represents a ‘dead-
weight loss’ since it is part of the cost of the
subsidy but yields no benefits to society.

Data requirements. Information is needed
on domestic markets, including prices, quan-
tities and price elasticities of both supply and

demand. In addition, data are needed on the
levels of direct price interventions, possible
shifts in the supply and possibly the demand
schedule and, in the case of trade policies,
levels of import and export parity prices.

Ideally the data should be accurate and
complete. However, many key insights may be
gained with fairly crude assessments of the mar-
ket situation under different policy scenarios.

Strengths. Economic surplus analysis is a
powerful theoretical and empirical tool for
determining who gains and who loses from
changes in public policy. Hypothetical exam-
ples, like those described above, are used to
illustrate the relative impacts of a wide range
of pricing, trade and technological change
policies, singly or in combination. This
approach forms a basis for agricultural and
general economic development policy in texts
by Ellis (1992), Sadoulet and de Janvry (1995)
and Tweeten (1989).

In real-world situations, with reliable
estimates of elasticities of supply and demand,
border parity prices and supply shifts likely
to result from technical change, the magni-
tude of changes in consumer and producer
surplus may be calculated. The findings are
generally useful to policy makers, even when
the statistical estimates are of low accuracy.

Weaknesses. Some limitations have
already been mentioned.

e This is a partial equilibrium approach,
applied to a single enterprise.

e Theanalysisis essentially static, although
time lags may be allowed for by using
long-run elasticity estimates.

e  Marketing margins are commonly ig-
nored, as in the above examples. Their
inclusion would be possible but would
complicate the analysis.

e  Theconsumer surplus is an inexact meas-
ure of price-induced change in consumer
welfare. However, the discrepancy is
small provided that either: (i) the income
elasticity of demand is low; or (ii) the
proportion of household income spent
on the commodity is small.

In addition, there is some debate about the
legitimacy of aggregating individual utilities
to arrive at the consumer surplus, and indi-
vidual cost curves, in estimating total variable
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costs for the industry and hence the producer
surplus.

Finally, price elasticities of supply and
demand are usually estimated from time-
series data over quite a small range of price
and quantity variation. Little is known about
the shapes of the supply and demand func-
tions for very small or very large quantities.
No problem arises in assessing price and
trade policies where relatively small changes
in consumer and producer surpluses are
expected. The elasticities of supply and
demand may then be assumed to be constant
over the expected price and quantity changes.
However, for the analysis of technical change
it is necessary to predict the shape of the
entire supply function and the likely shift.

Multi-sectoral and Multi-market
Models

The main strength of these multi-activity
models, in comparison with the partial equi-
librium models discussed above, is that they
allow assessment of the interactions between
sectors and markets. The market for a particu-
lar livestock product now forms only a small
part of the whole model, but the impacts of
policies for that product on markets for sub-
stitutes, complements, inputs or food pro-
cessing industries may be important.

The scale and complexity of multi-sectoral
and multi-market models are also a major
source of weakness, in that the data, skill and
time requirements are high. They are therefore
costly to build. As such, model construction
may involve a 2- or 3-year research effort.
Unless a suitable and relevant model has
already been built for other purposes, they are
unlikely to be used in regular policy analysis.

Detailed description of individual meth-
ods would involve a lengthy presentation, and
is unjustified given their limited regular use in
policy analysis. A few brief notes follow on the
distinctions between different methods.

The social accounting matrix (SAM)

The SAM provides a simple and efficient
framework for organizing a complete set

of accounts of transactions between sectors
and agencies. It can also be used to assess
the economy-wide effects of an increase in
demand for one commodity, such as milk
or meat, or a change in inputs to a firm or
household, through what is called ‘multiplier
analysis’. The approach is useful in exploring
links between livestock production, agricul-
ture and the rest of the economy:.

There are six types of account: activities,
commodities, factors (labour and capital),
institutions or agencies (farms, firms, house-
holds and government), a separate govern-
ment capital account and ‘the rest of the
world’. The accounts are presented in a square
matrix with expenditures listed in columns
and receipts in rows. Since accounts must bal-
ance, the corresponding column and row
totals must be equal.

Simple matrix operations allow predic-
tions of the impacts of change, but there is no
attempt to find an optimum allocation of
resources.

Limitations: All relationships are assumed
to be linear, with constant input-output coef-
ficients. Hence, the analysis does not allow
for price adjustments, for substitution
between productive inputs or consumption
goods or for changes in technology.

Mathematical programming models

These multi-enterprise models may be used
to compare optimal solutions for differ-
ent commodity price levels, different sets of
resource and other constraints and differ-
ent input-output coefficients, resulting from
changes in technology. Optimization may be
based on the single objective of income (gross
margin) maximization, in which case shadow
prices for resources may be estimated, or on
multiple objectives.

Data are required on enterprise gross
margins, contributions to other choice crite-
ria, input—output coefficients, and constraint
levels. Results provide indications of policy
impacts on production, resource use and pos-
sibly opportunity costs, and household
incomes. Applied to the agricultural sector, a
single composite ‘policy-maker” model may
be built for the whole sector. Alternatively,
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separate representative farm models may be
built for specific farm types. As a further step,
the individual farm results may then be
aggregated, as components of the whole-
sector model. This last involves a further iter-
ative process.

Limitations: All relationships are assumed
to be linear, with constant coefficients.
Changes in prices, constraint levels or tech-
nologies can only be introduced on a compar-
ative static basis. No account is taken of
impacts of incomes and quantities of produce
generated on prices. The analysis is still only
partial, dealing with a single sector, such as
agriculture. The specification of the objective
function is somewhat arbitrary in assuming
perfect rationality and efficiency of the deci-
sion maker. Furthermore, the solution algo-
rithm for multi-level programming is rather
cumbersome. Multi-period programming is
possible but greatly complicates the analysis.

Econometric multi-market models

These models differ from the previous cases
in being based on non-linear equations relat-
ing to production, product demands and
input supplies, together with identities for
the residual impacts on the balance of trade
and government revenues. They generally
relate to a particular sector, such as agricul-
ture. Producers are assumed to maximize
profits, which allows optimum profit levels
to be expressed as a function of input and
product prices and levels of fixed factors.
Time-series analysis provides estimates of
the profit functions for different agricultural
products and different producers, or agricul-
tural households. Price-quantity relationships
can then be derived for product supply and
input demand. These together with product
demand and input supply relationships allow
estimation of levels of production and input
use, household incomes and impacts on the
government budget and the balance of trade.

These models have advantages over
those discussed earlier, in taking fuller
account of interactions between product mar-
kets, income effects on consumer demands
and impacts on government and trade bal-
ances. Lagged variables can be incorporated

and these models may be used for forecast-
ing. Policy analysis involves simulation of
alternative scenarios. The IMPACT model
used by Delgado et al. (1999) to review the
‘Livestock Revolution” is an example applied
at the global level.

Limitations: The analysis involves estima-
tion of a large number of equations, which is
costly and time-consuming. Hence, various
simplifications are introduced. Although
many market interactions are involved, it
deals with only one sector of the economy.
Many feedback linkages are ignored. The
assumption of pure profit maximization,
implicit in the use of indirect profit functions,
is questionable in smallholder farming situa-
tions. Relationships are estimated using log-
linear functions that are only valid for small
deviations form the initial situation. The
model is essentially static, so that dynamic
changes can only be assessed using compara-
tive statics.

Computable general equilibrium (CGE)
models

This approach is based on the same compre-
hensive socio-economic structure as the SAM,
with multi-sectoral and multi-agency disag-
gregation. However, it differs in that relative
prices are determined, as market equilibria,
while macroeconomic variables, investment
and savings, balance of payments and gov-
ernment budgets are also included.

CGE models are of most value for ana-
lysing policies when socio-economic struc-
ture, price effects and macroeconomic impacts
are expected to be important. Thus, the effects
of changes in tariff policies by importing
countries on the rest of the world, or of shifts
in domestic social structure and income dis-
tribution may usefully be analysed using
CGE models.

Limitations: A major problem is the large
number of relationships to be estimated.
Econometric estimation of coefficients is inev-
itably based on partial analysis, with risks of
omitting the effects of important interactions.
Some modellers adopt approximate values
for the variables and calibrate them to
replicate the base-year data compiled in the
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SAM. The CGE model is essentially static, so
is of limited value for forecasting. Because
aggregation of groups of sectors and agencies
isneeded, CGE analysis is of limited value for
detailed assessment of specific policy pack-
ages with few external impacts. Similarly, use
of this tool is unnecessary for the assessment
of macroeconomic policies with few micro-
level impacts.

Postscript: Consistency Frameworks

A further approach to market analysis is used
by FAO to identify potential gaps between
agricultural production and consumption, by
enterprise, for instance in the CAPPA model
(FAO, 1991). Future consumer demand esti-
mates are based on human fertility data, pro-
jected income growth and income elasticity
of demand coefficients. Production growth is

projected from information on land and water
resources, stocks of fixed factors, expected
yield gains and predicted constraints on
export markets. Sensitivity analysis is used to
give a range of results. The aim is to identify
gaps between consumption and production,
and provide a basis for planning how best to
modify these gaps.

The approach must be modified in the
case of livestock to account for the fixed capi-
tal stock represented by the existing animal
herds or flocks. Herd growth models are used
to predict future levels of production of meat
and other products, and from this to estimate
the demand for feeds (see Hallam et al., 1983;
Hallam, 1984).

Limitations. This approach takes no
account of producer or consumer price
response. It is inflexible in assuming fixed
productivity coefficients and no scope for
substitution across products.



12 The New Institutional Economics
and the Assessment of Animal
Disease Control

Jonathan Rushton and David K. Leonard

Introduction

During the 1980s a sea change occurred
in thinking about the role of government
in economic development. From the late
1940s, when ‘development’ came to be seen
as a subject in its own right, to the 1970s
most ideas about economic and agricul-
tural development assigned an important
role to State action. Most clearly this was
true for the centrally planned economies
such as the People’s Republic of China
or Cuba, but it also applied in the many
other, ‘mixed” economies in which private
enterprise and market forces were allowed
more scope. Nevertheless, by the end of
the 1980s, State intervention in the econ-
omy had come to be severely questioned.
Throughout the world, ideas stressing the
primacy of the market as a way to organize
economic activity and prescribing a small
or even a minimal role for the State had
come to the fore. Why the disquiet about
government? Two strands of thought can
be identified:

e a concern about efficiency, a managerial
and economic worry;

e a desire for more direct and immediate
accountability of public services to citi-
zens, a political and social point.

In the developing world, animal health had
been regarded as a predominantly public
service and therefore was predominantly
provided by government. However, since
the 1980s the provision of animal health has
been increasingly opened to market institu-
tions, and there has been an evaluation of
government services against those of the pri-
vate sector. Much of the pressure for these
changes came from those who simply wished
to downsize the State and lessen the burden
of taxes on the economy. Others assumed
that the ‘miracle of the market’ uniformly
produced unambiguous efficiency gains for
society.

However, animal health (like human
health) is subject to market failures and there
remains a role for the State in their correction,
through the provision of selected goods and
services, the setting and monitoring of regu-
lations and taxes and subsidies. In addition
other policies such as education and infra-
structure can have an important impact on
livestock disease prevention, control and
eradication. The conceptual framework of
new institutional economics (NIE; Pratt and
Zeckhauser, 1985; North, 1990) has been key
to those who wished to take a less ideological
and more analytical approach to the division
of labour between private and government
actors in the livestock sector (Leonard, 2004).
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Important Concepts from New
Institutional Economics

The earliest attempts to redefine appropri-
ate roles for the private and the governmen-
tal used the distinction between “public’ and
‘private’ goods. Public goods and services,
once provided to one person, are available
to others at no extra cost. Pure public goods
exhibit two qualities:

e thatofbeing non-rival or non-subtractable
in consumption, since their use or enjoy-
ment by one person does not detract
from that of another;

e that of non-excludability, since it is difficult
or impossible to exclude other people
from using or enjoying the good or ser-
vice once it has been provided to anyone,
whether they have paid for it or not.

An example would be a radio programme
transmitting information on livestock disease
control (Leonard, 2004). Pure private goods, on
the other hand, are fully excludable and rival
(Ahuja, 2004).

Private entrepreneurs are reluctant to
provide public goods or services since it is
difficult for them to make sure that all the
beneficiaries pay for them. Therefore, they
will be underprovided by private businesses,
and indeed may not be provided at all. This
applies irrespective of whether the benefits to
society of the public good outweigh the costs
of provision. When this is the case, there is a
clear role for State action to provide the good
or service and to finance its provision out of
general taxes.

However, the public-private goods dis-
tinction is too blunt an instrument for the fine
art of making veterinary policy, although it is
useful in grasping the issues involved. It is
more helpful to ask whether or not there are
costs and benefits that are being borne by oth-
ers who are not party to a private market
transaction. These costs and benefits that are
external to the private contract are known as
externalities. When the externalities associated
with a privately provided service are positive
and large (as would be the case for inoculations
against a feared outbreak of foot-and-mouth

disease), the market will underprovide the
service. Where the externalities are negative
(as with the pollution created by a private
feedlot), the market left to itself will over-
provide the service and hurt the rest of soci-
ety. The externality approach first lends itself
more readily to degrees of difference; the
public versus private goods language is cate-
gorical and handles mixed types awkwardly.
Second, the externality method leads one to
do a better job in evaluating the adequacy of
private demand (which sometimes, as with
rinderpest inoculations, is large enough by
itself to get the job done), for it quantifies
rather than categorizes both the internal and
external benefits (Leonard, 2000, 2004).

Where significant externalities occur,
decisions left to individual producers acting
in the market alone are unlikely to produce a
social optimum. Governments thus have a
role to correct the biases that can arise in deci-
sion making. They can do this by:

e applying taxes and subsidies to reflect
the value of the externality: for example,
by providing free testing, charging a
handling fee (a tax) for the movement of
animals through checkpoints or the pro-
vision of subsidized dips for sheep;

e supplying goods with large external ben-
efits directly: for example, the control of
the tsetse fly through aerial spraying and
bush clearance;

e  assigning property rights in such a way
that private decision makers can no lon-
ger treat externalities as external: for
example, the dairy farmer may arrange to
pay the river fisherfolk compensation for
loss of catch resulting from slurry disposal
in the case that the fisherfolk have prior
rights to the fish; or, alternatively, the fish-
ers may have to pay the dairy farmer not
to tip waste into the river in the case that
the farmer has prior rights to the water;

e regulating activities, which potentially
cause large external costs: for example,
by decreeing the maximum amount of
slurry that the pig farmer may discharge
into watercourses, monitoring such pol-
lution and taking legal action if viola-
tions occur.
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Another kind of market failure concerns
transactions costs. These are the costs of doing
business, which can include those incurred:

° in gaining information prior to making
deals;

e innegotiating contracts; and

e in monitoring and policing the imple-
mentation of the bargain.

Assumed to be minimal in standard micro-
economic theory, in practice transactions
costs can be large. Where information is dif-
ficult to obtain and where multiple parties are
involved in negotiations, they become par-
ticularly large. Distance imposes a particu-
larly heavy transaction cost on private animal
health contracts in remote areas (Leonard,
2004).

In general, any restructuring of the ani-
mal health services in a particular country
should pay attention to the reduction of
‘deadweight losses” — places where buyers,
sellers and the public at large all incur losses
from transaction costs that could be elimi-
nated for a more modest cost. There is one
area therefore in which the State often has a
positive role to play in reducing transaction
costs — assurances of quality (Leonard, 2004).

Information costs often comprise a major
part of transaction costs, and include those of
moral hazard. This arises when the buyer in a
transaction does not know if the service being
provided is of the appropriate quality and the
seller therefore has an incentive (particularly
in the short run) to provide lower quality. (In
the long run, the seller of a good-quality
product also will lose from such information
asymmetries, as the buyer will realize the
danger and refuse to pay the price that a qual-
ity good would be worth.)

For example, the buyer of a veterinary
drug paying cash incurs a moral hazard, since
it may not be immediately obvious whether
the drug is of the quality claimed or that the
drug is actually appropriate for the treatment
of the problem. Indeed, the ‘drug’ offered
might be a fake, and this would not be clear
until later when treatment has been ineffec-
tive. This particular moral hazard stems from
asymmetric information, i.e. the drug seller
knows what is being sold, while the buyer
may have much less idea of just what is on

offer or have insufficient knowledge of
disease diagnosis.

Once again, there is a public role in help-
ing to reduce transactions costs by:

e collecting and disseminating informa-
tion to the public;

e  establishing codes of practice;

e  setting standards, including weights and
measures;

e passing contract laws, including those
governing descriptions in trading;

e  certifying quality; and

e supervising the operation of codes, stan-
dards, laws and certification, etc.

Not mentioned in the list above, but of
great importance to transaction costs, is the
level of education of livestock keepers and
their access to infrastructure such as roads,
telephones, radio transmitters, etc. For
example, if people cannot read or have dif-
ficulty understanding messages written on
products then it will be difficult to dissemi-
nate information apart from direct contact.
It is also likely that livestock products may
be badly used. While these aspects are not
directly related to the livestock sector, poor
policies for education and infrastructure can
have important impacts on the development
of the sector.

To conclude, there are some goods and
services whose provision requires some pub-
lic action. The important corollary is that all
other goods and services will be provided effi-
ciently if they are left to private enterprise to pro-
vide through the market, unless, of course, there
is some other significant market failure.
Sometimes a service is provided by govern-
ment not because of efficiency concerns but
as a matter of welfare. This is outside of eco-
nomics and could be appropriate if, but only
if, goods with externalities that affect the poor
are adequately provided first, for these ser-
vices have a greater impact on the poor and
are more efficiently provided by government.
In the real world of development this condi-
tion is usually not met.

Thus, it should be noted that, if govern-
ment does less than it previously did, this
should allow it to do the things it does do bet-
ter, since scarce administrative capacity will
not have been used up in replacing private
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sector activities. In addition, a government
that leaves the private sector to provide goods
and services that have few externalities
encourages the private sector to flourish as
there will be no subsidized competition from
the State.

To help follow how some of these con-
cepts can be applied to animal health func-
tions, a summary of functions, appropriate
delivery channels and economic characteris-
tics is provided in Table 12.1.

Asasimple conclusion, Umali et al. (1992)
suggest that where goods are not public,
where externalities and moral hazard are
small, there is no imperative for the State to
act, and that, in the nearly universal condi-
tions of budgetary scarcity, it would be better
to permit private actors to supply the goods
and services in question. Not only would this
allow the private sector to demonstrate its

potential qualities of effective and economi-
cally efficient provision, but also it would
allow the State to concentrate on doing those
things which the private sector cannot do, or
is reluctant to do.

Conclusions

Contemporary wisdom favours less govern-
ment action than has been typical in the past,
on account of the record of government fail-
ure. Instead, most observers concede that
private enterprise acting in the market will
undertake most economic activity. However,
government still has important roles in cor-
recting market failures: by provision of
public goods, correction for externalities,
lowering transactions costs, providing insti-
tutions, ensuring a stable macroeconomy

Table 12.1. Suggested channels for animal health functions. (Modified from Ahuja, 2004.)

Appropriate delivery
channel

Animal health function Public

Private  Economic characteristic

Disease surveillance, prevention, control

and eradication of

Highly contagious disease with serious v
socio-economic, trade and public health
consequences

Diseases of low contagion

Quarantine and movement control

Emergency responses

Veterinary Inspection

Wildlife disease monitoring

Zoonosis control

Disease investigation and diagnosis

AN N NN

Clinical diagnosis and treatment
Drug/vaccine quality control

<

Production and distribution of drugs and
vaccines

Vaccination and vector control

Research, extension and training

Food hygiene and inspection

Residue testing

Food safety tasks

Compliance and monitoring

ASENENENENEN

v Public good

v Private good with externalities
Measures to correct for externalities
Public good
Measures to correct for ‘moral hazard’
Public good
Measures to correct for externalities
v Private good with externalities. For
highly contagious diseases public
and private goods

v Private good
Require measures to correct for ‘moral
hazard’
v Private good
v Private good with externalities
v Public and private

Measures to correct for ‘moral hazard’

Public good
Public good
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and attending to social priorities. In prepar-
ing livestock disease prevention, control
and eradication programmes, care needs to
be taken to identify key actors in livestock
product chains and examine their incentives
to participate in such programmes. With

good data and information on the sector,
planning will help to show the importance
of different government actions, and also
where there are gaps that need to be filled
by the government to help the livestock
sector develop.



13 Social and Cultural Factors

Introduction

The book has so far concentrated on econom-
ics in the understanding of resource allocation
problems within livestock systems and the
livestock sector in general. However, it is true
to say that economic theory and tools so far
presented, while very useful, do not explain
all aspects of the decision-making process of
the livestock farmer or the people involved
in the livestock sector. What are the reasons
for this inability to explain livestock produc-
tion with economic models? The following
answers are suggested:

1. The decision-making process involves
components that do not conform with eco-
nomic theory, which can be described as
social or cultural characteristics.

2. Insufficient data are available to develop
a model of sufficient complexity for the deci-
sion-making process.

The lack of power to explain decision making
through economic models is not a new area for
economists. In the 1920s, John Roger Commons
developed the idea that economic activity
depended on the underlying legal and insti-
tutional relationships and that these evolved
over time (Backhouse, 2002). Institutional eco-
nomics as described in Chapter 12 (this vol-
ume) identified the need for transactions when

making economic decisions, and that these
transactions are based on working rules which
are set by the group, region or society that one
is a part of, and as Leonard (2004) states deci-
sion making on allocation of resources for the
reform of veterinary services is more than just
a matter of money:.

Others groups have also identified prob-
lems with a purely economic approach to rural
development problems and have come up with
a livelihoods approach (Carney, 1998) and a
more general discussion can be found in Ellis
(2000). This approach has similarities to the
household economics framework introduced
by Becker (1965). A livelihoods approach as a
concept of how people operate on a day-to-day
basis is very useful, but there are problems in
the application of the livelihoods framework to
livestock. For a discussion on this, readers are
referred to Heffernan (2002).

The assumption in the current chapter is
that the working rules identified by Commons
are akin to the social and cultural factors that
people within the livestock sector operate in.
These often shape perceptions of how a prob-
lem is confronted and the type of solution
that is presented and delivered. A brief
description is provided of what is culture and
this is followed by some examples where
social and cultural factors affect decision
making in animal health and production.
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Culture

Culture is the man-made part of the envi-
ronment, which includes all the elements
that human beings have acquired from their
group by conscious learning or by condi-
tioning. There are considerable differences
between countries in terms of values and cul-
tural assumptions as the comparison between
North American and Filipino culture pre-
sented in Table 13.1 shows.

Cultures can also develop around profes-
sional bodies and religious organizations. The
latter will be touched upon with livestock
examples later. The former will also be exam-
ined in the context of the veterinary profes-
sion providing advice for livestock farmers
and also working with professionals in other
disciplines.

It is suggested that the functions of cul-
ture include the following:

1. Culture unites people by means of com-
mon beliefs, attitudes, values, expectations
and norms of behaviour. It is an instrument
for ensuring conformity of interest.

2. Culture serves as an integrative function,
by directing people’s attention to matters of
common interest and to problems affecting
their survival as an identity group. It creates
the need to develop a sense of common des-
tiny. In pursuing that destiny and preserving
its uniqueness, each culture tries to defend the
values and beliefs it prizes most and to fight
beliefs and values it perceives as detrimental.
3. Culture makes events both intelligible and
significant to its members through certain

rituals and symbolic actions. An example
would be the ritual slaughtering of cattle in
West Africa and Toraja, Indonesia, during
celebrations.

4. Culture regulates or controls change. It is
the strength of culture that determines the
extent to which practices destructive to the
culture are allowed to spread. Some believe
that there are two kinds of forces — those seek-
ing to promote new ideas and their adoption
and those seeking to prevent them. These
antagonistic forces are often described as
change incentives and disincentives. One dis-
tinguishing characteristic of urban communi-
cation compared to rural is the pervasiveness
of change incentives in urban areas and their
corresponding scarcity in rural communi-
ties. It is sometimes difficult to overcome or
circumvent these forces in development proj-
ects. Clearly it is necessary to first identify
and understand them before one can attempt
to circumvent them. Failure to understand
the incentive forces explains the failure of
many development projects.

Culture is expressed in various ways, lan-
guage, attitudes, patterns of thought, which
are discussed in more detail below.

Language

The sharpest distinction is the recognized
languages such as English, Spanish, French,
Mandarin, etc. However, it is also necessary
to recognize that professional groups have
their own language or ‘jargon’ and that this

Table 13.1. Comparison of culture between North American and Filipino culture.

North American

Filipino

Autonomy encouraged for the individual,
who should solve own problems, develop
own opinion

Clear distinction made between public and
private property; materialism is a major value

Competition is primary method of motivation

Relations with others are informal and direct

Dependence encouraged; point of reference is
authority; older members of family

Public property divertible to private hands with
little guilt; spiritual, religious things are more
important than material things

Communal feeling excludes the incentive
to excel over others

Relations with others are more formal;
social interactions more structured




Social and Cultural Factors 151

can exclude people from that group either
accidentally or on purpose. An awareness
of the importance of language is not always
well recognized in animal health planning.
For example, in South America a cysticer-
cosis control programme printed a manual
for farmers with the word cysticercosis on
the cover of booklet. The people in the area
call this disease in pigs trichina, and they
recognize that this disease is problematic to
them. However, they did not use the book as
they thought cysticercosis was not relevant
to them. In another project, general animal
health advice was first written in Spanish
and then translated into Quechua, the main
language in many areas of the Andes. When
distributing the material to communities,
families did not want the local language ver-
sion because many of the older people could
not read and the younger people were more
comfortable reading Spanish.

These simple examples show that lan-
guage can be a barrier to communication.
However, if problems of language are well
understood, then language becomes a very
powerful tool to understand livestock sector
decision making and communicating ideas to
improve the livestock sector.

Attitudes

Chambers (1983) discusses how attitudes
affect how people react to each other. There
is a need to understand that people do not
react and respond in the same way to differ-
ent sets of people, and their actions may well
change according to the circumstances they
find themselves in. For example, a veterinar-
ian will discuss an animal disease solution in
a different way to a fellow colleague than to
an economist or to a farmer.

Societies themselves can also set them-
selves into modes of what are believed to be
measures of intelligence. Much is placed on
academic intelligence (Gardner, 2004), but
there are other types of intelligence from
artistic, musical through to sporting intelli-
gence. For example, one of the wisest com-
ments made to the author has come from a
cowman who worked all his life with dairy
cattle. When this man was asked if he knew

everything about cows, his response was that
he learns something new every day and the
day he stopped learning there would be no
interest in his job.

Roles and role expectations

Roles and role expectations can restrict how
a problem is discussed. For example, a vet-
erinarian has a role as the expert on animal
diseases and control measures. The livestock
keeper is the receiver of advice, but they have
something to contribute as they are the ones
who know the animal and the area where it
is kept. Good veterinarians are well aware of
this and spend considerable time discussing
with the farmer the circumstances of the ani-
mal prior to a disease problem and the pos-
sible local solutions available to a problem.
In contrast, a plaque in a veterinary office
that said ‘Veterinarians are the cleverest doc-
tors because they cannot ask their patients
questions” would suggest that questions are
not necessary in making a diagnosis. This
phrase was seen in India, and was originally
from the USA. Figure 13.1 presents the four
squares of knowledge for veterinarians and
livestock producers as a means to think about
how to approach animal health problems at
farm level.

Time conceptualization

People’s actions and behaviour are often
driven by how they perceive time. In a soci-
ety where people are constantly busy with
demands of work, family and pleasure activi-
ties the loss of any time becomes all impor-
tant. In contrast, livestock producers who
have extensive production systems and live
in geographically isolated regions will prob-
ably not consider time to have as much value.
In a seasonal context, people may be unwill-
ing to carry out livestock sector interventions
during periods of festivities, so in a Christian
society it would be very difficult to motivate
actions on Christmas Day. At an even lower
level, the value of time of different people
within the household may influence which
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¢ Veterinarians know
¢ Producers know

Animals do not eat when they are
ill
Animals with a fever are sick

¢ Veterinarians know
¢ Producers do not know

Treatments for diseases
Appropriate vaccines
Diagnostic tests

¢ Veterinarians do not know
¢ Producers know

Local remedies for diseases
Most important diseases in the
local area

Symptoms of sick animals

¢ Veterinarians do not know
¢ Producers do not know

Results of diagnostic tests

Fig. 13.1. The four squares of knowledge. (From Rushton and Viscarra, 2003.)

activities each individual focuses on. For
example, the daily shepherding of sheep in
the Bolivian Altiplano is an activity for old
women or young children, which is an indica-
tion of the value of this activity (see below for
an example of poultry raising). Individuals
themselves will have different values of time
during the day. Requesting livestock produc-
ers to carry out actions late at night could well
meet with resistance.

Appreciating the cultural and economic
value that societies, families and individuals
place on time is a necessary component in the
analysis of animal health and production,
because people are the ones involved in the
sector and they are the ones who will imple-
ment actions.

Pattern of thought: need for
mutual understanding

The way people think and are taught to think
influences how they will approach an animal
health and production issue. Animal produc-
tion specialists will be interested in nutri-
tional levels of animals and how they can be
modified to improve meat or milk produc-
tion, a veterinarian will be interested in the
diseases that affect livestock and how they
can be technically diagnosed and controlled,
an economists will want to place values on
the interventions and the farmer will want to
know how this affects their profits and their
ability to support their families. All these pat-
terns of thought have value in the aims of

improving the livestock sector, but it is some-
times forgotten that other ways of thinking
can add value to our own specialist area.

Most people who receive a Western-
orientated education about animal science
and production will be focused on commer-
cial output from a livestock system. The list of
products is obvious: meat, milk, eggs, wool
and hides. This emphasis can be clearly seen
by what is reported by most countries in
terms of livestock production and the live-
stock economy. Taking a view that livestock
production only concerns these commercially
orientated products can create problems with
an appraisal of livestock and in turn produce
frustrations between technical staff and pro-
ducers where there is a poor understanding
of what motivates livestock keepers.

In many countries, other livestock prod-
ucts that have little commercial economic
importance play a role that is of equal or
greater importance than the list of commercial
products presented above. Again the list is not
that difficult products such as traction power
and manure are obvious within many mixed
farming systems; perhaps less obvious are the
roles of livestock in terms of investments
where banking services are poor and there are
few alternative investment opportunities. In
this way livestock can also act as means to
accumulate capital, which may be used at a
later date to pay for larger investments in
machinery or education of the family. Livestock
may also be used as a security against an infor-
mal loan, which is important in societies where
land laws do not allow land to be used in this
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way. Animals also have cultural importance
and can be an expression of wealth. Richer
families may loan or gift animals to less
wealthy families to create a social support net-
work. There are also arguments that livestock
provide a means for a more balanced diet, par-
ticularly for families that cannot purchase sub-
stitute protein sources due to poor market
access (see below for further examples).

Levels of Cultural Rules

The cultural rules that are established can be
found at different levels. The following iden-
tifies some of the critical areas.

Rule-setting at international
and national level

At international animal health level, the OIE
and Codex Alimentarius play a critical role in
setting international animal health policies, a
role that has been strengthened by their WTO
mandate on such issues. International discus-
sions and dispute arbitration mechanisms on
animal disease control measures, particularly
those linked to trade-affecting outcomes,
are available through the WTO’s Sanitary
and Phytosanitary Committee (SPS). The
benefit of these international standards and
their application has been an improvement
in transboundary disease control (Rushton,
2006). However, the focus on a narrow range
of highly infectious diseases and the justifi-
cation of large programmes for the control of
these diseases have also been argued to have
detrimental impacts on animal health ser-
vices and livestock development in general
(Scoones and Wolmer, 2006). Winter-Nelson
and Rich (2008) also highlight that animal
diseases that create consumer fears and have
strong impacts on markets can distort alloca-
tion of resources, with perhaps little economic
justification.

The development of national veterinary
services in Britain was strongly influenced by
the emergence of rinderpest, contagious bovine
pleuropneumonia and foot-and-mouth dis-
ease as important economic diseases (Fisher,

1998). These actions occurred between 1850
and 1900 and reduced the economic impact of
these diseases, supporting livestock producers
and traders in the process. However, the atten-
tion of the veterinary services and animal dis-
ease control programmes did not switch to
important zoonotic diseases such as tubercu-
losis until the 1930s even though it was known
that this disease was an important cause of
child mortality. The interests of meat and milk
lobby groups influenced how rules of animal
health were set and which actions were taken
(Fisher, 1998). This relatively slow response to
bovine tuberculosis has been compared to how
the British government responded to bovine
spongiform encephalopathy (BSE) in the 1980s
(Waddington, 2002). Both examples demon-
strate the power of relatively small groups to
influence how rules are established at a national
level.

In developing countries there were
strong drives to invest in veterinary services
up until the budgetary crises of the 1980s. The
latter led to a reduction in money available to
pay for civil servants and a massive reduction
in the public veterinary services in many
countries. Veterinary services were therefore
influenced by an international aid agenda in
their development and their demise. They
were also influenced by the spending prior-
ities of the national governments and often
the inability of these governments to have a
stable tax base. This demonstrates that
national investments in veterinary services
and programmes cannot be separated from
international and national political pressures,
which may well have little to do with economic
profitability of livestock sector investments.

Rule-setting across livestock
value chains: the importance of
private regulation

Increasingly, private regulation has a power-
ful effect on private organizations, the insti-
tutional environment, and the behaviour of
individuals (see Henson, 2006). Certainly in
the case of animal health, private implemen-
tation of control strategies can be an effec-
tive way of creating cost and risk-sharing
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mechanisms. Good examples would be the
Canadian Structured Risk Management
Approach (SRMA; Burden, 2007) and the
Brazilian FMD vaccination campaign (Dubois
and Moura, 2004). In less industrialized coun-
tries, private regulation may be operating in
a weak policy environment characterized by
lack of implementation mechanisms for ani-
mal disease control.

Animal health measures are also influ-
enced by private strategies, which are set at
farm level by individual producers, at the
company level by vertically integrated opera-
tions, or nationally by industry associations,
which would include traders and processing
companies. Their collective decisions to par-
ticipate in measures such as surveillance and
reporting, biosecurity and control measures,
movement controls or vaccination are often
the key to success in controlling disease.
Producer or sector-level associations have
influence based on shared vision and formal
agreements or peer pressure within looser
groups. The aim in such associations is to
improve operations and stabilize market
environment, which may incorporate some
components of disease control. Across the
value chain, dominant actors may set strate-
gies that essentially govern how these chains
operate. Such a situation is found in strongly
integrated companies and where dominant
market actors such as large supermarkets are
aiming for market share and sustainable
growth. Important cross-border private sec-
tor coordination is also provided by regional
or international industry affiliations.

Community or group level

If there is social differentiation within a group
of livestock keepers it requires a careful exam-
ination of how this may affect access to live-
stock services such as feed, veterinary inputs
and output markets. The Indian caste system
would be a relevant example. Lower castes
are rarely represented in a dairy cooperative
and therefore have a restricted say in policy
making. This social group can also be at more
risk from a disease such as anthrax as they are
asked to remove dead cattle (Rushton, 1995).

To get some benefit from such activities they
will skin the carcass before burying it. If the
animal has died of anthrax these people will
be exposed to risk and also have an important
role in reducing disease spread risks through
their disposal of animals that have died of
disease.

There can also be differentiation in terms
of the interest in animal health and production.
For example, crop farmers who keep livestock
as a secondary activity are less likely to have
strong experience of animal health and produc-
tion; in contrast, purely livestock farmers or
livestock farmer who have secondary cropping
activities are likely to have both strong skills in
animal health and production and strong inter-
est in disease control. Even within specialized
livestock producers, there will be different lev-
els of knowledge and experience. Farmers
familiar with local cattle breeds for draught
power in India are unlikely to have knowledge
of managing dairy cattle (Rushton and Ellis,
1996) and this in turn can create problems of
nutrition and fertility management (Rushton,
1996). More recently, the emergence of ‘hobby’
livestock farmers (Rushton, 2006) in developed
countries has created a group of producers who
rarely see animals and this can create difficul-
ties in disease surveillance and control (House
of Commons, 2008). Therefore, identifying and
understanding the motivations of livestock
producers can provide explanations of poor
adoption of complicated livestock packages
and it can also aid the selection of people that
would be appropriate to work with livestock
producers.

Household level

Within the household there is often gender
and age differentiation on livestock activi-
ties. Some important questions on household
decision making and responsibilities would
be the following:

e Who owns the livestock in the household?
e men, women or children;
e different age groups.

e Who makes decisions on purchased inputs?

e  Who makes decisions on produce sales?
e milk, eggs, hair, wool.
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e  Who makes decisions on animal sales
and slaughter?

¢  Who manages the animals?

e  Who takes day-to-day care of the animals?

e Of the hierarchy of owner, decision
points and animal keepers what are their
general list of responsibilities?

Within poor rural households the manage-
ment of rural poultry is often reported as the
domain of women (Kuit et al., 1986; Johnston
and Cumming, 1991; P.R. Ellis, 1992; Spadbrow,
1993; Dessie, 1996). However, many rural
poultry development projects are limited to
technical interventions in the belief that tech-
nical problems are the principal constraints
to the system. Such an approach fails to take
account of the importance of women, cultural
constraints and markets in the development of
this sector (Rushton and Ngongi, 1998).

Examples of Social and Cultural
Factors that Influence the
Livestock Sector

Environmental damage

In Rajasthan, India, communal grazing access
had been managed for many years by village
elders. This was thought to be a restrictive
practice that favoured wealthier groups, and
was abolished. However, nothing was put in
its place, and this laissez-faire situation on
access to grazing led to the communal graz-
ing land being over-utilized, leading to envi-
ronmental damage.

In the Bolivian Altiplano, the number of
livestock units per family almost doubled
from 4.5 to 8.1 livestock units (LSUs) between
1976 and 2004. Initially 42% LSUs were cattle,
sheep 30% and pigs and donkeys both around
11%. However, in 2004 the contribution of
sheep had dropped to 20%, cattle had
increased to 52% and camelids accounted for
over 18%. The growth in cattle numbers
relates to development projects to increase
milk production and also to an increased
demand for milk in nearby accessible urban
areas. A reduction in the importance of sheep
and increase in importance of camelids prob-
ably relates to poorer market opportunities

for sheep, particularly the crash in wool prices
in the early 1990s, and better markets for cam-
elid products. The disappearance of donkeys
as an important species has two possible
causes, the charging of municipality taxes for
donkey ownership as they are seen as an
environmental hazard and also the increased
use of mechanized transport and communi-
cations infrastructure in rural areas. On the
general increase in livestock units in the com-
munities studied, apart from the attractions
of livestock markets, as people become
wealthier (Urioste, 2005) livestock are seen as
an investment option. This is in part related
to lack of trust and poor access to banking
facilities and the limited ability to invest in
land as current Bolivian law makes land
transfers difficult.

The reasons for these changes are likely
to be related to land rights, where it has been
impossible to transfer land between families,
plus recent land right changes have not sim-
plified communal land management. The
response by families who slowly become
wealthier through rural activities and have
strong links with richer urban areas through
relatives who have migrated has been invest-
ment in livestock either as a simple herd
increase or to provide an opportunity to
exploit local milk markets. On a private indi-
vidual basis this would appear positive and
demonstrates the flexibility of livestock
investments where other investments, partic-
ularly land, are either not available or are
uncertain. However, the ‘public good’
implications are less favourable. Increasing
livestock populations create pressures on
communal pastures that appear not be man-
aged to prevent increases beyond a sustain-
able capacity.

Schulte (1999) in an area further north in
the Bolivian Altiplano states that, while pri-
vate cultivated land is respected, the commu-
nal land particularly in agriculture-orientated
communities is poorly managed. However, in
livestock-orientated systems the land area
management is more fluid and dependent on
labour and technology. In addition, some of
these areas have increasing populations of
wild vicufias whose populations are protected.
The question is whether livestock product
demand and livestock production technology
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are changing more quickly than community
organization. Given that the communities are
in a state of flux, with a movement of young
people from the rural areas to the nearby cities
and a general ageing of the rural populations,
it is questionable whether the livestock
changes are sustainable in the long run.

These two examples demonstrate that
rules and actions outside the livestock sector
have strong influences on how livestock pro-
ducers behave and in turn the actions of
these producers can have impacts on the
environment.

Flexibility with the importance of
livestock outputs and the role of livestock
within a farming system

Cattle production in Zimbabwe

An analysis of Zimbabwean cattle production
(Barrett, 1992) found that the common opin-
ion was that the offtake rates from the areas
were low and limiting the potential of the
country to produce beef. The analysis dem-
onstrated that the cattle keepers in the area
were behaving in an economically rational
manner because cattle had value in terms of
the production of manure and draught power
as well as live animals for sale. The draught
power production is an aspect that reduces
offtake rates.

Cow slaughter taboo in India

Many reports have been circulated to state
that the number of cattle in India is too high
that there are many useless animals. This
has been brought about by the taboo of cow
slaughter. However, the analysis to reach
these conclusions has been done by people
familiar with Western systems. In India, one
of the main outputs of cattle is draught power
from bullocks. These bullocks have to be pro-
duced from cows and hence there needs to be
a large stock to maintain enough bullocks to
provide draught power. Crotty (1980) exam-
ined the data on the Indian cattle population
and production, and presented theoretical
arguments about the reason for cattle being
an important component of a society that

has a large cropping sector. He shows that
the need for cattle to plough land has led to
the beef-eating taboo and also a preference
for milk, unlike the Chinese society. He uses
his analysis to identify key data for livestock
policy analysis and also indicate some devel-
opment initiatives. Crotty demonstrates the
need to examine the historical perspectives
in the development of a livestock sector and
how this can influence the role of livestock
within a society. It also shows that livestock
development is not independent and like the
Barrett example is closely linked with the
cropping sector.

The question remains whether the intro-
duction of high-potential dairy cattle and the
use of tractors for ploughing will change this
balance and alter the cultural aspects of how
cattle are perceived in India. Rushton and
Ellis (1996) detail that this process is ongoing
and that as cattle become less integrated into
farming systems attitudes towards cattle are
changing.

Non-traded goods in Nepal

Livestock are important in Nepal not just
for the production of goods that can be
sold in the market, but also for products that
are part of the general household economy,
e.g. manure and draught power for crop-
ping etc. It is estimated that there are 2.7
million draught animals in Nepal and the
majority of them are cattle bullocks (94%;
Rajphandari and Pradhan, 1991, cited by
Joshi, 2002). This indicates that the major-
ity of the Nepalese cattle population is used
primarily for producing draught animals,
rather than milk production. Data showing
the increasing proportion of milk produc-
tion from buffaloes supports this assertion
(Tulachan, 2004).

Oli (1985, cited by Joshi, 2002) found that
draught animals in the hills were used for an
average of 62 days a year and those in the
Terai for 130 days. The author estimated that
the draught animals generated 1.37 million
kilowatts of energy and it was worth an equiv-
alent of NCR 1300 million at 1984 prices.

Manure from cattle and buffalo is a key
component of the cropping systems in Nepal.
Joshi (2002) estimated that 33 Mt of manure
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are generated by these species each year,
which if it was all collected would have an
equivalentvalue of US$58.75 million. However,
the author stated that given the grazing sys-
tems for these animals it is unlikely that more
than half the total manure produced is
collected.

In addition, manure is of vital impor-
tance as a source of energy for cooking. Data
from the 2001 census indicate that 10% of the
households in Nepal rely on this as a source
of energy and it is particularly important in
the eastern and central development regions
(see Table 13.2).

It is also important to emphasize that
livestock are an important source of protein
in the rural households of Nepal. The non-
income livelihood functions that livestock
keeping fulfils include:

e  buffer stocks when other activities do not
provide the returns required; as means of
saving, accumulating assets, insurance
and providing collateral for loans;

e  asinputs and services for crop production;

e to capture benefits from common prop-
erty rights (see later for the importance
of communal forest areas), e.g. nutrients
transfer through foraging on common
land and forest areas and manure used
on private crop land;

e for transport, fuel, food, fibre for the
household; and

Table 13.2. The number of households in Nepal
using cow dung for cooking by development
region. (Modified from Informal Sector
Research and Study Centre, 2002.)

Number of households

Using cow dung for

Development cooking

region Total Total %
Eastern 1,012,968 175,469 17.3
Central 1,475,477 165,071 11.2
Western 863,045 65,271 7.6
Mid-western 534,310 10,010 1.9
Far-Western 367,420 201 0.1
Nepal 4,253,220 416,022 9.8

e to fulfil the social and cultural functions
through which livestock ownership pro-
vides status and identity.

All of these functions can be identified as
important for the livestock-dependent poor in
Nepal. The economic value of these functions
has not been estimated and, therefore, their
contribution to livestock GDP is unknown yet
likely to be very significant.

Social and cultural preferences
for certain food types

The social and cultural preferences for live-
stock products can play important roles in
livestock development.

Poultry

In Sri Lanka, there is a preference for eggs, in
other parts of Asia it is chicken meat. In The
Gambia local breed birds are sometimes quoted
as being twice the price of exotic breed birds.
Similarly in Taiwan, the predicted switch from
local breed to exotic breed poultry has not taken
place. Instead the two types of breed have an
equal share in the market and the local bird fat-
tening units have special areas for the birds to
exercise so that their muscles can become more
chewy and tasty.

Pig

The Muslim and Jewish taboo against eating
pork and pig products originates from the
statement that the pig is an unclean animal
in both the Bible and the Koran. The unclean
pig can apparently be explained in part by pig
behaviourindry arid areas. The higher the tem-
perature, the more likely that the pig will lie in
its own faeces in an attempt to keep cool. It has
also been suggested that as human civiliza-
tions increased in number the forest areas that
were natural to pigs were destroyed (Harris,
1975). This increased the price of pigs and led
to pork being an extravagance and luxury that
religious groups should avoid the temptation
of. However, in parts of the Pacific islands
pigs are holy animals that must be sacrificed
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to the ancestors and eaten on all important
occasions such as marriage and funerals.

Sheep

The Masai in Africa consider sheep fat
important as a high-energy source for young
children and pregnant women. It is possi-
bly one reason for the rejection of breeds of
sheep that do not have fatty tails. Similarly
in Uganda, there is a belief that sheep fat
is a preventive medicine against measles in
children.

Festivals

Livestock products are often associated with
festivals. Turkeys are important for Christmas
in the UK, and for Thanksgiving in the USA.
Beef is consumed in large quantities at the end
of the period of fasting in Ethiopia. Chickens
are often carried as gifts when visiting house-
holds in many parts of Africa. This may be
an explanation of cyclical Newcastle disease
activity.

Welfare concerns and food scares

There have been changing attitudes towards
livestock production in the UK over the last
50 years. Initially there were demands for
accessible and affordable meat. There was
encouragement for industrial production
systems of pigs, poultry and to a lesser extent
ruminants. From the late 1980s onwards,
there has been a growing realization of
welfare concerns and health issues for the
animals in these systems. In part, there has

been a separation between the general public
and farming communities and practices in
the UK, which, when consumers are made
aware of the ways livestock are raised, leads
to rapid changes in purchase of livestock
products. Recent changes in demand for
industrially produced chicken demonstrate
how quickly the livestock producers need to
adapt. Similarly, information on animal dis-
eases can create food scares. For example, the
announcement of problems of salmonella in
the poultry sector of the UK in the 1980s led
to a sharp reduction in egg sales.

The Changing Role of Livestock in
the Mountain Regions of Nepal

There are a number of excellent studies of
different parts of the mountain regions of
Nepal (von Fiirer-Haimendorf, 1984; Brower,
1991; Fricke, 1993; Vinding, 1998; Rogers,
2004). Brower described livestock as ‘central
to the Sherpa way of life in Khumbu. Not all
Sherpas own cattle, and only a few families
are even dominantly dependent on livestock,
yet agriculture, trade and nearly every facet
of both traditional and transitional Sherpa life
are intimately tied up with cattle and cattle
keeping’.

In a thorough study of this region, Brower
(1991) identifies a number of key roles for live-
stock in the mountain systems (see Table 13.3).

Stevens (1996) has also carefully docu-
mented the livelihoods in the Sherpa region
and provided a useful chart of the uses of dif-
ferent livestock in the area (see Table 13.4).

Table 13.3. Livestock roles in the Sherpa area of Nepal. (Summarized from Brower, 1991.)

Role Species Importance Comments

Manure Yak is considered to Seen as being very Manure is even collected
produce the most important from fields where animals
valuable manure graze

Stock sales Cattle and yak crosses Stated by Brower as

are sold to other areas

being the most

important output

Source of food  Yak, goats and cattle

Milk in tea, production of
butter oil and churpi

Animals are not killed by the
Sherpas, but they have no
problem
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Table 13.4. Khumbu pastoral strategies in 1990. (Taken from Stevens, 1996.)

Livestock Herd size Economic goals Requirements
Yak (male) 2-6 Income from pack stock High-altitude herding
huts; hayfields
Nak (female) 15-35 Income from the sale of High-altitude herding
cross-breeds huts; hayfields
Manure
Dairy products
Dzopa 2-8 Income from pack stock Winter stabling
Cows 1-6 Household dairy supplies Mid-altitude herding huts
Manure Winter stabling in village
Sheep 1040 Wool, food, manure None

What is important is that the livestock
roles described by Brower (1991) are not static
and have changed in the last 30 years due to
external influences such as relations with
Tibet, the development of the tourist sector,
improving education and health of the local
populations. In Stevens’ study thereis a descrip-
tion of changes in the region, some of which
relate to government regulations and enforce-
ment, and others are about the adoption and
adaptation of technologies. What is empha-
sized is that this is not a static community and
that experimentation is an ongoing thing for
the Sherpa communities. Table 13.5 presents
the changes that have taken place in this area
over time.

In the lower Mustang area Vinding (1998)
states that livestock are of importance to the
subsistence economy. Cattle and yak and
their cross-breeds are important in the pro-
duction of manure, ploughing and transport.
The cross-bred animal, particularly the male
(dzopa), is valued as a pack animal, being
able to carry up to 120kg. The Thakali people
are reported not to slaughter cattle or yak, but
the demand in the area is high enough for
people to bring animals from Tibet for slaugh-
ter. There is also insufficient supply of sheep
and goat meat and this has to be imported
from Lo and Tibet. Butter and churpi are con-
sumed, but the latter is also in short supply
and is regularly purchased from outside the
area. Despite these shortcomings of the live-
stock system in terms of satisfying demand, it
is still an important source of cash income for
many households. Of the most profitable live-

stock activities, the mule business is stated to
be the single most important source of cash
income. Mules are used to transport goods
along the trade routes in the area.

Rogers (2004) studied the highland com-
munities of Manang, the district to the north-
east of Mustang. His study focuses on the
success of the people in this region as entre-
preneurs, who are well known as traders and
business people in Nepal. In his examination
of why this is the case, he finds that histori-
cally this region was an important trading
point bringing goods in from Tibet and
exchanging them for products from the val-
leys and tropical areas of Nepal. In addition,
the Nepali government gave the people, in
this region, special rights with easy access to
passports, and duty did not have to be paid
on the goods imported and exported to Nepal.
This encouraged further trading activities
and increased awareness in business skills
that have now been put to good use in the
tourist trade. The role of livestock in this con-
text was a traditional one of pack animals to
transport goods and more recently pack ani-
mals for tourism.

Fricke (1993) describes a Tamang village
community in the high mountain areas above
the Kathmandu valley. It is an area where
there are relatively few livestock per family
and oxen are important particularly for
draught power. Cattle make up just over 50%
of the capital value of livestock holdings fol-
lowed by sheep (18%) and goats (16%). Out of
the total household capital including land,
livestock contribute 14.5%.
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Table 13.5. Changes in the use of cropping and livestock technologies by the Sherpas. (Adapted from

Stevens, 1996.)

Aspect When

Introduction Comments

Potato production Introduction in the early

19th century

Introduction of red and
yellow potato varieties

Decline in buckwheat
cultivation

Fodder crop production

In the last 30 years

In the last 20 years

In the last 20 years

Greater use of the
dzopa

In the last 20 years

Animal herding Constantly changing

Source unknown It is generally thought
that this has allowed
the expansion of the
human population

Source from individuals

Change due to changing
demands

Experimentation with Adopted to feed Dzopa
wheat and barley as a
fodder crop

Existed previously Has become important
as a pack animal, but
requires more fodder
than the yak

Dependent on labour
demands and labour

costs

Internal

In summary, the impression from literature
is that the well-studied mountain regions of
Nepal have active and innovative people who
adopt and adapt technologies according to their
socio-economic reality. These communities are
very dynamic and have undergone consider-
able changes since the late 1970s. Some of these
changes have been stimulated by government
with regard to access to common property
resources and enforcement of restrictions on the
slaughter of female animals.

Summary

It is recommended that there should be
a greater recognition of the context in

which livestock production, animal health
actions and the general livestock sector
operate in order to improve how the sector
works. This requires a flexibility of mind,
an openness to learn and an ability to see
other people’s point of view. The message
from this is that everyone has something to
offer, and openness to receive information
and data from different people with differ-
ent skills and experience can enhance and
improve abilities to assess animal health
and production problems. This need for
openness in assessing animal health and
production is further explored in the chap-
ter that looks at livestock populations
and production systems (Chapter 15, this
volume).



1 4 The Economics of Zoonoses
and Their Control

Alexandra P.M. Shaw

Prevalent but Neglected

Veterinarians are very much accustomed to
dealing with pathogens which affect several
species of livestock as well as companion
animals and wildlife. Their work encom-
passes veterinary public health activities —
from meat inspection to rabies vaccination —
but these activities are usually undertaken
independent of work by the human health
authorities. While animal health economists
are used to tackling the difficulties of quanti-
fying the impact of disease on livestock pro-
duction, their work only occasionally extends
to putting monetary values on losses to wild-
life and companion animals and rarely trying
to estimate the burden of these diseases in
humans alongside that in animals. Yet some
60% of human pathogens are zoonotic in the
sense that they are ‘a species infectious to and
capable of causing disease in humans under
natural transmission conditions’ (Woolhouse
and Gowtage-Sequeria, 2005). The authors
conclude that of 1407 human pathogens, 886
(58%) are zoonotic. Zoonoses are even more
important among emerging and re-emerging
diseases; of 177 such pathogens listed by
Woolhouse and Gowtage, nearly three-
quarters (130 or 73%) are zoonoses. These
range from emerging diseases which have hit
the headlines such as avian influenza, severe
acute respiratory syndrome (SARS), West

Nile virus, Nipah virus and, of course, BSE,
to ancient diseases which are re-emerging as
public health problems for a number of rea-
sons. These include the most feared of all zoo-
noses, rabies, as well as anthrax, brucellosis,
bovine tuberculosis, zoonotic trypanosomia-
sis and conditions associated with tapeworm
infections such as cysticercosis and hydatid
disease (cystic echinococcosis). Food-borne
zoonoses are of particular concern, with
Salmonella, Campylobacter and Escherichia coli
infections of animal origin affecting millions
of people annually. Both brucellosis and
bovine tuberculosis are usually contracted by
people drinking unpasteurized milk.

Despite their ubiquitousness, the control of
many zoonotic diseases is grossly neglected
when set against the magnitude of the dual bur-
den which they impose on human and animal
health (Zinsstag et al., 2007). There are a number
of reasons for this. First, the control of many
zoonoses is most effectively undertaken via
their animal, often livestock, reservoir. Control
is thus considered to be the responsibility of the
veterinary services; however, these diseases are
not necessarily among the major causes of mor-
tality and lowered productivity in livestock, the
main benefits being to human health. Thus,
where veterinary services are overstretched or
underfunded, zoonoses control can be neglected
in favour of activities which directly benefit
livestock and agriculture.
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Second, as Schwabe (1984) stated in his
seminal work on human health and veteri-
nary medicine, ‘zoonoses are amongst the
most under-diagnosed diseases of man in
most countries’. The symptoms of zoonoses
are often confused with other diseases, e.g.
the intermittent fever characteristic of bru-
cellosis is assumed to be due to some virus
or misdiagnosed as malaria in the tropics,
and few of the diarrhoeas associated with
food-borne infections are investigated. In
addition, the diagnosis of some zoonoses is
inherently difficult, with few cheap and reli-
able bedside or penside tests available. Thus,
in Africa sleeping sickness is misdiagnosed
as acquired immunodeficiency syndrome
(AIDS) and few laboratories are equipped to
differentiate between bovine and human
tuberculosis.

Third, zoonoses primarily affect farmers
and farm families, who, to quote again from
Schwabe, ‘often live in very intimate contact
not only with domesticated, but also with
wild vertebrate animals and invertebrate
vectors, are also the proportion of the popula-
tion with least access to primary health care
and competent diagnostic services’ so that
‘the actual burden of zoonoses upon them has
been very poorly estimated and reported in
most countries’. This not only exacerbates the
problem of under-diagnosis, but also means
that these diseases tend to affect those people
with the least access to health care, particu-
larly poor and marginalized populations — so
that the control of these diseases is further
neglected (WHO/DfID, 2006).

Lastly, in the case of food-borne diseases,
particularly in the developing world, the
challenges of health education, tracing out-
breaks and supporting the setting up of food
outlets and the encouragement of food pro-
cessing and preparation practices which will
minimize these disease problems are very
great.

Evaluating the Burden
of Zoonotic Disease

As has been discussed in previous chapters
of this part, analysing the costs or burden of
disease involves looking at:

e the way in which morbidity and mortal-
ity affect infected individuals and
populations;

e the accompanying ongoing expenditure
in time and money for treatment and
preventive measures.

The same two components have to be ana-
lysed in the case of zoonoses, but the analysis
becomes far more complex because:

e impact on both humans and animals has
to be analysed;

e putting a monetary value on human
health is both ethically questionable and
technically complex;

e several animal species are often affected
and these may include companion ani-
mals and wildlife as well as livestock.

The burden in humans

In human health economics, the difficulties of
placing a monetary value on human life and
ill health have led to the development of a
number of indicators, collectively referred to
as health-adjusted life years (HALYs). These
make it possible to compare the burden of
diseases with very different effects on health
and longevity, between countries and for both
economically active and inactive groups. The
most widely used measure currently is the dis-
ability-adjusted life year (DALY), whose use is
laid out in Murray (1994) and is discussed, in
the context of zoonoses by Coleman (2002) and
cysticercosis and echinococcosis in Carabin
et al. (2005). The World Health Organization
(WHO) publishes annual tables showing how
many DALYs a year different diseases are esti-
mated to cost. However, the zoonotic compo-
nent of infectious diseases is largely missing
from the league tables (Coleman, 2002). This
reflects both a lack of knowledge and the
under-reporting of these diseases. Estimates
of the global burden of some zoonoses have
been published (Knobel et al., 2005; Budke
et al., 2006). These tend to be low in the global
league tables, but very high in affected local-
ities. This is because their occurrence depends
on the close coexistence of people and animals,
usually in a particular livestock production
system. Furthermore, while some zoonoses
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are debilitating, many zoonoses have high
case-fatality rates — notoriously so in the case
of avian influenza and rabies, but also in less
well-known diseases. Human African try-
panosomiasis, also called sleeping sickness,
has a zoonotic form and is fatal in untreated
individuals. A recent analysis (Févre et al.,
2008) shows how in an area of eastern Uganda,
although the ratio of reported cases of malaria
to reported cases of sleeping sickness was
133:1, the ratio of the DALYs, measuring the
burden of disease, was only 3:1.

Nevertheless, despite their usefulness in
facilitating comparisons, especially across
countries and social groups, DALYs and other
similar non-monetary measures all have
strengths and weaknesses: disability levels
have to be estimated; the rationale for age-
weighting is debatable (Table 14.1). These and
other issues have received much discussion
in the literature.

It is, of course, perfectly possible to try
and estimate the cost of illness and the value
of life by looking at the cost of diseases in

terms of days of work lost due to illness and
future incomes sacrificed due to premature
death, as is indicated in the second column of
Table 14.1. Such estimates are frequently
made in developed countries, when arguing
for safety at work or allocation of resources to
health care and preventive medicine. When
valuing the direct losses due to people’s ill
health, the DALYs are usually used as the
basic figure. Estimates of the income losses
are given as additional information or as sub-
stituting for the DALY value, as it is generally
thought that including both involves an
element of double-counting, hence the ‘and/
or’ between the headings of the first two
columns in Table 14.1.

The second two columns of Table 14.1
deal with the more easily calculated compo-
nent of the burden of disease — expenditure on
treatment and prevention. From the econo-
mist’s point of view, the important thing is to
be aware that a full assessment of these costs
has to include both public and private compo-
nents. Thus, the costs incurred by households,

Table 14.1. Components of the burden of zoonotic disease in humans.

Direct losses due to ill health or death

Costs of treating and caring for those affected and
costs of prevention

Non-monetary  and/or  Monetary

Households plus Medical service

DALY, the most widely A proportion of

At the household level, Medical service

used to measure,
which includes two
components:

¢ YLD: years of life
lived with disability,
both during iliness
and after recovery,
if there are lasting
after-effects —
‘sequelae’

e YLL: years of life lost

due to disease if it
leads to premature
death
Age-weighting can be
applied, whereby
economically active
adults’ years receive
a higher weighting

patients’ earned
income or the value
(opportunity cost) of
their contribution to
the running of their
household is lost
during illness

Premature death

leads to the loss

of patients’ whole
future income and
contribution to their
household

patients and their
families incur costs

* while seeking
treatment and
correct diagnosis

e during the course of
illness and follow-up

These costs may be
financial (transport to
health facilities, cost
of medicines, medical
care) or they may be
opportunity costs in
terms of time spent
by family members
accompanying and
caring for the patient.

Households often also
bear some of the costs
of prevention (usually
travel costs and time)

costs can usually
be estimated
relatively
straightforwardly in
terms of medical
practitioners’
time, costs
of medicines,
diagnostics,
hospital days, etc.
Often it is necessary
to work out the
share of resources
going to a
particular group
of patients for a
particular disease.
Costs of routine
prevention (e.g.
immunization) can
also be calculated
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including a value for the time spent by family
members looking after sick relatives, and
financial costs need to be included alongside
those of the public health services. Because of
the difficulty in diagnosing some of these dis-
eases, patients often spend much time and
money before they actually begin the right
treatment (see e.g. Odiit et al., 2004; Kunda
et al., 2007). Methods for calculating these costs
— and for evaluating the other components of
the burden of disease in humans are given in
Drummond ef al. (2005) and a very useful
introduction can be found in Meltzer (2001).

The burden in animals

In animals, calculating the burden of dis-
ease is both more straightforward (most of
the direct losses due to ill health or death
have obvious monetary values, especially
in livestock) and more complex (so many
species, with so many roles in human soci-
ety). Table 14.2 sets out the options, making
the important economic distinction between
livestock, companion animals and wildlife.
The importance of zoonotic disease in wild-
life can often be forgotten; however, some of

Table 14.2. Components of the burden of zoonotic disease in animals.

Direct losses due to ill health or death

Costs of treating and caring for affected
animals and costs of prevention

Affected Non- and/ Animal Veterinary
animals monetary  or Monetary keepers plus services
Livestock  Society values The steps involved in Livestock keepers’ Veterinary public

farming and calculating the losses due  costs consist health services
the presence to disease in livestock of expenditure are involved

of livestock, (valuing mortality and the on veterinary in diagnosis,
particularly components of morbidity) pharmaceuticals, treatment,
breed and are discussed in detail in veterinary care prevention (e.g.
species Chapter 10 (this volume) and of, often vaccination) and
diversity very substantial, in food hygiene

Companion People derive

* Some companion

investments of
livestock keepers’
time

In affluent countries
substantial sums
are spent on caring
for companion
animals. Owners’
time and costs
could thus be
estimated

There is a growing literature Wildlife parks and

game reserves
will devote some
of their resources

(e.g. abattoir
inspections).
Such costs are
usually recorded
Public services
are involved
in dealing with
zoonoses in
companion
animals. Such
costs are usually
recorded

Veterinary services
will be called
in to deal with
zoonotic disease

outbreaks in
wildlife

to caring for sick
animals

animals psychological animals, such as guard
and health dogs, actually fulfil an
benefits economic role which could
from keeping be quantified.
companion e Companion animals are
animals, some bought and sold and so
of which could have an economic price
be quantified in
DALYs

Wildlife Society values

wildlife and on how to value wildlife.
places a Approaches used include
particularly estimating their value to
high value tourism and ‘contingent
on rare and valuation’ whereby
endangered members of society are
species asked what value they

place on defined wildlife
resources or what they
would be prepared to pay

to conserve them
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the world’s rarest animals are menaced by
zoonoses (Cleaveland ef al., 2006; Haydon
et al.,, 2006). In Tanzania’s Serengeti, the
population of African wild dogs is threat-
ened by rabies, as is that of the Ethiopian
wolf, the world’s rarest canid. Valuing com-
panion animals and wildlife poses chal-
lenges of its own, as outlined in Table 14.2.
Although there are non-monetary values
to be considered, in most cases methods
for monetary valuation of the direct losses
exist. In parallel with disease in humans,
the costs of treating and preventing these
diseases also need to be quantified in ani-
mals — and again it is important to include
not just veterinary service costs but also
the money and time invested by the animal
keepers themselves.

Assessing incidence or prevalence

It is generally the case that the incidence
of disease in both people and animals is
under-reported, but as explained above in
the introduction to this chapter, such under-
reporting is particularly severe in the case
of zoonotic diseases in people. A major task
for epidemiologists in this field is to find
ways of estimating what the level of under-
reporting for these diseases is likely to be.
Some studies have tackled this. For rabies in
Tanzania, Cleaveland et al. (2002) developed
amodel based on local data on the frequency
of dog bites and the proportion of these
that were likely to be from rabid dogs. This
indicated that the actual number of human
deaths from rabies was likely to be over 100
times that reported. This model was later
used by Knobel et al. (2005) to estimate the
total burden of rabies in Africa and Asia. For
the acute form of sleeping sickness, the rate
of under-reporting was estimated by Odiit
et al. (2005) by analysing the stage of infec-
tion in patients presenting with the disease.
They estimated that, for every ten reported
cases, seven cases were unreported. Because
these individuals were untreated they
would have died, so that for every reported
death from the disease, 12 further unre-
ported deaths occurred. For hydatidosis,
Serra et al. (1999) combined information on

mortality, hospital discharges and surgery
with the reported incidence to estimate four
unreported cases of cystic echinococcosis
for every reported case. Thus, individual
zoonoses require individual methods for
assessing under-reporting and finding ways
of estimating this is essential to understand-
ing what the true human health burden of
these diseases is.

In animals there is likely to be a parallel
problem of under-reporting. Since the animal
reservoir is usually greater than the human
reservoir, for chronic diseases this can usually
be determined by conducting cross-sectional
surveys of at-risk animal populations. For
diseases such as anthrax or rabies where spor-
adic outbreaks occur, surveys and interviews
with animal health authorities and animal
keepers in affected regions can help improve
estimates of their real incidence.

The total societal burden

To an economist it seems self-evident that
decisions on resource allocation for control-
ling animal disease need to be made on the
basis of their total socio-economic cost — often
described in the medical field as the ‘total
societal burden’. The total societal burden
includes all the components outlined in Tables
14.1 and 14.2. Conventionally, the direct
burden of disease in people is measured in
DALYs, and all the other components (direct
losses in animals and costs of prevention and
treatment in people and animals) are mea-
sured in monetary terms.

Increasingly studies are trying to include
most of these components, as was shown in
the review by Schelling et al. (2007). Thus, for
cystic echinococcosis, Budke et al. (2006) esti-
mate the annual global DALY burden at
285,000 from reported cases, rising to
1,010,000 if under-reporting is taken into
account. Similarly, the monetary losses, in
terms of lost incomes and associated costs,
are estimated at US$193 million, rising to
US$764 million if under-reporting isincluded.
On the livestock side losses for liver condem-
nations alone were estimated at US$141 mil-
lion annually, rising to US$1250 million if
other losses were included, and nearly dou-
bling to US$2190 million if under-reporting
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was taken into account. A different picture is
presented by rabies, where Knobel ef al.
(2005) estimated that some 55,000 people a
year die of the disease, representing a burden
of 1.8 million DALYs. The monetary losses
were estimated at US$584 million a year, of
which only US$12 million were losses in live-
stock, US$87 million were for controlling dog
rabies and the remaining US$485 million for
human post-exposure treatments. For brucel-
losis in Mongolia, Roth et al. (2003) analysed
the potential benefits of mass vaccination of
livestock over 10 years. For a scenario of a
52% reduction in brucellosis transmission,
these came to 49,000 DALYs averted. The
potential monetary benefits were estimated
at US$26.7 million, of which US$15.4 million
went to the agricultural sector, US$3.0 million
to the public health system, US$5.0 million in
patients” out-of-pocket costs and increased
incomes of US$3.3 million.

Thus, while the relative weights of the
burden on human health, livestock sector
losses, the ongoing cost of controlling these
diseases in people and in animals vary, in all
cases, the total societal burden is substantially
greater than the burden to one sector (human
or animal health) alone.

The Economics of Controlling
Zoonoses: the Analytical
Challenges

Having examined the components of the bur-
den of these diseases, the task is to compare
the costs of control programmes, which for
zoonoses often involve tackling the animal
reservoir, with the benefits, in terms of a
reduction in the burden of disease.

In health economics the comparison is
either in terms of:

e  cost per non-monetary unit (which could
be per life saved or per person treated,
but usually cost per HALY, and most
often cost per DALY averted) called cost-
effectiveness or, in some cases, cost-
utility analysis (Meltzer,2001; Drummond
et al., 2005); or

e  cost per monetary unit (where the cost is
compared with a monetary benefit) fol-

lowing the standard rules of cost-benefit
analysis (see Chapter 10, this volume)
and in which case the direct costs to
human health are usually valued in terms
of income lost.

The principle of discounting (Gittinger, 1982;
Drummond et al., 2005) is applied in the same
way as in livestock projects, with the possible
exception that lower discount rates (3-5%)
tend to be used.

In order to find an economic solution to
the problem of the burden of control falling on
the veterinary sector while the bulk of benefits
accrue to the human health sector, the ‘sep-
arable costs” method has been adapted to find
a method of equitably sharing costs. Gittinger
(1982), in his classic text, sets out how costs
should be shared in proportion to benefits.
Roth et al. (2003) applied this to their benefit
calculations for brucellosis in Mongolia, so
that the health sector’s share of costs would be
equivalent to its proportion of the monetary
benefits. The health sector would then com-
pare this cost to the DALYs gained. This thus
provides a basis both for cost-sharing and for
estimating cost-effectiveness.

From the point of view of advocacy, in the
health sector and in terms of persuading gov-
ernments to support the allocation of funds to
the veterinary sector for controlling the ani-
mal reservoir, the classic cost-effectiveness
measure of US$/DALY averted is the most
persuasive. WHO considers disease control
investments which cost less than US$25 per
DALY averted as its most cost-effective band.
Roth et al’s (2003) study of the benefits of
mass vaccination of cattle, sheep and goats to
control brucellosis in Mongolia came to US$19
per DALY averted and Carabin et al. (2005)
cite US$10-12 for controlling echinococcosis
in China, both using the separable costs
method. Unpublished calculations by A. Shaw
and S. Cleaveland (unpublished data, 2006,
Tanzania) indicated that dog vaccination
undertaken in Tanzania could cost as little as
US$10 per DALY averted, rising to US$26 if
the full research component of the work were
included in the costs. For zoonotic sleeping
sickness, estimates by A. Shaw and P. Coleman
indicated that treating the cattle reservoir plus
limited vector control could cost as little as
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US$9-18 per DALY averted. If the full benefits
to cattle production were evaluated, it is pos-
sible that the monetary benefits would equal
or outweigh the monetary costs, so that the
cost per DALY averted would fall to zero, or
conceivably be negative. More research into
these types of scenarios is needed, so that
veterinary and medical sectors have clear
evidence on which to base cooperation, cost-
sharing and, most importantly, resource
allocation.

Conclusion

Economics has a vital role to play in finding
and analysing evidence so as to show how
important zoonoses are and in demonstrating
how cost-effective their control can be. This
involves, first, calculating the total societal
cost of these diseases, i.e. not just the direct
impact on human health in terms of DALYs
as is usually done by medical organizations,
but also the ongoing monetary costs of treat-
ing people and animals as well as the income
losses in affected families. Second, the cost of
controlling the diseases both in humans and,
often more importantly, in their livestock res-
ervoir needs to be accurately assessed. The
third and most important step is comparing
these control costs with their potential ben-
efits in terms of reducing the various com-
ponents of the burden of disease. When this
comparison is extended to include costs and
benefits to both the medical and veterinary
sectors, it becomes evident that dealing with

these diseases ranks among the most cost-
effective health control measures. Looking
at both sectors also offers the opportunity
of introducing cost-sharing options which
reflect the distribution of benefits.

Such economic analyses could thus help
to argue for a better and more equitable alloca-
tion of resources to the control of these diseases
and thus help to mitigate the under-reporting,
neglect and high burden these diseases place
on poor and marginalized populations. They
would also bring us closer to the ideal of ‘one
medicine’, the concept which the late Calvin
Schwabe developed in the 1960s, advocating
an approach where diseases in people and ani-
mals are considered together and veterinary
and medical groups work together to control
diseases of affected populations, irrespective
of species.
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15 Livestock Populations
and Production Systems

Introduction

There are no hard and fast rules of how to
present data on livestock populations or how
to analyse the livestock systems and the live-
stock sector in general. The initial part of this
chapter will provide information on classifi-
cation systems and then present examples of
the analysis of livestock systems at regional
level (Latin America), at national level
(Nepal) and at local level (a southern region
of Bolivia). These examples demonstrate that
different tools can be applied, and much can
be gained through combining qualitative
judgement and observation with quantita-
tive analysis.

Farming Systems and Theories
of Their Evolution

A number of authors have attempted to clas-
sify farming systems (Grigg, 1974; Ruthenberg,
1980; Mortimore and Turner, 1993) and some
have tried to classify livestock systems (Jahnke,
1982; Wilson, 1995; Peeler, 1996). Classification
systems have value in terms of reducing the
number of farming systems for analysis, and
also for targeting research findings (Collinson,
1981; Jolly, 1988; Williams, 1994). They also
provide indications of the critical information
required for each system.

Ruthenberg (1980) classifies farming sys-
tems ‘according to type and intensity of land
use’. He makes a specific distinction between
cultivation and grassland systems, the latter
being important for livestock rearing. For
each farming system identified, he discusses
the importance of the animal production sys-
tems and analyses their value to the house-
hold. Ruthenberg concludes that ‘various
farming systems described are all subject to
change’. He proceeds to discuss these changes
in terms of trends in cropping, livestock,
chemical inputs and the labour economy. For
the livestock trends, he highlights the greater
integration of livestock activities within the
household when the agricultural system is
intensified.

Grigg (1974) presents a historical per-
spective of agricultural evolution, and
describes the farming systems identified by
Whittlesey (1936). Grigg argues that the sys-
tems identified by this classification occupy
the majority ‘of the earth’s agricultural area
and employ most of the world’s agricultural
population’. He relates the development of
the major agricultural systems to human pop-
ulation increase, the speed of technology and
economic development.

Mortimore and Turner (1993) use
intensification and crop-livestock integration
as a basis for classifying crop-livestock
systems in semi-arid Africa. They argue that
such a classification system is useful for
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‘understanding the time-trajectories of farm-
ing systems along degradational or conserva-
tionary pathways’. Mortimore and Turner
(1993) state that the household/farm unit is
inappropriate for the assessment of environ-
mental changes caused by farming practices,
and that it is necessary to look either at the
village, communal or territorial level. They
measure livestock integration in terms of crop
residue use, fodder production, traction and
transport use and cattle movement. Their
hypotheses are tested with data from the lit-
erature on crop-livestock systems in semi-
arid Africa. Mortimore and Turner (1993)
conclude that ‘crop-livestock integration,
agricultural intensity and population inten-
sity are found to correlate in practice’.

Jahnke (1982) attempts to classify the
livestock systems found in Africa. He identi-
fies five basic systems: pastoral range, low-
land crop-livestock, highland crop-livestock,
ranching and landless. The purpose of the
classification is to identify critical constraints
and develop appropriate solutions.

Steinfeld and Maki-Hokkonen (1995)
and Wilson (1995) both provide a worldwide
classification of livestock systems. The former
use their classification system to determine
the relative importance of the identified sys-
tems in terms of meat and milk production.
The production systems identified by
Steinfeld and Mé&ki-Hokkonen (1995) are:

e  solely livestock systems:
landless livestock systems;
grassland-based systems.

e mixed farming systems:
rain-fed mixed farming systems;
irrigated mixed farming systems.

Using data on livestock numbers and pro-
duction parameters of each system, Steinfeld
and Maki-Hokkonen (1995) found that mixed
farming systems keep the largest number
of livestock and produce the majority of the
world’s meat and milk.

Peeler (1996) classifies the livestock sys-
tems of Kenya, and provides a database of
livestock production parameters for the iden-
tified systems. The database is provided to
assist future livestock planning and policy
making. Peeler’s classification makes no
reference to the farming system in which

livestock are maintained, and ignores non-
commercial livestock products such as draught
power and manure.

Most methods of classifying farming or
livestock systems attempt to identify critical
constraints to those systems. They also gener-
ally agree that farming systems are not static,
but are constantly evolving. This evolution-
ary process is influenced by many factors
such as climate and resource availability.
A number of general theories of farming sys-
tems evolution have been proposed.

A traditional view of farming systems
evolution argued that the evolution was
related to the resource endowment, climate
and agricultural technology. Resource endow-
ment could not be influenced by man, and
subsequent agricultural technology advance-
ments were related to the physical factors of
the area. The production level from a farming
system is, therefore, restricted by physical
resources. Thus, there is a limit to the number
of people any area can support.

Boserup (1965) questioned the whole
basis of this argument in her thesis on
“The conditions for agricultural growth’. She
argued that human population growth trig-
gered farming system change and evolution.
Increasing population pressures affected the
resource pricing of land and labour. At low
population pressure, land has a low value rel-
ative to labour. For these areas, land use is
extensive and agricultural technology is
primitive or, in some cases such as hunting
and gathering, non-existent. At high popula-
tion pressures, land becomes more expensive
relative to labour. In this scenario land use
intensifies, and the search for improved agri-
cultural technology increases as human popu-
lation rises. Higher levels of intensification
lead to the integration of crop and livestock
activities, in order to capture enterprise syn-
ergy. Some of the technology changes affect
the resource availability in an area, and the
implication is that the original resource
endowment may not ultimately determine
the number of people an area can support.

Boserup’s conceptual methodology is the
basis of Pingali et al.’s (1987) book on live-
stock mechanization and Mclntire et al.’s
(1992) book on crop-livestock integration.
Both books detail empirical evidence for the
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Boserup view of farming system evolution
and Mclntire et al. (1992) explain livestock
integration in terms of human population
density and agro-climate. While Pingali ef al.
(1987) and McIntire et al. (1992) provide inter-
esting insights into farming systems evolu-
tion and the role of livestock, neither presents
an adequate framework for farming systems
evaluation.

Farming system classification
and evolution summary

The literature on farming systems classifica-
tion and evolution is clear; farming system
change is occurring, and in some instances
it is possible to classify systems that appear
through the evolution process. But these the-
ories do not provide quantitative structures
to assess change, or to examine the advan-
tages of one type of system compared with
another. As Mortimore and Turner (1993)
state: ‘[W]hat is beyond dispute (in our view)
is that the crop and livestock sectors are inter-
active components of rainfed farming sys-
tems, and that understanding the dynamics
of these interactions is important if degrada-
tion, sustainability and productivity trends
in farming systems operated by smallholders
are to be correctly interpreted.’

Livestock production system
classification and livestock disease
impact assessments

When estimating livestock disease losses
or returns to livestock disease control pro-
grammes, it is often necessary to classify the
production systems and define the popula-
tions in each system. The reason is obvious
in that some systems have higher levels of
inputs and outputs than others and, conse-
quently, the impact of a disease will be dif-
ferent. Also the control of a disease may be
different and possibly the number of animals
affected, i.e. the epidemiology of a disease
usually reflects the management system that
the animals are under.

Some country classification systems exist
such as in Kenya, but they are usually poorly

supported by information on livestock num-
bers and livestock parameters.

Seré and Steinfeld (1995) produced a
classification of livestock systems in the
world, with estimates of the population in
each system and the level of production. Their
classification includes the following systems:

1. Grassland-based systems:
(a) temperate zones and tropical highlands;
(b) humid and sub-humid tropics and
subtropics;
(c) arid and semi-arid tropics and subtropics.
2. Mixed rain-fed systems:
(a) temperate zones and tropical highlands;
(b) humid and sub-humid tropics and
subtropics;
(c) arid and semi-arid tropics and subtropics.
3. Mixed irrigated systems:
(a) temperate zones and tropical highlands;
(b) humid and sub-humid tropics and
subtropics;
(c) arid and semi-arid tropics and subtropics.
4. Landless systems:
(a) monogastric production system;
(b) ruminant production system.

This is not the only classification of livestock
systems at world level, but it is the only one
available that is supported by quantitative
information on livestock populations and
production in the different systems identi-
fied. At present, the quantitative analysis is
based on the FAO statistics for populations
and production. These statistics are gener-
ated from national statistics, which in some
country are not very reliable, but they are the
best available.

Therefore, there exists a classification sys-
tem for livestock systems in the world with
estimates of populations and production, but
there is no corresponding information on the
diseases in each system, their prevalence lev-
els or their impact on production parameters.
Work is currently being carried out to address
this gap and the system that Seré and Steinfeld
have devised is the basis for FAO work on the
impact of livestock diseases.

Production parameters

To carry out an economic assessment of a
livestock disease the following parameters
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are necessary for an animal or herd with and
without the disease:

e  age at first calving, lambing;

e inter-calving period;

e  mortality rate in different age groups and
sexes;

e  offtake rate in different age groups and
sexes;

e for milk production systems, lactation
yields.

This list is the very bare minimum to obtain
approximate estimates of disease losses in
terms of production. Additional information
such as growth rates and feed conversion
rates are recommended particularly in more
intensive systems.

Regional Example: Ruminant
Livestock Systems in Mountainous
Regions of Latin America

Mountainous regions (as defined by FAO,
2002) are those either above 2500m or lying
between 300 and 2500m that have either
steep slopes or a wide range of elevation
within a small area. For this particular study,
a focus will be made on the Andes, the
Central American Highlands and the Sierra
Madre and Mexican Highlands but it will not
include the Brazilian Highlands. FAO (2002)
estimated that 112 million people live in these
mountainous regions in Latin America, which
isaround a fifth of the total population. Within
these regions over half the people are in areas
below 1500m with steep slopes, 40% live
between 1500 and 3500m and the remainder
in the areas above 3500 m. While 25 million of
these people are classified as being vulnerable
to food insecurity, this may be as high as 45
million (FAO, 2002). However, in comparison
with other developing country regions, these
regions have a lower prevalence of food inse-
curity, in part explained by the greater urban-
ization, with major urban centres being found
in the Andes, Central America and Mexican
Highlands. Therefore, while these mountain-
ous regions have a relatively high level of
urbanization, many people are vulnerable to
food insecurity.

To facilitate the analysis of the livestock
systems the mountainous areas of Latin
America will be examined as the following
regions: (i) the Southern Andes and Patagonia
(Chile and Argentina); (ii) the Central Andes
(Bolivia, Peru and Ecuador); (iii) the Northern
Andes (Colombia and Venezuela); and (iv)
the Central American Highlands (El Salvador,
Guatemala, Honduras and Nicaragua), the
Sierra Madre and the Mexican Highlands (see
Fig. 15.1).

Southern Andes and Patagonia

Argentina

With about 8.5 million head, over 60% of
the national flock (SAGPyA, 1996), sheep
production is the most important activity
in Patagonia. In the northern part (in the
provinces of Neuquen and Rio Negro) the
flocks (mainly Australian Merino) have a
high proportion of castrated males as wool
is the main output. In southern Patagonia,
in the provinces of Chubut, Santa Cruz and
Tierra del Fuego, the Corriedale dominates
with the focus again on wool, with meat
being a secondary product except in Tierra
del Fuego and southern Santa Cruz, where
lambs are important. Extensive grazing sys-
tems predominate, with farm size dictating
flock numbers. In Neuquen, Rio Negro and
Chubut flock size varies between 2500 and
4500 head, while in Santa Cruz and Tierra del
Fuego flocks average 7000 head. There is also
some goat production in this region, mainly
for mohair using Angora breeds.

Cattle production in the mountainous
regions is of little importance at national level,
with only about 3% of the national herd
(SENASA, 2002). In Patagonia, there are 0.88
million head, with production concentrated
in Monte Oriental (north-east Rio Negro).
Productivity is low, with animals grazed
extensively, in part because an irrigation
infrastructure has not been developed to
exploit the Rio Negro valleys. Further north,
the Cuyo region has less than 1% of the
national herd (SENASA, 2002). In San Luis
and western La Pampa sufficient beef is pro-
duced to supply local demand. The cattle are
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Fig. 15.1. Mountainous regions of Latin America.

again extensively grazed on natural pastures
with an annual production of 5-30kg forage/
ha. Sheep production is of little importance
(<1% of the national flock, INDEC, 1999),
while goat production (meat and hides) is
concentrated in the provinces of Mendoza
and San Juan and based on extensive grazing
and browsing systems.

The provinces of Jujuy, Catamarca, La
Rioja and the western part of the province of
Salta in northern Argentina have fragile eco-
systems with little available water for animal
production. Despite these difficulties, cattle
and goat production, based on the extensive
grazing of natural pastures (there is little
improved pasture), are the mainstays of the
economy. The cattle are mainly local “criollo’,
although some British cattle breeds and
zebu have been introduced. It is estimated
that 20-30% of the properties, comprising up
to 80% of the cattle population, are under
commercial management. The remainder are
found in family systems with little infrastruc-
ture and communally grazed. While this
region has <1% of the national herd supplying

only local requirements (SENASA, 2002), it
has 1.22 million goats (mainly criollo),
approximately one-third of the Argentinean
goat population. Meat production dominates,
although secondary products such as hides,
manure and cheese are also important. The
animals are kept in extensive grazing systems
based on natural pasture and shrubs. In La
Rioja goat production is common, kidding
occurs in spring and winter, with the main
output as ‘cabrito mamén’ - young kids
between 30 and 50 days old. Sheep produc-
tion is of lesser importance than cattle or goats
and the area has around 0.93 million animals
(about 7% of the national flock, INDEC, 1999).
The sheep, usually criollo, which are often
extensively grazed alongside goats and cam-
elids, are mainly kept by families in semi-
subsistence systems.

Chile

Southern Chile is typified by low tempera-
tures and strong winds, with precipitation up
to 600 mm annually, occurring throughout the
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year. Sheep production is the most important
livestock activity, with the Austral region hav-
ing very few cattle or goats. Region XII, with
1.9 million head, has just over half the Chilean
sheep flock. These, generally Corriedales, are
keptinextensive grazing systems as small fam-
ily-run flocks in the north of Region XII. The
Reino Nevado has both low rainfall and low
temperatures. Here cattle production is rela-
tively important as the region has 20% of the
national herd (INE, 1997, 2002) and produces
14% of the national milk supply (Anrique,
1999, cited by Hargraves and Adasme, 2001).
The main dairy breeds are American Holstein,
the dual-purpose European Friesian and
crosses. The dual-purpose Brown Swiss and
Jersey have recently been introduced, with
the main beef breeds Hereford, Aberdeen
Angus plus the above dual-purpose breeds.
Sheep and goat production is also practised in
Reino Nevado, generally in extensive systems
with goats mainly in marginal areas of poor
fertility.

Neither cattle nor sheep production is
of any importance in northern Chile, with
46,000 cattle and 95,000 sheep, respectively.
Production is for the local market with sheep
grazing confined to areas which cannot be
exploited by cattle. However, in Regions III
and IV goat production is of importance, with
Region IV having 0.306 million goats, about
40% of the Chilean herd (INE, 2002). Criollo
breeds dominate, and are kept for milk and
meat production in extensive grazing systems
that are highly dependent on unpredictable
rainfall. Not only does the population vary
with this rainfall but transhumance systems
are typical. Recently, Cashmere breeds have
been introduced to this region.

Summary

The mountainous regions of the southern
Andes and Patagonia are largely dominated
by sheep production although cattle and
goats exploit important niches. Wild camelid
species (guanaco to the south and vicufa in
the north) are kept in extensive grazing sys-
tems, largely at the individual household
level to supply local market requirements.
A degree of transhumance where cattle are
moved according to seasonal fluctuations in

pasture availability occurs, plus there is some
trading associated with beef demand on the
Chilean—Argentinean border.

Central Andes

The majority of the 7-8 million sheep found
in Bolivia are criollo breed (small, produc-
ing poor-quality wool). While about 25% are
found in the valleys, 70% are in the Altiplano
or high Andes. Camelids are also concentrated
in the Altiplano, with 2.4 million llamas and
0.4 million alpacas managed on 53,000 hold-
ings (UNEPCA, 1997). The majority of alpacas
are found in the wetter northern areas around
Lake Titicaca and where the departments of
La Paz and Oruro abut the Chilean frontier.

Llamas, alpacas and sheep in the Bolivian
Altiplano are important in meat and wool
production for home consumption and income
generation in areas that have few possibilities
for crop production. During the rainy seasons
sheep are also milked, with the majority used
to make cheese. In the recent past, llamas were
also important pack animals, being used to
carry salt from the high Andes to the valleys
to exchange for maize. Sheep and camelids
are kept in extensive grazing systems. In the
areas of the Altiplano with higher rainfall and
warmer temperatures, important cattle popu-
lations are found, especially to the east of the
Bolivian high Andes, around Lake Titicaca
and close to the cities of La Paz and Oruro.
These cattle are kept for milk production, trac-
tion power or are fattened for sale. Most of the
cattle are found in mixed farming systems,
being grazed on communal pasture, stubble
or crop residues. Dairy cattle receive limited
amounts of concentrate feed.

In the Bolivian valleys, cattle are an impor-
tant source of traction power and this is reflected
in the high proportion of adult males in the herd
(Rushton et al., 2001a). There are also an impor-
tant dairy area close to the city of Cochabamba
and two smaller dairy areas close to the cities of
Tarija and Sucre. Sheep production in the valley
is closely linked with cereal production (graz-
ing stubble and being fed crop residues, with
their manure used to maintain soil fertility).
Goats in specific valley regions are reared in
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production systems based on browsing com-
munal areas. The main goat populations are
found in the south where the departments of
Chuquisaca, Potosi and Tarija meet and on the
border of the department of Chuquisaca and
Cochabamba. The goats are raised for their
milk, used in cheese production, and meat.
Another important output is manure, which is
greatly valued in potato cultivation.

The Sierra region of Peru has two-thirds
of the national cattle and goat populations,
and about 80% and 85% of the sheep and cam-
elid populations, respectively (Rushton and
Viscarra, forthcoming). The majority of these
livestock are found in extensive grazing sys-
tems which are poorly integrated with crop-
ping systems. About half the sheep population
is criollo breed raised by smallholder farmers;
however, a high proportion of improved
breeds occur that are important in wool pro-
duction. A third of the goat population is found
in the poorest parts of the country — the depart-
ments of Huancavelica, Ayacucho and Lima.
The camelid population is concentrated in the
departments of Puno, Cusco, Huancavelica,
Arequipia, Ayacucho and Apurimac with fibre
production, the main output. Within the valley
farming systems, cattle are closely associated
with crop production (draught power and
manure; Lescano Rivero, 1988; Fernandez Baca
and Bojorquez, 1994). Dairy cattle are an
important component of the rural economy
throughout the Peruvian Highlands and par-
ticularly in Cajamarca (Bernet, 2000).

In Ecuador half the cattle population, all
the sheep population and 85% of the goat
population are found in the Sierra region of
the country (INEC-MAG-SICA, 2002). This
region has important crop production systems
into which the cattle are well integrated,
again providing draught power and manure
(Bernard et al., 1992; Meininger, 1997). It is esti-
mated that 60% of all farms have cattle and a
third sheep. The departments of Chimborazo,
Cotopaxi and Tungarahua have important
sheep populations and two-thirds of the small
goat population is found in the department of
Loja in the south of the country. The small cam-
elid population is concentrated in the depart-
ments of Cotopaxi, Tunguruhua, Bolivar and
Chimborazo. Sheep, goats and camelids are all
kept in extensive grazing systems.

Northern Andes

There are estimated to be 6.88 million cattle
in the Andean region of Colombia (DANE,
2002; Rushton and Viscarra, forthcoming).
Of note in this area are the intensive dairy
systems close to the cities of Bogota and Cali
with a high investment in infrastructure and
management. These areas also have a large
number of dual-purpose systems within the
general farming system. The Andean region
of Columbia also has small populations of
sheep and goats (DANE, 2002; Rushton and
Viscarra, forthcoming). In the Venezuelan
states of Trujillo, Mérida and Tachira there
are significant numbers of smallholder dairy
farms with mainly dual-purpose systems.
In these higher zones, there are also family
farms that are dedicated to sheep produc-
tion focused on wool (Rushton and Viscarra,
forthcoming).

Central American Highlands, the Sierra
Madre and the Mexican Highlands

In the Central American Highlands, the
Sierra Madre and the Mexican Highlands cat-
tle dominate and are mainly found in dual-
purpose systems (Rushton, 2004; Rushton
et al., 2006b,d). While goats and sheep are of
little importance in Central America (Rushton
etal, 2006b,d), small ruminants occupy
important niches in Mexico, although they
are relatively insignificant in terms of total
livestock units (Rushton et al., 2006b). There
are no wild ruminant species of importance.
Similar patterns of livestock production
systems to those found in the northern
Andes occur, ranging from intensive and
semi-intensive dairy systems, dual-purpose
cattle systems and livestock systems inte-
grated into crop systems to extensive grazing
systems. Smallholder livestock producers are
the most important numerically, with many
Central American smallholders farming poor-
quality land on steep slopes.
Espinoza-Ortega and Arriaga-Jordan
(2005a) make important distinctions between
the different dairy systems in the Mexican
Highlands, identifying large-scale industrial
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dairying, tropical and small-scale dairy pro-
duction. The latter has been linked to maize
production, which is in crisis, and recently
dairy production has become a main source
of income (Espinoza-Ortega and Arriaga-
Jordan, 2005b). This useful classification is
unfortunately not adopted at national level in
the presentation of population statistics,
where cattle are placed in either beef or dairy
systems, with the use of the dual-purpose
category having been dropped in the 1990s
(SIAP, 2003). Arriaga-Jordan and Pearson
(2004) describe the importance of livestock to
the economy of households in different areas
of the Central Mexican Highlands, with cattle
being the most important source of income
and dairy production in particular. These
livestock systems are generally well inte-
grated into cropping activities (Gonzalez
et al., 1996; Arriaga-Jordan and Pearson, 2004),
but with some potential to increase more spe-
cialized forage and feeding strategies in dairy
cattle systems (Arriaga-Jordan et al., 2005)
and in sheep systems the use of extensive
grazing systems on native pasture (Aviléz-
Nova et al., 2005).

Overview

Sheep are an important domestic species
throughout the Andes and Patagonia, but
are of little importance in Central America
and occupy niche systems in the Mexican
Highlands. In many cases they are integrated
into cropping systems, where they are an
important source of protein for households,
utilizing crop residues and producing valuable
manure. In the extensive grazing systems of
the high Andes, the utilization of poor-quality
pastures by sheep concentrates organic matter
in the form of manure which is used for limited
cropping activities. The products from this spe-
cies (meat and wool and the seasonal produc-
tion of milk for cheese production) are poorly
integrated into markets, and the integration
became far less with the crash in wool prices in
the late 1980s and early 1990s. It is also noted
that this species has a strong gender bias, with
women being important in their management,
particularly pasture management.

Cattle, which have a variety of roles
within farming systems, are important in
regions close to urban areas and where climate
is less harsh. In smallholder farming systems
with a focus on cropping, such as in the lower
valley regions of Bolivia, Peru and Ecuador
and in the highlands of Central America and
Mexico, cattle provide vital draught power. In
peri-urban areas dairy production is import-
ant and ranges from intensive units to small-
holder dual-purpose systems. Evidence from
Bolivia would suggest that dairy production
is becoming increasingly important in small-
holder systems and this will be discussed
later. Animals are also kept for fattening to
sell, while in many areas ownership is closely
linked with status or collateral.

Llamas and alpacas are concentrated in
Bolivia and Peru with small populations also
found in Ecuador, Chile and Argentina. In the
southern parts of this region, llamas are used
as pack animals, but with improved road net-
works and alternative transport means this
role is disappearing. So far there has been little
use of llamas as pack animals in tourist treks.
In these areas llamas are also an important
source of meat for local consumption, and also
in areas with good links to towns and process-
ing facilities, for external markets. Meat is sold
either fresh, partially dried (challona) or dried
(charque). Fibre is the most important output
from the alpacas and these activities are con-
centrated in the regions around Lake Titicaca.
There is also some fibre production from lla-
mas, but prices for llama fibre are about a half
of those for alpaca fibre. Recent export and
promotion of products in global markets have
stimulated the use of camelids for fibre, but
camelid fibre is still only a small part of the
world fibre markets (Delgado Santivafiez,
2003). In some areas with poor soils, camelid
manure is used to maintain small cropping
areas and, similar to cattle, camelid ownership
has an important social status. A small market
that has been exploited by the Chileans is the
export of live animals. This market requires a
high level of animal disease control and ani-
mal health status that neighbouring countries
have been unable to comply with.

The wild ruminant species of importance
in the mountainous regions of Latin America
are also camelids, the vicufia and guanaco
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(Benito Gonzalez et al., 2000). These species
have been used for centuries, particularly the
vicufa, which was a source of meat and fibre in
Inca systems (Rabinovich et al., 1991). Currently,
wild camelids are protected, but are of impor-
tance to the livestock producers in central and
southern Andes and Patagonia as their popula-
tions are expanding, such that competition for
pasture with domestic species is increasing
(Aguilar and Rushton, 2005). To overcome the
conflicts between conservationist strategies
and people’s livelihoods, there has been a relax-
ation of laws governing their use which allows
them to be used for fibre harvesting (Sahley
et al., 2006). However, the potential for these
wild camelid species to provide a profitable
livelihood has to be tempered by the harsh
environment and limited potential to improve
productivity from such activities.

While the above description of the moun-
tainous regions of Latin America has focused
on ruminants, it would be amiss not to mention
the importance of non-ruminant species in this
region. Pigs and poultry are found in areas
with grain production, particularly maize,
while guinea pigs are of importance in the high
Andes of Bolivia, Peru and Ecuador. These spe-
cies are normally found in smallholder farming
systems providing household protein and act-
ing as an emergency cash source.

To summarize, there are differences across
the mountainous regions of Latin America. In
the southern and central parts of the general
region, sheep are important and so are the
domestic and wild species of camelid. Going
further north, cattle become increasingly dom-
inant as the main ruminant species, with small
ruminants becoming almost irrelevant in the
highlands of Central America and with only
niche importance in the Mexican Highlands.
Cattle are also important in the southern areas,
but are less dominant in terms of their contri-
butions to ruminant livestock units.

National Example: Nepali
Livestock Sector

Nepal is one of the poorest countries in the
world, with an annual per capita income of
US$200 in 1998 and an estimated population

of 23 million people (2001 census). It also has
a low human development index (ranked 144
out of 174 countries). Poverty levels are high
throughout the country, but are particularly
marked in the rural areas. In addition, the
inequality in society is high with the top 10%
of the population earning the equivalent of
the bottom 50%. In many areas this poverty is
deep-rooted, often leading to food insecurity
for part of the year.

Economy and human population

It is estimated that 86% of the Nepalese popu-
lation live in the rural areas and that most of
this population is supported by agricultural
activities that account for around 40% of the
GDP. The proportion of the GDP contributed
by the agricultural sector fell slowly during
the late 1990s in response to improved eco-
nomic growth (see Fig. 15.2).

Political problems due to the Maoist insur-
gency at the end of the 1990s and in the early
part of the current decade, plus a poor mon-
soon in 2002, have had negative impacts on the
economy. The economy shrank in 2002, in part
because of difficulties in the tourist sector.

The country can be divided into three main
regions: mountains, hills and Terai. The major-
ity of the human population is found in the hills
and Terai. For development purposes the coun-
try is further divided into five regions: Eastern,
Central, Western, Mid-western and Far-western.
Just over three-quarters of the population (77%)
are found in the Eastern, Central and Western
Development Regions (see Table 15.1).

Very little of the land area in the mountain
agroecological zone is suitable for cultivation
(4.6%) and although this region has a low pop-
ulation density per total land area it has a high
human population density per cultivated land
area. Nearly a quarter of the land area (23.8%)
in the hill agroecological zone is cultivated land
and the human population density per square
kilometre of cultivated land is similar to the
mountain region. Just over a third of the land
area (36.5%) is cultivated in the Terai agroeco-
logical zone, but this region has a high popula-
tion density per total land area and per unit of
cultivated land (see Table 15.2). The high popu-
lation density in this area has to be put into the
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Fig. 15.2. Percentage of the GDP derived from the agricultural sector. (Modified from Central Bureau of

Statistics, 2002.)

context that some of this land is irrigated and
that the climate would allow double- and in
some cases triple-cropping (Koirala, 1998).
Just over a quarter of the Nepalese econ-
omy is in the hill zone of the Central
Development Region where Kathmandu is
found. A further 21% of the economy is con-
centrated in the Terai zone of the Central

Development Region. These are the only two
areas where the percentage of GDP is greater
than the percentage of the population and
together they account for nearly half the
Nepalese economy (see Table 15.3).

Human development index data show that
the development is concentrated in the south-
eastern area of the country (see Table 15.4).

Table 15.1. Human population by agroecological zone and by development region.

Number of Population per development region
Agroeco- - Household
logical zone People Households size Eastern Central Western Mid-western Far-western
Mountains 1,687,859 319,887 5.3 401,587 554,817 24,568 309,084 397,803
Hills 10,251,111 1,982,753 5.2 1,643,246 3,542,732 2,793,180 1,473,022 798,931
Terai 11,212,453 1,950,580 5.7 3,299,643 3,934,080 1,753,265 1,230,869 994,596
Total 23,151,423 4,253,220 5.4 5,344,476 8,031,629 4,571,013 3,012,975 2,191,330

Table 15.2. Land area (km?) and human population density (people/km?) by agroecological zone.

Population density by

Agroecological Total land  Cultivated Unproductive Cultivated Cultivated
zone area land Forest land Total land land and forest
Mountains 51,513 2,355 33 717

Hills 61,816 14,718 166 696

Terai 33,852 12,363 331 907

Nepal 147,181 29,436 57,401 60,344 157 786 267
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Table 15.3. The Nepalese economy (PPP US$1999) by development region and agroecological zone.
(Modified from Informal Sector Research and Study Centre, 2002.)

Development regions

Agroecological
zone Eastern Central Western Mid-western Far-western Nepal

GDP per capita (PPP US$1999)

Mountains 1,003 1,023 731 731 629 898
Hills 1,012 2,059 858 741 744 1,262
Terai 1,109 1,520 1,276 1,040 1,144 1,267
Total 1,073 1,713 1,022 861 899 1,237
GDP ('000 PPP US$1999)
Mountains 402,792 567,578 17,959 225,940 250,218 1,464,487
Hills 1,662,965 7,294,485 2,396,548 1,091,509 594,405 13,039,913
Terai 3,659,304 5,979,802 2,237,166 1,280,104 1,137,818 14,294,193
Total 5,734,623 13,758,180 4,671,575 2,594,171 1,970,006 28,728,556
Percentage of GDP
Mountains 1.4 2.0 0.1 0.8 0.9 5.1
Hills 5.8 25.4 8.3 3.8 21 45.4
Terai 12.7 20.8 7.8 4.5 4.0 49.8
Total 20.0 47.9 16.3 9.0 6.9 100.0
Percentage of the population
Mountains 1.7 2.4 0.1 1.3 1.7 7.3
Hills 71 15.3 12.1 6.4 3.5 44.3
Terai 14.3 17.0 7.6 5.3 4.3 48.4
Total 23.1 34.7 19.7 13.0 9.5 100.0
Therefore, the most developed part of the Livestock and their importance
country is the hill zones of the Eastern, Central for the Nepalese people

and Western Development Regions and the

Terai zones of the Eastern and Central The livestock sector is estimated to contrib-
Development Regions. The poorest and most  ute 34% of the agricultural GDP in Nepal and
underdeveloped parts of the country are found had a growth rate in the late 1990s of 3.6%.
in the south and to the west (see Map 1). Within the livestock sector the most important

Table 15.4. Human development index in Nepal by development region and agroecological zone.
(Modified from Informal Sector Research and Study Centre, 2002.)

Development regions

Agroecological zone Eastern Central Western Mid-western Far-western  Nepal

Human Development Index (HDI)

Mountains 0.424 0.437 0.414 0.322 0.286 0.378
Hills 0.513 0.510 0.487 0.433 0.393 0.510
Terai 0.488 0.462 0.435 0.458 0.425 0.474
Total 0.484 0.493 0.479 0.402 0.385 0.466
Percentage of National HDI

Mountains 91.0 93.8 88.8 69.1 61.4 81.1
Hills 110.1 109.4 104.5 92.9 84.3 109.4
Terai 104.7 99.1 93.3 98.3 91.2 101.7

Total 103.9 105.8 102.8 86.3 82.6 100.0
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Map 1. Human development index map for Nepal as a proportion of the national HDI.

products are milk (62.6% of livestock GDP),
meat (32.4%) and eggs (5.0%; Mandip et al.,
2004). It is noted that livestock products such
as manure and draught power are not included
in the estimates of livestock GDP. These are
intermediary products used in crop and other
production systems. Due to this omission the
proportion of agricultural GDP from livestock
is actually higher than the estimated figure
stated above.

Livestock populations

The hill agroecological zone has just over half
the total livestock population, the Terai just
over a third and the remainder are found in
the mountain zone. However, there are more
livestock per household, per person and per
hectare of cultivated land in the mountain
region than in the hills or the Terai. The hills
have greater densities of livestock per person,
per household and per hectare of cultivated
land than the Terai (see Table 15.5).
Approximately half of the livestock units
are cattle. Cattle and buffalo contribute
approximately 80% of the total livestock units.
This pattern does not vary very strongly
between development regions. Goats are the
third most important species in terms of live-
stock units, contributing 10% of the total. In
the Eastern Development Region, pigs are the
fourth most important species and this region

has almost half the pig population of the coun-
try. In the Central Development Region poul-
try are the fourth most important species and
this region has half the national poultry flock
(see Table 15.6). This is a reflection of the
development of intensive and semi-intensive
poultry systems in this region.

The Central Development Region has
the lowest number of livestock units per
household and per person and the Mid-
western and Far-western Development
Regions have the highest number of live-
stock units per household and per person
(see Table 15.6).

There are more cattle in the east and cen-
tral parts of the country, with the Terai in the
Eastern Development Region and the hill zone
of the Western Development Region having
the largest cattle herds. Just over a fifth of the
national buffalo herd is found in the hill zone
of the Western Development Region and the
hill zone of the Central Development Region
has 13% of the national herd. Approximately
half of the national sheep population (53%)
is found in the hill zones of the Western and
Mid-western Development Regions and the
mountain zone of the latter development
region. The national goat herd is concentrated
(71%) in the Terai zones of the Eastern and
Central Development Regions and the hill
zones of the Eastern, Central, Western and Mid-
western Development Regions. A quarter of
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Table 15.5. Livestock population and the number of livestock units by agroecological

zone. (Modified from Mandip et al., 2004.)

Zone Cattle Buffaloes Sheep Goat Pig Chicken  Total
Livestock population ("000)

Mountain 821 358 352 904 98 1,454

Hill 3,394 2,052 389 3,544 535 11,177

Terai 2,764 1,291 99 2,158 301 8,740

Nepal 6,979 3,701 840 6,606 934 21,371

Livestock units ("000)

Mountain 411 179 35 90 25 15 754
Hill 1,697 1,026 39 354 134 112 3,362
Terai 1,382 646 10 216 75 87 2,416
Nepal 3,490 1,851 84 661 234 214 6,532
Percentage LSUs contributed by each species in each ecological zone

Mountain 54.4 23.7 4.7 12.0 3.2 1.9 100.0
Hill 50.5 30.5 1.2 10.5 4.0 3.3 100.0
Terai 57.2 26.7 0.4 8.9 3.1 3.6 100.0
Nepal 53.4 28.3 1.3 10.1 3.6 3.3 100.0
Percentage LSUs contributed for each species by ecological zone

Mountain 11.8 9.7 41.9 13.7 10.5 6.8 115
Hill 48.6 55.4 46.3 53.6 57.3 52.3 515
Terai 39.6 34.9 11.8 327 32.2 409 37.0
Nepal 100.0 100.0 100.0 100.0 100.0 100.0 100.0
LSUs per household

Mountain 1.28 0.56 0.11 0.28 0.08 0.05 2.36
Hill 0.86 0.52 0.02 0.18 0.07 0.06 1.70
Terai 0.71 0.33 0.01 0.11 0.04 0.04 1.24
Nepal 0.82 0.44 0.02 0.16 0.05 0.05 1.54
LSUs per person

Mountain 0.24 0.11 0.02 0.05 0.01 0.01 0.45
Hill 0.17 0.10 0.00 0.03 0.01 0.01 0.33
Terai 0.12 0.06 0.00 0.02 0.01 0.01 0.22
Nepal 0.15 0.08 0.00 0.03 0.01 0.01 0.28
LSUs per hectare of cultivated land

Mountain 1.74 0.76 0.15 0.38 0.10 0.06 3.20
Hill 1.15 0.70 0.03 0.24 0.09 0.08 2.28
Terai 1.12 0.52 0.01 0.17 0.06 0.07 1.95
Nepal 1.19 0.63 0.03 0.22 0.08 0.07 2.22

the national pig herd is found in the hill zone
of the Eastern Development Region. Just over
a quarter of the national poultry flock is found
in the hill zone of the Central Development
Region.

Nepalese livestock are concentrated
(67.5% of the LSUs) in the Terai zones of the
Eastern and Central Development Regions
and the hill zones of the Eastern, Central,
Western and Mid-western Development
Regions. It is the hill zone of the Western

Development Region that has the largest
amount of livestock, which is in large part
explained by its large cattle and buffalo pop-
ulation (see Table 15.6). Even though live-
stock are concentrated in these areas of
Nepal, with the exception of the hill zones of
the Eastern and Mid-western Development
Regions, there are relatively few livestock
per household or per person in this area in
comparison to other parts of the country (see
Table 15.7).
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Table 15.6. Livestock population and the number of livestock units by agroecological

zone. (Modified from Mandip et al., 2004.)

Region Cattle Buffaloes Sheep  Goat Pig Chicken Total
Livestock population (000 heads)

Eastern 1,851 769 121 1,760 427 3,972

Central 1,461 907 96 1,764 196 10,543

Western 1,344 1,008 186 1,291 123 3,070

Mid-western 1,346 538 349 1,199 132 2,881

Far-western 976 479 87 593 57 904

Nepal 6,978 3,701 839 6,607 935 21,370

Livestock units

Eastern 926 385 12 176 107 40 1,645
Central 731 454 10 176 49 105 1,524
Western 672 504 19 129 31 31 1,385
Mid-western 673 269 35 120 33 29 1,159
Far-western 488 240 9 59 14 9 819
Nepal 3,489 1,851 84 661 234 214 6,532
Percentage LSUs contributed by each species in each development region

Eastern 56.3 23.4 0.7 10.7 6.5 2.4 100.0
Central 47.9 29.7 0.6 11.6 3.2 6.9 100.0
Western 48.5 36.4 1.3 9.3 2.2 2.2 100.0
Mid-western 58.1 23.2 3.0 10.3 2.8 25 100.0
Far-western 59.6 29.3 1.1 7.2 1.7 1.1 100.0
Nepal 53.4 28.3 1.3 10.1 3.6 3.3 100.0
Percentage LSUs contributed for each species by development region

Eastern 26.5 20.8 14.4 26.6 45.7 18.6 25.2
Central 20.9 24.5 11.4 26.7 21.0 49.3 23.3
Western 19.3 27.2 22.2 19.5 13.2 14.4 21.2
Mid-western 19.3 14.5 41.6 18.1 141 13.5 17.7
Far-western 14.0 12.9 10.4 9.0 6.1 4.2 125
Nepal 100.0 100.0 100.0 100.0 100.0 100.0 100.0
LSUs per household

Eastern 0.91 0.38 0.01 0.17 0.11 0.04 1.62
Central 0.50 0.31 0.01 0.12 0.03 0.07 1.03
Western 0.78 0.58 0.02 0.15 0.04 0.04 1.60
Mid-western 1.26 0.50 0.07 0.22 0.06 0.05 217
Far-western 1.33 0.65 0.02 0.16 0.04 0.02 2.23
Nepal 0.82 0.44 0.02 0.16 0.05 0.05 1.54
LSUs per person

Eastern 0.17 0.07 0.00 0.03 0.02 0.01 0.31
Central 0.09 0.06 0.00 0.02 0.01 0.01 0.19
Western 0.15 0.11 0.00 0.03 0.01 0.01 0.30
Mid-western 0.22 0.09 0.01 0.04 0.01 0.01 0.38
Far-western 0.22 0.11 0.00 0.03 0.01 0.00 0.37
Nepal 0.15 0.08 0.00 0.03 0.01 0.01 0.28

In conclusion, it would appear that the
livestock economy is concentrated in the
Terai zones of the Eastern and Central
Development Regions and the hill zones
of the Eastern, Central, Western and Mid-
western Development Regions (see Map 2).

However, animals play a more important
role in the livelihoods of the families in the
mountain region than in the hills or the Terai and
intheFar-westernandMid-westernDevelopment
Regions where there are more livestock units
per household and per person (see Map 3).
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Table 15.7. The number of livestock units in Nepal by agroecological zone and
development region. (Modified from Informal Sector Research and Study Centre, 2002;

Mandip et al., 2004.)

Development region

Agroeco-
logical zone Eastern Central  Western  Mid-western Far-western Nepal
LSUs ("000 units)
Mountain 220 174 11 154 196 754
Hill 672 746 1016 617 311 3362
Terai 753 604 359 389 312 2416
Total 1644 1524 1385 1160 819 6532
Proportion of the national total of LSUs
Mountain 34 2.7 0.2 24 3.0 11.5
Hill 10.3 114 15.5 9.4 4.8 51.5
Terai 115 9.2 55 6.0 4.8 37.0
Total 25.2 23.3 21.2 17.8 12.5 100.0
LSUs per household
Mountain 2.85 1.55 214 2.77 2.80 2.36
Hill 217 1.08 1.79 2.29 2.18 1.70
Terai 1.20 0.90 1.24 1.86 2.02 1.24
Total 1.62 1.03 1.60 217 2.23 1.54
LSUs per person
Mountain 0.55 0.31 0.44 0.50 0.49 0.45
Hill 0.41 0.21 0.36 0.42 0.39 0.33
Terai 0.23 0.15 0.20 0.32 0.31 0.22
Total 0.31 0.19 0.30 0.38 0.37 0.28
vide important sources of protein for rural
Summary households.

Therefore, livestock are probably a more
important entry point in the mountains than
in the other agroecological zones, and in the
Far-western and Mid-western Development
Regions because these geographical regions
probably have fewer economic alternatives
and have greater investments in livestock per
person and per family than the other regions
of the country.

The cash livestock economy is domi-
nated by milk and milk products produced
from buffalo and cattle. However, the key
output from cattle in Nepal appears to be
draught power. This explains why cattle are
not highly regarded as milk-producing ani-
mals. In addition, livestock produce manure
critical for cropping activities throughout the
country and are important as a source of
energy for cooking in the Eastern and Central
Development Regions. Livestock also pro-

The livestock sector and economy is con-
centrated in the hills of the Western, Central
and Eastern Development Regions and the
Terai of the Central and Eastern Development
Regions. This geographical area is the most
developed part of Nepal. However, the area,
with the exception of the eastern hills, has less
dependency on livestock per family and per
person than other areas of Nepal. The pattern
would suggest that the more economically
developed parts of the country have a larger
and more active livestock economy, but the
families in these areas are less dependent on
livestock to maintain their livelihoods, i.e. the
economy is more diverse. In the less economi-
cally developed and poorer parts of Nepal,
the livestock economy is smaller, but the fam-
ilies are more dependent on animals. From
the macro-level data, it would appear that
livestock dependency is associated with pov-
erty and underdevelopment.
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Map 2. Proportion of LSUs in Nepal per geographical area in terms of development regions and

agroecological zones.
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Map 3. The number of livestock units per household in the development regions and agroecological

zones of Nepal.

Local Example: Livestock Population
and Livestock Income Estimations in
the Cintis Region of Bolivia

Bolivia has many different estimates of live-
stock populations from different institutions
and these have varying strengths and weak-
nesses (see Table 15.7). As can be seen the last
agricultural census was carried outin 1984 and
only the National Institute for Statistics (INE)

and the Ministry of Agriculture (MAGDR)
have made projections for the livestock popu-
lations since that date. These estimates differ
and neither organization covers all species.
The differences are largely due to INE using
the 1984 census as its baseline and MAGDR
using a population baseline from 1978. Both
organizations have assumed straight-line
increases in livestock populations and did not
seem to have a mechanism to check whether
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Table 15.8. The Bolivian livestock population estimates and their strengths and weaknesses. (From

Rushton et al., 2001a.)

Source Strengths

Weaknesses

Census (1984) of cattle, pigs
and sheep held by the Instituto
Nacional de Estadistica (INE)

INE’s estimates of cattle, pigs,
sheep and goat populations updated

The Ministry of Agriculture’s
estimates of cattle, pigs, sheep,
llamas and alpacas

updated

Santa Cruz Cattlemen’s Federation The Federation has strong links
with producers

(FEGASACRUZ) estimates of
cattle for Santa Cruz department

Beni Cattlemen’s Federation
(FEGABENI) estimates of cattle
for Beni department

Estimates from the municipality
plans of all parts of the livestock
species

species

Populations available to third
political level and there is
information on herd or flock
age structure

The estimations are regularly

The estimations are regularly

The Federation has strong links
with producers

There are estimates for all

For the La Paz and Cochabamba
Department there is an
incomplete census. The census
was carried out during a period
of hyperinflation

The estimates are not linked to
livestock production system or
sector changes

The estimates are not linked to
livestock production system or
sector changes

How the estimates are made is
unknown

How the estimates are made is
unknown

Not all municipalities have plans,
and not all plans have livestock
sector estimates

these increases change over time (see Table
15.8). Other organizations also keep figures
on livestock populations, but they tend to
reflect the geographical and species interests
of the organization.

Table 15.9 shows the livestock popula-
tion estimates produced by the two national
organizations INE and MAGDR.

The differences between the estimates
of the two organizations are large for pigs,
quite significant for sheep and very small for
cattle. However, the cattle estimates are very
different for the Department of Chuquisaca,
a department with limited grazing land.
What is difficult to say is whether changes
over time predicted by the organizations are
actually real. The lack of good population
data creates difficulties for the following
reasons:

e Livestock economy estimates are based
on livestock populations.

e Livestock sector planning needs infor-
mation on the economic importance of
the sector.

e Planning activities within the livestock
sector such as vaccination campaigns
require population estimates.

e  Without good estimates of the livestock
population and livestock economy there
is a strong risk that resources allocated
to, and within, the sector will be poor.

Therefore, it is of no surprise that in Bolivia
there was a strong discussion on the need for a
new livestock census. However, no action was
taken and the cost and complication of a census
put decision makers off. Given this situation, it
is important to consider alternative methodol-
ogies that are not so costly, but could provide
reasonable population estimates. At this point,
itis worth returning to the economic principles
outlined in the production economics chapter
(Chapter 3, this volume). A better estimate
may cost more money and time to implement,
but may generate additional benefits in terms
of planning and support to the livestock sec-
tor. A comparison of the marginal costs and
benefits for such a data collection and analysis
exercise is needed. It is also worth mentioning
that a livestock census is also an estimate with
errors and will not generate an exact figure.
Abadly implemented census will also gener-
ate bad population estimates.

Three alternatives for generating popu-
lation estimates are considered: population
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Table 15.9. Livestock population estimates for the Departments of Bolivia by INE and MAGDR.

Cattle Pigs Sheep Goats?
Department MAGDR INE MAGDR INE MAGDR INE INE
Beni 2,813,711 2,772,550 120,539 89,492 8,338 9,006 449,858
Chuquisaca 568,647 387,532 621,937 302,346 557,059 654,818 33,937
Cochabamba 279,128 304,276 292,410 116,732 1,224,049 980,823 174,604
La Paz 357,328 369,308 259,783 347,092 2,658,855 2,792,579 1,034
Oruro 48,142 45,580 33,267 18,471 1,653,529 1,045,553 660,258
Pando 20,545 18,287 29,764 28,718 3,989 2,719 209,072
Potosi 130,953 129,418 111,051 130,105 1,438,272 1,243,430 48,521
Santa Cruz 1,549,130 1,387,773 712,262 315,503 178,742 59,672 8,262
Tarija 350,102 315,301 300,917 175,771 316,100 279,139 180
Total 6,117,686 5,730,025 2,481,930 1,524,230 8,038,933 7,067,739 1,585,726

aMAGDR did not have an estimate for the goat population.

models to generate office-based estimates; a
new census or a livestock survey supported
with analysis. The advantages and disadvan-
tages of each method are outlined in Table 15.10.

From the brief analysis presented in Table
15.10, it could be concluded that a livestock
survey well used and analysed could produce
a similar quality of population estimates to a
census. Wint and Robinson (2007) demonstrate

that mixing methods of GIS, vegetation cover
and ground truthing through cluster samples
are good ways of making population estimates.
The question that was examined was whether
a similar process could be applied in Bolivia.
To test this idea, data were collected during
an epidemiology study in North and South
Cinti, two Provinces of the Department of
Chuquisaca in the south of Bolivia. The following

Table 15.10. Advantages and disadvantages for different methods of updating livestock population estimates.

Methodology Advantages

Disadvantages

1. Livestock models based Low cost

on previous census data

2. New census

resources

3. A livestock sector survey
combined with data from the
2001 census

Should provide better population
estimates if well done, and
hence will give a better basis for
estimating the livestock economy,
its importance and need for

Should provide better population
estimates if well done, and hence
will give a better basis for estimating

Often little confidence in the
estimates, if badly done

Low quality of livestock economy
estimates

Low quality of estimates of the
importance of the livestock
sector

Difficulties in planning and
allocating resources for the
livestock sector

High financial and human
resource cost

A badly implemented census
does not generate better
estimations

Long to plan and analyse, and
complicated to implement

Average cost in terms of financial
and human resources

the livestock economy; its
importance and need for resources
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presents the methodology to estimate livestock
populations at a local level and how this was
then used to estimate the livestock economy.
The latter draws on work that was developed in
the late 1990s and early 2000s at national level
for Bolivia (Rushton et al., 2001a).

Materials and methods

In May 2001, an epidemiology and livestock
sector study was implemented in the Cintis of
Chugquisaca. This region is one of the poorest
of Bolivia, with a population of a little under
hundred thousand people (Table 15.11).

Official estimates of livestock populations
in the area were last updated in 1993. These
data indicate that the region has important pop-
ulations of sheep and goats (see Table 15.12).

The study collected blood and faecal
samples from cattle, sheep, goats and pigs
from the six muncipalities in the region.
During the survey, data were collected on
species and numbers of animals kept by each
family. A total of 341 families took part in the
survey. Tables 15.13-15.16 summarize the
data on the livestock data by species.

Livestock population estimates

Livestock population estimates were made
using the data generated from the livestock
survey, secondary data on the number of
households and observations made during
the data collection. The following formula
was used to make the estimates:

PH :fn*nh*an*hpn
where P, = Population estimate for species n

f,, = Correction factor for the species (see
below)

nh = Number of households in the munici-
pality (Ministerio de Desarrollo Humano, 1993)

a, = Percentage of the producers that have
species 1 based on the livestock sector survey

hp, = Average flock or herd size for
species 1.

A correction factor was felt necessary as the
survey had sought families that kept livestock
in order to collect blood and faecal samples.
These factors are subjective and based on
the experiences and observations of the field
teams. For the estimates made below, the cor-
rection factors were 0.67 for cattle and sheep,

Table 15.11. Human population and number of households in the Cinitis of Chuquisaca.

(From INE, 2002.)

Number of Average Number of
Province Municipality communities Population household size families
South Cinti Las Carreras 20 3,336 4.2 791
Villa Abecia 10 3,160 5.4 588
Culpina 57 18,793 4.9 3,844
North Cinti Camargo 21 13,749 4.5 3,059
Incahuasi 49 20,309 5.0 4,046
San Lucas 102 31,808 3.3 9,644
Total 259 91,155 4.2 21,972

Table 15.12. Livestock populations in the Cintis of Chuquisaca. (From MACA and SNAG for cattle and

INE for sheep, goats and pigs.)

Cattle Sheep Goats Pigs
Province Number % Number % Number % Number %
North Cinti 51,986 9.40 179,375 33.90 103,624 27.00 72,228 13.30
South Cinti 25,440 4.60 48,680 9.20 53,731 14.00 33,670 6.20
Chuquisaca 553,043 100.00 529,130 100.00 383,788 100.00 543,079 100.00
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Table 15.13. Number of cattle surveyed and an estimate of average herd size.

Cattle producers

Number of Total Average
interviews  Number Percentage cattle herd size
North Cinti
Camargo 53 11 21 114 10.36
San Lucas 106 68 64 451 6.63
Incahuasi 74 49 66 167 3.41
Total 233 128 55 732 5.72
South Cinti
Villa Abecia 40 11 28 91 8.27
Culpina 43 26 60 650 25.00
Las Carreras 28 14 50 142 10.14
Total 111 51 46 883 17.31

Table 15.14. Number of sheep surveyed and an estimate of average herd size.

Sheep producers

Number of Total Average
interviews  Number Percentage sheep flock size
North Cinti
Camargo 53 17 32 142 8.35
San Lucas 106 71 67 3,092 43.55
Incahuasi 74 42 57 1,577 37.55
Total 233 130 56 4,811 37.01
South Cinti
Villa Abecia 40 14 35 157 11.21
Culpina 43 28 65 1,302 46.50
Las Carreras 28 22 79 316 14.36
Total 111 64 58 1,775 27.73

Table 15.15. Number of goats surveyed and an estimate of average herd size.

Goat producers

Number of Total Average
interviews  Number Percentage goat herd size
North Cinti
Camargo 53 15 28 1,006 67.07
San Lucas 106 60 57 2,122 35.37
Incahuasi 74 9 12 90 10.00
Total 233 84 36 3,218 38.31
South Cinti
Villa Abecia 40 11 28 915 83.18
Culpina 43 25 58 980 39.20
Las Carreras 28 20 71 953 47.65
Total 111 56 50 2,848 50.86
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Table 15.16. Number of pigs surveyed and an estimate of average herd size.

Pig producers

Number of Total  Average
interviews Number Percentage pigs herd size
North Cinti
Camargo 53 27 51 117 4.33
San Lucas 106 56 53 215 3.84
Incahuasi 74 44 59 363 8.25
Total 233 127 55 695 5.47
South Cinti
Villa Abecia 40 34 85 170 5.00
Culpina 43 28 65 482 17.21
Las Carreras 28 23 82 110 4.78
Total 111 85 77 762 8.96

0.5 for goats and 0.75 for pigs. These reflect
the opinions of the ability of the families to
keep these different species

Table 15.17 presents the estimates for the
cattle populations in the Cintis; the crude esti-
mate does not use the correction factor pre-
sented above. For comparison the population
estimates from INE and MACA-SNAG for
1993 are also provided.

Similar estimates were made for sheep,
goats and pigs, and they show much larger dif-
ferences than for cattle (see Tables 15.18-15.20).

The results of the analysis indicate that the
new estimates are different from the official
estimates of 1993. The new population esti-
mates derived using the correction factor were
used as a basis to estimate the income generated

by the different livestock species kept in the
Cintis. This is summarized in Table 15.21.

As can be seen the estimated monetary
values of output were combined with esti-
mates of per capita income to provide some
indication of the importance of livestock in
the different zones of the Cintis and also to
indicate the importance of individual species.
In addition, estimates were made on the
importance of different species according to
the percentage of households that keep the
species and the level of income generated by
those species for families that keep them.
A summary of this socio-economic analysis is
presented in Table 15.22 and Fig. 15.3.

In the North Cinti province there were
fewer cattle and pigs and more sheep and

Table 15.17. Cattle population estimates, number of households
(Ministerio de Desarrollo Humano, 1993) and 1993 official population
estimates (MACA-SNAG) for North and South Cinti.

Population estimate

Number of Population
households Crude Modified 1993
North Cinti
Camargo 3,059 6,580 4,386
San Lucas 9,644 41,032 27,355
Incahuasi 4,046 9,131 6,087
Total 16,749 56,743 37,829 51,986
South Cinti
Villa Abecia 588 1,338 892
Culpina 3,844 58,107 38,738
Las Carreras 791 4,012 2,674
Total 5,223 63,456 42,304 25,440
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Table 15.18. Sheep population estimates, number of households
(Ministerio de Desarrollo Humano, 1993) and 1993 official
population estimates (MACA-SNAG) for North and South Cinti.

Population estimate
Number of ~——  Population
households Crude Modified 1993

North Cinti

Camargo 3,059 8,196 5,464

San Lucas 9,644 281,314 187,542

Incahuasi 4,046 86,224 57,482

Total 16,749 375,733 250,489 179,375
South Cinti

Villa Abecia 588 2,308 1,539

Culpina 3,844 116,393 77,595

Las Carreras 791 8,927 5,951

Total 5,223 127,628 85,085 48,680

Table 15.19. Goat population estimates, number of house-
holds (Ministerio de Desarrollo Humano, 1993) and 1993
official population estimates (INE) for North and South Cinti.

Population estimate
Number of ———— Population
households Crude Modified 1993

North Cinti

Camargo 3,059 58,063 29,032

San Lucas 9,644 193,062 96,531

Incahuasi 4,046 4,921 2,460

Total 16,749 256,046 128,023 103,624
South Cinti

Villa Abecia 588 13,451 6,725

Culpina 3,844 87,607 43,804

Las Carreras 791 26,922 13,461

Total 5,223 127,980 63,990 53,731

Table 15.20. Pig population estimates, number of households
(Ministerio de Desarrollo Humano, 1993) and 1993 official
population estimates (MACA-SNAG) for North and South Cinti.

Population estimate
Number of —— . Population
households  Crude Modified 1993

North Cinti

Camargo 3,059 6,753 5,065

San Lucas 9,644 19,561 14,671

Incahuasi 4,046 19,847 14,885

Total 16,749 46,161 34,621 72,228
South Cinti

Villa Abecia 588 2,499 1,874

Culpina 3,844 43,089 32,316

Las Carreras 791 3,108 2,331

Total 5,223 48,695 36,521 33,670




Table 15.21. Population estimates for cattle, sheep, goats and pigs with the estimate of the income generated by each species in total
and per household in the Cintis, Chuquisaca, Bolivia.

North Cinti South Cinti

Camargo San Lucas Incahuasi Total Villa Abecia Culpina Las Carreras Total Total
Population
Cattle 4,386 27,355 6,087 37,829 892 38,738 2,674 42,304 80,133
Sheep 5,464 187,542 57,482 250,489 1,539 77,595 5,951 85,085 335,574
Goats 29,032 96,531 4,921 130,483 6,725 43,804 13,461 63,990 194,474
Pigs 5,065 14,671 14,885 34,621 1,874 32,316 2,331 36,521 71,142
Chickens 15,295 48,220 20,230 83,745 2,940 19,220 3,955 26,115 109,860
Livestock income generation (US$)
Cattle 131,202 1,052,555 234,222 1,417,979 26,674 1,490,545 79,991 1,597,210 3,015,188
Sheep 39,409 1,352,685 621,903 2,013,997 11,097 559,670 42,925 613,692 2,627,690
Goats 304,182 1,011,414 51,558 1,367,155 70,465 458,958 141,040 670,463 2,037,618
Pigs 95,246 275,897 373,247 744,390 35,247 607,742 43,830 686,818 1,431,208
Chickens 154,091 485,799 203,810 843,700 29,619 193,634 39,845 263,099 1,106,799
Total 724,131 4,178,349 1,484,740 6,387,220 173,103 3,310,549 347,631 3,831,283 10,218,503
Estimated number of households with animals
Cattle 423 4,124 1,786 6,334 108 1,550 264 1,921 8,255
Sheep 654 4,306 1,531 6,491 137 1,669 414 2,220 8,712
Goats 433 2,729 246 3,408 81 1,117 283 1,481 4,889
Pigs 779 3,821 1,804 6,405 375 1,877 487 2,739 9,144
Chickens 3,059 9,644 4,046 16,749 588 3,844 791 5,223 21,972
Estimated percentage of households with animals
Cattle 13.8 42.8 441 36.6 18.3 40.3 33.3 30.6 37.6
Sheep 21.4 447 37.8 37.2 23.3 43.4 52.4 38.4 39.6
Goats 14.2 28.3 6.1 18.0 13.8 29.1 35.7 25.2 22.3
Pigs 25.5 39.6 44.6 40.9 63.8 48.8 61.6 57.4 41.6
Chickens 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Livestock income generated per household per year
Cattle 310 255 131 224 247 962 303 831 365
Sheep 60 314 406 310 81 335 104 276 302
Goats 703 371 210 401 872 411 499 453 417
Pigs 122 72 207 116 94 324 90 251 157
Chickens 50 50 50 50 50 50 50 50 50
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Table 15.22. Summary of the socio-economic analysis of livestock in the region using secondary data

and data generated during participatory workshops.

Estimation of the
percentage of income
from animals per

Importance of the species
by the percentage of
households that keep

Importance of the species
by income generated by the

Province household these animals animals per household
North Cinti

Camargo 16 Pigs, sheep and goats Goats, cattle and pigs
Incahuasi 25 Pigs, sheep and cattle Sheep, pigs and cattle

San Lucas 50 Sheep, cattle and pigs Goats, sheep and cattle
South Cinti

Las Carreras 38 Pigs, sheep and goats Goats, cattle and sheep
Villa Abecia 19 Pigs, sheep and cattle Goats, cattle and pigs
Culpina 65 Pigs, sheep and cattle Cattle, goats and sheep/pigs

goats. In this province, it is predicted that
sheep are the most economically important
species overall, but that more families keep
pigs. Combining data with the proportion
of families with a species and the income
generated by a livestock species within
these families, it is possible to say that in
the Municipality of Camargo a group of
families has goats and they provide a sig-

nificantsource ofincome. Inthe Municipality
of Incahuasi pigs were an important
activitiy.

For South Cinti, the population estimates
are greater than the official livestock popula-
tion data for all species in 1993, and these dif-
ferences were large for cattle, sheep and goats.
More than half the households had pigs, but
only in Culpina is this livestock enterprise a
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Fig. 15.3. Estimation of the proportion of rural income from different species in the Cintis, Chuquisaca,

Bolivia. (From Rushton et al., 2001b.)
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significant economic activity. In Culpina and
Las Carreras, sheep and goats are important
in terms of the number of families who have
them and the income these species generate.
In Villa Abecia, the income generated by goats
per family is high, but very few families keep
goats. In Culpina, cattle were estimated to
generate important sources of income.

The data collection and analysis were
used in helping plan further investments for
the livestock sector of the Cintis. In particular,
there were no projects to support goat devel-
opment and the analysis helped to identify
the need to direct resources to families with
goats (Rushton et al., 2001b). The methodol-
ogy was also further refined and combined
with the animal disease data and this can be
found in Rushton (2003).

Summary of Livestock Population
Data and Livestock Systems

The final chapter of the Economic Theory and
Tools (Part I, this volume) has presented a
brief review of the work that has been ongo-
ing in the classification of farming systems
and more recently livestock systems. This
work continues with important studies on the
environment (Steinfeld et al., 2006) and appli-
cations of GIS methods and statistical analy-
ses for various livestock initiatives (see Shaw
et al., 2006; Wint and Robinson, 2007). Readers
are recommended to look at these new works,
particularly the pioneering work on GIS and
livestock disease risk assessment (Wint and
Robinson, 2007) and the spatial mapping of
economic impact (Shaw et al., 2006).

Looking back Putt ef al. (1988) provide a
list of general points when analysing epide-
miological data, which is also a useful check-
list for livestock data in general. The list is as
follows (p. 49):

e Look at the data to gain an insight into
the problem being studied.

e If data generated by other investigators
are being used, find out as much as pos-
sible about how the data were generated.
This may reveal significant omissions or
biases in the data, which may influence
the analysis.

e Do not ignore anomalies in the data;
investigate them. Often such anoma-
lies provide valuable clues to a deeper
understanding of the problem being
investigated.

e  Avoid the temptation to use complicated
statistical techniques if the quality of the
data does not warrant it. Above all, avoid
using such techniques to try and estab-
lish relationships between variables
unless you can satisfy yourself that there
are valid biological reasons for such
relationships.

e Be cautious about making inferences
from sampled to target populations. Your
own experience should normally tell you
whether such inferences are valid or not.
If any inference is made, the populations
involved should be clearly defined and
the fact that an inference is being made
clearly stated.

e  When setting out findings, display the
data used and the analyses undertaken in
a simple, clear and concise form. A series
of simple tables or graphs is preferable to
one complicated table or graph. Long,
complicated data sets should be placed in
the appendix. Any limitations in the data
presented should be clearly stated.

e Look at the data during the study, not
just when it has been completed. This
may enable the study design to be modi-
fied so as to include lines of inquiry
which appear promising and to disre-
gard those which do not.

e  Finally remember that a ‘negative’ result,
i.e. one that does not prove the hypothesis,
is often as valuable as a ‘positive” one. Do
not be afraid to record negative findings.

One of the common errors when beginning to
analyse data is having a fixed mind on the ana-
lytical structure or the importance of livestock
products. While it has been argued above that
analytical structures are important for direct-
ing data collection and structuring analysis, it
is not recommended that the theory and tools
presented in this section are the only ones
that should be used or available. As Putt et al.
(1988) mention, if interesting patterns occur in
the data, investigate them and this may need
other types of analytical structures.



Part Il

A Review of the Application
of Economics to Animal Diseases
and Health Problems

Introduction

Chapter 1 and Part I of this book have covered
the history of animal health economics and
introduced economic theory and tools, respect-
ively. Part II will provide a wide-ranging lit-
erature review of the application of economics
to animal diseases and health problems. Part
II is divided into four chapters that cover
reported studies on diseases that affect:

a range of livestock species;
large ruminants;

small ruminants;

pigs;

poultry.

The structure follows the system devel-
oped for CABI's Animal Health and Production
Compendium (Rushton, 2002). This part
draws heavily on the material developed
for the Compendium and below is a short
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explanation of what were the objectives of
this work, and what became the final output.

Economic Assessment of
Livestock Diseases

The initial terms of reference for the section on
the economic assessment of livestock diseases
within CABI's Animal Health and Production
Compendium were to estimate the global costs
of disease in different regions of the world
and in different production systems. This was
based on the format presented with the Crop
Protection Compendium produced by CABL
However, this aim proved to be impossible
because data are not available to provide esti-
mates that have any validity. There are also
a number of issues that the reader should be
aware of with global estimates of disease:

e The impact of disease is not the same in
all places because:

e Different systems will have different
impacts. For example, mastitis in a cow
giving 301 a day has been predicted to
reduce milk yield by 6.21 (Yalcin ef al.,
2000), but a cow giving 51 a day, which
is the average in most double-purpose
systems around the world, would lose
between 0.5 and 11 a day.

* The impact of a disease will be differ-
ent for systems with different disease
status. For example, a herd of cattle
that has endemically stable infection
with piroplasmosis and babesiosis will
have few clinically sick animals, but a
herd that is endemically unstable
for these diseases may suffer losses
of animals with the entry of infected
animals.

 Value of animals and livestock prod-
ucts is different in different places.
For example, beef prices in February
2001 in the UK were approximately
US$2.32/kg deadweight; the equiva-
lent price in Santa Cruz, Bolivia, on
this date was US$1.17. The reasons for
these differences are due to access to
markets and subsidies in the different
places, but the fact that these differ-
ences exist means that the impact of a

disease that reduces the weight of an
animal, such as FMD, will be different
in Bolivia and the UK. This in turn
means that the response to the control
to that disease should be different.

* Costs of medicines and vaccines to con-
trol disease will be different in different
places. Production systems that have
access to good communication struc-
tures and well-trained veterinary sup-
port services will probably pay less for
medicines and veterinary services than
production systems that are isolated
from centres of economic activity.

e Costs of control of a disease will be dif-
ferent at different times, because previ-
ous actions and controls will change
disease status, and investments in drug
and vaccine development will alter
costs of disease control. For example,
Dufour and Moutou (1994) estimated
that the policy of controlling FMD with
annual vaccine was 13 times more
expensive than the policy of extra sur-
veillance and no vaccine that was
adopted in 1991 in France. With the
same disease the development of the oil
adjuvant vaccine increased the duration
of protection and hence reduced the
number of vaccines needed per year.

In addition to the comments made above,
the reader should be aware that the majority
of the livestock in the world (see below) are
found in systems that are extensive. The data
on livestock populations in these systems are
usually unreliable and information on the
production parameters for these systems is
not generally available. Work continues to
addpress this (]J. Otte and FAO, personal com-
munication, Rome, 2002), but the reality is
that good data on livestock populations and
livestock production parameters generally
only exist in the more intensive livestock sys-
tems of the world. Therefore, there are good
reasons that many of the advances in the sub-
ject of livestock disease economics have taken
place in Europe and the USA.

Despite the words of caution above, it is
important to say that estimates of the eco-
nomic impact of diseases and their control
are necessary to guide resource allocation at
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farm, national and regional level. Many deci-
sions are made on ‘gut feelings’ about the
importance of disease, but since the late 1970s
much more attention has been paid to justi-
fying investments in animal disease research
and control through the use of cost-benefit
analysis techniques (see Chapter 1, this vol-
ume). These investments have made a sig-
nificant contribution to the increased world
production of livestock, which Delgado et al.
(2001) have likened to the green revolution.
They argue that the ‘Livestock Revolution’
has been propelled by demand, but the sup-
ply has been supported by major advances
in the control of contagious disease, namely
FMD, CSF, rinderpest and Newcastle disease,
which have allowed farmers to adopt more
intensive production systems in areas that
were previously too hostile to keep animals.

Therefore, the following section will pre-
sent a framework for the economic assessment
of livestock disease and comment on the work
currently being developed by FAO in the area
of global estimates of livestock disease impact.

Framework

To begin this discussion, it is necessary to
make clear what can be analysed for the eco-
nomic assessment of livestock diseases:

1. It is possible to estimate the losses caused
by disease and make no reference to the
potential costs of eliminating the disease. This
may be valid if there is interest in researching
a new vaccine or drug to control or eradicate
that disease, but the estimates of losses need
to examine if a change in disease status will
affect markets and prices. These types of esti-
mates are the most common in the literature
and their value is dubious as it assumes that
the base situation is zero disease and gener-
ally there is no comment about the potential
cost reaching this zero disease status.

2. The second type of assessment is the value
of a disease control and/or eradication pro-
gramme. This requires much more informa-
tion on the technical, epidemiological and
economic situation of disease control and is
effectively looking at productivity changes
within disease control.

These two points are important in the review
of information on the economic impact of dis-
eases in the following sections.

The framework presented in this section
follows that by Rushton et al. (1999). This is
based on the concept of productivity changes
with disease control and not simply on the
idea of global disease losses. Productivity is a
measure of efficiency of the production sys-
tem and is represented as a quantitative term
of the output(s) divided by the input(s).

Total value of

o outputs per unit of time
Productivity =

Total value of inputs
per unit of time

Changes in disease status that lead to prod-
uctivity increases are favourable and encour-
age investment. This can be compared to
changes that increase production, but at a
cost that is greater than the benefits, i.e. it
lowers productivity. There is much confu-
sion in the literature about these two terms
and many authors use the word productivity
where they actually mean production. This
confusion can lead to frustrations with the
different actors involved in disease control
programmes, namely farmers and veterinary
staff. The latter can demonstrate that disease
control will increase production, which they
believe is good, the former is aware that to
achieve this increased production requires
extra inputs and work which have to be
balanced against the greater return, i.e. the
farmer is interested in productivity increases.
This simple scenario can be applied to larger-
scale investments where governments and
international agencies have contemplated
where best to use their resources. It is nec-
essary with diseases to determine the losses
caused by a disease, but this in itself is not
sufficient. Beyond this, there is need to deter-
mine the costs of reaching a new disease
status and then comparing this with the esti-
mates of loss. When this information is avail-
able the farmer, government or international
agency has a basis tojudge whether an invest-
ment in animal disease control or eradication
is appropriate. The latter is an application of
the principles of rational economic judge-
ment explained in Chapter 3 (this volume).
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With this in mind, the following will
detail some of the important processes in the
economic assessment of livestock diseases.

Losses caused by livestock disease can be
classified into the following categories:

1. Direct losses:
(a) visible losses, e.g. deaths and stunting;
(b) invisible losses, e.g. reduced fertility,
change in herd structure

2. Indirect losses:
(a) additional costs, e.g. drugs, vaccines;
(b) revenue forgone, e.g. denied access to
better markets, use of suboptimal produc-
tion technology.

Many of these losses cannot be calculated
directly, because the impact of a disease may
not be fully understood until some time after
an outbreak. For example, FMD in an exten-
sive beef system causes some losses at the
time of the outbreak, but the most important
impact is reduced number of animals avail-
able for sale between 3 and 4 years after the
outbreak occurrs. To fully understand this
impact requires models (see Chapters 7 and 8,
this volume) that simulate a healthy herd or
flock and a herd or flock affected by disease.
Such models in turn require information on:

e production parameters, such as mortal-
ity rate, fertility rate, age at first calving,
milk production levels, growth rates, of
the healthy and infected herd; and

e the number of animals in the affected
population.

With this information the output and prod-
uctivity of the two herds, healthy and infected,
can be compared.

The added complication of some live-
stock diseases is that they can also cause dis-
easein humans, e.g. trypanosomiasis (sleeping
sickness), rabies, cysticercosis. Other diseases
may not cause disease in humans, but may
produce economic hardship. This further
complicates the analysis by adding a dimen-
sion of human welfare and, as mentioned in
Chapters 10 and 14 (this volume), this can be
calculated as DALYs saved.

Once an understanding of the losses
caused by a disease has been obtained, the
question that decision makers have to make,
be they farmers, government officials or inter-

national agency bureaucrats, is what should
be done about the disease. In some situations,
it may be acceptable to do nothing, because,
although the disease causes losses, the cost of
eradicating the disease and eliminating these
losses may be too high. This type of analysis at
farm level is relatively straightforward,
because the impact of a change in healthy sta-
tus at individual farm level is unlikely to have
an impact on livestock and livestock product
markets. However, large-scale programmes at
national or regional level are likely to change
the amount of product produced and in turn
change the prices that the producers receive
and the consumers pay for that product. This
requires analysis to determine changes in con-
sumer and producer surplus, which in turn
requires information on the market for prod-
ucts and impact of production changes.

In summary the following information is
required to carry out the economic assess-
ment of disease:

1. Population affected;

2. If it is a large population or a population
with very different types of animal manage-
ment (e.g. a farm with beef and dairy systems),
a classification of the livestock production
systems with an estimate of the population in
each system;

3. Production parameters of each livestock
system with and without disease;

4. Estimation of the percentage of animals
affected in each production system each year;
5. Costs of current disease control methods
in each system;

6. Amodel tosimulate the herd or flock with and
without disease for each production system;

7. Costs of changing the disease status, be
it reducing the prevalence of the disease or
eradicating the disease;

8. The impact of the change in disease status
in quantity of produce and market prices for
the product; and

9. Comparison between costs and benefits of
a change in disease status.

Points 1-6 are sufficient to obtain information
on disease losses, but points 7-9 are required
to make decisions on disease control strategies
for the future. The following section will detail
some of the information available for the eco-
nomic assessment of livestock diseases.
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Summary

Returning to the history of the application of
economics to animal diseases and health the
following periods are identified:

e Period prior to the 1960s involved pro-
grammes of control and eradication of
contagious diseases that were known to
cause serious production losses and in
some cases human health problems.
These programmes were implemented
without analysis of the costs and benefits,
i.e. it was assumed to be a good thing.

e From the early 1970s, there was growing
interest in making economic analyses of
livestock diseases and their control. The
diseases of greatest interest have been
those where people were not sure if con-
trol or eradication would give positive
returns, e.g. there are a number of stud-
ies on the control of helminths.

e From the mid-1980s, there was a growing
interest in public health. This perhaps
began with Salmonella, but more recently
has focused on Escherichia coli H157 and
bovine spongiform encephalopathy
(BSE). The issues here are not about pro-
duction losses, but human health risks
and the subsequent costs if a disease
from animals is transmitted to humans
via animal protein. It is suggested that
the growing interest in this subject is

related to the costs of such problems.
Outbreaks of food poisoning in a rich
country quickly translated into high
medical bills and large amounts of lost
work and leisure time that is valued
highly. In the case of BSE, the costs could
be even more serious if a large epidemic
occurs in the economically active popu-
lation of the UK. These impacts make
some of the production-level losses look
small and it is likely that particularly in
rich industrialized nations livestock dis-
ease prioritization will have to take these
impacts more seriously. This will need
new skills in animal health economics to
translate human health needs into ani-
mal health decisions and policy making.

Accurate assessments of the economic impact
of livestock diseases are rare and at global
level not available. The reasons presented
above indicate that the difficulties of devel-
oping global estimates, the assumptions
required and the data constraints would
make such estimates superficial. However,
there has been some ranking of the world’s
livestock diseases by national and global vet-
erinary services around the world in order
to prioritize the allocation of resources on
disease control efforts. In recent times, these
assessments have been supported by eco-
nomic analyses and the following chapters
detail the main studies in this field.



This page intentionally left blank



1 6 The Main Livestock Diseases

The Office International des Epizooties (OIE)
is the international organization for animal
health. In 1929, a group of ten experts gen-
erated a list of livestock diseases on the basis
of ‘the degree of seriousness’ of the conta-
gious diseases (OIE, 2001a). This list has not
remained staticbecause as production systems
change the importance of diseases change
and in some cases new diseases emerge (OIE,
2001b). For a long period, the OIE had two
distinct classes of disease:

1. List A diseases, which are ‘transmissible
diseases that have the potential for very ser-
ious and rapid spread, irrespective of national
borders, that are of serious socio-economic
or public health consequence and that are of
major importance in the international trade of
animals and animal products’.

2. List B diseases, which are ‘transmissible
diseases that are considered to be of socio-
economic and/or public health importance
within countries and that are significant in
the international trade of animals and animal
products’.

The interesting thing about these statements
is that they are largely founded on ‘gut feel-
ings’ rather than quantitative analysis. For
example, the 2001 foot-and-mouth disease
(FMD) outbreak in the UK had veterinarians
and economists searching for information
about the economic impact of the disease.
What was discovered is that estimates of

production losses caused by FMD are based
on expert opinion of the impact and not on
scientific investigations. Note that many of
the losses caused by this disease are related
to human actions such as animal movement
restrictions.

The OIE list has great importance with
relation to international trade. Diseases such
as FMD are effective barriers to the trade of
livestock and livestock products, but can also
have an impact on the trade of fresh fruit and
vegetables.

The following section will detail infor-
mation available on the economic impact of
the major world livestock diseases that affect
a range of species.

Foot-and-mouth Disease (FMD)

FMD is probably the most important disease
in the world in terms of economic impact. The
reasons for this are not only about its ability
to cause losses in terms of production, but are
also related to the reaction of the veterinary
profession to its presence and the restric-
tions on the trade of animals both locally and
internationally. It should also be made clear
that FMD is capable of infecting cattle, sheep,
goats, pigs and humans. It is a disease that
has high morbidity, but low mortality, and is
highly contagious.

©CAB International 2009. The Economics of Animal Health and Production

(J. Rushton)
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The main impacts of FMD in terms of
animal production are the following;:

e Causes abortions in pregnant animals.

e Causes reductions in milk yields and
increases the probability of mastitis due
to damage to the teats.

e  Causeslamenessin animals, which reduces
their ability to work in terms of ploughing
fields and transporting goods.

e Causes losses in weight due to animals
being unable to eat while they are sick.

e Increases mortality in young animals.

These losses are more pronounced in cattle
and pig systems; the impact in goat and
sheep systems is generally low. The effects
are also much more dramatic in intensive
systems of cattle and pigs; in particular FMD
can cause devastating losses in dairy sys-
tems and in intensive pig systems. However,
the impact of the disease in extensive cattle
systems is small and the incentives to control
the disease are also small. Oleksiewicz ef al.
(2001) report that pigs are difficult to immun-
ize against FMD and that their response to
the disease is variable, but they stress the
need for rapid and effective control of this
disease in areas with high pig densities.
One of the important issues with pigs and
pork products is that these animals are rapid
multipliers of virus and pork products have
been shown to be a potential risk of disease
in countries with FMD-free status (Farez and
Morley, 1997).

Given that Europe, the USA and other
developed countries have concentrated areas
of intensive animal production, there is a
great need to protect these areas from this dis-
ease. Therefore, the impact of FMD is much
greater when it is considered that:

e Live animal trade cannot take place
between a FMD-infected country and
FMD-free country.

e  There are heavy restrictions on the trade
of livestock products from FMD-infected
countries to FMD-free countries. In the
worst scenario only meat that has been
processed and tinned can be exported,
which would be the case for a country
regularly reporting outbreaks of the dis-
ease. In the best situation meat can be

exported deboned, but there need to be
active vaccination campaigns and an offi-
cial veterinary service capable of reacting
to outbreaks.

e The presence of FMD can affect the
export of fresh fruit and vegetables to
FMD-free countries.

e Incountrieswithactiveveterinary services
local trade is affected when outbreaks
occur. Animal movement restrictions are
put in place, making it difficult to buy and
sell animals, and in some countries there
are restrictions on the movement of
people. The latter are particularly import-
ant in countries where the rural economy
is dedicated to tourism and not to animal
production.

It is important to note that countries with the
highest prices for livestock products such as
Japan, the USA and the European Union are
the strictest in terms of applying trade restric-
tions for livestock and livestock products.
The incentives to achieve FMD-free status for
countries with the potential to export meat
are therefore high.

Finally, FMD has a list of costs related
toits control, which are different depend-
ing on the disease status of the countries
concerned:

e  Countries with the disease usually have
vaccination campaigns in attempts to
control outbreaks and in some cases in a
plan to eradicate the disease.

e  Countries close to the eradication of FMD
usually adopt a slaughter policy for ani-
mals detected with the disease. This pol-
icy is normally for animals infected and
contact animals. The carcasses of these
animals are either buried or burnt.

e  Countries that are free dedicate resources
in border controls, checking the veterin-
ary services and slaughterhouses of
exporting countries with FMD.

e Countries that are free maintain active
surveillance systems for FMD. (Note: In
1991, the European Union changed its
policy for control of FMD from annual
vaccination to surveillance and slaughter
of animals involved in outbreaks.)

e Countries that are free but experience
occasional outbreaks normally react by
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adopting a slaughter policy to elimin-
ate infected animals and animals in
contact.

e  Most countries maintain laboratory ser-
vices that are capable of diagnosing
whether animals have FMD.

o  Countries that are free maintain stocks of
vaccine for the possibility of outbreaks
within their country.

The list of impacts of FMD is long and com-
plicated, but different in different countries.
For example, countries with one or all of the
following characteristics:

e do not have the capacity to export live-
stock and livestock products;

e import livestock and livestock products
from countries with FMD;

e the majority of their production systems
are extensive;

are unlikely to have much incentive to run
eradication campaigns. The reasons for this
are that the returns to a change in disease sta-
tus are small and possibly negative.

However, countries with the following
characteristics:

Table 16.1. Major studies on the economics of FMD.

o export livestock and livestock pro-
ducts; (Note: this can include semen and
embryos.)

e the majority of their production systems
are intensive;

have large incentives to control and eradicate
FMD and in the case of countries free of FMD
to invest resources to maintain this status.
The pattern of eradication of FMD follows
closely these characteristics, with the USA
being one of the first to eliminate the disease
followed by European countries and some
Latin American countries such as Uruguay in
more recent times.

Given the importance of this disease at
local and regional level, it is of no surprise that
there are many references on the economic
impact of its control. However, as mentioned
above, the estimates for losses in production
are based on expert opinion, not on scientific
findings. The following section provides a
summary of available literature.

Table 16.1 provides a brief summary of
some of the articles published on FMD
economics considered to be important in the
economic assessment of this disease.

Country Major findings Comments Authors
UK Compares two control strategies, Thorough study, one of the first to be  Power
stamping out policy and vaccination done at country level. The findings and
to control FMD. This is based on the are now not so relevant in the Harris
1967-1968 FMD outbreak in the UK where the rural economy has (1973)
UK. It finds that both policies are changed and the importance of
positive, but the stamping out policy tourism is so high
is favourable if no account is taken
of unquantifiable benefits
General Lists the major losses caused The information is generally based James
by FMD on expert opinion, but the layout and
is a useful starting point for the Ellis
economic assessment of FMD (1978)
South-east  Presents a combined epidemiology The article reviews estimates Perry
Asia and economic model to assess the of returns to FMD found in etal.
profitability of FMD eradication in consultancy reports and stresses (1999)

South-east Asia. The analysis would
suggest that eradication is attractive,

but in some countries is dependent
on the export of pig products.
However, in Thailand eradication
gives good returns without exports

the need for systems analysis

in assessing disease control
campaigns (cf. Obiaga et al. (1979)
in Latin America)
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Europe

Europe was considered to be an endemic
zone for FMD up until the late 1980s. In Italy,
where there were regular outbreaks, it was
estimated that the benefits from FMD control
were 42,855 million Italian lire (Caporale et al.,
1980) and that the costs of this programme
were 5316 million Italian lire (Ghilardi et al.,
1981). Stougaard (1984) estimated the costs
of different strategies of controlling FMD in
Denmark. The author found that an annual
vaccination policy was the most expensive in
comparison to policies of ring vaccination and
slaughter and control with no vaccination.
However, Stougaard is clear that prevention
is better than cure and that a livestock export-
ing country such as Denmark should not
take risks of losing valuable export markets
by dropping its vaccination policy. However,
during the late 1980s and early 1990s much
research was carried out with regard to the
change in policy on control of FMD in Europe
due to a change in its FMD status.

Mainland Europe had a policy up until
1991 to control FMD with annual vaccination;
this was changed to increased surveillance
and a stamping out policy in the case of out-
breaks. Dufour and Moutou (1994) estimated
that the new policy cost 13 times less than the
vaccination policy, and the burden of costs
had shifted from the farmer to the State. They
make the comment that their analysis did not
include any estimation on the risks of reinfec-
tion with the two policies. In The Netherlands,
Dijkhuizen (1989b) showed that a change in
policy would be favourable, and an analysis
by Berentsen et al. (1990a) calculated that
there would have to be four outbreaks every
10 years to make the annual vaccination pol-
icy more attractive than the surveillance and
slaughter policy. The latter authors also
reported that the change in European policy
was positive for The Netherlands even taking
into account the increased risks of reinfection
and the impact of export bans, provided that
outbreaks were controlled with a ring vac-
cination and slaughter policy (Berentsen et al.
1990b, 1992). In Italy, the change in policy was
also found to be positive even taking into
account risks of outbreaks in the Po valley,
which is a zone with intensive livestock pro-

duction (Amadori et al., 1991). In Germany,
Lorenz (1988) estimated that the surveillance
and stamping out policy was in the long term
more profitable than an annual vaccination
with a stamping out policy. His research
examined the different risks involved of out-
breaks with the two policies. Davies (1988) in
a slightly different analysis found that the
costs of annual vaccination in seven European
Union countries were equivalent to the direct
cost of 200 outbreaks of FMD in these
countries.

Mahul and Durand (2000) suggest that
for countries with FMD-free status, a policy
of stamping out outbreaks was economically
optimum, and they stress the importance of
minimizing the period when a country can-
not export livestock and livestock products as
being the key to high returns.

Latin America

Latin America has a long history of control
and eradication campaigns against FMD,
which are based on vaccination. The regional
institution for these campaigns is over 25
years old and its successes have been limited
to countries with serious intentions to export
agricultural products. Information in the liter-
ature on the economics of these control cam-
paigns is scarce, but Carpenter and Thieme
(1980) developed a model to assess the control
of FMD in Brazil, which was part of the pro-
gramme by the Inter-American Development
Bank to review investments in animal health
at a time when a number of Latin American
countries were investing in FMD eradication
campaigns. In addition, there are some stud-
ies on the importance of a change in vaccine
technology, the importance of livestock sys-
tems analysis in FMD campaigns and the eco-
nomic impact of FMD at farm level.

e Astudillo and Auge de Mello (1980)
report the advantages of a change in vac-
cine technology, with the oil adjuvant
vaccine being more cost-effective in a
South America scenario than a vaccine
with aluminium hydroxide adjuvant.
They noted the difficulties at the time of
adopting this technology due to a lack of
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a commercially available product, but
this vaccine technology has since been
widely adopted.

e  Obiaga et al. (1979) analysed the import-
ance of livestock production systems as
determinants of FMD epidemiology and
argued that control campaigns need to
recognize and classify systems before
beginning campaigns. The methodology
outlined was the basis for future FMD
campaigns in Latin America.

e In Paraguay, it was reported that farmers
were unwilling and hostile to vaccinat-
ing all their animals against FMD each
year (Mendoza et al., 1978). The authors
present the importance of this campaign
for the national economy, but make no
mention of the farm-level incentives.

e  InColombia, returns to farm-level controls
of FMD in dairy farms were found to be
positive (Cardona et al., 1982). They report
that, in a dairy farm that experienced FMD
with 280 cattle, 74% of the animals were
affected, leading to a 26% drop in milk
production, an increase in mortality (0.7%
died) and an average loss in weight of
23kg. Losses per sick animal were esti-
mated at 12,900 Colombian pesos.

e In Bolivia, Bulman and Terrazas (1976)
reported an outbreak on a dairy farm in
Cochabamba where 45% of the cows
were affected even though the herd had
been vaccinated 2 months previously.
During the outbreak milk production
was reduced by 15%, two cows died and
four lost one or more quarters.

India

India has nearly 15% of the world cattle popu-
lation that are dedicated to draught power
and milk production. It is also a country with
FMD disease. Ellis and James (1978) found
that there were positive returns to a campaign
to eradicate the disease.

A socio-economic study in the Indian
Punjab found that the education level of the
farmers was related to the likelihood of FMD
outbreaks and it was suggested that this was
related to educated farmers being more

likely to seek professional advice and to vac-
cinate their animals regularly (Saini et al.,
1992). Saxena (1994a) used a survey within
India to estimate losses caused by FMD in
terms of production of milk and abortion.
He estimated that in India the losses per year
were 3508 million 1 of milk, which is approx-
imately 6.5% of total annual national milk
output. In terms of value at 1990 prices, the
annual loss of milk was Rs 12,520 million in
terms of lost foreign exchange, and between
Rs 16,500 million and Rs 18,730 million in
terms of lost domestic economic surplus. In
a further study, Saxena (1994b) estimated the
losses relating to lost draught power, animal
deaths and costs of treatment as being Rs
18,130 million. On average there were Rs 125
losses per head of cattle and buffalo in the
country.

Australia and the USA

Australia and the USA are countries free with-
out vaccination who are aggressive exporters
of livestock products. Both have active sur-
veillance systems for FMD and their inter-
est is to remain free. Garner and Lack (1995)
estimated the consequences of an outbreak
of FMD if it was to occur in Australia. It was
found that the impact would be greater where
the production systems were not diversified,
but the authors believed that the impact in
terms of trade would be less due to the pos-
sibility of zoning a country. In a very early
study McCauley et al. (1978) looked at the
costs of EMD if the USA was endemic. It is of
interest in that it examines costs with differ-
ent control strategies.

Other countries

A range of other studies have been carried
out in other countries:

e Ertan and Nazlioglu (1981) estimated
that losses due to FMD in Turkey were
141 million Turkish lire. The disease
infected 57,000 cattle and 76,000 sheep.

e In Israel, losses in a non-vaccinated dairy
herd were US$231,000 and in a partially
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immune herd were US$65,700 (van Ham
and Zur, 1994). On average the national
losses per year were US$289,900 with costs
in terms of vaccination of US$1.47 million.
However, the authors indicate that with-
out vaccination the losses would increase
to US$68.09 million and the returns to the
present policy were positive.

e Farag et al. (1998) found that sheep and
goats were infected throughout Saudi
Arabia, but clinical FMD in these species
was not common. Controlling FMD in a
country like Saudi Arabia is difficult as it
imports large numbers of live animals
from endemic countries and these ani-
mals have been reported to have been
exposed to FMD, but do not appear to be
carriers (Hafez et al., 1994).

e Leabad (1981) reports that the stamping
out of a FMD outbreak in Morocco cost
US$3.3 million. This country had been
free for 20 years and it was suspected
that the outbreak came from meat
imported from Latin America.

e A study of an outbreak of FMD in
Ethiopia indicated that cattle, sheep and
goats were affected by the disease. In cat-
tle the disease caused mortality in calves
(6%) and 64% of the farmers reported
FMD as a harmful disease. Of these farm-
ers the majority reported losses in milk
production and loss in draught power
production of approximately 20 days.

e  Analysis of data from a FMD disease out-
break in Sahiwal cattle indicated that 70%
were affected in the herd even though it
had been vaccinated previously. Of the
cows affected 69% had reduced milk
yields (741) and 74% lost weight (average
18kg). It is also reported that this herd
had experienced six outbreaks of FMD in
a 14-year period (Kazimi and Shah, 1980).

Summary for foot-and-mouth disease

FMD is probably the most important eco-
nomic disease in the world. It is a disease
that affects large and small ruminants, pigs
and humans. It causes greatest production
losses in cattle and pigs and in particular in

intensive dairy and pig systems. FMD dis-
ease status is an important determinant of
international trade in livestock products and
the existence of FMD is an effective barrier
from the markets with the highest prices for
these products. Therefore, many resources
have and are dedicated to the surveillance,
control and eradication of this disease. This
input has paid off in that many areas of the
world are now either free from FMD or have
the disease under control. The incentives of
these control activities are dependent on the
export potential of countries and types of
livestock systems that are found within the
countries.

Anthrax

Anthrax is a disease that can affect large and
small ruminants, pigs, poultry and humans.
The disease kills animals quickly and can
rarely be cured. It is not infectious and the
spread of the disease depends on how the
carcasses of the infected animals are handled.
Grazing animals are most susceptible to the
disease. Barnes (1997) states that, although
birds can be infected by anthrax, chickens are
highly resistant, but ducks and ostrich have
been reported to be affected. It is of great-
est importance in cattle and buffalo, but this
may be related to reporting bias as it is more
likely that farmers will report the loss of a big
animal.

Anthrax is found throughout the world
and, where it is reported in the developed
world, the number of outbreaks is usually
small and well controlled. Most European
veterinary services report one or two cases a
year, but a report in Italy in 1979 indicated
that there were 50 outbreaks in that year
(Mattioli and Gagliardi, 1980). The impact of
this disease is:

e Cost of annual vaccination in endemic
areas. (Note: the bacterial spores can sur-
vive for 50 years, making it necessary to
vaccinate animals.)

e Occasional outbreaks which cause ani-
mal death.

e Disposal of carcasses affected by the dis-
ease either by burial or by being burnt.
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o  Costs of treatment with antibiotics dur-
ing outbreaks with valuable animals. Gill
(1982) reports that antibiotic treatment of
cattle at risk can be worthwhile if the
value of the animals is high.

e Impacts on human health, where partic-
ularly slaughterhouse workers may be
affected by pulmonary or skin forms of
anthrax.

e In poorer countries and regions of the
world, there are reports of people consum-
ing carcasses with anthrax and dying. A
report from the Department of Veterinary
Services, Kenya (1972) states that cattle
and pigs died due to anthrax and people
eating the carcasses were also affected.
PROMED reports have also indicated
human deaths in Zimbabwe and Kenya.

In Indonesia, Ronohardjo et al. (1986) state
that anthrax is one of the major diseases in
the country but they do not list it in the top
five diseases that affect large ruminants. In
Nigeria, Akerejola et al. (1979) list anthrax
as a disease that affects sheep and goats, but
indicate that it is not that important. Nurul
Islam (1984) in a study of livestock keeping
in smallholder farms indicates that heavy
losses of cattle were suffered in Bangladesh.
Rushton (1995) reports an anthrax outbreak
where many cattle were lost over a period
of a year, mainly because of poor disposal of
affected carcasses.

In summary, anthrax is a disease that
occurs sporadically in all parts of the world.
Its main economic significance is that it kills
large and small ruminants and its presence
requires control processes such as effective
disposal of affected carcasses and possibly
annual vaccination in areas known to be
endemic. It is also known to be a problem in
areas with poor knowledge of the dangers of
eating carcasses with anthrax and a number
of countries have reported human deaths
because of this disease.

Tuberculosis

Tuberculosis is a disease that affects humans,
large and small ruminants, pigs and poultry.
Its impact in terms of livestock disease is

related to its potential threat to human health.
There are losses in production due to:

e Condemnation of carcasses and organs
of animals affected by the disease. This
seems to be a problem associated more
with cattle and pigs and to some extent
poultry.

e  Some losses are associated with milk pro-
duction, some animals suffer mastitis.

However, many of the costs associated with
the control and eradication of the disease are
often far greater than the losses caused by the
disease. These are as follows:

e testing of animals, which requires two
visits of trained staff;

e slaughter of positive animals, which
becomes more expensive the lower the
prevalence, because there are a higher
percentage of false positives;

e  control of wildlife populations that act as
reservoirs of tuberculosis;

e trade with countries.

The justification for the control of tubercu-
losis is usually the public health concerns,
which are related to:

e  Human tuberculosis caused by the inges-
tion of milk from tuberculous cows.
Normally, this produces bone and intes-
tinal tuberculosis and this form of the
disease was one of the main causes of
infant mortality in the UK at the begin-
ning of the 20th century.

e  Human tuberculosis due to contact with
animals with tuberculosis.

Both these possible routes of infection have
increased in importance in Africa, where a
high percentage of the human population
has AIDS, making them more susceptible to
tuberculosis infections. However, in devel-
oped countries, where eradication campaigns
have reduced prevalences of tuberculosis to
very low levels and milk is almost invariably
pasteurized, the risks of contracting tuber-
culosis from animals is small. Attention has
often turned to why this disease cannot be
completely eradicated in these countries and
it has been found that wildlife reservoirs exist
that make it difficult to achieve full eradica-
tion. Much time, money and energy has been
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dedicated to this subject and there is a cor-
responding literature on the economics of
the control of tuberculosis through wildlife
control.

With regard to the literature on the con-

trol of wildlife reservoirs the following is
available:

Kao and Roberts (1999) compared the
control of bovine tuberculosis using cat-
tle vaccination or culling of possum,
which are a wildlife reservoir for this dis-
ease in countries such as New Zealand.
They found that the returns depended on
the density of the cattle population, with
higher densities favouring a strategy of
culling the wildlife reservoir.

Eves (1999) reported that the removal of
badgers in County Offaly in Ireland led
to a reduction in the number of positives
per 1000 animal tests and in the reactor
rate from 3.72 to 045 in a period of
6 years.

Tuyttens and Macdonald (1998) suggest a
sterilization of badgers rather than a cull
to reduce the wildlife threat, but they men-
tion public concerns over such actions.
McInerney (1986) found that there was
no economic justification of the badger
culling in south-west England and he
states that the control of bovine tuber-
culosis through badge control is a politi-
cal problem.

Power and Watts (1987) found that this
control method had lost several millions
of pounds sterling and they state that
future benefits are unlikely to accrue as
the control method did not appear to be
very effective.

Information on production losses due to
tuberculosis is as follows:

Cuban data found that an eradication
programme in six dairy farms increased
milk production (Vera ef al., 1984).

In Mauritius, Jaumally and Sibartie
(1983) estimated that losses caused by
bovine tuberculosis were Rs 800,000 a
year, with a reactor rate on the island
between 0.07% and 0.57%. They do not
mention the costs of eradicating the dis-
ease and eliminating these costs.

In Mexico, Valdespino Ortega (1993) found
that the depreciation costs associated with
animals detected and culled due to tuber-
culosis were higher than the general aver-
age indicating the costs of such a test and
slaughter policy at farm level.

In Nigeria, Alonge and Ayanwale (1984)
reported that 0.2% of cattle have tuber-
culosis and within this infected popula-
tion 1% die of the disease. They estimated
that at that time the losses due to bovine
tuberculosis were 14.24 million naira in a
population of 9.3 million head of cattle.
Zhilinskii et al. (1986) in Belorussia report
that losses due to bovine tuberculosis
were between four and nine times the
costs in lost production which was due
to lower productivity and poorer-quality
products.

Smolyaninov and Martynov (1982) found
reductions in milk and meat production
and fertility in herds that retained posi-
tive tuberculin reactors; these losses were
reduced by the slaughter of positive ani-
mals and repopulation of the herds.
However, there is no reference to the
prevalence of tuberculosis within these
herds.

Carcass and organ condemnation is animport-
ant cost in an area with tuberculosis:

Bolitho (1978) estimated that in the
UK 0.42% of pig meat was condemned
and a third of this was condemned due
to tuberculosis lesions. The author
requested that the dangers of eating
meat from a tuberculous animal should
be reassessed.

In Cameroon, Nfi and Alonge (1987)
found that 0.2% of carcasses were totally
condemned because of tuberculosis, with
a higher percentage of organs and parts
being condemned. This would indicate
the presence of the disease, but its eco-
nomic impact is not that high. In the
same country, Awa ef al. (1999) report
that 33% of pigs inspected at slaughter
had tuberculosis lesions.

Zorawski et al. (1982) report that between
7% and 8% of the pigs slaughtered in a re-
gion of Poland had tuberculosis lesions.
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e In Germany, Texdorf (1981) reported that
approximately 0.25% of pigs slaughtered
in the Marburg abattoir were condemned
with tuberculosis lesions.

e In the USA, Berthelsen (1974) estimated
that a pig passed for cooking due to tuber-
culosis lesions incurred losses of US$61.93,
which was approximately US$5933 per
hundred thousand pigs slaughtered. Dey
and Parham (1993) analysed the changes
in the regulations with regard to tuber-
culosis lesions in pigs in the USA. They
estimated that between 1975 and 1988 a
lower proportion of pigs had been con-
demned or passed for cooking and losses
due to condemnation had reduced from
US$2.3 to US$0.97 million/year between
this period. This loss is only 0.01% of the
animal value of this industry.

Returns to control or eradication campaigns
of tuberculosis vary:

e  Bernues et al. (1997) report that returns to
the eradication campaign in a mountain
area of Spain are not positive due to the
high compensation costs paid for posi-
tive reactor animals.

e  Andrews et al. (1980) examined the use of
different methods to eradicate tubercu-
losis in the tropical zone of Australia and
suggested that measures such as the sep-
aration of young stock from older ani-
mals were effective. However, not all
farmers were willing or able to imple-
ment these measures and this could have
a serious impact on the control of this
disease. Later, Stoneham and Johnston
(1987) report that tuberculosis had not
been eradicated from northern Australia
and they evaluated the tuberculosis cam-
paign to find the most cost-effective
method of eradication of this disease.

e Denes (1983) reports on the tuberculosis
eradication programme in Hungary
between 1963 and 1981, which reduced
the prevalence of bovine tuberculosis
from 30% to 0.2%. The author states that
the campaign, although costly in terms
of compensation payments for replace-
ment animals, had saved the country
nearly 17 times the cost of the campaign.

e Caporale et al. (1980) found that the
Italian tuberculosis campaign between
1965 and 1978 (reducing prevalence from
12.1% to 0.78% in a herd of 6.6 million
cattle) produced gross benefits of 63,500
million Italian lire and cost 8436 million
Italian lire (Ghilardi et al., 1981).

Tuberculosis exists in poultry at a world-
wide level at prevalences that range between
1% and 26%. As in pigs, this can lead to the
condemnation of birds at slaughter and it is
reported that birds with the disease suffer
listlessness and are generally unproductive.
Moycobacterium avium causes tuberculosis
in poultry and is the source of tuberculosis
infection in pigs and has also been reported to
cause tuberculosis in humans (Thoen, 1997).

Summary for tuberculosis

Tuberculosis was a very important zoono-
sis in European countries during the 19th
century. However, eradication campaigns in
these countries have reduced the prevalence
of this disease to very low levels. The main
costs in these industrialized countries now
relate to testing of animals and also culling of
wildlife reservoirs. In developing countries,
prevalences are generally low, but the import-
ance of the disease particularly in African
countries may be increasing due to a high
percentage of the human population having
AIDS and being more susceptible to tubercu-
losis infections. Control and eradication cam-
paigns of tuberculosis can rarely be justified
on the basis of production losses.

Salmonella

Salmonella is not one disease or one causal
agent. This is a key point in the economics of
salmonella, because what is conjured up by
this word is food-borne diseases. However,
some Salmonella subspecies such as S. pullorum
rarely cause public health problems and are
specific to one species and in this case cause
serious losses in poultry production systems.
Other Salmonella such as S. typhimurium can
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affect a number of different species and is a
serious threat to human health. Therefore,
two issues are identified in this section:

e theproductionlossescaused by Salmonella
species; and

e costs to human health associated with
the contamination of food products with
Salmonella species.

It appears that in most situations the former
has reduced in importance as veterinarians
and producers have successfully controlled
many of the Salmonella that cause serious
losses. However, attention has focused on the
public health issues, with an increasing num-
ber of human cases of salmonellosis, which
occurs in countries with high incomes and
expensive medical services.

The following two sections will outline
some of the critical issues when assessing the
economic impact of salmonella on livestock.

Production losses or problems
due to salmonella

The production losses or problems due to sal-
monella can be divided into:

e  Abortions in large and small ruminants,
but the percentage of abortions caused
by Salmonella species is normally low.

e Diarrhoea-associated mortality of the
young animals of large and small
ruminants and pigs. An outbreak kills
young animals and requires treatment of
those sick; however, survivors, although
they lose weight, usually regain this
weight at a later stage. Pigs do not appear
to be very susceptible and the produc-
tion losses in this species are probably
very low.

e Losses of young chicks and poults.

e  Lower egg production.

e In the case of S. pullorum and S. gallina-
rum in hens and S. arizona in turkeys,
adult mortality.

Costs associated with these disease problems
are:

e treatment of sick animals;
e  destocking of farms;

e higher feed costs due to poor feed
conversion;

e testing of breeding flocks for the pres-
ence of S. pullorum and S. gallinarum.

The following information is available in the
literature on production losses reported due
to salmonellosis in large and small ruminants,
pigs and poultry:

e Bilbao and Spath (1997) studied the
losses due to salmonellosis in dairy
calves in Argentina. They reported a
morbidity rate of 6.8% and mortality rate
of 3.4%. Losses for calves that died were
US$77 for male calves and US$127 for
female calves. In animals that survived,
the losses in terms of weight loss were
estimated to be US$7.70. In addition,
there were costs of treatment that totalled
to US$3.36 per sick calf. The major pro-
portion of the costs was dead calves and
the authors suggest that early treatment
would help to reduce the economic
impact of this disease.

e  Sharp and Kay (1988) estimated that an
outbreak of S. typhimurium in a group of
48 calves reduced the gross margin per
calf from £31.95 to £10.95. They reported
that the outbreak killed eight calves
and required that 17 were treated. The
affected calves that survived had a lower
body weight at weaning but had no dif-
ference in weight at 168 days.

e  Peters (1985) reported an outbreak of sal-
monellosis in calves due to S. dublin.
There were morbidity of 62% and mor-
tality of 13.5%. The affected calves were
treated and found to have a lower weight
atbetween 77 and 118 days of age, but no
difference in weight at 477 days of age. It
was estimated that the outbreak cost
£25.36 per surviving calf and 70% of
these losses were due to the loss of dead
calves.

e  Schulz et al. (1975) found that S. dublin
caused between 2.7% and 3.7% of abor-
tions in two regions in Germany and was
diagnosed in between 18% and 19% of
post-mortem examinations. The preva-
lence of this pathogen in calves was
between 7.65% and 11.7% and 1.17% in
adult animals. Between 1965 and 1973,
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they believed that 1161 cattle died from
salmonellosis and of these a third were
between 5 and 8 weeks old.

Froyd and McWilliam (1975) report that
Fasciola-infected herds have increased
prevalence of Salmonella carriers, increas-
ing the losses caused by this parasite.

In the USA, Blackburn et al. (1980)
describe the spread of S. dublin and raise
concerns about the economic impact of
the spread of this bacterium.

Tenk et al. (2000) in an experiment
with vaccination against S. enteritidis
found that, after vaccination, salmonella-
associated losses and condemnations
were reduced to one-third of the level
observed before vaccination, the hatching
performance improved, the quality of the
day-old poults was better and perform-
ance figures were higher.

Anderson (1992) reports that a S. pullo-
rum outbreak in five states of the USA
during 1990 and 1991 caused more than a
million dollars worth of losses.

Luthgen (1979) reported an outbreak of
S. pullorum in a laying flock in Germany.
The outbreak initially reduced egg pro-
duction by a half and then killed half the
flock. The disease was controlled by the
destruction of the remaining birds.
Lowry et al. (1999) state that S. arizonae
and S. gallinarum are important in poultry
production because of the losses they
cause in young poultry during the first
week after hatching.

Minev et al. (1983) describe an outbreak
of fowl typhoid (S. gallinarum) in which
the major cost was the closure of the
hatchery for 3 months and the other costs
related to lost production, death and
slaughter of infected birds.

In Egypt, Shahata et al. (1983) report the
impact of duck flocks infected with
S. typhimurium, S. enteritidis, S. paratyphi
C and S. thompson. In these flocks, there
was a 66% fertility rate, 52.3% hatchabil-
ity rate and a mortality rate of newly
hatched ducklings of 7.8%.

Ding ChangChun and Li LiHu (1998)
suggest than one of the causes of rectal
prolapse, which is a major cause of bird
mortality in laying hens, is Salmonella.

e  InDenmark, Bisgaard et al. (1981) observed
that compulsory salmonella control had
reduced the percentage of condemnations
due to arthritis in ducks from 0.4% to
0.12%. They estimate that losses due to
this type of condemnation between 1959
and 1968 were 207,579 Danish crowns, but
these losses were only a third of the sum
for the next 10 years which corresponds to
the salmonella control programme.

e  Curtin (1984) estimated that the produc-
tion losses due to salmonella disease in
the Canadian poultry industry were
US$2.8 million a year.

Food-borne problems

This section is divided into four parts in an
attempt to separate some of the issues with
regard to the costs of salmonella and its con-
trol. These are:

e animal feed;

e  animal carriers and contamination of food
products during the production phase;

e food processing;

e impact of salmonellosis in humans.

Food for animals

One of the potential sources of infection of ani-
mals with Salmonella is from food. Concerns
have been voiced about the:

e use of poultry litter in the feeding of large
and small ruminants;

e use of poultry litter as fertilizer for pas-
tures; and

e susceptibility of certain foodstuffs to
Salmonella contamination.

Nursey (1997) suggests that a possible con-
trol of Salmonella food contamination is to
add organic acids to foodstuffs. This lowers
the pH and reduces the risk of Salmonella con-
tamination in feed, but the author does not
provide information on cost or the effective-
ness of this measure.

Carriers

Sero-surveys and tests for positive animals in
slaughterhouses would suggest that salmonella
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is at low prevalence in large and small rumin-
ants and in pigs. In poultry, the prevalence
ranges depending on the region. The following
information was collected on animal carriers
and products contaminated with Salmonella:

Sawicka-Wrzosek et al. (1997) report
approximately 6% prevalence of salmo-
nella in pigs and very low prevalences in
cattle and sheep.

In Papua New Guinea, Caley (1972) found
that pigs in rural systems had a salmonella
prevalence of 9%, whereas those in inten-
sive piggeries had a prevalence of 54%.

In Iran, Tadjbakhch et al. (1992) found that
2.6% of sheep slaughtered were Salmonella
carriers. Bernardo and Machado (1990)
found much higher levels of infection in
slaughtered animals in Portugal, with
20.3% of the cattle, 7.3% of the sheep, and
25.4% of the pigs being reported to have
Salmonella infections.

Otaru et al. (1990) reported low preva-
lences of Salmonella carrier status in cattle
(1.7%) and goats (4.8%) in Tanzania.

The Scottish Centre for Infection and
Environmental Health (1997) reported
a 21% increase in the number of reports
of salmonella in animals between 1996
and 1997.

Radkowski (2001) did not find Salmonella
on the shells of or inside the eggs sold in
a market in Poland.

In Bangladesh, Ali et al. (1987) found that
4.3% of duck eggs were infected with
Salmonella, but none of the hen eggs they
tested were infected.

An analysis of screening for S. enteritidis in
laying hens reduced the proportion of con-
taminated eggs by 43.7% with one screen
and 65.4% with two screenings (Ament
et al., 1993). The returns on this process are
dependent on the costs of the screening but
the analysis indicates that there are posi-
tive returns to culling of infected flocks.
Leslie (1996) modelled S. enteritidis in
laying flocks and predicted that between
0.42% and 2.24% of eggs could be infected
with this pathogen.

Little and de Louvois (1999) did not find
Salmonella in unpasteurized goat and
sheep milk in the UK.

Wray (1985) documents the changing of
Salmonella isolates in England and Wales
between 1975 and 1983. The serotypes
over this period changed in the different
species.

Food processing

Food processing has been found to be import-
ant in the dissemination of contamination
and also in the multiplication of Salmonella.
The following information has been collected
on this aspect of salmonellosis:

Swanenburg et al. (2001) indicated that a
major source of contamination of pigs
with Salmonella is during the waiting to
be slaughtered in the lairage of abattoirs.
Davies et al. (1999) found that 7.0% of
carcasses had Salmonella contamination
and 11.6% of the gut contents were con-
taminated. However, these authors found
that pigs that were held overnight before
slaughtering had lower levels of contam-
ination than pigs that were held for 2 or
3h before slaughter.

Carraminana et al. (1994) found that
Salmonella contamination increased sig-
nificantly after the chlorinated baths of
the processed birds.

Yule et al. (1988) analysed the returns to
irradiation of poultry meat to eliminate
salmonellosis risks. They found that this
change in food processing had positive
returns, but they add a word of caution
about the assumptions made on the costs
of unreported salmonellosis cases.
Whiting and Buchanan (1997) developed
a risk assessment model for the pasteur-
ization of liquid eggs, which showed that
this form of treatment was adequate to
protect consumers. However, if badly
managed this treatment method can pro-
duce a hazardous product.

In an analysis of the cost and benefits of
banning the sale of unpasteurized milk
in Scotland, it was found that the returns
were high when based on an outbreak of
human salmonellosis due to the con-
sumption of unpasteurized milk. The
analysis took account of the costs of
investment of pasteurization equipment,
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compared to the costs of treating sick
people for salmonellosis and the loss of
time and life. Even under the most pess-
imistic assumptions this change in milk
processing proved positive.

e Nauta et al. (2000) developed a model to
test strategies for reducing salmonella
problems in the poultry meat chains in
Holland.

e Caswell (1991) presents an outline of
how to make an economic assessment of
food-borne pathogens with an analysis
of the control of salmonella in poultry in
Canada.

Impact of salmonellosis in
the human population

If a food product contaminated with a patho-
genic Salmonella reaches a consumer, then
the consequences at best can be diarrhoea,
at worst hospitalization and possibly death.
The concern about food-borne diseases and
in particular Salmonella-contaminated prod-
ucts has increased since the late 1980s to a
point where some governments are pass-
ing laws banning the consumption of ani-
mals infected with Salmonella species that
are non-pathogenic to humans (Valheim and
Hofshagen, 1998). Other reactions have been
more understandable, in that plans have been
put in place to reduce prevalence of disease
in animals and improve food processing mea-
sures. However, these actions have costs and
impacts in the livestock sector. The following
information has been collected on this aspect
of salmonella:

e Bender and Ebel (1992) analysed the
impact of S. enteritidis in poultry firms.
They found that the presence of this
pathogen could reduce income by a half,
if the firm was not allowed to sell to the
table egg market. The chapters explore
options of depopulating within the regu-
lations that applied at that time.

e  Sander (1993) reports an increasing rate of
Salmonella infections in humans between
1970 and 1990 with a decrease in S. typhi-
murium-related infections and an increase
in S. enteritidis infections. The author
states that chicken and eggs are a frequent
source of Salmonella infections in humans.

Brede (1992) found that numbers of
human Salmonella infections between 1989
and 1991 were increasing rapidly and
suggest that the reasons are low hygienic
quality of animal feeds, intensive rearing
systems and poor food preparation.
Cohen and Tauxe (1986) report that in the
USA there are 40,000 cases of salmonello-
sis, with 500 deaths each year. The finan-
cial costs associated with this food-borne
disease problem are estimated to be
US$50 million.

In Canada, Curtin (1984) estimated that
the annual losses due to salmonellosis in
humans were US$84 million/year, of
which US$21 million were due to the con-
sumption of contaminated poultry prod-
ucts. The study then examines the costs
of control of this disease by examining the
poultry sector, from the feed manufac-
turers through to the processing of poul-
try products in the home. It looks at costs
of education at the household level.

Todd (1992) analysed data between 1975
and 1984 in Canada and found that on
average there were 5.6 deaths/year
caused by food-borne disease and that
salmonella was one of the main causes of
these problems. The author states that
most of the problems came from food
service establishments.

Steinbach and Hartung (1999) found that,
in 1996 and 1997, 20% of human salmon-
ellosis originated from pigs in Germany.
In Holland, Bunte ef al. (2001) state that
there are 20,000 human salmonellosis
cases each year, costing between 1.8 and
5.6 million Dutch florins/year.

Buzby et al. (1998) examined the issue of
food safety in a different manner from
other researchers. They compared esti-
mates of the costs of illness in terms of loss
of days” work, cost of treatment and suf-
fering, with experiments to estimate will-
ingness to pay for a safe food product.
Noordhuizen and Frankena (1994) iden-
tify that S. enteritidis is a major concern in
poultry, with prevalence levels in pigs
and veal calves being low. They call for
concerted efforts of control and preven-
tion in response to the fears for public
health.
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e  Ortenberg (1998) writes that the aim of
the salmonella programme in Sweden is
to ensure that all food is free from
Salmonella contamination.

e Laegaard and Hedetoft (1999) calculated
that in Denmark the voluntary salmon-
ella control programme was more expen-
sive and had less impact than the
government programme that began in
1996.

e  Branscheid (1993) reports that salmonella
scares have had an impact on the con-
sumption of eggs in Germany, where con-
sumption has fallen. However, poultry
meat consumption has increased and
there are a range of other factors associ-
ated with the fall in egg consumption
such as concerns about cholesterol levels.

e Borger (1985) suggests that measures
should be taken to reduce the risks of
food being contaminated by pathogenic
Salmonella, but these measures should
be assessed using cost-benefit analysis
techniques.

e Lindgren et al. (1980) evaluated the
Swedish salmonella control campaign
and found that it had been effective in
reducing the number of outbreaks
reported, but the costs had increased
from 1.655 million Kr in 1974 to 6.35 mil-
lion Kr in 1978. The authors do not men-
tion if these prices have been adjusted for
inflation, which was high during this
period in Europe.

Summary and general impact
of salmonellosis

In general, the Salmonella species cause a
range of disease problems in livestock. In
large and small ruminants they are respon-
sible for a small percentage of abortions and
can also cause high rates of mortality in young
animals. In pigs, the impact of salmonella on
production is less pronounced. However, in
poultry a number of Salmonella subspecies
cause specific disease problems such as pullo-
rum disease and fowl typhoid. It is in poultry
that the major impact on production is found
with salmonella.

In addition to production losses, the last
30 years have seen an ever-increasing interest
in the impact of salmonella due to food-borne
disease. The impact of human salmonellosis
is far greater than the production losses,
because many of the officially reported cases
occur in the developed countries where sal-
aries and medical costs are high. This has
prompted much research into how to reduce
risks of food poisoning through control and
eradication campaigns atfarmlevel,improved
food processing and education campaigns
for households. Again the most important
group of livestock in human salmonellosis is
poultry.

Finally, this section concludes with infor-
mation from Roberts (1988), who quotes that
the estimated costs of Salmonella infections in
the USA in 1987 were US$1000 million in
terms of medical costs and productivity
losses. However, according to this author the
cost estimates should also include:

e pain and suffering, lost leisure time and
chronic disease costs;

e reduced feed efficiency at farm level;

e reduced weight gain at farm level;

e deaths because of chronic salmonellosis
at farm level;

e costs of food safety regulatory pro-
grammes;

e  costs to the industry for product recalls;
and

e  plant closures due to food-borne salmon-
ellosis outbreaks.

Obviously, this list provides ample justifica-
tion, particularly in the industrialized coun-
tries, to dedicate resources to reduce the
economic impact of salmonella.

Brucellosis

Brucellosis is a disease that affects humans,
large and small ruminants and pigs. It is an
important reproductive disease causing abor-
tions in the last third of pregnancy. The main
losses are:

e abortions;
e loss of milk production;
e weak calves.
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It is spread from livestock to humans by
the consumption of untreated milk or milk
products.

Control costs include:

e diagnostic tests;

e  vaccination;

e the slaughter of positive animals, which
can be high where there are large differ-
ences between the value of replacements
and the meat value of the animal;

e incentives to encourage farmers to eradi-
cate brucellosis at herd level.

Other costs include:

e  public health costs;
e tradeissues.

Brucellosis in cattle has been controlled and in
many countries eradicated in large and long
campaigns since the late 1970s. These countries
are the industrialized or developed countries,
which have the majority of the intensive dairy
systems of the world. The importance of the
disease in terms of production losses in cattle
has therefore reduced, as have the investments
in control. Attention has changed to maintain-
ing free status and controlling trade of live ani-
mals to stop reinfection.

In other regions of the world brucellosis
in cattle is usually seen at low prevalences.
Although still capable of causing losses in
terms of production, efforts to eradicate bru-
cellosis often fail due to a lack of government
resources and a lack of incentive at farm level.

Brucellosis in sheep and goats is of impor-
tance again because of production losses, but
also because these species are important in the
production of soft cheeses from unpasteur-
ized milk. Therefore, the disease in small
ruminants has a considerable public health
risk. However, most information on brucello-
sis in sheep and goats seems to indicate that it
is at low prevalences. Please note that further
details of brucellosis in small ruminants are
found in the reproductive diseases of small
ruminants in Chapter 18 (this volume).

Brucellosis in pigs also carries a public
health risk and causes losses in production.
Prevalence levels appear to be higher than in
cattle, but information on the economic
impact of this disease in pigs was not found
in this review.

Information available

This section is divided into:

e information on the prevalence of brucel-
losis in different regions of the world and
different species;

e  production losses caused by brucellosis;

e general study on brucellosis including
epidemiology and economics of the
disease;

e  public health impact of brucellosis;

e  cost-benefit analyses of control campaigns.

Prevalence

The following information was found on
prevalence of brucellosis in different species:

e IntheCalabriaregionofltaly,Casalinuovo
et al. (1996) found animal prevalence in
cattle, sheep and goats to be 2.4%, 4.2%
and 12.9%, respectively.

e In Egypt, Atallah and El-Kak (1998) state
that brucellosis prevalence was 1.17% in
cattle and 0.79% in buffaloes and losses
due to condemnation of animals due to
brucellosis were 1529 Egyptian pounds
sterling.

e In Bihar, India, brucellosis prevalence in
pigs varied between 10.5% and 4%
(Choudhary et al., 1983).

e Nordesjo (1999) found low prevalence
levels in dairy cows (5%) in the peri-
urban areas of Hanoi, Vietnam.

e  Priadietal. (1985) found that in Indonesia
the brucellosis prevalence in pigs was
15%, in cattle 2% and sheep and goats
were not reported with the disease.

e Adesiyun and Cazabon (1996) report
that no animals slaughtered at the
Trinidad slaughterhouse were positive
for brucellosis.

e A study in the Mexicali valley, Mexico,
found that in cattle there was an animal
and herd prevalence for brucellosis of
2.54% and 26% (Salman et al., 1984). The
authors state the disease was not a prob-
lem in sheep or goats.

e Navarrete (1979) reported a prevalence
of 10% in pigs found in the Cordoba
region of Colombia.
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Production losses

The following information was found on pro-
duction losses due to brucellosis:

e Ajogi et al. (1998) estimated brucellosis
losses of 12.6 million naira in the grazing
reserves of Wase and Wawa-Zange of
Nigeria. The prevalence of brucellosis
wasbetween 12% and 7% in a cattle popu-
lation of 18,222.

¢ InKirghizia, Zhunushov and Kim (1991)
state that a brucellosis vaccination cam-
paign had reduced losses due to this dis-
ease considerably.

e Camusand Landais (1981) estimated that
herds of cattle in the Ivory Coast with
brucellosis and trypanosomiasis incurred
a 6% reduction in profits.

General studies that cover the epidemiology
and economics of brucellosis

Pfeiffer (1986) carried out a study of brucel-
losis in Cordoba province of Colombia. He
reports low individual prevalence levels of
brucellosis (3.3%) in cattle and that the impact
of this disease on fertility was minimal, but
caused lactations of infected animals to be
shorter. His research suggests that the cli-
mate and extensive management systems
found in Cordoba limit the spread of brucel-
losis, and he concludes that this disease is
not economically important in this region of
Colombia and the possibilities of eradicating
it are small.

Public health impact

The following information was found on the
public health impact of brucellosis:

e Vito ef al. (1997) report that a human
outbreak in 1995 of brucellosis
created high levels of costs in terms of
treatment and stress for the families
concerned.

e Martinez et al. (1977) report that pig
farmers are more at risk of contracting
brucellosis than cattle farmers and that
slaughterhouse workers involved with
pigs had higher brucellosis prevalence
than the general population.

Cost-benefit analysis studies

A number of studies on the cost and benefits
of the control of brucellosis were carried out
at the time of large eradication campaigns in
Europe, North America and other developed
countries. In addition, some studies have been
done on control at more local levels. The fol-
lowing information was found on this subject:

¢ One of the most thorough studies of bru-
cellosis control was done by Hugh-Jones
et al. (1975) on the eradication of bovine
brucellosis in England and Wales. This
study identifies the main production
losses due to brucellosis and also exam-
ines the impact of the control campaign
in terms of markets for replacements,
meat and milk. Finally, it examines
through a process of sensitivity analysis
the farm-level incentives for becoming
brucellosis-free in different sizes of dairy
and beef herds at different prevalence
levels.

e Caporale et al. (1980) report that the
prevalence of bovine brucellosis in Italy
fell from 1.9% in 1965 to 0.2% in the 2.8
million cattle tested in 1978. The esti-
mated gross benefits were 21,400 million
Italian lire. These authors also found that
the prevalence of ovine and caprine bru-
cellosis fell from 5.5% in 1968 to 3.7% in
1978 with estimated gross benefits of
2600 million Italian lire. In a later study,
the same authors (Ghilardi et al., 1981)
estimated that the costs of the brucellosis
control campaigns was 3550 million
Italian lire for bovine brucellosis and
724 million Italian lire for brucellosis in
sheep and goats.

e Bernuesetal. (1997) found that the bovine
brucellosis campaign in the Spanish
Central Pyrenees between 1981 and 1993
has been economically efficient.

e Aller (1975) estimated that the annual
costs of brucellosis in Spain were US$150
million.

e Amosson (1984) analysed the brucello-
sis programmes in the USA. The author
reports that in 1976 losses due to bru-
cellosis were estimated to be 65 million
Ib of beef and 35 million Ib of milk.
Amosson also states that US$75 million
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was spent on the control of the disease.
Modelling work showed that all
strategies for control were profitable
(Amosson et al., 1981) and that the
most cost-effective programmes were
the adjacent herd testing programmes
followed by eradication and vaccina-
tion programmes.

Amosson et al. (1983) report positive
returns to further reductions in the
prevalence of brucellosis in cattle even
though the levels at that time were low.
The winners of the reduction were
consumers.

Wyble and Huffman (1987) in a study of
brucellosis economics of Louisiana beef
cattle herds reached the following con-
clusions: (i) brucellosis infection causes
substantial losses in income to the indi-
vidual cattleman, to the beef industry
and to the state; (ii) in the representa-
tive herd situations, losses due to bru-
cellosis generally exceed costs of an
intensive eradication programme, mak-
ing the control programme an economic-
ally sound option; (iii) the average
Louisiana beef herd would benefit from
an effective brucellosis prevention pro-
gramme; (iv) official certification of a
herd as ‘brucellosis-free’ can, and often
does, add value to that herd; (v) com-
plete herd depopulation may be the
most economic solution to eradicating
brucellosis in small, heavily infected
herds.

O'Riordan (1980) analysed the Canadian
brucellosis eradication programme and
alternative strategies of control. The
author found that all strategies gave posi-
tive returns.

In New Zealand, Shepherd et al. (1980)
found that because of the need to protect
the export market brucellosis eradication
campaign gave a positive return even
without considering the losses in pro-
duction caused by the disease.

In Chad and Cameroon, Domenech et al.
(1982) analysed the losses due to brucel-
losis in cattle herds and also the benefits
of control. Their results indicate that con-
trol with vaccination was potentially
profitable.

Summary for brucellosis

Brucellosis is a disease that was of great eco-
nomic importance in the cattle systems of the
developed countries. Thisimportanceattracted
eradication programmes that involved huge
public and private investments, which were
justified in terms of production losses and
public health costs caused by this disease. It
is argued that the importance of this disease
with the successful end to a majority of these
campaigns has reduced even though the dis-
ease is still found in other regions of the world
and in other species. However, it remains
important in terms of trade.

Trypanosomiasis

In 1974, Finelle (1974) stated that, due to a lack
of accurate data on the economic importance
of African trypanosomiasis, FAO planned to
carry out surveys to provide information that
would give government and international
agencies guidelines on resource spending on
this disease. Since that time, there have been
very extensive studies on the economics of
trypanosomiasis on this continent.

Trypanosomiasis is a disease that affects a
range of species (see Fig. 16.1) and its impact is
different in different regions of the world. The
main interest in this disease has been Africa,
which has all the trypanosome protozoas, in-
cluding the trypanosomes that cause sleeping
sickness. Many projects have been financed to
control this disease through the control of the
main vector, the tsetse fly. The main issues for
trypanosomiasis in Africa are:

e losses due to mortality and morbidity
mainly in cattle, but also in other species;

e  public health issues as cattle can harbour
the trypanosome that causes sleeping
sickness and can also move it from one
place to another;

e poor land use because of the presence of
tsetse fly and trypanosomes;

e  costs of control;

° costs of treatment;

e in many areas, limitations on breed
adoption because of the presence of
trypanosomiasis.
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In other regions of the world, the situation is
very different, because of the absence of the
tsetse fly and because not all the trypano-
somes are found in these regions. In Asia,
the main trypanosome is Trypanosoma evansi
which causes problems:

e  mainly with working buffalo; and

e has also been identified as a major
constraint in the adoption of improved
breeds.

In Latin America, the main trypanosome is
T. vivax, which is spread by cattle movement
and biting flies. The form of trypanosomia-
sis that this trypanosome produces does not
appear as acute as that found in Africa, which
means that it debilitates the animals but gen-
erally does not kill them quickly. This is a con-
venient method of propagating the disease.
The main issues in Latin America are:

e Losses in production particularly in the
tropical grasslands where biting flies are
found.

e Costs of treatment.

e Againitis a constraint in the adoption of
improved breeds.

e  Chagas disease in South America can be
carried by domestic pets, and poultry
also seem to have a role in maintaining
the vector for this disease.

The different causal agents of trypanosomia-
sis are shown in Fig. 16.1.

There is a range of control options for
trypanosomiasis which involve either the con-
trol of the vector or the disease (Fig. 16.2).

In Africa, Kristjanson et al. (1999) esti-
mated that tsetse-free areas produce 83%
more milk and 97% more meat than tsetse-
infested areas. This implied that losses in
animal production were approximately
US$338 million/year. Swallow (2000) also
estimated that a further US$800-1500 mil-
lion are lost in agricultural production.
Finally, Geerts and Holmes (1998) estimated
that 35 million doses of trypanocidal drugs
are used each year, with an estimated cost of
US$35 million.

These economic impacts can also be seen
at field level. Kamara Mwanga (1996) report-
ed that willingness of communities to be
involved in tsetse control was high and conse-
quently backed up by financial and labour

T. congolense
T. vivax

T. brucei

Main species Main vector Species affected Impact
AFRICA Mortality and
morbidity

|Catt|e | |Camels |

Major constraint
on land use

|Sheep | |Horses |

Reservoir of

sleeping sickness

Major constraint in

Biting flies

T. vivax

| Pigs | | Human | the adoption of
improved breeds
ASIA, LATIN AMERICA and AFRICA
| Cattle | | Camels | Morta_llity and
T. evansi morbidity

|Sheep | | Horses |

Major constraint in

the adoption of
improved breeds

Fig. 16.1. Species and geographical areas affected by trypanosomiasis. (From Rushton et al., 2001.)
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Not all are available, effectiveness
not proven in all situations, some
are potentially more sustainable
methods of control

Available, possible resistance problems,
environmental issues, expense

Direct
application

Sterile
male L
| Biting fly |  [Tsetse]

Movement 1

control b
—|Trypanosomiasis|—

Resistant

breeds

| {raed]

|—| Curative
Chemotherapy
Prophylactic

Fig. 16.2. Possible methods of control for tsetse, biting flies and trypanosomiasis. (From Rushton et al., 2001.)

contributions.  Barrett (1994), however,
comments that this interest is usually stron-
gest in areas with sleeping sickness.

Economic analysis of the control for tryp-
anosomiasis has been presented by various
authors for different parts of Africa:

e  Putt et al. (1980) and Shaw (1986) for
Nigeria;

e  Barrett (1994, 1997) for Zimbabwe;

e Itty (1992) for eastern and southern
Africa.

Budd (1999) has summarized some of this
information in an assessment of research car-
ried out on tsetse and trypanosomiasis (see
Table 16.2). He states that 260 million people are
believed to live in zones with the risk of animal
and human trypanosomiasis in Africa. Of that
population, 55 million are at risk from sleeping
sickness, which kills 55,000 people/year.
Budd (1999) reports that worldwide
US$500 million has been spent on trypano-
somiasis research and control with an
estimated return of US$300 million.

Table 16.2. International research programme for tsetse and trypanosomiasis. (From Budd, 1999.)

Cost/benefit to user

Larger projects 1:1.4 to 1:2.6

Smaller projects 1:1.7 to 1:2.4

Breadth of benefit
Global net benefit
Cost/benefit of research
programme
Sustainability
Socio-economic factors

260 million people living in the tropics of Africa

US$1.5-3.0 billion/year

Net research cost basis — 1:75 to 1:150

Gross research cost basis — 1:30 to 1:60

Dependent on maintaining tsetse-free status in the long term
Initial beneficiaries are cattle owners

Subsequent beneficiaries are poorer farmers and all consumers
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Information available

The following information was collected and
is divided into sections on Africa, Asia, South
America and the role of poultry in Chagas
disease.

Africa: trypanosomiasis and tsetse

e  Kristjanson et al. (1999) estimated that
trypanosomiasis costs livestock produc-
ers and consumers US$1340 million a
year; this estimate did not include losses
of manure and traction power. The
authors estimated that the returns to a
trypanosomiasis vaccine had a benefit/
cost ratio (BCR) of 34.

o Itty (1992) reports that trypanosomiasis
is a major constraint on the develop-
ment of livestock and mixed farming
systems in Africa. The author performed
cost-benefit analyses on these diseases o
in six different countries. The analysis
showed that:

e In Ethiopia and Kenya, susceptible
East African zebu cattle are produced,
with the help of trypanocidal drugs,
but there are major constraints.

e In Ethiopia, vector control would be
more profitable than drugs.

¢ In Kenya, the share contract between
cattle owner and keeper is a financial
constraint to using drugs to control e
trypanosomiasis in the susceptible East
African zebu found in this country.

e The analysis of keeping trypano-
tolerant cattle in Gambia and Cote e
d’Ivoire, a traditional form of cattle
keeping in these countries, is less clear
and depends on various social and
economic constraints.

e The introduction of trypano-tolerant e
cattle in Togo and Zaire showed lim-
ited benefits, because fresh milk is not
consumed in these countries. However,
the social benefits are attractive in both
cases.

e A study in Gambia found that in cows
infected with T. congolense and T. vivax
the quantity of milk take from the ani-
mals was reduced by 25% compared with
animals not infected (Agyemang et al.,

1990). The authors report that the aver-
age quantity of milk per day extracted
during a 6-month period was 26% higher
in the controls than in infected cows, and
that the growth rate of calves suckling
infected and control cows was similar.

A study by Brandl (1988) on the econom-
ics of trypanosomiasis control in Africa
found that stocking density and maxi-
mum carrying capacity were important
factors determining the benefits of con-
trol. The author states that in areas of
‘low challenge’, the application of tryp-
anocides is to be given preference over
tsetse control and that although the use
of sterile males can be organized eco-
nomically, given certain conditions, it is
always less profitable than the aerial
application of insecticides with helicop-
ters and, in particular, the use of insecti-
cide-impregnated traps.

Jordan (1986) identifies three categories
of information required to analyse tryp-
anosomiasis control in Africa: (i) live-
stock losses from mortality and morbidity
and potential loss to rural development
by preventing the keeping of trypanoso-
miasis-susceptible breeds of livestock;
(ii) the cost of control measures applied;
and (iii) quantified benefits that result
from the control or eradication of the
disease.

Mortelmans (1984) estimates that with-
out trypanosomiasis in rural Africa, the
region would have 3-5 times more
livestock.

A Kenyan study estimated that the loss
due to trypanosomiasis was K Sh 8256/
km? at a stocking rate of 14.2 tropical
livestock units (1 TLSU = 250kg)/km?
(Wilson et al., 1983).

Putt and Shaw (1983) presented an ana-
lysis of the control of trypanosomiasis in
Nigeria and they report that, in spite of
the severity of the assumptions used in
their analysis, the high discount rate
employed and the limited number of bene-
fits quantified, the results of the economic
analysis demonstrate the extreme profit-
ability at both the national and local levels.
However, the authors state that the bene-
fits might be less in other countries.



Main Livestock Diseases 219

A study of trypanosomiasis in goats found
that the losses in Kenyan shillings per
‘tropical livestock unit” over a 6-month
study period were 198.07 for the East
African goats, 501.95 for the Galla x East
African goats and 785.42 for the Toggen-
burg x East African goats (Kanyari et al.,
1983). The authors report that the benefit/
cost ratio by using Samorin at the dose
rate of 0.5mg/kg body weight was 1:7.3,
1:18.52 and 1:28.94 for the three goat
breeds, respectively.

Habtemariam et al. (1983) developed a
model to assess the impact of trypano-
somiasis in south-east Ethiopia and the
options for control. The control strat-
egies considered were manual vegeta-
tion clearing, game elimination, aerial
insecticidal spraying coupled with settle-
ment, use of sterile male Glossina, avoid-
ance of tsetse-infested areas, increasing
the resistance of the cattle population,
therapy and combinations of the above
methods. The authors assumed that the
endemic prevalence of trypanosomiasis
was 27.3% and estimated the impact over
a 10-year period. The combined use of
vegetation clearing, insecticides, therapy
and settlement (or resettlement) was the
most effective and feasible method of
trypanosomiasis control for the simu-
lated situation. A cost-benefit analysis
of trypanosomiasis control programmes
for an area of 1500km? in south-west
Ethiopia, for a project span of 15 years at
a discount rate of 10%, was conducted to
determine cost-effective and benefit-
maximizing alternatives. The trypanoso-
miasis control methods considered were:
(i) reduction of tsetse flies by use of insec-
ticides sprayed from knapsacks; (ii) game
reduction; and (iii) no control pro-
gramme. The cost-benefit analysis using
net present values (NPV) and BCR as
decision criteria of project feasibility and
efficiency indicated that insecticide
application was preferable to game
reduction. Estimates of present value
costs were E$630.17/km?/year while the
present value benefits were E$720.24/
km?/year. The BCR was 1.14 and NPV of
the project was E$2.03 million.

e Shaw and Kamate (1982) estimated that
the losses due to trypanosomiasis in an
area of south-west Mali would be between
MF 392,933,000 and MF 577,367,000, with
an average loss per infected animal of
about MF 19,500 (MF = Mali francs). The
authors use these projected losses to
carry out a cost-benefit analysis of vari-
ous control strategies. Only one strategy,
systematic treatment plus diagnostic
support, had a positive net value at both
high and low benefit levels. They also
found that prophylaxis treatment of
work oxen and treatment of other cattle,
which was the policy at the time, were
economically feasible if fully imple-
mented. However, no other strategies
proved profitable.

Asia (T. evansi)

e In Indonesia, Prastywati Sukanto (1998)
reports that trypanosomiasis caused by
T. evansi is the most important disease in
the country and the major limiting factor
in the adoption of higher-yielding exotic
breeds.

South America (T. vivax)

o Otte et al. (1994) studied T. vivax in
Colombia. They report that clinical tryp-
anosomiasis is rare in the low-lying
swampy areas of the country, but that
herds with T. vivax infections had calves
with subclinical symptoms. These ani-
mals had a temporary depression of
packed cell volume as well as a reduction
in growth rate, and there was no evidence
of compensatory growth at a later stage.

Role of poultry in Chagas disease (T. cruzi)

Poultry are reported to be important in the
maintenance of the insect Triatoma infestans
(Gurtler et al., 1998, 1999a,b; Cecere et al., 1999;
Piresetal.,1999) in Latin America, which trans-
mits T. cruzi, which causes Chagas disease in
humans. However, T. cruzicannotmultiply and
maintain itself in poultry (Minter-Goedbloed
and Croon, 1981), indicating that its role in
the transmission of this important zoonosis is
through the maintenance of the vector. Other
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trypanosomes have been reported from other
bird species, but their importance as an eco-
nomic disease is minimal (Springer, 1997).

Bluetongue

Bluetongue is a disease that can affect large
and small ruminants and pigs. In many coun-
tries, it is present without clinical outbreaks;
however, outbreaks may occur when climate
changes encourage insect vectors of the dis-
ease. It is endemic in many tropical regions of
the world and clinical symptoms are rare in
indigenous animals, but are a problem for the
introduction of exotic animals. Bluetongue is
an important trade disease for fear that coun-
tries without the disease may import it and
create outbreaks in naive susceptible popula-
tions. Australia, which is a country with the
disease, has free areas which are protected
and monitored to ensure that it can export
live animals and semen. Therefore, this dis-
ease has a considerable economic impact in
terms of:

e  restricting trade of live animals; and
e adoption of exotic animals in countries
which have endemic bluetongue.

It causes minor losses in endemic areas due to:

e reproductive problems;
e mortality in situations where clinical
symptoms occur.

Information available

This section is divided into general informa-
tion, Europe, North America, Africa, Central
America and the Caribbean and Australia.

General information

e Alexander et al. (1996) report that much
research has provided strong and grow-
ing support for the concept that blue-
tongue disease is an endemic disease of
the tropical regions where it is sustained
by an active population of Culicoides vec-
tors and suitable mammalian hosts. There
are periodic outbreaks of bluetongue adja-

cent to the tropics. Countries with large
populations of Merino sheep and seasonal
incursions of competent Culicoides vectors
appear to be most at risk, although other
breeds can become seriously affected on
occasion without any apparent reason.
The authors conclude that recent advances
in the knowledge of bluetongue have pro-
vided a sound basis for a reassessment of
the protocols applied by many countries
against bluetongue. It now seems that the
use of restrictive protocols has disadvant-
aged access to improved ruminant genetic
material.

Europe

Taylor (1987) reports that bluetongue dis-
ease is uncommon in Europe, but the
sheep industries of the European
Economic Community contain many sus-
ceptible breeds and much damage might
result from the entry of this disease.
Ertan and Nazlioglu (1981) estimate that
the losses due to bluetongue between 1977
and 1979 were 10.5 million Turkish lire.

North America

Osburn et al. (1986) estimated that the
annual cost of bluetongue infection in
the San Joaquin Valley of California was
US$5.75 million/year. The cattle popula-
tion in this area was 350,000.

A study in the state of Mississippi, USA,
estimated that the losses due to blue-
tongue were US$6 million/year (Metcalf
et al., 1980).

Africa

Barnard et al. (1998) report outbreaks of an
unusual disease in December 1995 to
March 1996 and the early summer of 1997
in South Africa. Cattle were affected and
the pattern of morbidity followed that of a
previous outbreak of the disease in 1932-
1933. Clinical signs were similar to those of
infection with bluetongue virus and epizo-
otic haemorrhagic disease of deer. One
dairy herd showed a 42% drop in milk pro-
duction. Bluetongue virus was isolated.
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Central America and the Caribbean

e In Central America and the Caribbean,
Oviedo et al. (1992) report that although
bluetongue (BLU) viruses are enzootic,
the direct economic losses are low com-
pared with the losses due to the restric-
tions imposed on international trade of
ruminants in this zone, which depends
heavily on livestock production.

Australia

e  Geering (1985) states that bluetongue
virus has been isolated but appears to
cause no clinical disease in Australia.

Echinococcosis/hydatidosis

Hydatidosis is a disease that affects large and
small ruminants, pigs and humans. The dis-
ease is of importance because infections in
humans cause cancer-like symptoms mainly
in the liver and lungs. The losses due to hyda-
tidosis are:

e  processing losses:
e condemnations of carcasses.
e  public health concerns:
e costs of treatment;
e losses in human productivity;
e mortality.

There exists much information on the preva-
lence of this disease in different parts of the
world. Itis generally a major problem in exten-
sive sheep systems that are managed with the
use of dogs. Readers interested in the econom-
ics of this disease are recommended to read
the economic assessment of echinococcosis
in Tunisia by Majorowski et al. (2001). These
authors present a methodology for estimating
losses due to this disease and calculate that in
Tunisia hydatidosis causes losses of between
US$10 and US$19 million each year.

Rabies

Rabies can affect large and small ruminants,
pigs and humans. It is of great importance in
urban areas of many cities where dogs main-

tain the disease and occasionally transmit
it to humans. In terms of livestock disease,
rabies is an economically important issue in
South and Central America where the vam-
pire bat transmits the disease mainly to cattle.
The distribution of rabies in this region there-
fore is related to the distribution of the vam-
pire bat. The losses can be very dramatic as
rabies kills animals. For this reason, the cattle
systems in this region of the world vaccinate
their cattle annually and some governments
have vampire bat control programmes.

Paratuberculosis

Paratuberculosisaffectslargeand smallrumin-
ants. It is a more important problem in dairy
cattle systems as the disease causes lower
milk yields and higher culling rates. This is
reflected in the number of studies that have
been carried out from the important dairy
producing regions of the world. In sheep
and goats there appears to be some impact in
terms of increased mortality.

Information available

Europe

e  Bennett et al. (1999) estimated that the
losses due to Johne’s disease (JD) in the
British dairy and beef suckler herds were
between £843,000 and £4.29 million per
year and that total costs were between
£858,000 and £4.31 million.

North America

o Ott et al. (1999) analysed data from the
USDANational Animal HealthMonitoring
System to estimate the losses due to
JD. Their analysis showed that Johne’s-
positive herds experience an economic
loss of almost US$100 per cow when com-
pared to Johne's-negative herds. The
losses are due to reduced milk production
and increased cow-replacement costs. The
positive herds reported that at least 10%
of their cull cows had clinical symptoms
consistent with JD and economic losses
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were estimated to be over US$200 per
cow. High-prevalence herds experienced
reduced milk production of over 700kg
per cow, culled more cows but had lower
cull-cow revenues and had greater cow
mortality than Johne’s-negative herds.
The authors estimated that JD costs the
US dairy industry, in reduced productiv-
ity, US$22-27 per cow or US$200-250 mil-
lion annually.
Johnson-Ifearulundu et al. (1999) reported
on a study of JD in Michigan, USA. They
found that, for a herd of average size and
cull rate, the reduction in mean weight of
culled cows attributable to paratubercu-
losis represented a loss of approximately
US$1150 annually for each 10% increase
in herd prevalence of paratuberculosis.
They also found that the increased mor-
tality rate attributable to paratuberculosis
represented a loss of between US$1607
and US$4400 on the basis of lost slaugh-
ter value and cost of replacement heifers.
Stabel (1998) states that, although cattle
in the USA with clinical JD are often
culled, cows with subclinical paratuber-
culosis may cause economic losses
because of reduced milk yields and poor
reproductive performance.

A study in Holland found that vaccina-

tion against JD was highly profitable

(van Schaik et al., 1996). The authors

report that the costs of the vaccination

were US$15 per cow and the benefits

(total returns minus costs) were US$142

per cow.

Thurtell et al. (1994) analysed the control

of JD in New South Wales. Their report

includes:

e the present situation in terms of the
nature, incidence and testing proced-
ures for bovine JD, and the current New
South Wales government’s measures to
deal with JD (notification, quarantine
and control, and compensation);

¢ the nature of losses attributable to JD in
terms of production losses, loss of
exports and sales, and increased costs;

e market failures (the nature of impact
on the industry and individual pro-
ducers and the problem of information
in sales involving infected herds); and

e market-based and regulatory options
of dealing with JD.
The authors conclude that government
intervention in the control of JD could be
justified if there are limited market failures.
Collins and Morgan (1991) in their ana-
lysis of a test and cull paratuberculosis
programme conclude that, given the
characteristics of most diagnostic tests for
paratuberculosis in use at that time and
assuming that paratuberculosis causes at
least a 6% decrease in milk production of
cows, a test and cull programme should
be profitable when pre-test paratubercu-
losis herd prevalence is more than 5%.
In a study on JD in New Zealand, Lisle
and Milestone (1989) estimated losses on
the most severely affected properties to
be NZ$6651.38 and NZ$3990.72, respec-
tively, for the 1984-1985 and 1985-1986
dairy seasons. The authors calculated
that the costs of a test and slaughter and
a vaccination programme to control JD
on a 100-cow dairy farm were NZ$400
and NZ$100, respectively. They conclude
that in New Zealand a test and slaughter
programme is unlikely to be economi-
cally viable, but the commercial vaccines
at that time sensitize animals to bovine
tuberculin.
Gill (1989) studied the economic impact
of JD in Australia. The author calculated
direct costs of JD to the Australian dairy
industry totalled AUS$3,820,000, of
which: reduced productivity due to
clinical disease was AUS$690,000, sub-
clinical AUS$2,040,000; increased suscep-
tibility to disease and infertility (not
estimated); control  AUS$1,090,000.
Indirect costs were estimated to be
AUS$310,000/year, of which: export test-
ing was AUS$200,000; interstate testing
was AUS$10,000; and research was
AUS$100,000.
Everett et al. (1989) report that the eco-
nomic losses in clinically affected cattle in
the three worst affected dairy herds in
New South Wales, Australia, were
between AUS$1500—4000, subclinical milk
losses AUS$1000/year. The authors state
that the most severely affected beef
herd loses only one clinical case per year,
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valued at AUS$800, but its indirect costs
total AUS$80,000. Only 16 of the 46,000
sheep flocks (52 million sheep) in New
South Wales had been diagnosed with JD
since 1980, and the authors estimate in
these flock that the disease caused mortal-
ity ranging from 0.4% to 4% in adult
sheep. JD had been diagnosed in 43 of the
2000 goat herds in the state, the majority
of which were in the dairy sector, which
was only 0.5% of the total state herd of
413,000 animals.

e Hillion and Argente (1987) report that
the strategy of eradication of JD by the
culling of all sick and carrier cattle and
with vaccination and hygienic measures
gave positive returns in herds with high
prevalences.

e  Chiodini and van Kruiningen (1986) esti-
mate that the losses due to paratubercu-
losis in New England (USA) cattle were
US$15.4 million due to clinical disease
and losses in productivity.

e  Benedictus et al. (1985) estimated that the
economic losses due to the disposal of a
cow with clinical paratuberculosis was
on average 2250 guilders, and the loss of
disposing of a cow without clinical dis-
ease but positive to diagnostic tests aver-
aged 1800 guilders.

e Juste and Casal (1993) analysed the
returns to control strategies for ovine
paratuberculosis in the Basque country.

Other Diseases that Affect
a Range of Species

In addition to the major diseases, a range of
minor diseases exist that also affect a range
of livestock species. Again information on
the economic impact of these diseases is pro-
vided with comments on the validity of this
information.

Yersinia

Yersinia in animals appears to have two
important species Yersinia enterocolitica and
Y. pseudotuberculosis. They are common in

all types of species (Adesiyun et al., 1986;
Staroniewicz, 1986; Gad El-Said et al., 1996)
and cause diarrhoea in animals (Adesiyun
and Kaminjolo, 1994). Hodges et al. (1984)
found a number of different serotypes of
Y. pseudotuberculosis in cattle, sheep, goats,
pigs and birds that had died or were ill with
symptoms of diarrhoea. However, they pro-
vide no indication of the prevalence of sick
animals, making it difficult to determine how
important this disease was. Slee and Skilbeck
(1992) found that infection with Y. pseudotuber-
culosis does not provide protection from infec-
tion with Y. enterocolitica. The same study found
that older sheep are less likely to have infections
from these two forms of Yersinia spp.

The two Yersinia spp. can also cause
infections in humans and one of the problems
with Y. enterocolitica is that it can grow at
refrigeration temperatures (Roberts, 1990).
Jensen and Hughes (1980) report the presence
of Y. enterocolitica in raw goat’s milk, which is
a concern in countries where this product is
being consumed increasingly in order to com-
bat allergy problems from drinking cow’s
milk. Lautner and Friendship (1992) list
Yersinia as an important zoonosis in their
list of pig diseases and a study by Shiozawa
et al. (1988) indicates that a high percentage of
slaughtered pigs have Y. pseudotuberculosis
infections in the throat and respiratory tract.
The authors suggest that pig products are a
potential source of human infection with this
bacterium. Schiemann and Fleming (1981)
found a similar level of infection with
Y. enterocolitica in the respiratory organs of
pigs in Canada. In China, the Y. enterocolitica
serotype that affects humans is very close to
the pig serotype, indicating that there are
public health risks (Hu, 1988). Low levels of
contamination with Y. enterocolitica have been
reported in poultry meat (Czernomysy-
Furowicz et al., 1999).

In a slightly different line of thinking,
Yersinia spp. can create costs in brucellosis
eradication campaigns because certain sero-
types of Yersinia can cause cross-reactions
with Brucella abortus tests (Akkermans, 1975;
Nattermann et al., 1980).

In summary Y. enterocolitica and
Y. pseudotuberculosis are commonly found in
livestock around the world. Their impact
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economically seems to be very limited but
these bacteria are known to:

e cause diarrhoea particularly in young
animals;

e Dbeasourceoffood contamination particu-
larly in soft cheeses, raw milk, pig and
poultry products; and

e cause cross-reactions in Brucella abortus
tests.

The overall impact of the disease caused by
these two bacteria is probably small and this
is reflected in the literature available concern-
ing the prevalence in animals and the losses
that result from infections.

Bovine diarrhoea virus and
border disease virus

Bovine diarrhoea virus causes problems with
fertility mainly in dairy cattle (see Chapter 17,
this volume, for more details) and in sheep
(Sweasey et al., 1979; Sharp and Rawson,
1986; Burgu et al., 1987). The disease can also
infect pigs, but its impact is not that clear and
it appears not to be a serious problem.

Rotavirus

Rotavirus infections occur in large and small

ruminants, pigs and poultry. The impact of

this virus in these groups is summarized as
follows:

e The virus affects cattle and buffalo in
large ruminants and causes diarrhoea
mainly in calves. Losses due to this virus
vary, but rotavirus appears to be the sec-
ond or third most important cause of
diarrhoea and subsequent problems with
calf mortality. Its impact has been such
that research has been carried out to pro-
duce rotavirus vaccines.

e  Insmall ruminants theimpact of the disease
is similar to that seen in large ruminants.

e In pigs, again the impact is similar to
large ruminants.

e In poultry, younger birds do not seem to
be that badly affected, whereas older
birds are affected, causing diarrhoea and

increase in mortality. In the case of lay-
ers, it causes a drop in egg production.
The outbreaks of rotavirus can cause
dramatic losses.

Campylobacter

Campylobacter has importance in fertil-
ity in cattle, sheep, goats and pigs. It is
reported to be associated with abortions in
cattle, sheep and pigs. It is an infection that
can be found in the digestive and repro-
ductive tracts and is common throughout
the world. However, the major significance
of this disease is in terms of public health.
Campylobacteriosis in humans is important
and the main source of infection appears to
come from contaminated food. Anderson
et al. (2001) estimated that approximately
16,000 individuals in the USA might be
infected by Campylobacter jejuni derived
from both ground beef and fresh beef
sources. Campylobacteriosis is estimated
to have caused between US$0.7 and 1.4
million of loss in terms of treatment, diag-
nosis, lost days in work and deaths. The
major threat is from contaminated poultry
products, but there is also a risk from pork,
beef and milk (Shane, 1997).

In summary, campylobacter can be said
to have minor impacts in terms of:

o fertility in cattle, sheep, goats and pigs;
e diarrhoea in pigs and poultry;

It can have major impact in terms of public
health:

e in countries with intensive pig and
poultry systems and intensive process-
ing units with high wages;

e potentially in countries with the con-
sumption of raw milk.

Chlamydia/chlamydophila

Chlamydia affects large and small ruminants,
pigs, poultry and humans. The effects of chla-
mydia in the different groups are summarized
as follows:
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e In cattle, Chlamydia can cause fertility
problems.

e In small ruminants, a number of sero-
surveys would seem to indicate that this
Chlamydia is at low prevalences. However,
there are exceptions which seem to be in
countries with more temperate climates.
The data available on the causes of abor-
tion indicate that Chlamydia is one of the
most important infectious causes of abor-
tion, but this needs to be interpreted in
light of the fact that the majority of abor-
tions do not seem to have an infectious
cause. Also the data on abortions give no
indication of the percentage of animals
aborting in general, which makes it impos-
sible to estimate the economic impact of
this disease in small ruminants.

e In pigs, Chlamydia causes fertility
and respiratory problems. The latter
appear to be associated with secondary
infections.

e In poultry, it seems to be able to cause
damage in the respiratory tract and also
in the reproductive tract. It has an impact
in terms of human health in that severe
outbreaks can lead to human infections,
probably respiratory also.

The absolute impact of Chlamydia is difficult
to assess; it seems to be present everywhere,
but in some situation it can cause clinical
symptoms. Ansell and Done (1988) calculated
that in the UK there were 91,000 abortions in
sheep due to enzootic abortion in ewes caused
by Chlamydia. They estimated that it causes
losses of £1,274,000 and that the returns from
vaccinating against this disease were posi-
tive. However, their calculations are not clear
on how they have estimated the benefits from
the changes and it is suggested that they have
not taken into account the need for extra feed
resources required for the extra lambs pro-
duced or the impact of a greater number of
lambs for sale.

Neospora caninum

Neospora caninum affects cattle, sheep, goats
and pigs and is a cause of reproductive prob-
lems. According to Otter (1996), neosporosis is

an emerging problem in cattle and it is in this
species where the greatest numbers of articles
are published on the epidemiology (French
et al., 1998; Bartels et al., 1999) and economics
of the disease. Agerholm et al. (1997) report
that Neospora caninum caused abortions in
study herds in Denmark, but provide no fig-
ures for the prevalence of this disease. Otter
(1997) also details a study in the UK which
looked specifically at infected herds. This
study stated that abortions were sporadic,
affecting less than 5% of the cows, but pro-
vides no details of herd prevalence in the UK.
Thurmond and Hietala (1996), in a study of
dairy cows in California, found that cows that
are seropositive to N. caninum have a shorter
life than seronegative cows (6.3 months less)
and also have a greater risk of being culled
(1.6 times greater risk). Given the costs associ-
ated with cow replacement, the authors state
that the costs of this disease are greater than
just the abortion costs involved.

Kasari et al. (1999) studied the economic
losses caused by N. caninum in beef herds
found in Texas. Their analysis found that a
herd with a 20% prevalence of infection
experienced an estimated 2.4% lower calving
percentage, an overall estimated 2.3% lower
weaned calf crop and lower calf weight at
birth from infected cows (5.6kg). They pre-
dicted that the economic loss was US$13.75/
head (US$577.50 herd loss) with a range of
between US$23.29/head (US$978.18 herd
loss) and US$35.21/head (US$1478.82 herd
loss) depending on the impact at individual
animal level. At state level, they estimated
that the total economic loss to the Texas beef
industry was US$7.6 million, but this may
range between US$15 million and US$24 mil-
lion. It is noted that these estimates were
derived using deterministic and stochastic
models. The former produces a single answer,
the latter a range. What is difficult to under-
stand is how the stochastic model has
produced solutions that do not include the
estimate from the deterministic model in its
range. These estimates indicate disease
losses, which appear large, but no informa-
tion is required on how disease status can be
changed or how much it might cost.

Yamane et al. (2000) estimated the losses
in milk production in Japan from cows
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infected with N. caninum and also cows that
had aborted due to this disease on the basis of
a serological survey that showed an individ-
ual animal prevalence of 3.24% and that 2030
aborted fetuses were diagnosed positive to
this disease. Their estimates provide informa-
tion about disease losses.

French et al. (1999) used mathematical
models to examine the importance of differ-
ent methods of transmission of N. caninum.
They used this information to determine the
most effective means of reducing infection in
dairy cattle. They found that annual culling
of infected cattle rapidly reduced the preva-
lence of infection and was the most effective
method of control in the short term. In addi-
tion culling calves from infected cows was
also effective in the short term. Their analysis
did not indicate costs of the control and
Antony and Williamson (2001) would argue
that insufficient information is available on
N. caninum to draw definite conclusions on
the returns to the control of this disease.

Cryptosporidiosis

De Graaf et al. (1999) review information
available on cryptosporidial infections in
livestock and poultry. They conclude that
cryptosporidiosis:

e Is a problem mainly in neonatal rumin-
ants. C. parvum is considered to be an
important agent in the aetiology of the
neonatal diarrhoea syndrome of calves,
lambs and goat kids, causing consider-
able direct and indirect economic losses.

e Avian cryptosporidiosis is an emerging
health problem in poultry, associated
with respiratory disease in chickens and
other Galliformes, and with intestinal
disease in turkeys and quails.

e Because of limited availability of effec-
tive drugs, the control of cryptosporidio-
sis relies mainly on hygienic measures
and good management.

Summary

The chapter has provided information on
the economic impact of livestock diseases
that affect a range of species. The review is
by no means complete as some diseases that
cause important losses such as cysticercosis
in cattle and pigs are not included. However,
the majority of the most important studies
on the economic impact of general livestock
diseases are included in this chapter and sub-
sequent chapters will cover the diseases of
large ruminants, small ruminants, pigs and
poultry.



17 Diseases of Large Ruminants

Importance of Large Ruminants in
the World Livestock Economy

The principal products of large ruminants are:

meat;

hides;

milk and milk products;
manure;

draught power;
transport.

Large ruminants are generally regarded as
the most important domestic livestock spe-
cies in the world. Their importance is dem-
onstrated by the list of products they provide.
In developed countries, their contributions
are mainly restricted to commercial prod-
ucts such as meat, hides and milk. However,
in countries such as India, where 15% of the
world’s cattle population and more that 50%
of the world’s buffalo population are found,
the main purpose of these animals is to pro-
vide draught power and manure for crop
systems and also transport people and prod-
ucts in rural areas. Milk production is import-
ant and increasingly so, but there remains
a taboo on eating beef in the largely Hindu
population of this country. Cattle are also
important as draught animals in Africa and
research has shown that the low offtake rates
in some smallholder farmer areas are related
to the high value placed on draught power

and manure. In South-east Asia, buffalo is the
important source of draught power.

Figure 17.1 shows the distribution of the
cattle and buffalo population in the world.
The largest populations are found in Asia and
Central and South America.

Large ruminants supply nearly a third of
the world’s meat production (30.68%). The pat-
tern of meat production for large ruminants is
very different, with the OECD countries being
the largest producers followed by Central and
South America (see Fig. 17.2). Note that there
appears to be an error in the data on buffalo meat
production for Central and South America.

Figure 17.3 shows the distribution of the
world’s dairy cattle. Eastern Europe and CIS
have the largest population followed by Asia
and OECD.

Again the pattern of production is different
for the distribution of production, with OECD
dominating the world production. It is also
noted that over half the milk produced in Asia
comes from other species apart from cattle. This
relates to the large buffalo population found in
this region. The large ruminants supply nearly
all the world’s milk production (see Fig. 17.4).

Summary

Large ruminants play an important role in
the world livestock economy both in terms
of commercial products and intermediate
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Fig. 17.1. Cattle and buffalo population in the different regions of the world. (From Seré and Steinfeld, 1995.)
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Fig. 17.2. Beef and veal and buffalo meat production in the different regions of the world. (From Seré and
Steinfeld, 1995.)
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Fig. 17.3. Dairy cattle population in the different regions of the world. (From Seré and Steinfeld, 1995.)
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Fig. 17.4. Milk production in the different regions of the world. (From Seré and Steinfeld, 1995.)
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products for farm-level production. However,
the levels of production from these species do
not relate to the populations found in the dif-
ferent regions of the world. The reasons for this
relate to the type of management and feeding
systems employed in the different parts of the
world. In the OECD region, large ruminants are
normally found in intensive systems that have
high levels of concentrate feeding and invest-
mentsinmachinery and housing. These systems
are capable of producing greater quantities of
product per animal, but require much high lev-
els of input. In contrast, where the majority of
the large ruminant population is found, there
are low levels of feed and capital inputs. These
are important issues when analysing the eco-
nomic impact of large ruminant diseases and
normally the literature is generally dominated
with information from the high-input high-
output systems of the OECD countries.

Overview of Large
Ruminant Diseases

Some of the most important large ruminant
diseases are as follows:

1. Foot-and-mouth disease (FMD; reviewed
in Chapter 16, this volume).

. Rinderpest.

. Vesicular stomatitis.

. Contagious bovine pleuropneumonia.

. Lumpy skin disease.

. Rift Valley fever.

. Bluetongue (reviewed in Chapter 16, this
volume).

8. Anthrax (reviewed in Chapter 16, this
volume).

9. Leptospirosis.

10. Rabies (reviewed in Chapter 16, this
volume).

11. Paratuberculosis (reviewed in Chapter 16,
this volume).

12. Bovine anaplasmosis.

13. Bovine babesiosis.

14. Bovine brucellosis (reviewed in Chapter
16, this volume).

15. Bovine genital campylobacteriosis (re-
viewed in Chapter 16, this volume).

16. Bovine tuberculosis (reviewed in Chapter
16, this volume).
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17. Bovine cysticercosis (reviewed in Chapter
16, this volume).

18. Dermatophilosis.

19. Enzootic bovine leucosis.

20. Haemorrhagic septicaemia.

21. Infectious bovine rhinotracheitis (IBR)/
infectious pustular vulvovaginitis.

22. Theileriosis.

23. Trichomonosis.

24. Trypanosomiasis (tsetse-transmitted; re-
viewed in Chapter 16, this volume).

25. Malignant catarrhal fever.

26. Bovine spongiform encephalopathy.

These diseases were on Lists A and B of the
OIE. Such diseases are normally contagious
and have a high economic impact. However,
there are other diseases which are normally
named production disease such as lameness
or mastitis that are also important and cause
high losses particularly in intensive dairy
systems. The following section will provide
information on a number of diseases listed
above.

Information Available

This part of the chapter is divided into:

e General studies of ruminant
diseases.

e Rinderpest.

Contagious bovine pleuropneumonia.

Ticks and tick-borne diseases.

Haemorrhagic septicaemia.

Bovine leucosis.

Bovine viral diarrhoea.

IBR.

large

General large ruminant disease studies

e  Fourichon et al. (1999) reviewed papers
that reported losses on production diseases
such as dystocia, stillbirth, milk fever,
retained placenta, metritis, cystic ovaries,
ketosis, displaced abomasum and loco-
motor disorders in the production levels of
dairy cattle. Their data were dominated by
North American and European studies
and they report that losses were not associ-
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ated with milk fever or cystic ovaries, but
the other problems did cause milk produc-
tion losses to varying degrees.

Wells et al. (1998) reviewed the available
information on diseases that affect
dairy production. Their analysis showed
that traditional production costs ranked
mastitis, reproductive problems and lame-
ness as the most important dairy cattle
diseases. However, using a qualitative
ranking system, the most important dis-
eases included Salmonella, Johne’s disease
(Mycobacterium  paratuberculosis), bovine
diarrhoea virus-associated disease and
mastitis. The authors suggest that ranking
systems in the dairy industry should con-
sider zoonotic risks, international trade
implications and animal welfare concerns
as well as production losses.

Europe

Rajala-Schultz and Grohn (1999) studied
the impact on milk production in Finnish
Ayrshire cows by the production dis-
eases: dystocia, retained placenta, metri-
tis, milk fever, ketosis, lameness and
mastitis. They found that, except for late
metritis, they caused reductions in milk
yields. Mastitis had the largest impact.
Seegers et al. (1998) studied the reasons
for culling in French Holstein cows. In
order of frequency, their research found
that reasons were infertility or reproduct-
ive disorders, udder disorders, low milk
yield, sales for dairy purposes, and oth-
ers including lameness and emergency
culling. The authors report that culling
due to fertility problems was the most
expensive culling problem as it usually
occurred in younger animals.

Esslemont and Peeler (1993) state that the
main losses in British dairy systems
occurred in animals with endometritis,
lameness, mastitis, extended calving inter-
vals and excessive involuntary culling.
They estimated that the cost in a 100-cow
herd was approximately £10,000/ year.

A study in Switzerland of dairy herds in
1993/1994 (Stark et al., 1997) estimated
that disease-related annual costs per cow
were FS 139.44 and per calf FS 4.18. In

addition, the annual disease prevention
cost per cow was FS10.18. Antibodies
against Leptospira hardjo, Coxiella burnetti,
Mycobacterium paratuberculosis and bovine
diarrhoea virus were detected in 68.1%,
61.9%, 8.0% and 99.1% of the farms.
Nearly two-thirds of the farms (63.7%)
had gastrointestinal strongylid infections.
Veterinary assistance was required on
average 1.96 times per cow and the main
treatments were for reproductive and
puerperal diseases. The dairy farmers
treated most animals with lameness.
Vagsholm et al. (1991) estimated the costs
of disease in Norwegian dairy farms
using a dual-estimation approach to pro-
duce shadow prices. They found that
reproductive diseases, ketosis, udder
diseases and other diseases had shadow
costs per case of 1751, 1268, 295 and 617
Nk, respectively (US$1 = 7 Nkr).
Mouchet et al. (1986) surveyed 476 dairy
farms in Ille-et-Vilaine, France, and they
report that veterinary costs in order of
expenditure were mastitis (22%), infertil-
ity and endometritis (12.6%), prophylac-
tic measures (10.9%), calf diarrhoea
(7.9%), obstetrics (6.7%), antiparasitic
and antimycotic treatments (6.2%), lame-
ness (6%), vitamin, mineral and amino
acid therapy (5.5%), dystocia (4.6%), milk
fever (4.4%), digestive disorders (3.8%),
foreign bodies (1.7%) and respiratory
diseases (1.6%).

Fisher (1980) examines the economic
impact of cattle diseases in Britain
between 1850 and 1900. The author
describes the Diseases of Animals Act of
1884, which was drafted and imple-
mented in response to the heavy losses in
the country due to rinderpest, bovine
contagious pleuropneumonia and FMD.

Asia

Kim JongShu et al. (1999) report on the

National Animal Health Monitoring

Systems in Gyeongnam, Korea. They

estimated that:

¢ In cows, the most costly seven diseases
were clinical mastitis, reproductive
disorder, gastrointestinal problems,
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multiple system disorders, parturition
complications, metabolic/nutritional
disease and lameness.

e In young stock, the most costly dis-
eases were the multiple system disor-
ders, reproductive disorders,
respiratory disease, gastrointestinal
disease and lameness.

e In calves, the most costly diseases were
gastrointestinal disorders, respiratory
diseases, skin diseases, multiple sys-
tem disorders and metabolic/nutri-
tional disorders.

In Pakistan, Khan et al. (1994) surveyed
livestock producers in villages in the dis-
trict of Lahore, Pakistan. They found that
common diseases in cattle and buffalo
were haemorrhagic septicaemia in buf-
falo calves, diarrhoea in adult buffaloes
and FMD in young and adult cattle. They
estimated that, in the 5400 cattle and buf-
faloes in the survey, there were annual
financial losses due to disease of Rs 19
million and that Rs 6.8 million were due
to haemorrhagic septicaemia.
Paramatma et al. (1987) studied the cattle
diseases in an Indian village and found that
the most prevalent and economically
important diseases were FMD, haemor-
rhagic septicaemia and gastrointestinal
diseases.
Ronohardjo et al. (1986) estimated that
losses attributable to fascioliasis, trypano-
somiasis, mastitis and FMD among cattle
and buffaloes amounted to US$115 mil-
lion. The authors believed that Fasciola
gigantica was responsible for losses of
US$32 million and trypanosomiasis
US$22 million. They report that other
major diseases were haemorrhagic septi-
caemia, Haemonchus contortus infestation,
ascariasis, brucellosis and anthrax.
Partoutomo et al. (1985) assessed the dis-
eases of major importance in Indonesia.
In order of economic importance, they
listed fascioliasis, trypanosomiasis, FMD,
haemorrhagic septicaemia, gastrointes-
tinal nematodiasis, ascariasis, brucello-
sis, stephanofilariasis, anthrax, mastitis,
lantana poisoning, copper deficiency and
scabies in cattle and buffaloes as the
major diseases for large ruminants.

Africa

Otesile et al. (1983) studied losses in
calves in Nigeria of different breeds. The
abortion rate and stillbirth varied
between 2% and 45% and the calf mortal-
ity rate between 15% and 44.6%. The
exotic breeds had higher mortality and
abortion rates. The most common causes
of post-natal death were neonatal weak-
ness (14.8%), FMD (12.7%), septicaemia
(9.2%), parasitic gastro-enteritis (7.0%)
and pneumonia (6.3%).

North America

Hird et al. (1991) analysed the data from
the National Animal Health Monitoring
System for Californian beef herds in
1988-1989. They report that the highest
costs for veterinary services were for
dystocia, lameness and ocular carcinoma
and that mean expenditures for prevent-
ive veterinary services were US$1.67/
cow-year, which was mainly spent on
reproductive problems such as female
infertility, vaccination against brucello-
sis and male infertility, which cost
US$0.72, US$0.39 and US$0.22 / cow-year,
respectively.

Miller and Dorn (1990) report on the data
from the Ohio National Animal Health
Monitoring System for dairy cattle. Their
analysis found that costs of disease
prevention and treatment averaged US$
172.40/cow-year, with mastitis account-
ing for 26%, followed by infertility not
otherwise specified 13%, pneumonia 5%,
lameness 5%, dystocia 5%, milk fever 4%,
left displaced abomasum 4% and death
3%. Mastitis had the highest annual
estimated prevalence (37 cases per 100
cow-years), followed by metritis (32 cases
per 100 cow-years), infertility (25
cases per 100 cow-years), pneumonia (19
cases per 100 cow-years), cystic ovaries
(eight cases per 100 cow-years) and
retained placenta (eight cases per 100
cow-years).

Kaneene and Hurd (1990a,b) describe the
design of a National Animal Health
Monitoring System for Michigan. They
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report that, of the three age groups stud-
ied, cows had the greatest number of dis-
ease problems. Table 17.1 provides details
of the importance of different diseases in
terms of reporting and cost of treatment
or prevention.

e House (1978) analysed data on calf mor-
tality in the USA and for that Escherichia
coli was responsible for the most devas-
tating economic losses (50.9% and 74.6%).
Coronaviral (17.5% and 29.7% loss) and
rotaviral (3.2% and 9.1% loss) infections
ranked second and third, respectively. In
one study, cryptosporidial infections
(6.5% loss) were estimated to be similar
in economic impact to rotaviral infection.
Salmonellosis, mycotic gastro-enteritis,
IBR and bovine viral diarrhoea infections
accounted for minor losses. The esti-
mated average annual loss from E. coli
was US$48.6 and US$71.2 million; from
coronaviral infection, US$16.7 and
US$28.4 million; from rotaviral infection,
US$3.1 and US$8.7 million; and from
cryptosporidial infection from one study
US$6.2 million.

Rinderpest

Rinderpest is a contagious viral disease
affecting ruminants and pigs. The disease is
characterized by high fever, gastro-enteritis,
erosive stomatitis, fetid odour, dehydra-
tion and death (Scott, 1990). In the past, the
disease was prevalent in many parts of sub-
Saharan Africa, South and South-east Asia
(OIE, 2001) and it was also present in Europe
but eradicated in that region without vac-
cine. It is a disease that has caused enormous
losses and its entry into Africa is sometimes
cited as the reason for the slow development
of this continent. The reality is that it is a dis-
ease that can devastate cattle herds and the
efforts that have been put into its control and
eradication demonstrate its economic impor-
tance. However, with luck this may become
the first cattle disease to be eradicated from
the world and this section concentrates on
the control programmes to give an idea of the
investments in the eradication of rinderpest.
Strenuous control programmes have
eradicated the disease from much of the world.
In Africa, two foci of disease are identified,

Table 17.1. Importance of different large ruminant diseases in terms of reporting and costs of treatment.
(From Kaneene and Hurd, 1990a,b.)

Age group Cows Young stock Calves
Most frequently Breeding problems Respiratory Gastrointestinal
reported Clinical mastitis Multiple system Respiratory
Parturition problems Breeding Multiple system
Metabolic Gastrointestinal Lameness
Gastrointestinal disorders Lameness Metabolic/nutritional

Most expensive
diseases

Highest annual
preventive
cost

Lameness

Clinical mastitis

Breeding problems
Gastrointestinal problems
Parturition problems
Multiple system problems
Lameness

Metabolic/nutritional diseases

Mastitis

Breeding problems
Lameness

Parturition problems
Multiple system problems
Gastrointestinal disease

Metabolic/nutritional problems

Birth problems

Multiple system problems
Breeding problems
Respiratory disease

Birth problems
Gastrointestinal disease
Lameness

Urogenital diseases
Gastrointestinal problems
Respiratory diseases
Multiple system problems
Birth problems

Metabolic diseases
Lameness
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southern Somalia and north-east Kenya, and
southern Sudan and contiguous areas of
Ethiopia, Kenya and Uganda (Roeder, 2000a).
In Asia, Pakistan and Yemen are the areas caus-
ing concern (Roeder, 2000b).

Geographical distribution, past
and present control campaigns

TheGlobalRinderpestEradicationProgramme
(GREP) has set a target of the global eradica-
tion of rinderpest by 2010 (GREP, undated).
Diagnostic tests and an excellent vaccine are
available and there is economic incentive to
cooperate in control measures.

Africa

e Anew campaignknown as the Pan African
Rinderpest Campaign (PARC) was estab-
lished to combat the latest resurgence of
the disease, with the ultimate aim of the
eradication of the disease. The campaign
began in 1987 in Burkina Faso, Ethiopia,
Mali, Nigeria and Sudan (Walsh, 1987).

e PARC adopted a country-by-country
approach, and the campaign was exe-
cuted by national teams. Vaccine banks
and an emergency fund were established
to intervene quickly in threatened coun-
tries (Cheneau, 1993).

e  Screening of sera from 18 wildlife species
in Kenya during the period 1970-1981
found that 8.5% of samples tested posi-
tive for neutralizing antibodies to rinder-
pest (Rossiter et al., 1983).

e  Wild animals including buffalo (Syncerus
caffer), warthog (Phacochoerus aethiopicus)
and giraffe (Giraffa camelopardus) were
affected by outbreaks in Tanzania in the
early 1980s (Rossiter et al., 1983; Wafula
and Kariuki, 1987).

e  The milder endemic form of the disease,
which is more difficult to detect, is consid-
ered to be a particular problem. This form
of the disease can persist among small
populations and the percentage of animals
affected may be very low, meaning that a
relatively large sample of cattle may need
to be tested in order to detect the presence
of the disease (Rossiter and James, 1989).

e  The campaign has had considerable suc-
cess, the disease is limited to two foci,
and many African countries have been
able to declare provisional freedom from
the disease over recent years. Tambi ef al.
(1999) found positive returns to PARC in
ten countries that they analysed.

e  Outbreaks such as those which occurred
in Kenya between 1994 and 1996
were contained by two rounds of mass
vaccination and surveillance with the
assistance of the FAO and the European
Union, and a zone of the country was
declared provisionally free of the disease
(Empres, 1999a).

e The collapse of the government in
Somalia in the early 1990s has made it
difficult to gain access to cattle in the
south of the country, but it is suspected
that rinderpest continued to circulate in
the region (Empres, 1999b).

e Conditions in southern Sudan also make
data on the disease difficult to obtain, but
the northern part of the country has been
declared provisionally free (Roeder,
2000a).

e Itisargued that mass vaccination should
be stopped in favour of intensive surveil-
lance and emergency preparedness to
safeguard against outbreaks of rinder-
pest, as suboptimal vaccination cam-
paigns resulting in immunity rates of
below 70% will not result in the eradica-
tion of the disease (Roeder, 2000a).

South Asia

South Asia has also seen extensive efforts to
control the disease in recent years:

e Prior to the mid-1950s, 400,000 bovids
were affected each year in India and
around half of them died in 8000 out-
breaks (Adlakha, 1985). A national rin-
derpest eradication campaign was
launched in 1956 and the disease inci-
dence was much reduced.

e Rinderpest is reported to have entered
Pakistan from India in 1956. The disease
was brought under control in the 1960s
and the country appeared to be free of
the disease by 1977, although it remained
seriously threatened (Raja, 1985).
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Durrani et al. (1988) report that a rinder-
pest-like disease had threatened the buf-
falo and cattle in the Landhi dairy colony
for the previous 18 years, and that the
presence of the disease had now been
confirmed.

Outbreaks of rinderpest have continued
in Pakistan during the period from 1994
to 2000 (Roeder, 2000b).

One factor limiting the effectiveness of
the control campaign was reported to be
the poor quality of the vaccine available
in the country, prior to 1995. Quality-
assured vaccine enabled the eradication
of the disease from northern areas.
Elsewhere in the country strategic vacci-
nation was continued primarily in the
buffalo tract of Sindh province (Roeder,
2000Db).

In 2000, rinderpest was reported from
three dairy farms near Karachi. Further
investigations revealed that other out-
breaks had occurred in northern Sindh
during the 1998-2000 period (GREP,
2001).

Bangladesh experienced a severe rinder-
pest epidemic in 1958, which is estimated
to have killed 3 million cattle and buffa-
loes (Siddique, 1985). The country was
considered to be at considerable risk
from the disease as the climate was
favourable to the spread of the virus and
animals are vulnerable due to their poor
nutritional status. The congregation and
dispersal of animals during the monsoon
period would also facilitate the spread of
the disease. A control campaign was
instigated and vaccination was carried
out both in border areas and in the inte-
rior of the country.

However, a serological survey reported
by Debnath et al. (1994) revealed that
only 8.5% of animals in border areas
tested positive for rinderpest antibodies,
revealing that the country was vulnera-
ble to another epidemic and that vaccina-
tion procedures needed to be reviewed.
Nepal saw systematic control of the dis-
ease in the period between 1965 and
1969. An outbreak in the vicinity of the
India border was controlled in 1978
(Lamichang, 1985). The last reported

incidence of the disease in Nepal was in
1990, in Bhutan in 1969 and in Sri Lanka
in 1994 (OIE, 2001).

South-east Asia

e  South-east Asia has also seen the disease
controlled by vaccination and movement
controls. The disease has never been re-
ported in Malaysia, and the last reported
incidences of the disease occurred in
Indonesia in 1907, Singapore in 1930, the
Philippines in 1955, Burma in 1957,
Thailand in 1959, Cambodia in 1965, Laos
in 1966 and Vietnam in 1977 (OIE, 2001).

Ticks and tick-borne diseases (TBDs)

Ticks and tick-borne diseases are widely dis-
tributed throughout the world, particularly in
tropical and subtropical countries. It has been
estimated that 80% of the world cattle popu-
lation is at risk from ticks and tick-borne dis-
eases and that they cause US$7 billion worth
of losses (McCosker, 1979). Perry and Young
(1995) state that tick-borne infections are a
greater constraint to livestock development
in Africa than in other geographical zones.
This is supported by the fact that Africa has
all the most important ticks and TBDs, and is
the only region affected by East Coast fever.

The tick species that cause the most seri-
ous problems for all livestock producers may
be divided into four groups:

1. The Boophilus spp. that transmit the proto-
zoan Babesia spp. and the rickettsia Anaplasma
spp. The species are widely distributed and
their most significant impact is on imported
and exotic breeds of cattle.

2. The Hyalomma spp. that transmit the pro-
tozoan Theileria annulata. Tropical theileriosis
caused by the organism is a particular prob-
lem for cross-bred dairy cattle in India, and
worldwide it is estimated that 250 million
cattle are at risk of this disease.

3. The Amblyomma spp. that transmit the
rickettsia Cowdria rumintium that causes heart-
water, a disease of small ruminants and exotic
cattle in sub-Saharan Africa. Amblyomma spp.
also transmit the protozoan T. mutans and have
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been identified as a cause of dermatophilosis,
which is a significant problem in West Africa.
These tick species are also associated with
tick worry or damage.

There exists a range of options for the control
of ticks and tick-borne diseases (Fig. 17.5).
The choice of which option to use is generally
site-specific and requires knowledge of the
technology available, its cost and its impact.

Getting the choice of options wrong can
lead to problems of tick-borne disease instabil-
ity (Fig. 17.6) and possibly problems of resis-
tance to drugs:

e Minjauw et al. (1999) analysed a trial with
different strategies of tick and East Coast
fever control. They estimated that the
strategically sprayed and immunized
cattle in a traditional extensive system of
management had the highest NPV, and
the non-immunized group with no tick
control the lowest. A break-even analysis
showed that the immunization costs
could rise to US$25.9 before profitability
was affected. For herds under intensive

Partial control
potentially
environmentally
friendly and in some
cases will have greater
sustainability. Need
for education

[Precstors |——
[sterte males |———— Tioks

tick control, immunization was shown to
be of no economic value. The results dem-
onstrated the value of immunization, and
indicated that this strategy is best used in
combination with tick control measures.

e  Where an outbreak of a tick-borne disease

occurs, the re-establishment of endemic
stability will take time and losses may be
quite severe, and it is poor families who
are likely to be affected most severely
(Minjauw and McLeod, 2001).

e  Within the smallholder dairy sector in

East Africa, where herd size would typi-
cally be around three cows, loss of a sin-
gle animal would have a serious effect on
household income. Milk sales make a
particularly important contribution to
household income at certain times of the
year when other sources of income are
lacking (Heffernan and Misturelli, 2000)
and incidence of tick-borne disease at
this time could be particularly serious for
household income.

e Loss of a single high-quality young

female animal can have serious long-term

Expense? In some cases resistance
issues? In some cases instability
issues? Delivery problems?
Technology demanding?
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Fig. 17.5. Options to control ticks and tick-borne diseases. (From Rushton et al., 2001.)
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Fig. 17.6. The balance in the control of ticks and tick-borne diseases. (From Rushton et al., 2001.)

consequences for the herd and given the
shortage of good-quality genetic stock in
Kenya available to smallholders, it is
likely to be difficult to replace (Minjauw
and McLeod, 2001).

East Coast fever

East Coast fever regularly kills animals and
causes morbidity. The option of relying on
enzootic stability does not appear a possibil-
ity for this disease and the need for appropri-
ate farm-level solutions is high.

e  Mukhebi et al. (1992) estimated that the
losses due to T. parva in the area of
Burundi, Kenya, Malawi, Mozambique,
Rwanda, Sudan, Tanzania, Uganda,
Zaire, Zambia and Zimbabwe were
US$168 million and that 1.1 million cattle
die due to the disease.

e In a more recent study, Minjauw and
McLeod (2001) estimate much higher
losses of US$233.81 million for Kenya,
Malawi, Tanzania and Zambia. The area
affected by the disease has approximately
24 million head of cattle and is one of the
poorest regions of the world. The poorest
people in this region are from rural areas
and reliant on livestock and agriculture
for their living.

Amblyomma variegatum

The tick A. variegatum is involved in the
spread of heartwater and associated with der-
matophilis, but is also responsible for serious
damage to animals, often causing secondary
infections, and is also associated with derma-
tophilosis. This tick is widespread in Africa
and is also present in the Caribbean, where it
is considered a risk to the livestock industry
in the USA.

Contagious bovine pleuropneumonia

Contagious bovine pleuropneumonia
(CBPP) is a bacterial disease affecting cattle
and water buffaloes. The disease can occur in
acute, subacute or chronic forms and is char-
acterized by pneumonia, serofibrinous pleu-
risy and oedema of the interlobular septa
of the lungs (Edelsten et al., 1990). Recent
years have seen the appearance of the dis-
ease in several countries in Central, Eastern
and Southern Africa, which has necessitated
strenuous efforts for containment. Between
1989 and 1998, the Democratic Republic of
Congo, Rwanda, Burundi, Tanzania and
Zambia all became infected with the disease
(Empres, 1998b):
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e Botswana saw the first outbreak for over
50 years, although it was later provision-
ally able to declare itself free of the dis-
ease (Empres, 1998a).

e The disease was reported to be endemic
in Angola, while Malawiand Mozambique
were under threat from the disease
spreading across the border from Tanzania
(Empres, 1997).

e The disease is also considered endemic
in northern Namibia, but a control pro-
gramme initiated in 1997 is stated to be
reducing the incidence of the disease
(Empres, 2000).

e Qutbreaks of the disease have been
reported inrecent years in Kenya, Uganda,
Ethiopia and in many West African coun-
tries (OIE, 2001).

e South and South-east Asia are largely
free of the disease, but outbreaks have
been reported from Bangladesh and
Pakistan (OIE, 2001).

Control strategies

Control of CBPP is based on a combination
of vaccination movement restrictions and
slaughter programmes. Treatment of the dis-
ease is rarely justified as there is the risk of
converting actively infected animals into car-
riers (Edelsten et al., 1990).

e  War and instability are thought to have
led to the reappearance of the disease
in Burundi in the mid-1990s (Empres,
1998¢).

e  Cross-border movements are reported to
have been responsible for the first out-
breaks of the disease in Tanzania since
the 1960s (Bolske et al., 1995). Cattle were
moved into southern Kenya due to poor
water and grazing conditions as well as
cattle thefts. When CPBB was suspected,
many herders recrossed the border in
an attempt to avoid the disease. In this
manner, a more serious outbreak was
prevented by movement restrictions
imposed by the herders themselves
(Bolske et al., 1995).

e  Mass slaughter may be the only effective
option in the infected area, combined with
strict movement controls and intensive

surveillance. Test and slaughter policies
are considered ineffective and can lead to
the spread of the disease (Empres, 1997).

e The 1995 outbreak in Botswana was only
controlled by complete depopulation of
the infected area and strict surveillance
(Empres, 1998b).

e In Zambia, the disease is prevented from
spreading beyond the area close to the
Angola border, where outbreaks have
occurred, by vaccination, test and slaugh-
ter policies, and movement controls,
combined with an extensive publicity
campaign (Empres, 1997).

e InsouthernSudan, the diseaseis reported
to be endemic, but severe clinical disease
is rare (Empres, 1997). It is suggested that
in areas such as this, surveillance, and
vaccination only of those animals that
are identified as being at particular risk,
may be more appropriate than mass vac-
cination (Empres, 1997).

e A cost-benefit analysis, which compared
mass vaccination against CBPP with 50%
coverage; a 5% selective vaccination and
treatment scheme against CBPP, anthrax,
blackleg and haemorrhagic septicaemia,
and selective treatment against trypano-
somiasis, was performed by Zessin and
Carpenter (1985). The analysis demon-
strated that surveillance and selective
treatment strategy appeared to be the
most beneficial, and would help estab-
lish improved links between herders and
the veterinary service.

Haemorrhagic septicaemia

Haemorrhagic septicaemia (HS) is a form of
acute pasteurellosis affecting cattle and water
buffalo (Edelsten ef al., 1990). It is endemic in
South and South-east Asia and sporadic out-
breaks occur in sub-Saharan Africa (Edelsten
et al., 1990; OIE, 2001). This geographical dis-
tribution is reflected by the available litera-
ture on this disease, which is dominated by
work from Asia. Water buffaloes are particu-
larly susceptible to the disease and economic
losses result from decreased milk production
and the loss of draught power (De Alwis,
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1993a). While sporadic disease outbreaks
attract the attention of the authorities, the low
levels of the disease in endemic areas among
young animals may be more economically
significant (De Alwis, 1993a).

e Major outbreaks of haemorrhagic septi-
caemia occur in India during the mon-
soon season (Kundu, 1993). During the
1940s and 1950s, about 60,000 cattle and
buffalo died annually, but the incidence
and mortality rate have been reduced
considerably by the use of vaccines and
drugs (Kundu, 1993).

e  Sri Lanka saw an outbreak in 1955-1956,
which killed nearly 10,000 livestock (De
Alwis, 1993b). Since that time, the dis-
ease has become endemic in the dry zone
of the country, an area where indigenous
animals are kept under extensive man-
agement conditions, contact between
animals is unrestricted.

e In Sri Lanka, haemorrhagic septicaemia
occurs in areas where early detection is
difficult, case fatality is near 100%, but the
morbidity rate is highly variable, ranging
from 5% to nearly 90% (De Alwis, 1993b).

e Hiramune and De Alwis (1982) reported
that, among cattle and buffalo examined
in the endemic area of Sri Lanka, the car-
rier rate was 22.7% in herds where dis-
ease had occurred in the previous week,
declining to 1.9% in herds which had the
disease 6 weeks previously. In this area,
outbreaks are more frequent, but the
morbidity levels tend to be lower than in
non-endemic areas.

e The disease is also confined to young
animals in the endemic areas, while else-
where animals of all ages may be affected
(De Alwis, 1993b).

e  Sabah, Malaysia, saw an outbreak in 1973
in which 1200 buffaloes died; since the
outbreak, approximately 100-150 cases
have been recorded annually. Case fatal-
ity is close to 100%. However, no cases
have been recorded among cattle, which
are not usually kept in close proximity to
buffaloes (Yeo and Mokhtar, 1993).

e In other regions of Malaysia, the disease
is enzootic and of major economicimport-
ance (Jamaludin, 1993).

e Haemorrhagic septicaemia also causes
heavy losses among cattle and particu-
larly buffalo in Vietnam (Phoung, 1993).

e  Cattle and buffalo in Cambodia are also
affected (Kral et al., 1993).

e In Burma, haemorrhagic septicaemia is
reported to be the most important bacte-
rial disease of livestock (Van Khar and
Myint, 1993).

e  Cattle and buffalo, as well as sheep and
goats, have been reported as infected in
the Philippines (Interior, 1993).

e In Indonesia, haemorrhagic septicaemia
is reportedly one of the most important
diseases affecting buffalo (Putra, 1993).

e Mustafa et al. (1978) report continual
outbreaks of the disease in all parts of
Sudan.

e In Namibia, Voigts et al. (1997) reported
outbreaks during 1994 and 1995 and it
was suggested that the oryx antelope
was a possible source of infection during
one outbreak.

Control strategies

Vaccination is the main control method
employed against haemorrhagic septicae-
mia. The oil adjuvant vaccine, used in many
countries, provides protection for a 1-year
period, but vaccination rates are generally
low (20-50%; De Alwis, 1993a). Ideally the
vaccine should be given to cattle and buffalo
at 4-6 months of age and a booster given 3-6
months later.

e A study of 13 districts in Malaysia
revealed that the vaccination coverage
rate ranged from 12 to 65%, and the vac-
cination coverage appeared to be lower
in areas that had experienced outbreaks
(Yeo and Mokhtar, 1993).

e Putra (1993) notes that, due to the eco-
nomic importance of the disease, the
control programme in Indonesia is
directed by the central government,
which aims to vaccinate 60% of suscepti-
ble animals.

e  Neramitmansook (1993) notes that spo-
radic outbreaks continued to occur among
animals in Thailand despite the strong
recommendation by the Department of
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Livestock Development that atleast 70% of e
village cattle and buffalo be vaccinated.

e  There is some debate over the efficacy of
the vaccine in endemic areas. De Alwis
(1982) reports that, in the endemic area of
Sri Lanka, no difference in mortality was o
found between vaccinated and unvacci-
nated herds.

e Treatment of infected animals with anti-
biotics is possible if treatment is given
early. However, knowledge of the antibi-
otic sensitivity of the strain of infection is
important as antibiotic resistance is e
reported to be an increasing problem (De
Alwis, 1993a).

Bovine leucosis

Bovine leucosis is a strange disease in that it
appears to cause little or no loss at farm level,
but it has a number of analyses concerning its
control. Its importance relates to trade issues
where some countries place bans on animals
with this disease or coming from countries
with the disease. The following information
is available:

e Astudy in Costa Rica on bovine leucosis
infection in bovines concluded that
bovine leucosis virus did not have any
adverse effects on production, reproduc-
tion or the incidence of mastitis (Schramm
and Aragon, 1994).

e Thompson et al. (1993) report an outbreak
of bovine leucosis in New Zealand. They
state that although clinical enzootic
bovine leucosis is rare in New Zealand e
bovine leucosis infection is more wide-
spread with a prevalence level of at least
5-10% in dairy herds. However, the
authors felt that the economic impact of
enzootic bovine leucosis on the product-
ivity in New Zealand’s dairy cattle is
small. Their concern was that the intro-
duction of control or eradication schemes
in Europe and North America would lead
to restrictions on the export of live cattle
and genetic material from New Zealand.

e Da et al. (1993) estimated that the losses e
due to bovine leucosis virus infection were
US$42 million in the USA dairy industry.

Johnson and Kaneene (1991) report that
most of the economic losses associated
with bovine leucosis related to trade
restrictions on the importation of cattle
to the EEC countries.

Muller and Wittmann (1990) estimated
that losses due to bovine leucosis in the
Osterburg region of East Germany were
3.2 million East German marks a year.
They estimated that the savings from
disease control were 1.7 million marks or
69 marks per cow.

Kautzsch and Schluter (1990) state that,
between 1975 and 1987, 508 million marks
were spent in the German Democratic
Republic on the control of bovine leucosis.
Reinhardt ef al. (1988) state that bovine
leucosis has no influence on abortion,
mastitis or fertility. However, they found
that positive animals had an average
milk loss of 156 kg, which in a herd of 137
cows with 30% prevalence was equiva-
lent to US$74,880/ year.

In Poland, Meszaros et al. (1986) report that
one of the problems of the bovine leucosis
eradication campaign was the high cost of
the test to identify positive animals.
Hugoson and Wold-Troell (1983) ana-
lysed the returns to different strategies of
controlling bovine leucosis virus in
Sweden. They found that a strategy of
organized control was the worst option
and that options of no control and pri-
vate initiatives gave similar returns at
low exports. However, the private con-
trol strategy was favourable where
exports become more important.

Kellar (1981) studied the economic impact
of bovine leucosis virus in Canada. The
author’s analysis showed that annual
beef sector losses from clinical disease
were US$49,000 and dairy losses were
US$529,000. The trade impact was mini-
mal and Kellar states that it could be
absorbed by the domestic sector. The
author concluded that, in the absence of
any shift in export requirements, the eco-
nomic impact of this disease had reached
a point of equilibrium.

Davies et al. (1980) examined the returns to
two eradication strategies for bovine leu-
cosis virus: slaughter of all herds contain-
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ing reactors or slaughter of seropositive
cattle with herds containing reactors not
being declared free of enzootic bovine leu-
cosis (EBL) until they returned two clear
tests 6 months apart. The costs of these
strategies were £37 million and £29 million,
respectively, over a period of 25 years. Both
strategies had benefits of £4.8 million.

e Langstonetal. (1978) report that cows with
bovine leucosis virus antibodies tended to
produce more milk and to produce at a
higher rate for the first two lactations; for
subsequent lactations the negative cows
had higher production and higher produc-
tion rates, though differences were not sig-
nificant. The authors conclude that bovine
leucosis virus-infected cows had no
greater mean age, no lower milk produc-
tion and no lower reproductive efficiency
than did non-infected cows.

Bovine diarrhoea virus

Bovine diarrhoea virus has been studied in
depth in the dairy systems in Europe, indicat-
ing its importance in this region. The follow-
ing information is available:

e Bennett et al. (1999) estimated that the
losses due to bovine viral diarrhoea in
British dairy and beef systems were
between £5.19 million and £30.94
million.

e  Dufour et al.’s (1999) analysis of the eradi-
cation of bovine virus diarrhoea in France
indicates that such a programme would
only be cost-effective (which probably
means the benefits are greater than the
costs) after 15 years of operation.

e  Sorensen et al. (1995) describe a stochas-
tic model to simulate the economic con-
sequences of bovine diarrhoea virus
infection in a dairy herd.

e  Pasman et al. (1994) describe a model to
simulate the economics of bovine diar-
rhoea virus control.

e Houe et al. (1993) estimated that the
total losses due to bovine diarrhoea
virus infection in the Danish dairy
herd were 13 million Danish kroner per
year.

e  Wentink and Dijkhuizen (1990) estimated
that losses due to bovine diarrhoea virus
infections averaged 136 Dutch florins per
cow with a range of 42-285.

e  Wittkowski and Orban (1984) investi-
gated problems of abortions, premature
birth and neonatal losses in a herd with a
high prevalence of antibodies to bovine
viral diarrhoea (92%).

Infectious bovine rhinotracheitis (IBR)

IBR is a disease that causes much debate
concerning its economic importance. It
is widespread in many countries, but
details of its real impact are generally not
available. The following information was
collected:

e  Bennett et al. (1999) estimated that the
losses due to IBR in British dairy and
beef systems were between £1.14 million
and £4.23 million/year and that total
costs of this disease including control
costs were between £5.73 million and
£9.79 million.

e Noordegraaf et al. (1998) developed a
simulation model for IBR to test five con-
trol strategies, including both a volun-
tary vaccination programme and a
compulsory vaccination programme for
all dairy herds. The voluntary vaccina-
tion programme with 50% participation
was predicted not to be able to eradicate
IBR. The authors suggested that a com-
pulsory vaccination programme would
be necessary to eradicate IBR in The
Netherlands.

Ephemeral disease

Ephemeral disease appears to be of import-
ance in Asia and Australia; the following
information was collected on the disease and
its economic impact:

e Davis et al. (1984) describe an outbreak of
ephemeral fever in a herd of 250 Friesian
and Australian Friesian Sahiwal cattle in
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northern Queensland in 1983. They
report that the morbidity rate was 15%
and the mortality rate 2% and calculated
that the cost of the outbreak included the
loss of milk production of 1192 kg of milk
for 3 weeks of the outbreak (AUS$277),
loss of milk production over the rest of
lactation of 2043kg (AUS$506) and the
replacement values of two cows that died
(AUS$1600), a total loss of approximately
AUS$2400.

In East Java, Indonesia, Ronohardjo and
Rastiko (1982) report an outbreak of
ephemeral fever between 1978 and 1982
that affected 1089 animals, killing 264
adult and 65 young cattle. The authors
attempted to estimate the losses taking
into account value of animals and losses
in traction power.

Theodoridis et al. (1973) experimentally
infected 19 dairy cattle with ephemeral
fever. The disease reduced milk yield by
between 44.5% and 73.0% depending on
the stage of lactation. Ephemeral fever
lowered the resistance of the udder to
bacterial mastitis, and the infected cows
also showed delayed oestrous activity,
abortion and delivery of weak calves.

Summary

The amount of information available on costs
of outbreaks, analysis of disease losses and
cost-benefit analyses of control strategies pro-
vides a good idea of the economic importance
of large ruminants in the world livestock sec-
tor and also the importance of disease within
the large ruminant sector. However, within
the large ruminant systems many of the major
contagious diseases are now under control and
in some countries eradicated. One disease, rin-
derpest, will probably be the first cattle disease
of importance to be eradicated worldwide.
These efforts have involved much investment
in terms of money and human capital. The new
issues in large ruminant diseases appear to be:

e  the more minor diseases and production
problems in the dairy sector;

e final stages of control and eradication of
diseases such as FMD;

e surveillance of diseases that are under
control but unlikely to be eradicated such
as tuberculosis; and

e  public health issues concerning diseases
such as BSE and E. coli H157, which are
new or emerging disease problems.
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Importance of Small Ruminants in
the World Livestock Economy

Principal products from small ruminants are:

meat;

wool and hair;

milk and milk products;
manure.

Despite this wide range of products, small
ruminants are a minority group in the world
livestock economy. They provide approxi-
mately 5% of the world supply of meat, but
are more important in the African region,
where their contribution reaches 30% in parts
of North Africa. In terms of milk production,
their contribution is small in relation to cattle
and buffalo, but significant in the poorer soci-
eties of the world. Wool production is import-
ant as one of the main natural fibre supplies in
the world. However, the importance of wool
reduced with the widespread use of cotton
in the late 19th and early 20th centuries and
more recently with the use of synthetic fibres.
Finally, manure is a key part of many small
ruminant production systems in the world,
e.g. the sheep and wheat systems of Australia
and the smallholder farmer systems in Latin
America.

Figures 18.1 and 18.2 show the world
goat and sheep population and the estimated
meat production, respectively.

Therefore, sheep and goats are found
throughout the world, but their importance
economically is small in comparison to cattle,
pigs and poultry. This importance is reflected
in the resources that have been dedicated to
research into diseases that are important to
these species.

Overview of Small
Ruminant Diseases

Main diseases of great economic importance,
which are included in Lists A and B of OIE
diseases, are as follows:

. Peste des petits ruminants (PPR).

. Ovine epididymitis (Brucella ovis).

. Caprine and ovine brucellosis (excluding
. 0VIS).

. Caprine arthritis/encephalitis.

. Contagious agalactia.

. Contagious caprine pleuropneumonia.

. Enzootic abortion of ewes (ovine chlamy-
diosis).

8. Ovine pulmonary adenomatosis.

9. Nairobi sheep disease.

10. Salmonellosis (Salmonella abortus ovis).

11. Scrapie.

12. Maedi-visna.

N UL TgWN =

Nearly all these diseases have been covered in
the review of general diseases in Chapter 16
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Fig. 18.1. Number of sheep and goats in the different regions of the world. (From Seré and Steinfeld, 1995.)
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Fig. 18.2. Meat production of sheep and goats in the different regions of the world. (From Seré and
Steinfeld, 1995.)
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(this volume). The exceptions are PPR, Nairobi
sheep disease and scrapie. No information
was found on the economic importance of
the latter two diseases. The importance of
scrapie has increased with the concerns relat-
ing to BSE in cattle. Its impact on production
appears small. Nairobi sheep disease is a
viral disease transmitted by ticks. In endemic
areas, it causes no serious problems and con-
trol measures are not required. However,
exotic animals need to be vaccinated if they
are taken to such areas. Specific information
about PPR is presented below.

In addition to the list of diseases pre-
sented above, a number of other important
diseases affect small ruminants. Internal par-
asites are probably the area most studied and
further information can be found in the CABI
Animal Health and Production Compendium.
External parasites are also important and
some information is provided in this chapter
on their economic impact. Blood parasites
such as trypanosomiasis also affect small
ruminant production and again some infor-
mation is provided in this section.

The following references were found on
general reviews on the importance of diseases
that affect small ruminants:

e Akergjola et al. (1979) reviewed the
economically important diseases of small
ruminants in Nigeria. They found that inter-
nal parasite problems and nutrition were
the most important. With respect to conta-
gious diseases, PPR was reported to cause
between 10 and 20% mortality in goats.
Blood parasites are common, but only affect
exotic breeds. The same pattern is also seen
for bluetongue and Rift Valley fever with
only exotic animals affected. Pasteurella
infections are important in certain areas.

e Mukasa-Mugerwa et al. (2000) report that
between 28% and 59% of lambs in a
Research Institute in Ethiopia die before
they are 1 year old. The major cause of
death is pneumonia followed by diges-
tive problems, endoparasite problems
and starvation. A very small percentage
of deaths are related to septicaemia. It
was found that there were significant
breed differences and that low birth
weights increased the risk of death.

Peste des petits ruminants

PPR is a viral disease in goats, and less com-
mon in sheep. Historically, the disease was
primarily associated with West Africa, but
now occurs in a belt across Africa immedi-
ately south of the Sahara, extending into the
Arabian Peninsula (Taylor, 1984). OIE (2001)
report the disease in India, Pakistan, Nepal,
Benin, Cameroon, Co6te d’Ivoire, Eritrea,
Ethiopia, Ghana, Guinea, Mali, Mauritania,
Niger, Nigeria and Senegal.

The economic impact of PPR in small
ruminants is as follows:

e  production losses:
e mortality;

e  control costs:
e vaccination;

e trade.

More specific information on the impact of
the disease and the potential for its control is
as follows:

e Ahigh seroprevalence of PPR antibodies
was found in central Niger, suggesting
frequent exposure to the disease (Stem,
1993). As such, the disease appears to be
a major constraint to small ruminant pro-
duction in Niger. Rumours of an out-
break are sufficient to deter the movement
of flocks into an area. Outbreaks in the
country are reported to occur approxi-
mately every 5 years (Stem, 1993).

e  Martrenchar et al. (1997) conclude that
mixed PPR and capripox infections,
along with stongyles and external para-
sites, are limiting factors in small rumi-
nant production in northern Cameroon.
Serological studies, however, could find
no relationship between seroconversion
for PPR and the appearance of any clini-
cal symptoms. Most animals also sur-
vived for more than 2 months following
seroconversion.

e  Nawathe (1984) report that over 100 out-
breaks were reported annually in Nigeria,
and that many more go unreported.
Epidemics tend to occur during the rainy
season when goats are herded together,
and around Christmas when movement
towards markets increases.



246

Chapter 18

Roeder et al. (1994) describe an outbreak
among a large herd of goats in the Addis
Ababa area, where the morbidity rate was
nearly 100% and the mortality rate up to
day 20 of the outbreak was approximately
60%. The source of the infection appeared
to be from the south-west of Ethiopia,
where it was suggested that the disease
persists in endemic forms. The disease is
also reported to have entered the country
in 1989 via the Omo river valley in the
south and to have spread by 1996 to the
Ogaden and central Afar region.

A serosurvey at Debre Zeit abattoir,
Ethiopia, in 1997 showed high preva-
lence rates of 86% among nomadic ani-
mals, 43% among those from sedentary
systems and 33% among animals from
mixed farms (Empres, 1998).

Rinderpest was reported for the first time
in Eritrea in 1993 and a nationwide epi-
demic followed in 1994 with mortalities of
90% among sheep and goats in some out-
breaks; efforts to control the disease by
vaccination had limited success and out-
breaks re-emerged in 1996 (Empres, 1998).
South Asia has increasingly become a
focus of the disease, which is causing
serious losses in Pakistan, Afghanistan,
Nepal, Bhutan, Bangladesh and India
(New Agriculturalist, 2000).

Control strategies

Where the disease is endemic and small
ruminants are kept in large numbers, quar-
antine and segregation are not realistic
means of controlling the disease. As such,
vaccination is the preferred method of con-
trol (Nawathe, 1984) using tissue culture
rinderpest vaccine (TCRV). The vaccine
provides protection for over 1 year and is
tolerated by healthy goats of all breeds, but
side effects have been noted such as abor-
tions and mild signs of PPR. In addition,
the delivery of the vaccine has been prob-
lematic with a failure to maintain a cold
chain leading to some non-viable doses
being administered (Nawathe, 1984). In
areas where the disease is endemic and ani-
mals harbour subclinical infections, subse-

quent vaccination with TCRV can trigger
off the disease. Use of PPR hyperimmune
serum produced in cattle is an alternative.
Goats given hyperimmune serum along
with a virulent PPR virus developed dura-
ble immunity. The cost of this treatment
may, however, be prohibitive for most
farmers (Adu and Joannis, 1984).
Economic modelling suggests that the
introduction of a vaccination campaign in
Niger in the 1980s was a sound decision in
terms of animal health and potential eco-
nomic returns (Stem, 1993). Furthermore,
herders appeared to be willing to pay for
the vaccine. The use of a thermostable
vaccine would further reduce costs.

Awa et al. (2000) found that the control of
PPR and gastrointestinal parasites gave a
positive return in Cameroon with a benefit/
cost ratio (BCR) of between 2.26 and 4.23.
In northern Cameroon, field evaluation
of a homologous vaccine against PPR
significantly reduced mortality in vacci-
nated flocks. An economic analysis,
which evaluated the cost of the vaccine,
the potential for increased production
and the current market prices for live-
stock suggest that vaccination may
accrue considerable economic benefit to
herders (Martrenchar ef al., 1999).
Vaccination programmes do not always
produce the desired benefits, at least in
the short term. The introduction of a vac-
cination against PPR along with dipping
against sarcoptic mange, among goat-
herds in south-west Nigeria, failed to
clearly demonstrate reductions in mor-
tality rates (Reynolds and Francis, 1988).
In a semi-arid area of Mali, the introduc-
tion of deworming along with vaccina-
tion against PPR, pasteurellosis and
anthrax failed to produce significant
changes to mortality or weight gain (Ba
et al., 1996), although it was acknowl-
edged in this case that the vaccination
regime may be at fault. Vaccinations were
only performed once or twice a year; as
such, kids were often not vaccinated until
they were 4 or 5 months old. Malnutrition,
injuries and loss are reported to account
for 40% of kid deaths, indicating that man-
agement improvements remain a priority.
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Given the unpredictable nature of out-
breaks of PPR, anthrax and pasteurello-
sis, it is suggested that vaccination may
be desirable to reduce risk, but may dis-
courage farmers and government from
investing in other improvements.

Summary

PPR is a disease that appears to be becoming
increasingly important. It is one of the few con-
tagious diseases that is spreading rather than
being controlled, and effective vaccine to con-
trol this spread is at this moment not readily
available. The reasons for this appear to be that
it mainly affects goats, a species of little import-
ance in relative terms with other species.

Other diseases

Information on the impact of trypanosomia-
sis, border disease and orf were collected:

e Kanyari et al. (1983) report that returns
from trypanosomiasis control in goats
using samorin varied depending on the
breed of goat. The BCR for this control
was 7.3, 18.5 and 28.9 for East African,
Galla x East African and Toggenburg x
East Africa breeds, respectively.

e In a trial on the impact of border disease
on sheep in the UK, Sweasey et al. (1979)
found that lambs from infected ewes had
lower growth rates than other lambs and
poorer carcass conformation.

e  Bennett ef al. (1999) report on the eco-
nomic impact of contagious pustular der-
matitis (orf), which is a contagious skin
disease caused by a parapoxvirus. This
disease is probably most important for
the damage it does to the skin and the
secondary infections it produces. Vaccines
exist for its control and farmers with this
problem have to pay attention to careful
treatment of the damaged areas. The dis-
ease can also present itself in humans.
The authors estimate that the losses in
Britain are £1.8 million and that the costs
including control costs are £3.6 million.

However, they state that these estimates
are inadequate due to a lack of data.

External parasites

External parasites are very important, particu-
larly in sheep systems, where disease such as
sheep scab cause heavy losses in wool produc-
tion. The following information was collected:

e Cole and Heath (1999) estimated that
ectoparasites cost the New Zealand sheep
industry US$60 million a year, a figure
which includes treatment costs and pro-
duction losses. The authors present data
which suggests that costs can be reduced
by integrated pest management and the
control of nematodes to reduce dags on
the sheep. The data presented indicate
that these savings are between a quarter
and a half of the present costs of control-
ling fly strike and lice.

e  Bennett et al. (1999) describe the econom-
ics of blowfly strike in Great Britain. They
report that between 60% and 90% of
flocks in Britain will have at least one ani-
mal attacked each year; they predict that
between 1% and 5% of the animals
affected will die and that other losses will
be related to fleece damage and decrease
in growth rate. There are costs in terms of
management to control this problem by

dipping or spraying.

Summary

Sheep and goats are not in economic terms
very important in the world livestock econ-
omy. In the tropical areas, they are normally
found with poorer sections of society and in
the industrialized countries their importance
is in the production of wool, meat from young
animals and in niche markets for milk and
milk products. The most important diseases
appear to be parasitic, either internal or exter-
nal, and much research has been done on their
impact and control in particular in Australia
and New Zealand. However, PPR appears to
be a disease that is of increasing importance
and one of the few contagious diseases with
little or no control programme.
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Pigs in the World Livestock Economy

The main products from pigs are:

e meat and meat products;
e  pig fat for cooking;
e manure.

According to FAO statistics, pigs are the most
important species in the world for the sup-
ply of meat, supplying 40% of the world’s
meat supply (Seré and Steinfeld, 1995). Their
importance is also growing as countries
become richer and search for cheaper forms
of meat and developed countries continue
to prefer to eat white meat because of health
concerns. However, the pattern of demand
for pigmeat is not even throughout the world,
in part because of religion, with pigmeat not
being consumed by Muslims or Jews. Also
in some parts of the world, pigmeat has a
much greater importance. For example, in the
region described as Asia, 60% of meat produc-
tion comes from pigs, whereas in the North
Africa region less than 1% of meat production
comes from pigs. However, it should be noted
that the analysis of meat production takes no
account of milk and eggs, which are two other
important sources of global animal protein.

Figure 19.1 shows the production of meat
for the different regions of the world (see Sere
and Steinfeld, 1996, for the countries in these
regions).

Therefore, pigs are the most important
species in the world in terms of meat produc-
tion, but this production is concentrated in
Asia, particularly South-east Asia and the
Organization for Economic Cooperation and
Development (OECD) countries. The reasons
for the popularity of pigmeat are that it is rel-
atively easy and cheap to produce as these
animals are capable of surviving on a range of
diets. This economic importance has led to
considerable research on pig nutrition and
health and the effective control and eradica-
tion of some contagious diseases.

Overview of Pig Diseases

The main pig diseases in the world are the
following:

. Swine vesicular disease.

. Classical swine fever (CSF).

. African swine fever (ASF).

. Aujeszky’s disease.

. Atrophic rhinitis of swine.

. Porcine cysticercosis (reviewed in Chapter
16, this volume).

7. Porcine brucellosis.

8. Transmissible gastro-enteritis.

9. Enterovirus encephalomyelitis.

10. Porcine reproductive and respiratory
syndrome.
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Fig. 19.1. Pigmeat production in the different regions of the world. (From Seré and Steinfeld, 1996.)

These diseases were on the OIE Lists A and
B for livestock diseases. Other important dis-
eases affect pigs such as FMD but these have
been covered in the review of general diseases
in Chapter 16 (this volume).

Information Available

Information is presented below on:

e  general information on the importance of
pig diseases;

African swine fever (ASF);

classical swine fever;

Aujeszky’s disease;

PRRS; and

e multiple infections and other disease.

Readers interested in the impact of diges-
tive, respiratory and reproductive diseases of
pigs are referred to CABI's Animal Health and
Production Compendium.

General information

The following information was collected on
the general importance of pig diseases:

Smits and Merks (2001) identified the
most important pig diseases in Holland,
classifying the diseases into three catego-
ries. They identify Salmonella (only spe-
cific strains), Pasteurella multocida DNT +
PAR, Actinobacillus  pleuropneumoniae,
Haematopinus suis (lice) and Sarcoptes
scabiei (var. suis; mange) as diseases that
can be eradicated and recommend
thatthe Dutch pig industry does not
adopt the OIE list of diseases to direct pig
veterinary services.

Christensen ef al. (1994) describe the
Danish Health and Production Survei-
llance System and present results on the
disease frequency measured on a daily
basis. The most frequent diseases were:
among sows, reproductive problems at
farrowing (incidence 1.5 per 1000 sow-
days); among non-weaned piglets, gas-
trointestinal diseases (incidence 0.8 per
100 piglet-days) and mortality (incidence
0.3 per 100 piglet-days); among fatteners,
respiratory diseases (incidence four per
1000 fattener-days).

Hall (1984) analysed data from a survey of
veterinarians in north central USA. The
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author found that the main disease prob-
lems were: diarrhoea before weaning;
non-specific piglet mortality; pneumonia;
agalactia syndrome; and transmissible
gastro-enteritis. The order of economic
importance (losses due to the problems) of
the conditions was: pneumonia; reproduc-
tive disorders; atrophic rhinitis; piglet
diarrhoea; and ‘housing/environment’.
Penny and Penny (1978) surveyed the
opinions of the members of the Pig
Veterinary Society about priorities for pig
research. The problems of the highest pri-
ority were reproduction/infertility, pre-
ventive medicine and economics of disease,
atrophic rhinitis and neonatal enteritis. The
authors added swine dysentery in a
medium-priority group and Aujeszky’s
disease in a lower-priority group.

Farez and Morley (1997) describe the
risks of pork and pork products in the
spread of foot-and-mouth disease (FMD),
CSF (hog cholera), ASF and swine vesic-
ular disease, emphasizing the impor-
tance of trade control on pig products.
The authors suggest that risk analysis is
required when importing pork and pork
products from countries endemic with
these diseases.

Awa et al. (1999) provide a health status
of pigs in north Cameroon. The most
prevalent problem was ectoparasites,
Haematopinus suis, with over half the pigs
affected. Seroprevalence of ASF was only
2% and gastroenteritis prevalence was
only 4%, but a major cause of piglet mor-
tality. However, tuberculosis and cysti-
cercosis prevalence were 33.2% and
12.3%, respectively.

A study of diseases identified in the
slaughterhouse in Turin, Italy, found that
pneumonia had the highest prevalence
(17.6%), followed by pleuritis (10.2%)
and pleuropericarditis (6.5%; Griglio
etal., 1992).

Texdorf (1981) reported that 1.13% of
pigs slaughtered in the Marburg slaugh-
terhouse in Germany were condemned.
The most important condemnation was
tuberculosis and pale, soft, exudative
(PSE) meat (25%), followed by cryp-
torchidism (17.7%), multiple abscesses

(15.14%) and influenza (10%). In addi-
tion, 18.1% of livers and 4.9% of hearts
were condemned due to ascarid infec-
tions and swine influenza, respectively.
The overall cost of condemnations was
estimated to be 550,000 DM.

Classical swine fever

CSF is probably the most important livestock
disease in terms of economic impact and
trade after FMD. It is found in Europe, Asia
and the Americas (OIE, 2001). The disease
causes dramatic losses in both intensive and
backyard systems and there are wildlife reser-
voirs of CSF, making it difficult to control and
eradicate. The disease symptoms are indis-
tinguishable from ASF, and in countries with
both diseases there is a need for laboratory
analysis to confirm an outbreak. There have
been a number of studies on CSF concerned
with its control and eradication in Europe.

An effective vaccine for classical swine
fever exists, but once an outbreak occurs it is
important to combine vaccination campaigns
with strict movement controls. Vaccination of
commercial herds is relatively straightfor-
ward, but is very difficult in backyard sys-
tems which have multi-age herds and regular
introduction of young animals that are sus-
ceptible. The latter systems, which are associ-
ated with poor farmers, therefore need to
vaccinate at least once every 6 months to
achieve vaccination coverage that would pro-
tect the herd.

The following information on the disease
was collected:

e  Ellis (1972) made a retrospective study of
the successful CSF eradication pro-
gramme in Great Britain. He reports that
the benefit/ cost ratio for this programme
was between 4.03 and 2.62.

e Elliset al. (1977) analysed the eradication
of CSF in the European Union (EU) and
concluded that this programme would
not exceed existing programmes and in
some cases would be much lower.

e Mangen et al. (2001) assessed two differ-
ent emergency vaccination strategies
for the control and eradication of CSF
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outbreaks in Holland using data from
the outbreak in this country in 1997 /1998.
The two strategies were vaccination of
contact herds because of a lack of capac-
ity to destroy animals and vaccination by
permission in order to move vaccinated
animals and meat. Neither strategy
proved to be advantageous over the
slaughter policy adopted during the
outbreak.

e Nielen et al. (1999) used a simulation
model to assess the control policy
adopted for the 1997/1998 CSF epidemic
in Holland. Their analysis showed that
pre-emptive slaughter was not as expen-
sive as expected. They conclude that
losses and the size of the epidemic could
be reduced by improving farm-level
biosecurity.

e Lai Thi Kim Lan (2000) estimated that
losses per pig due to CSF ranged between
US$23 and US$28 in Vietnam. At house-
hold level, this was between US$53 and
US$295. The highest losses were recorded
in systems that both raised pigs and fat-
tened them.

e  Saatkamp et al. (1997) analysed the use of
an identification and recording system to
control CSF in Belgium. Their analysis
showed that such a system was only jus-
tified with a high frequency of CSF
outbreaks.

e Lai Thi Kim Lan (2000) found that such
an intensive vaccination strategy in the
backyard systems of Vietnam could give
positive results.

e In countries with disease-free status for
CSE there is a ban on imported pigs and
pig products. Where outbreaks occur in
such countries, a slaughter and destruction
policy is usually adopted (Scott, 1990).

African swine fever

ASF is a peracute haemorrhagic dis-
ease with extremely high mortality rates
(Wilkinson, 1993). The disease is found
mainly in Africa, but there have been
outbreaks in Europe. Less virulent forms
of ASF exist where mortality is lower
and chronic infections cause no clinical

symptoms. Pigs that recover from ASF
infection with less virulent strains may not
show clinical symptoms if reinfected, but
may replicate and shed the virus. As such,
the carrier state may be significant for the
epidemiology of the disease. The following
sections are divided into the geographical
spread of the disease, its impact on produc-
tion and methods of control.

The disease and its geographical spread

e  Transmission can occur directly from pig
to pig, by infected meat or via soft ticks
(Sumption, 1992). In much of Africa
south of the Sahara, the disease is
maintained among wild populations of
warthogs and the soft tick Ornithodoros
moubata.

e The disease is able to persist in the
absence of this wildlife reservoir. In parts
of Central and West Africa, ticks and
warthogs are not present, yet the disease
spreads easily among domestic pigs
(FAO, 1998). The elimination of the dis-
ease from this ecological situation is
extremely unlikely (Wilkinson, 1993).

e  The scavenging habits of village pigs are
considered to be a major route of infec-
tion. Pigs that are continuously confined
are at much lower risk of the disease than
those that are free range (Empres, 2000).

e Serious outbreaks of ASF continue to
occur in parts of sub-Saharan Africa
(Empres, 2000). The disease was first
reported in West Africa in Senegal in
1978. The presence of the disease was
confirmed in Cape Verde in 1980. Large-
scale outbreaks occurred in Cote d'Ivoire
in 1996 and in Benin, Togo and Nigeria in
1997. The countries involved lost a third
or more of their pig populations. Despite
stringent measures to prevent the entry
of the disease Ghana was struck in
September 1999.

e Senegal continues to suffer repeated
small outbreaks each year, and a larger
outbreak occurred in Gambia in April
2000 (New Agriculturalist, 2000).

e  Since the 1980s, in Cape Verde outbreaks
tend to occur twice a year, in spring and
winter (FAO, 1998).
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o  Thedisease hasbeen endemicin Cameroon
since 1982 (Empres, 1998).

e ASF also occurs in Southern and East
Africa. The disease has been reported in
recent years in Malawi, Zambia, Angola
and Mozambique (OIE, 2001). Outbreaks
are reported to have occurred in Namibia
and South Africa in 1998, in Kenya in
1994 and in Zimbabwe in 1992.

e An enzootic region is reported in the cen-
tral region of Malawi, which extends into
the Eastern Province of Zambia and south
into the Tete Province of Mozambique
(Haresnape ef al., 1987). An outbreak in the
Ntchisi district of Malawi in 1981 killed
86% of the pigs in the infected area of
120km? (Haresnape, 1984).

e An outbreak occurred in Botswana in
June 1999 (Empres, 1999).

e Recent information indicates that ASF
outbreaks have occurred in Nigeria,
Kenya and Zambia.

Impact of the disease

e Indigenous pigs may be more resistant
than exotic. However, the perception that
indigenous pigs can ‘fend for themselves’
is reported to have contributed to the
high mortality among this class of ani-
mals during the outbreak in Ghana in
1999 (Empres, 2000).

e  Wilkinson et al. (1981) report that pigs
experimentally infected with ASF virus
showed 94% mortality rate and most
died within the first 10 days of infection.

e  Braco-Forte Junior (1970) reports that the
1957 outbreak of ASF in Portugal resulted
in 471 properties being infected with
16,989 pigs affected. Of these pigs, 6352
died and the contact pigs were destroyed.
The outbreak lasted 13 months.

e Disease outbreaks are reported to be a
major factor limiting swine production in
the Eastern Province of Zambia (Wilkinson
et al., 1988).

Control

At present, a vaccine is not available and con-
trol is based upon the slaughter of infected
animals, movement restrictions and on the

strict regulation of the importation of pigs
and pig products. The following information
was found on this aspect of the disease:

e The cooperation of the public, particu-
larly pig keepers, is essential. It is
reported that, during the 1982 outbreak
in Cameroon, the initial good coopera-
tion of farmers in the proper burial of
infected pigs broke down as the outbreak
continued and frustration mounted
(Nana-Nukechap and Gibbs, 1985).

e DPigs suffering from ASF will often be
slaughtered before they are investigated
by the veterinary authorities or may
be sold on to other villages, facilitating
the spread of the disease (Haresnape,
1984).

e  The ability to compensate farmers for the
slaughter of their animals is important in
ensuring an effective control programme.
Compensation at market prices paid
to pig farmers by the World Bank is con-
sidered to have been vital in bringing
an outbreak in Nigeria in October 1999
under control (New Agriculturalist,
2000).

e  Where ticks are involved in the spread
of the disease, the use of acaricides may
be able to reduce the incidence of the
disease, but complete elimination of
ticks from pigsties is difficult, as they
are able to hide in cracks in mud and
wood (Haresnape, 1988). As the ticks
also infest human habitations and can
be transferred from houses to pigsties,
the burning of infested pigsties is also
unlikely to be effective. Equally, the
local practice of putting blankets over
the roofs of pigsties may facilitate the
transfer of ticks.

Summary

ASF is one of the most important pig diseases
in the extensive pig systems found in Africa.
It is also an important trade barrier disease.
It is one of the few contagious diseases that
is yet to have a vaccine and its control is dif-
ficult as wild pigs are reservoirs and the dis-
ease can also be spread by ticks.



Diseases of Pigs

253

Porcine reproductive and
respiratory syndrome (PRRS)

PRRS is a relatively new disease, but one that
has caused sufficient economic impact to be
researched. The EU held a meeting to discuss
this impact in 1991 (Dijkhuizen et al., 1991).
In the acute form this disease can be dev-
astating but it appears that in the endemic
form it does not cause serious losses. Losses
include:

fertility problems;

increased mortality of young pigs;
increased abortions or early farrowing;
lung infection reducing feed conversion
and daily weight gain; also leading to
secondary infections.

Control measures include:

e  vaccination;
e testand slaughter;
e restocking of herd.

The following information on the disease was
collected:

e Deeetal. (2001) carried out an analysis of
a test and removal policy to eradicate
PRRS at farm level, which showed that it
could be used to eradicate the disease.
The diagnostic protocol cost US$10.66
and the authors suggest that more
research is needed to see if the test and
removal strategy is justified.

e Regula et al. (2000) found that subclinical
PRRS caused a reduction in average daily
growth rate of 40g/day.

e  DPejsak et al. (2000) report an outbreak of
PRRS in Poland that caused recently
infected gilts to give birth to dead or
mummified piglets. The average num-
ber of piglets born alive to the infected
gilts was 6.8, the number of pigs weaned
was 6.2 and the number sold as fatteners
5.7.

e Nodelijketal. (2000) found thatalthough
PRRS in its acute form caused econom-
icimpact the same disease caused
little impact when it was endemically
present.

e  DPejsak ef al. (1997) report that a clinical
outbreak of PRRS caused sows to farrow

prematurely and that 1562 of 2067 piglets
were born dead or died before weaning.

e Dee et al. (1997) found no differences in
gross margins for pig herds seropositive
and seronegative to PRRS.

o  Teuffert et al. (1993) describe an outbreak
of PRRS in a sow-breeding herd in
Germany. The outbreak reduced the lit-
ter size and the percentage of unweaned
and weaned pigs reared. There was also
a decrease in the duration of pregnancy,
the proportion of pregnant sows, the
number of live piglets per sow and the
conception rate in the presence of infec-
tion. Acute infections were associated
with anoestrus and an increased culling
rate due to infertility. The acute phase of
the disease lasted 10-12 weeks and was
followed by a chronic phase. Sows that
recovered from PRRS virus infection
produced litters of normal size. The
estimated financial losses within the
breeding herd without the 50,000 DM
veterinarycosts(treatments,examinations
and parvovirus vaccinations) were esti-
mated to be 442,831 DM, equivalent to
492 DM per sow in production (in 1991).

e  Blanquefort (1995) evaluated a voluntary
programme of control of PRRS in the
Loire region of France.

e  Brouwer et al. (1994) reported that Dutch
pig farms affected with PRRS had severe
problems for 4-6 months with losses of
215 guilders per sow. The losses related
to smaller litter sizes, longer farrowing
periods and higher replacement rates.

Aujeszky’s disease

Aujeszky’s disease affects pigs, cattle, rodents
and other animals. It causes severe itching in
the animal affected and in severe cases can kill
animals. A majority of pigs survive after an
outbreak and remain carriers of the disease.
In young pigs, this disease can cause sudden
deaths. The disease can be controlled by vac-
cination and there has been some interest in the
assessment of control programmes in Europe
and the USA, where decisions on vaccina-
tion or test and removal have required more
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complex epidemiological and economic analy-

sis. The following information was found on

this disease:

e Done and Ellis (1988) requested an eco-
nomic analysis of Aujeszky’s disease.

e Rodrigues et al. (1990) analysed the con-
trol and eradication of pseudorabies in
pigs. They report that the expected
monetary values for the vaccination
and test and removal alternatives were
similar. When the prevalence rate of
pseudorabies virus was less than or equal
to 57%, test and removal were optimum;
otherwise, vaccination of sows only was
recommended. However, sensitivity
analysis showed that, when higher gross
margins for the producer were assumed,
test and removal were preferred at
all prevalence rates. Vaccination was pre-
ferred with lower gross margins, lower
vaccination costs or with better protective
effect of pseudorabies virus vaccines.

e An economic analysis of the Aujeszky’s
disease control campaign in northern
Germany concluded that mass vaccination
of all pigs in regions with endemically
infected herds followed by testand removal
of seropositive animals is the most cost-
effective way to control the spread of
Aleutian disease virus (ADV) within pig
populations (Willeberg et al., 1996).

e  Buijtels et al. (1997) examined the Dutch
policy on Aujeszky’s disease using a sim-
ulation model. Their analysis found that
the disease could not be eliminated with-
out vaccination and that to eradicate the
disease sows needed to be vaccinated
three times a year and fatteners twice per
cycle. This policy was predicted to be
sufficient to eradicate the disease in 2-3
years and the strategy became compul-
sory in Holland in October 1995.

Multiple infections and other diseases

The following information was found on
other diseases and multiple infections:

e Madec et al. (2000) describe post-wean-
ing multisystemic wasting syndrome
(PMWS) in France which led to
respiratory and digestive infections and
increased mortality.

e  Coronavirus infections, either transmissi-
ble or porcine respiratory coronavirus,
are common in different regions of the
world, Chae ChanHee et al. (2000) report-
ing animal prevalence of 53% and herd
prevalence of 61% in Korea and Wesley
etal. (1997) reporting that 91% of pigs
tested in Iowa were seropositive to
coronavirus.

e  Bennettet al. (1999) report that the losses
caused by Streptococcus suis type II men-
ingitis in Great Britain were up to
£940,000 and that the total cost including
treatment was between £18,000 and £2.3
million. The authors note that there is
severe lack of data on disease incidence,
effects on production, treatment and
control.

Summary

Pigs are a dominant species in world meat
production, and their importance is greatest
in South-east Asia and China. The import-
ance of pig production is likely to grow as
industrial systems of production have good
feed conversion efficiency. With increased
production from such systems, there are likely
to be changes in the importance of pig dis-
ease, with greater needs to control the main
infectious diseases covered in this chapter.
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Importance of Poultry in the World
Livestock Economy

Principal poultry products are:

meat;
€ges,
manure;
feathers.

Poultry provide a quarter of the world’s
meat supply and the most important areas of
consumption and production are the OECD
countries followed by Asia and the Central
and South American countries (Fig. 20.1).

The order of production is similar for
eggs, but the level of production in Asia is
similar to that in the OECD countries (see Fig.
20.2). The combined production of eggs and
poultry meat provides nearly 40% of the
world’s supply of meat and eggs.

In addition to these enormous contribu-
tions to the world’s supply of protein, it is
noted that ownership of poultry is much more
widespread than other species. In rural areas
of developing countries, it is common that
80-90% of families own poultry. The systems
in which they are kept have low levels of pro-
duction, but require little or no input. The
numbers and production from this extensive
poultry sector are small in comparison to the
intensive poultry sector found throughout
the world.

Poultry is one of the most important
sources of animal protein in the world and
this importance is growing, with people in
developed countries looking to buy white
meat and the developing countries investing
in intensive poultry systems to reduce the
costs of meat. The majority of the birds and
production are concentrated in intensive
poultry systems, which require high levels of
disease control. The rest of the poultry popu-
lation is found in low output-low input sys-
tems providing important sources of protein
for rural people throughout the world.

Overview of Poultry Diseases

The main diseases of great economic impor-
tance are:

1. Newcastle disease.

2. Highly pathogenic avian influenza.

3. Avian infectious bronchitis.

4. Avian infectious laryngotracheitis.

5. Avian tuberculosis (reviewed under tuber-
culosis in the main diseases section).

6. Duck virus hepatitis.

7. Duck virus enteritis.

8. Fowl cholera.

9. Fowl pox.

10. Fowl typhoid (reviewed in Chapter 16,
this volume, under Salmonella).
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Poultry meat production (1000 Mt)
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Fig. 20.1. World production of poultry meat in 1000 Mt. (From Seré and Steinfeld, 1995.)
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Fig. 20.2. World production of eggs in 1000 Mt. (From Seré and Steinfeld, 1995.)



Diseases of Poultry 257

11. Infectious bursal disease (Gumboro disease).
12. Marek’s disease.

13. Avian mycoplasmosis (Mycoplasma galli-
septicum).

14. Avian chlamydiosis.

15. Pullorum disease (reviewed under Salmo-
nella in Chapter 16, this volume).

These poultry diseases were found in Lists
A and B of OIE. Other important poultry dis-
eases are not on this list, such as, for example,
Salmonella, which due to its ability to cause
infections in humans causes huge losses each
year, and is reviewed in Chapter 16 (this vol-
ume). Below, information will be provided
on diseases that cut across the disease classi-
fication and also information on the general
incidence of disease in different geographical
areas.

Information Available

This section is divided into:

e general information about poultry dis-
ease occurrence;

e Newcastle disease;

e  Marek’s disease;

e infectious bursal disease (IBD);

e Mycoplasma meleagridis;

e  multiple infections and other diseases.

General information about
poultry disease occurrence

The following information was gathered on
the general occurrence of poultry diseases in
the world:

e Mcllroy (1994) identifies infectious bron-
chitis, Newcastle disease, avian influ-
enza, Marek’s disease, salmonellosis and
the chicken anaemia virus as economi-
cally important diseases in broiler and
broiler breed production.

e  Christiansen et al. (1996) studied the dis-
eases in turkey meat flocks as part of the
National Animal Health Monitoring sys-
tem in California. The data are from
1988-1989. They report that enteritis
occurred in over one-third of the flocks,

and colibacillosis in nearly one-quarter of
flocks. These were the most common dis-
eases reported. M. synoviae was reported
in two flocks and M. gallisepticum and
M. meleagridis each were reported in one
flock. Total mortality rate in the sample
flocks was 9.0% (95% confidence interval
(CI) 8.2-9.8%). The tom-specific mortality
rate was 10.9% (95% CI 9.8-12.1%) and
the hen-specific mortality rate was 6.6%
(95% CI1 5.7-7.4%).
Aichberger (1986) reports on diseases
encountered in broilers in Austria over
the period of 1983-1985. The author
found that just over half the slaugh-
tered birds were seropositive to IBD,
between 10% and 1% were positive to
aviadenovirus and less than 1% were
positive to infectious bronchitis virus
and M. synoviae.

Goren (1979) investigated virus infec-

tions in broiler flocks in Holland. The

author found that 28 of 160 flocks had M.

synoviae infections, but it had no impact

on growth rates. However, the occur-
rence of colibacillosis and a high percent-
age of rejections due to polyserositis were
associated with a higher occurrence of
M. synovige and infectious bronchitis
virus than in flocks where these condi-
tions did not occur. Infectious bursitis,
infectious bronchitis and CELO (avian
adenovirus) infections were prevalent in
the south of The Netherlands, and they
had an adverse effect on growth rates.

Vaccination against infectious bursitis

and infectious bronchitis did not seem to

be very effective in flocks where the risk
of infection was high.

Palic et al. (1998) analysed the poultry

diseases in Serbia between 1989 and 1998.

They report that commonly recorded

diseases with various degrees of severity

were:

e viral (Newcastle disease, infectious bron-
chitis, Marek’s disease, avian infectious
bursitis, infectious laryngotracheitis);

e bacterial (salmonellosis, pasteurellosis,
tuberculosis, mycoplasmosis, clostrid-
ial infections);

e parasitic (ascaridiosis, histomoniasis);

e protozoal (coccidiosis);
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e mycotic diseases (aspergillosis, myco-
toxicoses); and

e that deficiency diseases were also a
serious problem.

e Kapetanov ef al. (1998) analysed records
from broiler flocks in Yugoslavia between
1988 and 1995, a total of 11.37 million
birds. The mean mortality was 11.20%
(range 6.50-14.89%). Technological faults
were the commonest cause of mortality
(24.61%) followed by mortality due to
mycotoxicoses (14.45%) and Escherichia
coli infections (13.06%). Other causes
of mortality included omphalitis, salmo-
nellosis, coccidiosis and aspergillosis.
Mycotoxicoses accounted for 19.35% of
financial losses, technological faults for
17.26% and E. coli infections for 15.93%.

e Nawathe and Lamorde (1982) reported
that, in poultry in Nigeria, Newcastle
disease is still responsible for heavy
losses, followed by Gumboro disease and
Marek’s disease. Outbreaks of avian leu-
cosis were common in heavy layers and
egg drop syndrome has been identified
on some commercial farms.

e  Permin (1997) investigated diseases that
affect poultry in the rural systems of the
Morogoro Region of Tanzania. He found
that 100% of the animals had endopara-
sites, of which the most common nema-
todes were Tetrameres americana (57%),
Heterakis gallinarum (76%) and Ascaridia
galli (30%) and the most common cestode
was Raillietina echinobothrida. Nearly a
third (28.5%) of the birds had antibodies
against S. gallinarum/pullorum and 4.2%
had antibodies against Newcastle dis-
ease virus.

Newcastle disease

Newecastle disease is probably one of the most
important diseases in poultry in both com-
mercial and rural backyard systems. Like
many other diseases, there are many forms of
Newcastle disease virus. Some are non-patho-
genic, others mildly pathogenic and finally
a group that causes serious losses in terms
of lower egg production and high mortality.

This section is divided into work that has been
carried out for the commercial sector and the
work in the rural poultry sectors. The latter is
dominated by the pioneering work of Peter
Spradbrow supported by ACIAR in South-east
Asia; the economics for this project was done
by Joe Johnston. The Australians have also
contributed one of the most thorough studies
(Hafi et al., 1997) on risks of introduction of
Newecastle disease to a country free from the
pathogenic forms of this disease and readers
are recommended to refer to this publication
for similar studies.

Commercial sector

FLOCK-LEVEL IMPACT

e Ring ef al. (1988) analysed Newcastle
vaccination of different poultry systems
in Germany using cost-benefit analysis
techniques. They found that, in all sys-
tems, the cost-benefit analysis was posi-
tive if they assumed that without
vaccination there would be a Newcastle
disease outbreak every 2 years.

o  Kvarnforsetal. (1997) state that outbreaks
in Sweden had occurred in 1956, 1981
and 1995. The last outbreak caused a dra-
matic drop in egg production in one of
the country’s biggest egg producers. In
one house, production fell from 3000 to
70 eggs per day. Mortality was low and
post-mortem of birds revealed no typical
findings. High antibody titres for
Newcastle disease initiated the destruc-
tion of 100,000 birds, 1.3 million brood
eggs and day-old chicks and 350,000
hatchery eggs.

e  Ganesan et al. (1993) describe a subclini-
cal outbreak of Newcastle disease which
had a serious impact on egg production.
The outbreak was controlled with the
revaccination of the flock with mesogenic
Newcastle vaccine and egg production
returned to normal.

SECTOR-LEVEL IMPACT

e Leslie (2000) presents an analysis of the
costs of the 1973 Newcastle disease out-
break in Northern Ireland and compares
how these costs would translate if a simi-
lar outbreak took place in 1997. She found



Diseases of Poultry 259

that the full cost of an outbreak had
increased, although in real terms the costs
of its control have fallen.

Hafi et al. (1997) produced a document on
the economic impact of Newcastle disease
in Australia due to demands from the
USA, Denmark, Thailand and New
Zealand for a relaxation of Australian
quarantine laws. Australia is free of patho-
genic forms of Newecastle disease. The
authors simulated an outbreak of
Newcastle disease in the state of New
South Wales to determine the economic
impact of the introduction of this disease
to Australia. They provide information on
the Australia poultry industry stating that
in1992-1993 its gross value was AUS$1059
million, which represented 10% of the
gross value from the Australian livestock
sector. Their analysis looks at the advan-
tages of importing meat from the coun-
tries mentioned, which would mean that
poultry meat would be imported more
cheaply than meat produced in the coun-
try. It also looked at the risks of Newcastle
disease outbreaks with this importation of
meat and the costs of the simulated out-
break. The results of this analysis are not
straightforward and depend on the vol-
ume of imports. At low levels of imports,
the predicted producer losses are high
(AUS$152 million) and the benefits of
imports are low (AUS$0.13 million). Even
at high levels of importation, the benefits
of imports (100,000t/year) do not equal
the predicted losses. The authors combine
these results with risk analysis, which
suggests that at low levels of imports the
risk of disease entry would need to be
very low (less than one chance in 1852).
This is a very thorough analysis of the
entry of an exotic disease to a free country
and is recommended reading for people
interested in such analysis.

Omohundro and Walker (1973) report on
the Newcastle disease epidemic in
Southern California and Arizona in the
USA. It took 20 months to eradicate the
viscerotropic velogenic form of the dis-
ease and involved the slaughter of 11.58
million birds from 1321 flocks. The cost
of this eradication was US$48 million.

Rural production systems

Copland et al. (1988) describe a model to
evaluate the economic impact of V4 vac-
cine of rural poultry in South-east Asia.
Spradbrow (1990) describes the import-
ance of Newcastle disease in rural poul-
try systems and the possibilities of control
using heat-stable oral vaccines.

Johnson (1990) made an economic analysis
of the ACIAR programme of research into
Newcastle disease and how it might best be
controlled. The research involved the devel-
opment of a heat-stable vaccine that could
be delivered on food. The majority of the
initial research was carried out in Malaysia,
which adopted a widespread programme
of vaccine delivery. In addition, work was
carried out in Thailand, the Philippines,
Indonesia and Sri Lanka. Johnston esti-
mates that the flow of net benefits from the
research in the five countries concerned
was in the region of AUS$389 million.
Johnston et al. (1992) describe the economic
analysis of oral vaccination of the 43 million
birds in Philippine villages. They estimated
that the returns to this programme would
be 13.8 times greater than the costs.
Johnston (1993) describes a model to
assess the benefits from campaigns to
vaccinate rural poultry against Newcastle
disease in Asia.

Spradbrow (1993) details the information
on the economic impact of Newcastle dis-
ease in backyard poultry systems.
He mentions that it is one of the most
important reasons for mortality in these
systems and quotes that this disease annu-
ally kills 70-80% of unvaccinated village
chickens. The author also states that the
fact that most local languages have a name
for Newcastle disease is a good indication
of its prevalence and importance.

Awan et al. (1994) in their review of
Newcastle disease in rural poultry com-
ment that although this disease is an
important constraint in these systems it
is not the only one. It is likely that effec-
tive control of Newcastle disease will not
increase bird numbers dramatically as
other constraints such as feed supply will
then have an impact.
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Marek’s disease

Marek’s disease is worldwide and caused
important economic losses in the 1960s that
led to research into a vaccine to control the
disease. Ansell (1988) identifies the following
losses due to this disease:

broilers:

e carcass condemnations;
e mortality;

e lower feed conversion.
broiler breeders:

e carcass condemnation;
e mortality.

layers:

e carcass condemnation;
e mortality;

¢ lower egg production.

The following information on the economic
impact of Marek’s disease has been collected:

Ansell (1988) used the analysis structure
above and information on the costs of
research into vaccination against Marek’s
disease between 1960 and 1983 to calcu-
late the returns on the research. He states
that the returns were very high with a
benefit/ cost ratio (BCR) of 30.

Bennett et al. (1999) estimated that the
losses due to Marek’s disease in Great
Britain are between £0.5 and £3.2 million
and that total costs including control are
between £1.2 and £4.5 million.

Calnek and Witter (1997) provide infor-
mation on the percentage of condemna-
tions due to Marek’s disease which shows
a peak in the late 1960s and early 1970s
followed by a steady decline presumably
due to vaccination through to 1995.
Voigtlander et al. (1991) reported that vac-
cination against Marek’s disease in broilers
after an outbreak of this disease reduced
mortality by 30%, carcass rejection by 7%
and increased profit per bird by 2.5%.
Tadic and Bidin (1988) studied Marek’s
disease in poultry farms in Croatia. The
disease caused 2.18% mortality of the
parent hybrids and was found to have
affected carcass quality in 7% of the birds
produced. The total loss due to Marek’s
disease per layer was estimated to be

US$14.85 and the total losses due to par-
ent birds dying in Yugoslavia in 1986
were estimated to be US$712,206.
Astudy in the German Democratic Republic
in 1972 found that vaccination against
Marek’s disease in broiler chicks was justi-
fied economically when they were kept at
high concentrations under unfavourable
conditions, and for a fattening period
exceeding 40-50 days (Werner et al., 1987).
Powell (1986) reports that Marek’s dis-
ease is still a disease of major economic
importance in the world even though
vaccination had avoided the outbreaks
that were seen in the 1960s. The author’s
concern is the appearance of more viru-
lent strains of the virus.

Ring et al. (1985) analysed data from the
German Federal Republic and The
Netherlands for 1982, and found that
Marek’s disease vaccination produced a
saving of at least ten times the cost of
administering the live vaccine. Heinze
(1984) reports that costs of vaccine were
on average DM 0.034 per chick and the
application DM 0.019 per chick.

Lee (1980) in a trial with white Leghorn
chicks found that vaccination against
Marek’s disease did not affect growth or
mortality in young birds, but vaccinated
birds went on to produce more and
heavier eggs. These vaccinated laying
birds also had lower mortality rates.
Purchase and Schultz (1978) state that
between 1965 and 1974 research expendi-
ture on avian leucosis was US$32 million.
Their economic analysis of this work on
the control of Marek’s disease indicates a
BCR of 22 if only the costs from 1965 are
taken into account and a BCR of 4 if costs
going back to 1939 are included.

Lee and Reid (1977) found that there
were no differences in growth, mortality
or egg production between a group of
vaccinated and non-vaccinated Single
Comb White Leghorn pullets.

Infectious bursal disease

IBD is extremely difficult to assess in terms
of its economic impact in that it has a num-
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ber of different serotypes with different
levels of pathogenicity. Obviously design-
ing tests that can distinguish between sero-
types is also difficult. The disease is also
associated with other infections as one of
its impacts is immunosuppression. The fol-
lowing information from the literature was
collected:

Binta et al. (1995) describe an outbreak of
IBD in the towns of Gaborone, Francis-
town and Mochudi in Zimbabwe. The
outbreak occurred between 1989 and
1993 with an average of 11 outbreaks per
year mainly in commercial flocks.
The outbreaks were associated with
infections of Newcastle disease, colisep-
ticaemia, salmonellosis, Staphylococcus
aureus and mycoplasmosis. Post-mortem
revealed ecchymotic haemorrhages in
the thigh muscles and the subcutaneous
tissue around the thigh either unilater-
ally or bilaterally. There was also dwarf-
ism or stunting of the broilers as a result
of poor feed conversion and concurrent
diseases were a sequel to infection.
Bennett et al. (1999) report that it was
not possible to estimate the losses due to
IBD in the UK because of a lack of
data on the disease incidence. They did,
however, estimate that the control
costs through vaccination were £3.8
million/year.

Mcllroy et al. (1993) found that there was a
positive impact of increasing vitamin E in
the diets of birds with subclinical IBD.
Their analysis showed that the perfor-
mance of flocks with subclinical IBD was
consistently worse in terms of net income,
feed conversion ratio and average weight
per bird than flocks without subclinical
disease (Mcllroy ef al., 1989). In their trial
the average net income of flocks with sub-
clinical IBD and fed a high vitamin E-con-
taining diet was 10% better than that from
flocks with subclinical IBD and fed a nor-
mal vitamin E-containing diet. The differ-
ence between the average net income
achieved by flocks without subclinical
IBD and being fed on either a high or a
normal vitamin E-containing diet was
only 2% and not significantly different.

Mycoplasma meleagridis

Moycoplasma meleagridis has a series of papers
on its economic impact in the USA which
have been authored or co-authored by
Carpenter:

Carpenter and Riemann (1980) report
that a programme of eradication of M.
meleagridis by dipping hatching eggs was
economically justified.

Carpenter (1980) estimated that the
impact of M. meleagridis infection on
hatchability was 5%. He calculated that
the impact occurred between the 25th
and 28th days of infection and would
account for losses of up to US$7.5 mil-
lion/year in the USA. The cost of the
control of egg-transmission was esti-
mated to be US$1.4 million, giving a total
annual cost of this infection as approxi-
mately US$9 million.

Carpenter et al. (1981a) examined two
different control programmes for M.
meleagridis. One included egg dipping,
which was predicted to give a return of
US$1.58 per hen, and the other option
where egg dipping was not necessary
would give a return of US$2.06.
Carpenter ef al. (1981b) report that tur-
key eggs experimentally infected with
M. meleagridis showed a decrease in
production of first-quality poults of
approximately 20% when compared
with uninoculated controls. They esti-
mated that the total economic losses
associated with decreased hatchability
caused by M. meleagridis and the cost
of a control programme were esti-
mated to be US$9.4 million/year in
the USA.

Carpenter (1983) reports a difference in
weight between turkeys with and with-
out M. meleagridis infection. This weight
difference translated into a profit of US$
0.06 per bird.

Multiple infections and other diseases

The following information is available on
multiple infections and other diseases:
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Mycoplasmas

In an experiment with the dual infection
with M. gallisepticum and M. synoviae
Branton et al. (1997) found that no signifi-
cant difference was found between control
and infected birds for hen-day egg pro-
duction, egg weight or eggshell strength.
Mohammed et al. (1987) investigated the
losses in commercial layer flocks in
California, USA, due to M. gallisepticum
and M. synovige. They found that a
M. gallisepticum infected flock produced
between 12 and five fewer eggs per hen
than an uninfected flock, but that M. syno-
viae had no impact on egg production.
They estimated that commercial layer
producers in southern California lost an
estimated 127 million eggs because of M.
gallisepticum in 1984. This lost egg produc-
tion and associated control programme
costs amounted to an estimated financial
loss of approximately US$7 million. This
represented a loss of approximately US$6
million in consumer surplus.

Harada et al. (1986) reported that oxy-
tetracycline and doxycycline treatment
of layer and broiler birds to control M.
gallisepticum and M. synoviae infections
improved growth rates and egg
production. No costs and benefits are
presented.

Landgraf and Vielitz (1983) report on the
experimental infection of laying hens
with M. gallisepticum and M. synoviae.
They found that hens infected had higher
monthly mortality rates (0.5-0.7%) and
lower monthly egg production (infection
caused it to fall from 87% to 69%).

Muiltiple infections

Jorgensen et al. (1995) studied subclinical
infections of IBD virus, adenoviruses,
reoviruses and chicken anaemia virus in
broiler birds. They found that there was
no significant effect on flock performance
for any of the viral infections either alone
or in combination.

Skeletal diseases

e  Bennett et al. (1999) estimated that skele-
tal problems in the broiler, breeder and
commercial layer parts of the poultry
industry in the UK caused between £11.8
and £24.1 million worth of losses.

e  Bisgaard et al. (1981) examine the condem-
nations due to arthritis in ducks in
Denmark. Between 1959 and 1968 the
condemnations due to this problem were
0.4% of the ducks slaughtered. However,
the introduction of compulsory measures
to control salmonella reduced this to
0.12% between 1969 and 1978. They esti-
mated that the national annual cost of
arthritis from 1959 to 1968 was 207,579
Danish crowns and that during the next
10 years the cost was only one-third of
this sum.

Summary

The world poultry sector supplies 40% of
the world’s meat and egg protein in terms of
weight. This supply is largely from intensive
or industrial production systems, which have
huge investments in breeding programmes,
housing, feeding and processing. The indus-
trial systems also invest considerable amounts
of money in research on poultry diseases. The
result of this investment is obvious to see, in
that a number of important contagious dis-
ease such as Newecastle disease, avian influ-
enza and Marek’s disease have been brought
under control and in some areas eradicated.
In contrast, the other components of the poul-
try sector are the rural scavenge-based sys-
tems found in nearly all countries that are low
input-low output systems. These systems
also suffer disease problems, but investments
in research are very small and the invest-
ments at farm level in terms of control almost
non-existent. However, the impact of diseases
at this level can be devastating, causing hard-
ship to poor families and also risks of infec-
tion to the intensive sector.



Part Il

Economic Analysis and
Policy Making: Examples from
Around the World

Introduction

The challenges that face livestock sectors
around the world are different and depend-
ent on many factors from agroecological
to socio-political. Rushton (2006) classifies
countries into three groups, which are speci-
fied below.

The developed world has eradicated
most of the important contagious diseases
from their domestic livestock. They are
faced with challenges with regard to pre-
venting the entry of contagious diseases
from outside (FMD), from wildlife popula-
tions (CSF, tuberculosis) or through vector-
borne spread (bluetongue). These countries
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face challenges in terms of maintaining ade-
quate veterinary services for farm livestock sys-
tems where, although livestock numbers are the
same, the number of producers is becoming
smaller. There are also problems with endemic
diseases and questions about who should pay
for their prevention and control.

In the developing world, there is a divide
between countries actively involved in the
livestock product trade, who since the late
1980s have aggressively controlled and in
some cases eradicated contagious diseases in
order to have access to the most important
and rich markets for their products. The exam-
ples of FMD and CSF control and eradication
in the Americas are probably the most obvi-
ous, but we should not forget the efforts of the
Thais to control highly pathogenic avian influ-
enza (HPAI) and modify their poultry sector
in order to maintain their exports. These
changes are dramatic and deserve further
work on how these countries have achieved
such rapid advances, often in the face of socio-
economic and political difficulties.

There is a final category of countries
identified that have weak governments,
weak livestock sectors and no strong ability
to participate in international trade. These
countries’ efforts on livestock development
and animal health control have largely been
driven by aid agendas that have often been
inconsistent in their advice. There are exam-
ples of drives to control diseases such as
ECF, CBPP and some zoonoses, but these
efforts are patchy. The most successful cam-
paign is the eradication of rinderpest across
the world, a disease that had favourable
technical factors for its eradication such as a
relatively thermostable vaccine that confers
life-long immunity.

The following contributions have been
selected from different regions and countries
with an intention to provide a snapshot of the
main challenges being faced in very different
environments.

e Joachim Otte and Ugo Pica-Ciamarra
provide an overview of the livestock
policies required to help poor livestock
producers around the world.

e LizRedmond and Harvey Beck detail the
difficulties of planning an animal health

service in a country where the budget is
dominated by controlling tuberculosis.

e Hernan Rojas discusses animal health
disease status and trade from his experi-
ence in South America and more specifi-
cally Chile.

e  Pascal Bonnet and Matthieu Lesnoff dis-
cuss how to define a strategy for CBPP in
an environment where much external
assistance is still required.

e Vinod Ahuja describes the challenges of
veterinary service delivery in an envi-
ronment where most livestock keepers
are smallholders.

e Devendra discusses the challenges of
increasing livestock product supply in
environments not traditionally associ-
ated with livestock production.

For readers interested in further analysis of
animal diseases in different regions, they are
referred to the following documents:

e Developed countries — with a focus on
the control of contagious disease in naive
populations:

e FMD in the UK is well documented
by Power and Harris (1973) for the
1967-1968 outbreak, Thompson et al.
(2002) for the 2001 outbreak and the
House of Commons (2008) for the 2007
outbreak.

e Classical swine fever control in Europe
has been well covered by work done at
Wageningen University (Mangen et al.,
2001; Mangen, 2002).

e Avian influenza control in The
Netherlands (Stegeman et al., 2004).

e Developed countries — with a focus on
the control of endemic diseases:

e UK-based work on endemic disease
control by Alistair Stott (Stott, 2005)
and Richard Bennett (Bennett, 1992;
Bennett, 2003).

e Tim Carpenter’s work on Mycoplasma
meleagridis in the USA (Carpenter et al.,
1979; Carpenter, 1980).

¢ Developing country challenges:

e FMD studies carried out by Brian Perry
and colleagues for South-east Asia
(Perry et al., 1999) and Southern Africa
(Perry et al., 2003).
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¢ Newcastle disease control in backyard e The need to combine different skills in
production systems (Spradbrow, 1993) mapping, economics and disease risk
and avian influenza in a region (Wint and Robinson, 2007; Shaw et al.,
(Rushton et al., 2005). 2006).

e General challenges for developing e Service delivery in developing coun-
livestock and animal health policy in tries well documented for Africa in a
Africa (Perry et al., 2002, 2005; Scoones book by David Leonard (2000) and
and Wolmer, 2006; Rushton et al., Vinod Ahuja’s study in India (Ahuja

2006a). et al., 2000).
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21 Livestock Policy and Poverty
Reduction: Experiences from
the Developing World

Joachim Otte and Ugo Pica-Ciamarra

Introduction

Increasing population, income growth and
urbanization in developing countries are
boosting the demand for food of animal
origin. This trend provides significant
opportunities for poverty reduction, as
an estimated 42% of the poor worldwide
are dependent on livestock as part of their
livelihood.

However, imperfect or missing markets
often trap poor livestock keepers in low-
income equilibria, preventing them from
deriving major benefits from the increased
demand for animal protein. Thus, if poverty
alleviation is a policy goal, policy makers
should identify, design and implement pub-
lic actions that allow poor livestock produc-
ers to take advantage of the increasing
demand for meat and milk. This is, however,
not a simple task: livestock sector develop-
ment is shaped by an intertwined mixture of
macroeconomic and agricultural sector
policies, with livestock sector-specific inter-
ventions playing a subordinate role, while
policy makers in the livestock departments
tend to design livestock sector policies in
isolation with minimal consultation with
other ministries or representatives of the
livestock sector.

A Framework for Pro-poor
Livestock Policies

In the last decades, most developing coun-
tries have gone through orthodox macroeco-
nomic and institutional reforms. These have
promoted economic growth but largely failed
to significantly benefit poor livestock keepers.
The policy challenge, therefore, is not only to
create a conducive macroeconomic and insti-
tutional environment, but also to make the
growth process pro-poor.

To ensure that poor livestock keepers are
included in, and contribute to, economic
growth, governments should design and
implement policies targeted at achieving
three major objectives:

1. Establishing the basics for livestock produc-
tion, i.e. providing poor livestock holders
with adequate and secure access to basic pro-
duction inputs. This objective contains two
subsidiary policy objectives, which are:
(a) securing access to land, water and feed;
and
(b) providing risk-coping mechanisms for
natural disasters and price shocks.
Insecure access to basic inputs and variabil-
ity of returns prevent livestock keepers
from making efficient use of their scarce

©CAB International 2009. The Economics of Animal Health and Production
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resources and from effectively responding
to market signals. For instance, high vari-
ability of returns may induce pastoralists to
overstock and to use livestock as a form
of insurance rather than as a means of
production.
2. Kick-starting domestic markets for livestock
and derived products. This objective has three
subsidiary policy objectives, namely to pro-
vide secure access to:

(a) livestock services;

(b) credit and secondary inputs, such as
compound feeds; and

(c) domestic output markets.

Poor livestock producers, in fact, even

when ‘having access to the basics’, may be

locked into low-income equilibria as miss-
ing or imperfect markets prevent them
from availing themselves of the produc-
tion-increasing inputs necessary to escape
poverty. For instance, high fixed transaction
costs and lack of information hinder price
transmission, potentially preventing small-
holders from fully benefiting from a pro-
spective increase in meat/milk price.

3. Sustaining and expanding livestock produc-

tion. Three sub-objectives are subsumed

under this overall objective:

(a) securing food safety and quality of live-
stock products according to national,
regional and international standards;

(b) promoting research activities in animal
feeding and breeding to support the
production of high-quality commodi-
ties; and

(c) ensuring the environmental sustain-
ability of livestock production.

These are mostly public goods and necessary
elements for countries to be competitive in
international markets as well as to avoid
smallholders being crowded out from their
domestic markets by foreign competitors. For
instance, livestock research activities driven
by the profit-seeking efforts of private institu-
tions rarely serve the poor, who are thought
unwilling or unable to pay for research
outcomes.

Unfortunately, evidence from Asia, Africa and
Latin America has shown that livestock sector
policies are not explicitly designed to be pro-
poor. In many poor countries, national policy
documents emphasize the importance of inter-
ventions to ‘kick-start domestic markets’, with
a focus on input over output markets. Reforms
are undertaken in credit markets and in animal
health and extension service delivery, while
marketing and market information are only
marginally addressed. Some attention has also
been paid to policies for expanding and sup-
porting long-run livestock production, such as
the reform of research institutes, and the open-
ing of markets supported by measures to sat-
isfy international sanitary standards.

Conclusions and Recommendations

With a view to rural poverty reduction, the
current policy framework of many countries
appears unbalanced. It implicitly focuses onlive-
stock production and productivity, rather than
on poor livestock holders and their livelihoods.
Current policies, in fact, are biased towards
‘kick-starting domestic livestock markets’ and
‘expanding to international output markets’. Yet,
poor livestock holders will only respond to poli-
cies designed for ‘kick-starting’ and ‘expanding’
markets, and hence escape poverty, when access
to basic production inputs is secured and vul-
nerability to shocks is reduced.

To improve this situation and ensure that
livestock policies have a combined growth and
poverty reduction impact, governments
should be more aware of the ‘economic’ behav-
iour of the rural poor and take the poor live-
stock-producing household rather than a
production function as the entry point for pol-
icy design. This would imply focusing not only
on technical issues and market policies but
also on strategies promoting access to basic
resources, and reducing vulnerability and
transaction costs of small livestock producers.
Only then will input and output market poli-
cies be effective, sustainable and pro-poor.
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Economics in Animal Health Policy

Making in Northern Ireland

Liz Redmond and Harvey Beck

Introduction

Economics is just one of many but central inputs
into the policy-making cycle in Northern Ireland.
It is applied at a number of stages in the policy
development and review cycle, from the early
stages of policy development, the establishment
of a need for policy and the appraisal of policy
options, through to the monitoring and evalu-
ation of the effectiveness of existing policy and
policy review. This policy development frame-
work in Northern Ireland is well documented,
with an accompanying practical document.
These guides are very clear that economics is
central to policy development in that all ‘proposals
should be supported by evidence of suitable appraisal,
approval, management and evaluation. There are no
exceptions to this general requirement’ regardless of
where the financing has come from.

The process in Northern Ireland will be
illustrated by a case study involving a review
of policy of bovine tuberculosis (TB) control.
It is important to remember that the process is
iterative, with a monitoring process once a
policy has been implemented.

The Review of Tuberculosis in
Northern Ireland

In 2002, a major review of TB policy in Northern
Ireland was completed, a disease that accounts

for a large proportion of expenditure by the
Northern Ireland state veterinary service.
This policy review illustrates the difficulties,
limitations and imperfections encountered in
applying economics to animal health policy
making. The review adopted an interdisci-
plinary approach with a team led by a policy
professional, and including people with skills
in veterinary science, economics, finance and
laboratories. An external audit firm was also
engaged to undertake some of the economic
analysis. Economics featured in the terms of
reference to the TB review at two main stages
in the policy development process:

1. Evaluation of the existing approach is
the assessment of costs, benefits and evalu-
ation of value for money (VEM) of the cur-
rent approach, and identification of VFM
indicators.

2. Appraisal of options is the assessment of
public expenditure implications of options
and identification of recommendations.

The review had various stages, which are
detailed in the following sections.

Defining the need

In Northern Ireland, there is a 5-year policy
review cycle and the TB control policy review
should have been carried out in 2000, but was

©CAB International 2009. The Economics of Animal Health and Production
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not complete until 2002 due to the FMD cri-
sis in Great Britain. The review found that TB
control costs were increasing and, of the £17
million spent in 2001/2002, a third was used
in farmer compensation. The hope at the time
was that some of this compensation money
could be quickly saved in the more innovative
way of public-private partnerships.

Having defined a need for change the
next step is to establish an evidence base.

Establishing an evidence base

The evidence drawn on included epidemi-
ology, developments in scientific research,
field expertise from within the department,
and economic evaluation of the existing
approach. However, the extent to which the
evidence base could be developed was lim-
ited by the considerable political and indus-
trial pressure to move quickly to complete
the review, in light of rapidly increasing
disease levels and expenditure over the pre-
ceding few years. In order to meet the tight
deadline set for the review, a deliberate deci-
sion was taken to complete the review based
on indicative costs and qualitative assess-
ment of benefits, with the option of further
detailed analysis of accepted recommenda-
tions following later.

In particular, one of the main criticisms
of this work was the fact that it relied heavily
on descriptive epidemiology and expert epi-
demiological opinion. Had there been more
time and resources available, it would have
been preferable to develop a more detailed
analysis of the disease picture at this stage in
the review, in particular a detailed analysis of
the factors causing the increasing disease
trend. This would have allowed for better
estimation of benefits in the economic evalua-
tion and appraisal of options later in the
review.

In terms of the economic evaluation (evi-
dence base), two key questions had to be
answered:

1. Whether the programme was cost benefi-
cial (i.e. do benefits outweigh costs?); and

2. Whetheritrepresented good VFM (i.e. could
costs be lower and/or benefits greater?).

For the first, the conclusion was that the ben-
efits exceeded costs by a reasonable margin
simply by preventing adverse production
effects. To come to this conclusion, data were
drawn from the Republic of Ireland studies
into production losses associated with TB.
These were estimated to be at least £20 mil-
lion per annum. Other non-quantifiable ben-
efits could be assumed to add to these saved
production losses, including potential trade
access with resumption of exports, human
health and animal welfare benefits.

This benefit was set against the annual
cost to government of the control programme
of £17 million, and although somewhat rough
and ready this could be used to indicate that
the programme was cost beneficial and eco-
nomically worthwhile.

VEM can be taken as applying at the level
of the overall economy or simply to public
expenditure. The latter narrower definition
was adopted in this review as the approach
was simpler and quicker. However, transfer
of costs to the private sector would maximize
value in public money terms alone even
though this may not change the overall VFM
to the economy, which raises the issue of
distribution.

Three components of VFM as defined in
the Treasury Greenbook were: economy, effi-
ciency and effectiveness. Conclusions from
looking at these were:

e Interms of economy (i.e. achieving low-
est possible cost), total annual compensa-
tion costs and costs in terms of staff time
and fees were identified as the main areas
for potential savings. A complex relation-
ship exists between these costs areas, as
restricting staff costs, in particular, may
have led to increased disease levels and
hence compensation costs. Of these, com-
pensation levels therefore offered most
scope for reduction.

e Interms of efficiency (i.e. ratio of outputs
to inputs), it was difficult to find a suitable
measure due to lack of management infor-
mation (e.g. administrative and testing
costs per outbreak). Cost per reactor was
counter-intuitive, in that it had actually
been decreasing as incidence increased
(fixed cost spread over more reactors).
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e In terms of effectiveness (i.e. difference
between what is expected from a policy
and what it delivers), it was considered
that the existing eradication goal of the
programme could only be achievable in
the very long term, and in face of rising
incidence it should be replaced with
3- and 5-year targets of reduced reactor
numbers.

Another potentially useful indicator of the
VEFM from this programme is the ratio of input
(disease control programme expenditure)
to gross output in terms of the commodity
(Northern Ireland beef and milk). The higher
the indicator, the lower is the VFEM. The VFM
had been decreasing by this measure, and this
decrease had accelerated in the year preced-
ing the review. In crude terms, the cost of the
programme to government had reached 4%
of the gross value of the commodity, which
certainly must have been an unsustainable
situation.

Stakeholder analysis and consultation

At this stage key stakeholders were asked to
give their views on the current programme
and on what areas they thought the review
should consider. Feedback from stakeholders
was considered when building up options for
appraisal.

Policy linkages

In terms of policy linkages, approaches in
Great Britain and the Republic of Ireland
were considered and comparisons made. In
terms of learning, the approach taken in New
Zealand was also examined.

Generate policy options

Policy options, offering the potential to
improve performance in terms of economy,
efficiency and/or effectiveness, were identi-
fied by the review team based on their expert
opinion and consideration of the evidence,
stakeholder views and policy linkages.

The review team consolidated a list of 12
options into a short list of five, by a two-step
process. Step one was weighting and scoring
each of the 12 components against four
criteria:

e impact on incidence of disease;

e robustness (i.e. how well the information
used to produce the recommendation
would stand up to scrutiny);

e  consensus among scoring team; and

e sustainability of net benefits over time.

High-scoring options were then rated ‘A’,
medium-scoring were rated ‘B’, and low-
scoring were rated ‘C’. The following five
options were identified:

¢ Do nothing — status quo.

e Do minimum (European Union (EU)
compliance - inconclusive reactor re-
quirement, dealer registration, restric-
tions on overdue tests).

e Option A (do minimum + boundary
fencing, Animal and Plant Health
InspectionService(APHIS)augmentation,
pre-movement testing, review testing
arrangements, badger research).

e Option B (option A + changes to valua-
tion and compensation).

e  Option C (option B + charge for late tests,
biometric identification, contract cattle
housing).

The ‘do nothing’ option was the status quo
and the baseline case from which costs and
benefits were then measured. The ‘do mini-
mum’ option consisted of changes to cur-
rent policy needed to bring Northern Ireland
fully into compliance with EU statutory
requirements.

Economic appraisal of options

The next step was economic appraisal of the
options. Both qualitative and quantitative
analyses were carried out. The technique of
qualitative analysis, applied to assess non-
monetary benefits, was fairly simplistic, and
the results were of lesser significance in the
choice of preferred option. The remainder of
the paper will therefore focus on the quanti-
tative analysis of costs and benefits, and the
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assessment of public expenditure implica-
tions of the options.

Ideally both the costs and benefits of all
option components should be quantified.
Unfortunately in this case, as for the evaluation
of the existing programme, only limited bene-
fits calculation was done, due to tight time
frames and data limitations (lack of sufficient
epidemiological modelling and cost data).

There were only two components for
which benefits were quantified (changes
to valuation and compensation, and pre-
movement testing). For the other components
a cost only approach was taken, i.e. calculat-
ing the total cost of the option. This was con-
sistent with the Treasury Greenbook total cost
approach. A full cost-benefit analysis was not
done because benefits could not be quantified
in all cases.

The analysis was limited to costs attrib-
utable to government, as the review was pri-
marily concerned with development of policy
that offers best VFM to the public purse and
farmer costs (consequential) were estimated
to be de minimus compared with the size of
compensation payments.

A 5-year appraisal period was chosen.
Net present cost (NPC) was calculated (quan-
tifiable costs plus quantifiable savings) and
discounted over 5 years at 6% in line with
the Treasury Greenbook approach at the time
(now revised to 3.5%).

A static baseline was used that reflected a
situation in which disease incidence (i.e. total
TB reactors as percentage of all animals tested)
remained at 2000 levels, whereas the trend
baseline represented an increase in disease
incidence, which had been the trend since
1995. This forecast was a linear extrapolation
derived by simple regression analysis of the
past trend. It assumes that under the status quo
the disease incidence will continue to rise.

Using the static baseline, all options were
more costly in terms of public expenditure than
doing nothing, and if this assessment alone
was used then there would be no justification
for doing anything new or different. Using a
trend baseline, which reflected the position
more likely to occur if there was no new inter-
vention to turn around the rising incidence at
the time, option ‘do minimum plus A + B’ is
equivalent to doing nothing but with the

advantage of meeting EU requirements. All
other options were more costly than doing
nothing.!

The ‘do minimum’ option is so costly
because it included a policy on removal of
second-time inconclusive reactors, which was
estimated to substantially increase the num-
ber of animals removed and compensated but
with little benefit in terms of reduced TB inci-
dence. Although this measure is included in
other options, the savings associated with the
other measures reduce the disease incidence
and net cost.

Choose preferred option

The review made the recommendation that
the ‘do minimum plus A and B’ option be
adopted. This package meets EU require-
ments and the status quo would not have
been a politically acceptable option in light of
rising incidence.

Implement: plan and deliver

Approval was obtained from the Depart-
ment of Finance and the Minister, followed
by further consultation with stakeholders.
Stakeholder feedback resulted in slight
modifications to details within the final
package of measures for implementation.
Implementation of main measures started
in the second half of 2004.

Monitoring and evaluation

Post-review evaluation indicators are framed
around the reduction in the number of TB

"Note that this calculation is based on attributing a
monetary cost of £16 million over 5 years to the status
quo and ‘do minimum’ options. The assumption was
made that both the status quo and ‘do minimum’
options would have no impact on existing levels of TB
and would be associated with a continued rise in inci-
dence, at an additional cost of £16 million over 5
years. The assumption was made that all other options
would maintain disease incidence at 2000 levels.
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reactor animals and the reduction in costs to
government (programme costs and compen-
sation costs). Reporting against these indi-
cators to the Department of Finance started
in January 2005 and is done at 6-monthly
intervals. Progress against the targets has
been good because of a significant decline in
disease incidence during 2005, though attri-
bution to the review measures is difficult.
Another major review of the TB programme
is expected in 2007 /2008.

Immediately after the review was pub-
lished, the incidence of TB was still increasing
and the actual incidence quickly diverged
from the static baseline of 2000 levels and
exceeded the trend line, with associated
increased programme costs (increasing from
£16.7 million in 2000/2001 to £24.5 million in
2004 /2005). If the cost savings had been mea-
sured against this baseline, then the savings
would have been even greater than estimated
against the trend baseline. In other words,
actual savings are likely to have exceeded
estimates.

The VFM has increased since the review,
though is lagging slightly behind the substan-
tial drop in TB incidence seen in 2005 due to
the need to maintain a high input of labour to
maintain the effort to reduce disease levels.

What can be learnt from this case study?

The Treasury Greenbook approach is very
broad and animal health policy does not fit
very easily into the framework (particularly
in a cost-constrained environment). The
application of this approach to the TB pro-
gramme presented many challenges, and
when the review is assessed strictly against
this approach it shows many weaknesses.

In particular, data limitations impacted
heavily on the ability to estimate benefits. This
is often a problem for animal disease policy
analysis, since there are so many uncertainties
and much unpredictable background ‘noise’.
Detailed understanding of disease epidemiol-
ogy is an important element in improving
benefit estimation. In Northern Ireland, the

epidemiological capacity has been signifi-
cantly strengthened and enhanced since this
review was done, and data are now greatly
improved. These data are currently being used
to undertake further work on some of the pol-
icy options identified in this study.

Better and cost-effective methods for
drawing in non-monetary costs and benefits
of animal health programmes would also
make a significant contribution to improving
the approach.

Despite the weaknesses in the detail of
the analysis, adhering to the government
guidelines certainly led to acceptance of this
review by central government funders, and
continued acceptance. In addition most of the
features of good policy making were present,
such as the need to be forward and outward
looking through a process that is inclusive with
effective communication. This process has to
have an evidence base, be joined up, encourage
innovative and through evaluation and review
allow lessons to be learnt.

Conclusion

Economic input is an integral part of the pol-
icy development process and evidence-based
policy decision making, and to government
decision makers the concept of economics
and VFM are synonymous.

When applying policy development
frameworks in real situations, it is important
to remember practicality and proportionality.
Frameworks are important but their appli-
cation requires flexibility in light of logistics,
human and economic resource constraints.
Therefore, there needs to be the application
of economic principles in a policy review
process, which recognizes that economic
studies are the best approximations of reality
given the resources available. Improving
these approximations cannot be done during
the review process, but requires a continual
improvement in data collection and analysis
that are used in such reviews. The review
itself can help highlight where these contin-
ual processes need to be strengthened.



23 Animal Diseases Management in
a New Livestock Trade Environment:
the Case of Chile

Hernan Rojas

The Starting Point

Chile has a very good animal health status,
being free of the main transboundary dis-
eases.! Newcastle disease (NC), foot-and-
mouth disease (FMD) and classic swine fever
(CSF) have been eradicated in the country as
a result of campaigns that involved public-
private partnerships. These campaigns started
in the 1960s. In addition, the country has effec-
tive control programmes for the main endemic
diseases, such as bovine brucellosis and tuber-
culosis. Disease control efforts, with such
positive results, have generated experience, a
good reputation, and a great pride in both the
public and private organizations of the live-
stock sector. Such a situation has provided an
excellent basis for international trade, and has
given a platform for further improvements in
the Chilean animal health status.

Chile has a relatively small livestock popu-
lation compared with other South American
countries, but this sector involves an impor-
tant number of producers, who are distributed
throughout the country. The majority of ani-
mals belong to, and are managed by, families,
which own around half of the livestock popu-
lation. Around 85% of the livestock properties
belong to either small or subsistence farms.

TAll the ex-List A OIE diseases and BSE.

The New Livestock Export Process

The good animal disease status of the Chilean
livestock population, as well as a respected
animal health system and a strong economy,
has created conditions for the development of
the livestock industry. This has encouraged
investment in the infrastructure and market-
ing to export livestock products.

The free trade agreements signed by Chile
in recent years with the strongest economies in
the world, followed by aggressive animal
health status negotiations, opened main mar-
kets for livestock products. As a consequence,
renovated livestock chains, which include
producers and the processing industry, have
begun a new livestock development era in
Chile. The export process has pushed changes
in the production, quality assurance, market-
ing and trading issues. Today, there are high
standards in all the components of the livestock
chain, a great change from the late 1990s.

A consequence of the globalization of
livestock production and processing has
been that animal health management has be-
come a key element in livestock development
and trade policy. For example, in the early
2000s anumber of transboundary disease
events showed the need for strong manage-
ment. There was FMD in Europe and South
America, high impacts of bovine spongiform
encephalopathy (BSE) in Europe, the USA,
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Canada and Japan, and widespread outbreaks
of highly pathogenic avian influenza in many
countries in Asia and Europe.

In the context of globalization of livestock
production and processing, the chapter will
examine therole of animal health management
in the Chilean livestock trade.

New Demands for Animal Health

To begin, maintain and develop an interna-
tional livestock trade process, Chile had to
adjust its animal health management policy.
The key element was to organize everything
around the livestock trade. The main changes
are presented as follows:

1. The improvement of the prevention and control
strateqy — The strategy and the implemen-
tation of main animal health actions were
improved in order to avoid production and
economic losses. The main aspects of this pro-
cess were:

e Prevention policy for main exotic dis-
eases was revised and improved.

e For each disease an individual plan for
prevention of entry, surveillance,
response and control was developed.

e New strategy and support to control
programmes for endemic diseases were
implemented.

e Diagnostic laboratory and inspection
posts at borders were also improved.

e A new traceability and movement con-
trol programme was created.

e New rules and procedures for veterinary
drugs and vaccines assessment were
created.

2. The demonstration of animal health status —
Based on international standards a system
has been developed to provide evidence of
Chile’s animal disease status and veterinary
service quality. This included:

e Detailed files of evidence to demonstrate
that the country was free of all exotic dis-
eases were elaborated and are continu-
ally in a process of revision.

¢ OIE standards were used and adjusted
for each country that Chile trades with,
ie. responding to the needs of the
importing country.

e In the case of FMD and BSE, files have
been presented to OIE, with a statute
of declared free and temporally free,
respectively.

3. Response to an animal disease or health event —
Rapid and effective response to an exotic dis-
ease incursion into the country has become
a fundamental aspect of the Chilean animal
health system. The preparation and reaction
to animal health problems include animal
health and trade measures. The following
actions have been taken:

e Contingency plans have been revised
and updated for all exotic diseases.

e The country used the plan and all the
principles of animal health and market
management during the avian influenza
H7N3 incursion in 2002.

e The same principles were used in the
American foul-brood outbreak in 2005.

4. The incorporation of the private sector into
the animal health system — Animal health man-
agement is very complex and therefore the
private sector has been involved in different
issues. It is recognized that the private sector
in the country has a crucial role in prevention
and disease control as well as sanitary nego-
tiation. The following actions have so far been
carried out:

e The private sector had an important
role in the avian influenza (AI) out-
break in 2002.

¢ Today there are common public and pri-
vate surveillance programmes for poul-
try and pig diseases.

e Active participation in the BSE preven-
tion and active surveillance programme.

5. Arecognition of the growing importance of food
safety — Chile’s trading partners along with
national legislation have increased the need
to improve food safety standards of livestock
products. This is an issue which has a close
link with animal health, both in management
and in trade. The following actions have been
implemented:

o The development of an official food safety
system from the farm to the processing
plantwasbased oninternational standards
but also in line with national legislation.

e The responsibility of slaughterhouse inspec-
tions was transferred from the Ministry of
Health to the veterinary service.
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¢ Animal welfare management has been
incorporated, especially in transport and
slaughtering.

o Aresidue control programme for all spe-
cies has also been implemented.

6. An animal disease and health status negotia-
tion team and procedures — In order to open and
maintain markets, using all the animal health
and veterinary service background, a special-
ized team and procedures were created. Some
issues covered are:

e better connection with commercial nego-
tiation units;

¢ improvement of the link and knowledge of
international reference institutions, such as
OIE, Codex Alimentarius and sanitary and
phyto-sanitary (SPS) measures of WTO;

e creation of country managers in the
veterinary service to handle sanitary
negotiations;

e coordination of other sanitary and food
safety units of veterinary service.

Other issues have been recognized and have
influenced the changes in the veterinary ser-
vices. These were: the greatest importance of
the wild animal population for animal health
and trade; the great importance of the inter-
national reference organization (OIE); and the
inclusion of family livestock production in
national biosecurity.

Cost-Benefit Analysis: Changes
in the Approach

The main motivation to eradicate animal
diseases in the past was increases in produc-
tion and the reduction of production costs. In
Chile, the analysis focused mainly on primary
production. Traditional cost-benefit analysis,
based on Inter American Development Bank
recommendations, was used to support gov-
ernmental decisions and to obtain credits.
Trade benefits from animal disease eradica-
tion and the positive role of the livestock
industry as a whole were not considered.
The cost-benefit analysis approach has
changed with Chile being free of main trans-
boundary diseases and the initiation of live-
stock product exports. Animal health actions
have become extremely important to the live-

stock industry. The livestock product export
strategy needs to be supported by high stand-
ards of animal health management, resulting
in high levels of livestock competitiveness
and trade.

The incursion of a transboundary disease
and hence a change in animal health status in
Chile would have a huge impact on the live-
stock industry, trade and the general economy
and society. Therefore, the government and
the private sector have agreed that the preven-
tion of exotic diseases and its control should
be given a high priority. A clear justification
has been made to react quickly if a trans-
boundary disease is detected in order to return
to a disease-free status as quickly as possible.
Animal health actions are also supported by
trade policies to reassure trading partners. In
conclusion, cost-benefitanalysis hasexpanded
to include the livestock industry as a whole
and all the externalities of livestock trade.

Examples of Specific Disease
Management

Prevention of an old disease: FMD

Chile has been FMD-free without vaccina-
tion since 1981, after a 20-year eradication
programme. Two incursions of the disease
occurred in 1984 and 1987, and were both
successfully controlled and stamped out
(Cancino and Vidal, 1984; Cancino, 1988).
Since the last outbreak, there has been a
FMD Prevention Programme, with activities
that are implemented with a different level
of intensity depending on an ongoing pro-
cess of risk assessment. This programme was
reinforced in 2001, in response to FMD
outbreaks in other South American coun-
tries. General measures are risk assessment
in pre-border, post-border inspection, sur-
veillance and biosecurity at farm levels. An
area of exclusion to avoid contact between
livestock from Andean neighbouring coun-
tries is part of the measures. The size of this
area depends on the risk. There are general
and specific actions in these areas. Finally,
specific media programmes support the
prevention measures. The principles and
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components of the programmes are detailed
in Rojas et al. (2002) and Espejo (2006).
Measures are mainly financed by the gov-
ernment, although the private sector under-
stands and appreciates the programme and
agrees and collaborates with its activities.

Control of a recent outbreak:
avian influenza (Al)

An Al outbreak of H7N3 strain occurred in
2002. Two farms were found positive in a
period of 15 days. The strategy applied was
the immediate elimination of flocks from posi-
tive farms, avoiding the dissemination of the
disease to the rest of the country. In parallel,
a strategy was applied to minimize the trade
impact through visits to countries importing
poultry products from Chile and also to OIE.
These visits shared the results of the disease
detection and response and a high level of
transparency was maintained.

The culling of the two infected farms to
stamp out the disease resulted in the destruc-
tion of 560,000 breeding chickens and turkeys.
This measure was financed by the Poultry
Association. Other animal health measures
were implemented to support the control of
the initial foci. Outbreak and surveillance
teams were manned and the rest of the coun-
try was zoned to facilitate the outbreak man-
agement and to reopen markets. Strict
surveillance and biosecurity measures were
put in place in the rest of the country (Rojas
and Moreira, 2006).

The impact of the disease was calculated
by Verdugo et al. (2004), who estimated that
the cost of the Al outbreak was US$31,782,475.
These costs were largely borne by the private
sector (US$31,391,889), reflecting the high
value of animals eliminated and the cost of
the elimination process.

Control of new disease: foul-brood

Honey producers are mainly focused on
export markets, and the majority are fam-
ily producers. American foul-brood was first
detected in Chile in 2003 in three small api-

aries, in a restricted area in the north of the
country. The outbreak was totally controlled.
In 2005, two outbreaks were found simultan-
eously in two regions. A restricted area was set
in the main outbreak, with movement restric-
tion. An intensive epidemiological trace-back
investigation was applied, resulting in the
detection of 98 outbreaks in seven regions of
the country. All the infected apiaries in the
country were eliminated and a 3km restricted
area was set around them. Strict surveillance
and biosecurity was applied. No antibiotic use
was allowed, either for prevention in disease-
free apiaries or in controlling disease in
infected apiaries (Cancino and Rivera, 2006).

In order to facilitate the notification of
cases, an economic incentive was created to
replace positive hives. This measure had
never been applied before, with the exception
of FMD during the 1987 outbreaks. It signifi-
cantly helped outbreak control. Bee products
for export were not restricted, with the tem-
porary exception of the restricted area. After
the emergency and under a strict surveillance
programme, 16 new outbreaks were found in
2006. No cases of American foul-brood have
been found in 2007 and 2008.

Control of an endemic disease of
recent entry: porcine reproductive and
respiratory syndrome (PRRS)

PRRS was detected in Chile in 2003.
A national investigation determined that the
disease had spread throughout the country’s
commercial herds. A project was approved to
eradicate the disease that involved a public/
private partnership. Official legislation was
approved that detailed compulsory measures
in infected farms.

At the beginning of the project, there
were a number of multi- and mono-site
producers identified as positive to PRRS. All
farms, infected and clean, were included in
the eradication programme. A private
initiative, guided by the Pork Association
(ASPROCER), and supported by the veterinary
service, removed positive mono-site herds
and replaced them with negative sows. This
measure was paid for by ASPROCER and
supervised by the veterinary service. Positive
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multi-sites had an individual eradication
plan, which was implemented and paid for by
the producer and supervised by the veter-
inary service.

Strict surveillance in all farms and biose-
curity measures were implemented and con-
tinue to date. This is part of the public and
private surveillance programme for the Chilean
porkindustry. In 2007, the country was declared
officially free of PRRS and this was recognized
internationally (Estrada, 2007).

Final Words

In recent years, Chile has demonstrated that
public investment in animal disease control

and general strengthening of animal health
systems during the 1960s have been a very
important component of the country becom-
ing a livestock exporting country. The posi-
tive changes in animal health management
have recognized the need for strong part-
nerships between public and private sectors
in animal disease prevention and control
measures.

The change in focus of the Chilean live-
stock sector has required a modification of
cost-benefit analysis that includes trade and
general society impacts of a change in animal
disease status and management. This infor-
mation is critical in helping the government
take decisions on investment in animal health
projects.



24 Decision Making, Scales and Quality
of Economic Evaluations for the Control
of Contagious Bovine Pleuropneumonia

(CBPP): the Use of Economic
Analysis Methods in Combination with
Epidemiological and Geographical
Models to Help Decision Making for
CBPP Control in Ethiopia

Pascal Bonnet and Matthieu Lesnoff

Introduction

This chapter describes how economic
evaluation methods (cost-benefit and cost-
effectiveness analyses) have been used in
analysing the economic rationale for the man-
agement of contagious bovine pleuropneumo-
nia (CBPP) in mixed crop-livestock farming
systems of Ethiopia. The analysis was car-
ried out from the perspective of the govern-
ment and the farmer. The results were used to
develop recommendations on CBPP policies
and management through an appropriate deci-
sion-making process with a multidisciplinary
approach (medical geography, mathematical
modelling). It reflects a possible combination
of public and private management of the dis-
ease and opens a new vision of CBPP manage-
ment. It also shows how analysis at different
geographical, temporal and socio-economic
scales may reflect various rationales of actors
for managing the disease, and the need for pol-
icy makers to consider conflicting interests.

For academic purposes, and in order to
emphasize the characteristics of appropriate
economic analysis to support decision making,
theanalysisstructureusedisthatrecommended
by Drummond et al. (1998) for analysing the
quality of any economic analysis when evalu-
ating health programmes.

The Research Question

Two different questions were examined
through two different studies.

The first study was carried out in the
context of the privatization of the CBPP man-
agement where there was low incidence of dis-
ease (apparent endemic status) and no public
policy for CBPP eradication. The study com-
pared the efficiency of vaccination and curative
treatment to control CBPP and hence mitigate
its impact in an average herd of the Western
Wellega region of the Ethiopian highlands. The
initial herd of the mixed crop-livestock system
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was composed of 15 animals. A cost-benefit
analysis' was carried out with a comparison of
several CBPP management strategies at farm
level: a treatment of incident CBPP cases with
antibiotics (oxytetracycline) versus various
alternatives of vaccination of a herd with TISR
or T144 vaccines. The analysis was carried out
from the perspective of the farmer and used a
short-term time horizon representing the agri-
cultural cycle of 1 year.

The second study was carried out in the
context of CBPP public management where
the goal is CBPP eradication in a given
economic zone. The state veterinary service
manages CBPP with the objective of eradica-
tion in the zone in order to manage biosecurity
and develop and seek recognition of zones
and compartments for livestock trade. The
study examined which vaccination campaign
would achieve a zonal eradication, in order
to respond to regulatory requirements with
regard to the SPS agreement (OIE-WTO) and
to risk regionalization underlying the defini-
tion of zoning and compartments in the OIE
code. A preliminary cost-effectiveness analysis,
which was simplified to a cost-minimization
analysis, was carried out. A comparison of
several vaccination scenarios was made to
assess various spatial alternatives for target-
ing vaccination campaigns. The analysis was
carried out from the governmental perspec-
tive and with a long-term time horizon.

A Comprehensive and Explicit
Description of Control Options

In the first study, private use of antibiotics
and vaccines was included. In this scenario,
the farmers privately manage any clinical
CBPP cases with antibiotics (oxytetracycline
20%), or prevent their herd from getting CBPP
with vaccination. It was assumed that there
was good access to antibiotics and vaccines,
which were distributed by the private sector
and the state veterinary services, respectively.

'Referred to as partial budget analysis for short
time periods and investment appraisal for long time
periods (see Chapter 7, this volume).

A CBPP-free herd in a high-risk environment
was considered to be certain of having con-
tact with CBPP, and the farmer was aware of
that risk. The herd infection corresponded to
the introduction of one clinical case and the
CBPP spread was simulated up to 1 year after
an introduction. In that risky situation, the
farmer was assumed to use four alternative
control strategies:

e A curative strategy (ANT) consisting of
antibiotic treatments of incidental clin-
ical cases in the infected herd. The treat-
ment administration delay was set to
1 week after the occurrence of the first
clinical signs.

e  Two purely preventative strategies” were
also considered:

e a vaccine strategy (VACC3) based on
international recommendations with
three successive vaccinations of the
herd to reach a 100% protection rate
with available vaccines (T144 and
T1SR);

e a vaccine strategy (VACC1) with a sin-
gle vaccination to achieve a 50% pro-
tection rate.

e A mixed strategy (VACC1-ANT) which
combined a single vaccination with anti-
biotic treatments of clinical cases that
occurred despite vaccination.

In the second study, only vaccination strategies
were simulated for T1SR or T144 vaccines. The
vaccine delivery and administration were by
the state veterinary services with a frequency
based on international recommendations.
However, the government did not have the
capacity to vaccinate the full territory or the
entire animal population. Therefore, it needed
to target prevention to protect highly valuable
economic territory, with the delineation of
OIE-defined free zones or compartments.

The spatial scenarios developed for testing
were based on a preliminary hierarchical
risk mapping made prior to any knowledge of
CBPP distribution in the area. A thematic inter-
pretation of the socio-economic interactions and

2The herd infection was assumed to occur in the
first month following the last vaccination.
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of the agricultural development underlying the
spatial organization of the study district helps to
prioritize the choice of the prevention strategy
to be evaluated out of the various vaccination
options available (Bonnet, 2005). Three geo-
graphical areas were identified that represented
three different livestock management strategies
and risk levels. These three zones (A, B and C)
were delineated based on a study of cattle move-
ment between farms and cattle density (analysis
of homogeneity with local indicators of spatial
autocorrelation LISA (Anselin, 1995)). The three
zones identified in the study district had the
following characteristics:

e A:ahomogeneous periurban zone, with
intensive and dynamic dairy production
systems, and characterized by high levels
of animal movement (48%) though low
density. Therefore, strong and frequent
interactions with a high risk of conta-
gious disease.

e B:ahomogeneous zone, with traditional
cereal cropping systems, less intensive
livestock systems and with low animal
movement (20%, therefore less risk for
disease) and a medium density of cattle.

e  C: a heterogeneous and contrasted zone,
with traditional mixed farming systems,
characterized by moderate levels of ani-
mal movement (32%), high cattle density
and large areas under crops. The area
was sparsely populated but had dynamic
population patterns.

Given the risk model, the study compared
the cost and performance of the prevention
with various spatial options with a theoretical
model as described by Haggett (2000), and
applied to risk factors of CBPP. Four scenarios
were evaluated:

1. A mass (blanket) vaccination in the whole
district.

2. Two defensive vaccination strategies with
vaccination in the outskirts of an area assumed
to be at high risk. One strategy covered more
of the outskirts than the other.
3. An offensive vaccination
assumed to be at very high risk.

in the area

The options were only varied by the scope of
the vaccination area that was being targeted,

both spatial and population coverage in order
to determine the vaccination cost. The effec-
tiveness of the vaccination was considered the
same in the area whatever the spatial option
chosen, and therefore the study was similar to
a cost-minimization analysis.

The Efficacy of Programmes,
Evidence of Programme
Effectiveness

Both studies used the same disease control
technologies and efficacy was estimated
through a literature review. There were no
published data either in experimental or field
conditions found on antibiotic effectiveness,
i.e. the proportion of clinical cases recovering
after treatment. It was assumed that antibiotic
treatment was fully effective with all treated
clinical cases recovering just after treatment.
The problem of chronic carriers after anti-
biotic treatments was not considered.

Vaccines were assumed to give full pro-
tection and the different rates of effectiveness
were determined by the vaccination strategy
(modus operandi) applied. The vaccine pro-
tection was assumed to last 1 year, and any
side effects of vaccines not properly adminis-
tered were not considered. In the second
study, targeted vaccinations in restricted areas
were considered to be as effective as mass
vaccination, by offering optimal immune pro-
tection in the targeted regions.

Concerning uncertainty two aspects were
envisaged, referring first to the observed vari-
ability of some needed parameters (e.g. mar-
ket price of animal product), and second to the
statistical distribution of model outputs. Two
models were used and their outputs are sensi-
tive to assumptions underlying the results.

Costs and Benefits from
an Intervention

All important and relevant elements with
regard to the consequences of an intervention
were estimated. The costs and consequences
of an intervention need to be valued and
where appropriate a financial value applied.
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If necessary, other cultural and social values
should be included. In both studies, some
sensitivity analysis was performed and pre-
sented in preliminary reports.

Study one: farm impact

A representative mixed crop-livestock farm-
ing system commonly found in the East
African highlands was used for the study.
These systems have herds which are seden-
tary and small. Cattle are the cornerstone
of the agricultural system: they provide
milk, meat and manure production and ani-
mal draught power for crop cultivation. All
the economic outputs from the herds were
included in the analysis. When dealing with
direct costs of health interventions, not all
the costs were included since the local dis-
tribution costs were neglected because of the
small area studied. The analysis is carried out
within a limited area where it is assumed that
medical technologies were available at the
various veterinary centres (private and pub-
lic), and that transport costs were small.

The farmer was assumed to bear the full
cost of antibiotics delivery as this was provided
by private veterinary services. They also bore
partial cost of vaccine delivery provided by the
state veterinary service under a cost-recovery
system. Antibiotic treatment costs were esti-
mated from field data using local market prices.
The vaccine cost for the farmer was set to 2
Ethiopian birr (ETB?) per vaccinated animal, and
reflected the international price of the vaccine
when exported from Ethiopia. This represented
a hypothetical situation in which vaccines are
produced and delivered by the government
with a cost-recovery policy (i.e. without a com-
mercial benefit). The average cost of a complete
sequence of antibiotic treatments (following the
manufacturer’s recommended dosage) was esti-
mated to be 40 ETB per treated animal.

The intervention benefits were calculated
by comparing annual herd-level gross mar-
gins (see Chapter 7, this volume), and used to
assess the acceptability of CBPP-control strat-
egies. Revenues included dairy and draught

%1 ETB = 0.1 Euro in 2003.

power outputs and manure was ignored.
Costs included the restocking of animals lost
due to CBPP and direct costs of health inter-
ventions against CBPP. All production mea-
sures were made using local production
parameters derived from previous studies of
herd dynamics in the area. After herd infec-
tion, the annual revenues of clinical cases sur-
viving CBPP were reduced proportionally to
the mean duration of the clinical phase and
were calculated with epidemiological models.
Therefore, a monetary value was placed on
the intervention impact.

The time horizon for the farm-level ana-
lysis was short and therefore there is no need
fortimediscounting methods. Theincremental
costs and benefits of the CBPP management
strategies were calculated as a difference with
a baseline ‘do nothing’ strategy, which was
the current situation without any systematic
disease management applied.

Sensitivity analysis

In the first analysis, a SEIR mathematical
model of spread of CBPP was used within the
herd to simulate the epidemiological impact
of a herd infection. It is sensitive to some epi-
demiological parameters like reproductive
ratio Ro* (i.e. virulence of the CBPP strain),
to herd size and to the transition parameters
that were obtained from a literature review
and from a longitudinal survey. Before out-
puts were used in the economic model, the
uncertainty of outputs of the epidemiological
model was partly reduced by rerunning the
model with Monte Carlo simulations, and
using various parameter values. To run the
model, strong assumptions were made about
the likelihood of reinfection of herds. It was
assumed that there were no reintroductions
of animals during the study period.> Average
results of model outputs were then used.

“Ro: expected number of new infectious animals
caused by a typical infected individual during its
entire infectious period in a completely susceptible
herd which is in a demographic steady state at the
moment the infection is introduced.

5Nevertheless frequent movements of animals
were observed between herds.
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When running the economic model, aver-
age market values of resources were used.
They are generally highly fluctuating para-
meters along time. A sensitivity analysis was
performed on these parameters and results
indicated that the cost of restocking had a
major influence on the herd gross margin vari-
ations, indicating the impact of mortality rate
on the results and conclusions. Additionally
other simulations showed that vaccination
ranking is improved when CBPP virulence
and the clinical incidence are higher.

Study two: state intervention

For the second study, all costs and conse-
quences were simplified by the use of a
unique animal herd variable. Consequences
of eradication in terms of market access were
included directly in the model. The vaccina-
tion costs were assumed to remain the same
per animal, and to simplify the analysis no
financial conversion was used for the numer-
ator of the cost-effectiveness ratio. Numerator
and denominator were therefore kept in phys-
ical units with a basic effectiveness criteria of
the number of animals vaccinated divided by
the number of animals protected. The need to
evaluate the real costs of vaccination was not
felt to be necessary. Therefore, the technical
effectiveness criteria are the ratio: number of
animals vaccinated/number animal protected.

In a cost-benefit analysis that would
follow this step, there would be a need to use
relative economic value associated with the
underlying production systems and sub-
territories (dairy or crop-livestock mixed sys-
tem), since such information is important to
help decision making when economic devel-
opment is associated with spatial segregation.
The long-term benefit of the intervention
requires some thought on discounting and
should be theoretically used for both numer-
ator and denominator of the ratio used. The
choice of various rates should be part of the
sensitivity analysis.

An incremental approach was adopted
because of the nature of the study, whose
objective was to compare various vaccination
scenarios with a gradual reduction of animal

population being vaccinated, the protection
level within the territory remaining the same.
The model used was a geographical model of
epidemiological risk, based on the analysis
and mapping of spatial structures associated
with risk factors of the disease (mainly the
mobility of animals and the density of cattle
population). The model was sensitive to the
geographical scale and the type of lattice grid
used, due to the well-known ‘modifiable areal
unit problem” (MAUP). It is sensitive to the
methods used for the delineation of borders
of the areas at gradual risk (hot spot cluster
analysis or categorization of discrete values
of LISA parameters was used). Nevertheless,
when running the efficiency model, and since
monetary values were not used, the economic
model was less sensitive to economic para-
meters. Therefore, outputs of the study were
expected to provide good evidence of the
technical efficiency of the alternative scenar-
ios evaluated.

Discussion of the Results

The results from the farm-level study demon-
strated a relative advantage of the antibiotic
treatment. All comparisons with the baseline
gross margin analysis indicated that the inter-
ventions gave a positive return, i.e. the herd
gross margin for the CBPP intervention strat-
egy was on average greater than the herd gross
margin strategy of ‘do nothing’. When com-
paring vaccination and treatment strategies,
ANT had a mean incremental HGM of 118 ETB
versus a mean incremental HGM of 18 ETB and
55 ETB, for VACC3 and VACCI, respectively.
As discussed above the preliminary rank-
ing of zone scenarios was based on a variant of
the ‘cost’-effectiveness ratio (CER) calculated
for four vaccination strategies, and did not
consider the real monetary cost of the inter-
ventions. The four options evaluated were:

e  Mass vaccination in all zones of the terri-
tory: CER is equal to 1.0.

e Defensive vaccination offering contain-
ment at the full periphery of the zone at
higher risk (the high movement area
shaded in darker grey in the top right
part of Fig. 24.1) is 0.67.
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Fig. 24.1. Map showing the targets of the different
zone vaccination strategies in Ethiopia.

e A similar defensive scenario when ring
vaccination is exclusive of very low-risk
zones (the lighter grey shaded areas to
the left and bottom in Fig. 24.1): CER is
then equal to 0.38.

e  Offensive vaccination in the core of the
zone at higher risk: CER is equal to 0.33.
This last scenario is technically the most
efficient one, since it minimizes the
cost of the vaccination campaign by the
government.

The distribution of endemic CBPP was
revealed ex post by a sero-prevalence survey.
It was mainly concentrating and surviving in
a low densely populated rural area (with
regard to animal and human population)
representing the outskirts of the central town.
It is a territory associated with a spatial and
social system of dairy development with
large use of social capital and high animal
movement. Figure 24.2 presen