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Stellingen

1.

In de veeteeltkundige literatuur met betrekking tot de berekening
van economische waarden van genetisch bepaalde kenmerken komt
onvoldoende tot uitdrukking dat 'verbetering van de genetische
aanleg' een vorm van technologische ontwikkeling is.

2.

De keuze van het fokdoel dient gebaseerd te zijn op de bedrijfseconomische doelstellingen en de verwachte bedrijfseconomische en
maatschappelijke omstandigheden van de individuele veehouder,
(dit proefschrift)

3.

"Zelfs al blijken sommige prijzen, maatschappelijk gezien, misleidende aanwijzers te zijn, dan toch kan niet van de ondernemer
gevergd worden deze aanwijzingen niet op te volgen." (Horring, J.,
1948. Methode van kostprijsberekening. Ten Kate, Emmen)

4.

De economische waarde van 'voeropnamecapaciteit' bij melkgevende
dieren wordt in sterke mate bepaald door de onderlinge kostenverschillen tussen voedermiddelen, (dit proefschrift)

5.

Onjuiste aannames met betrekking tot de toekomstige vorm van melkproduktiebeperking leiden tot een derving van 1 tot 6% van de opbrengsten van het fokprogramma. (dit proefschrift)

6.

De toepassing van nieuwe reproduktie-technieken heeft tot gevolg
dat onderzoek op het gebied van de fokwaardeschatting voor vleesproduktie-geschiktheid bij rundvee zich moet richten op de selektiemogelijkheden binnen zuivere vleesrassen. (Groen, A.F., Korver, S.
and Giesen, G.W.J., 1988. In: Advances in animal breeding: proc. of
the world symposium in honour of prof. R.D. Politiek)

7.

Het beleid van de Landbouwuniversiteit gericht op internationalisering komt niet tot uitdrukking in de voor haar werknemers beschikbare budgetten voor buitenlandse reizen.

8.

Het gebruikelijke, zeer late aanvangs tijdstip van studentenfeesten
is niet bevorderlijk voor een goede integratie tussen studenten en
docenten.

9.

Het gegeven dat landbouwhuisdieren levende wezens zijn, begaafd met
gevoel en willekeurige beweging, bepaalt de speelruimte waarbinnen
de ontwikkeling van nieuwe technologie in de veeteelt dient plaats
te vinden.

10.

'Europa 1992' is niet grenzenloos.

11.

De milieuproblematiek maakt duidelijk dat de automobiel niet zichzelf voortbeweegt.

A.F. Groen
Cattle breeding goals and production circumstances
Wageningen, 7 april 1989
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Introduction

Definition of the breeding goal is an important aspect of animal breeding.
The general goal of animal breeding is: obtaining a new generation of
animals that will produce the desired products more efficiently under future
farm economic and social circumstances than the present generation of
animals (Politiek, 1962). In defining breeding goals, relative emphasis has
to be put on animal traits in selecting males and females which will become
parents of the next generation of animals. Hazel (1943) provided a basis for
application of selection indexes in defining goals in animal breeding. Hazel
(1943) denoted, that an index constructed from data of one enterprise may
not be widely applicable. Considered parameters in constructing selection
indexes (economic values and standard deviations of traits) may vary with
the particular locality or nature of the enterprise, or with different
managerial practices.
In 1985, a working group of the Dutch National Council of Agricultural
Research concluded that the then used methods to define breeding goals might
fail

to

include

adequately

the

influences

of

economic

and

social

circumstances of animal production (Van der Werf, 1985). The working group
appealed for further research on the derivation of the economic value of
improvement of genetic merit, considering:
the methodology to use in deriving economic values, including choice of
an interest of selection and a planning term;
an extension of the then commmonly considered traits (milk production
traits) with other groups of traits (beef production traits, feed intake
capacity, susceptibility diseases);
a quantification of the extent to which production circumstances
influence the economic values of improvement of genetic merit.
In 1986, a research project was started in order to study the abovementioned issues. This thesis describes the results of that project, on the
relationship between "cattle breeding goals and production circumstances".
Chapter one deals with the general aspects of the problem: aims and method
of the project are elucidated from a general reflection on the relationship
between breeding goal and production circumstances and a discussion on the
definition of efficiency of production and derivation of economic values.
Chapter two describes the dairy farm model used to derive economic values
9

of milk and beef production traits and feed intake capacity.
Chapter three and four give the results on the sensitivity of economic
values of milk and beef production traits in situations without and with
limitations, respectively.
Chapter five deals with the sensitivity of the economic value of feed intake
capacity. Special attention is paid to the method to derive the economic
value of feed intake capacity.
The

study

on the sensitivity

of economic values

towards production

circumstances provided more detail information on the concepts when deriving
economic values. Theoretical concepts of economic production theory for
different perspectives in deriving economic values are compared in chapter
six.
Chapter seven deals with the carrying-over-effects of the sensitivity of
economic values on revenues of cattle breeding programmes. Results indicate
to what extent incorrect predictions on production circumstances when
defining breeding goals will lead to losses in economic revenues of breeding
programmes.
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Chapter one

Cattle breeding goals and production circumstances.
General Aspects.

A.F. Groen

Departments of Farm Management and Animal Breeding
Wageningen Agricultural University
Hollandseweg 1, 6706 KN Wageningen, The Netherlands

ABSTRACT
This chapter is an introduction to the research project on the relationship
between

cattle

breeding

goals

and production

circumstances.

In the

INTRODUCTION, the terms 'breeding goal' and 'production circumstances' are
elucidated. A general reflection on the relationship between breeding goals
and production circumstances and the importance of this relationship are
given. In order to support elaboration of aims and method of this research
project, two items are elucidated: 1. definition of EFFICIENCY OF PRODUCTION
in defining breeding goals and 2. DERIVATION OF ECONOMIC VALUES. Thereupon,
aims and method of this research project on definition of cattle breeding
goals in relation to production circumstances are elaborated.

1. INTRODUCTION
The general goal of animal breeding is: obtaining a new generation of
animals that will produce the desired products more efficiently under future
farm economic and social circumstances than the present generation of
animals (Politiek, 1962). In selecting females and males that will be used
as parents of the next generation, a major problem is the relative emphasis
which is to be put on animal traits which influence the efficiency of
production. Selection indexes (Hazel, 1943) provide possibilities for the
definition of a concrete breeding goal (in terms of an aggregate genotype
selected for by a correlated information index) that can be used directly
in selecting parents. Genetic gain for the aggregate genotype is optimized
by maximizing the correlation between aggregate genotype and index. Which
traits should be included in the aggregate genotype and index and the
relative emphasis these traits will obtain, depends upon three aspects
(Harris, 1970):
1. relative contribution of improvement of the trait to improvement of
efficiency of production;
2. potential for genetic improvement of the trait (e.g. genetic
variability);
3. costs of accurate estimation of genetic merit of animals for the trait
(in labour, facilities and time).
12

The term ' production circumstances' is used to denote the total or part of
the total circumstances that determine the organisation and the efficiency
of production. In order to give an idea of the diversity of production
circumstances, two classifications are given. A general classification is:
natural circumstances: e.g. climate, type of soil;
social circumstances: e.g. educational levels, traditions, statutary
regulations;
economic circumstances: e.g. market type, governmental policies,
technological developments, price ratios.
A classification of circumstances of animal production farms possibly
influencing the definition of the breeding goal was given by Smith (1986):
- production system (e.g. feeding system);
market requirements (payment system and differentials for quality);
- breeding stock (e.g. average production level);
improvement system (breeding organisation);
uncertainty.
The relationship between breeding goal and production circumstances arises
from the influences of production circumstances on the three aspects
mentioned that determine the relative emphasis of animal traits within the
(concrete) breeding goal. Relative economic values for a trait may vary with
the particular locality or nature of the enterprise (Hazel, 1943). Published
research results indicate, that product prices are likely to influence
relative contributions of the improvement of animal traits to (economic)
efficiency of production (e.g. Adelhelm et al.. 1972). Different managerial
practices may cause the standard deviations for traits to vary in different
herds (Hazel, 1943). For example; average milk production levels influence
levels of genetic and phenotypic variances (Mayala and Hanna, 1974).
Knowledge

on

the

relationship

between breeding

goal

and production

circumstances is of importance for:
1. an accurate definition of the breeding goal, giving optimum levels of
economic revenues of the breeding programme, according to the future
state of production circumstances;
2. an accurate calculation of the level of economic revenues of breeding
programmes, in order to optimize the structure of the programme.
The importance of this knowledge is stressed by the character of future
13

production circumstances: they are not known without error, they are not
constant in time, and they differ between countries, regions or farms.
Therefore, the extent to which changes in production circumstances influence
breeding goals is to be determined. First, this knowledge can help to
concentrate on the 'important' circumstances in predicting the future.
Secondly, when gradually or suddenly the picture of future states of the
important circumstances changes, one will be able to determine to what
extent breeding goals have to change. Thirdly, when different states of the
important circumstances are expected or when there is much uncertainty, one
will have to decide on diversification of breeding goals (as discussed by
Smith (1985; 1986)).

2. EFFICIENCY OF PRODUCTION
One of the three mentioned aspects that influence the relative weight of
animal traits in defining the concrete breeding goal is the relative
contribution of the improvement of the trait to improvement of efficiency
of production. What is considered to be the efficiency of production?
Efficiency of production is a function of inputs and outputs of the
production system. Inputs can be defined as the total of production-factors
required for production within the system; outputs as the total of products
resulting from production within the system. In defining efficiency, three
options, corresponding with three questions, can be distinguished:
1. Are inputs and outputs, and hence efficiency, defined in biological or
in economic terms?
2. How to weigh inputs and outputs within the efficiency function?
3. At which level to define the production system? and at what size?

2.1. Biological versus economic definition

In calculating inputs and outputs of a production system, two aspects are
of importance:
1. the amounts of each production-factor required and product produced;
2. the values per unit of production-factor and per unit of product.
14

Differences between biological and economic efficiency are restricted to
differences in the way of defining inputs and outputs. In the biological
definition, inputs and outputs are expressed in energy and/or protein terms
(e.g. Aleandri et al., 1984); in the economic definition this is done in
terms of money. The major problem arising with the biological definition is
that not all inputs and outputs can be expressed in terms of energy and/or
protein. The economic definition largely deals with this problem. A
disadvantage of the economic expression is weakness in stability in time and
place of monetary units (Schlote, 1977). Notwithstanding imperfectness,
money is "the standard for measuring value" (Stonier and Hague, 1964).
Therefore, efficiency of production is considered to be economic efficiency,
and the contribution of improvement of a trait to improvement of efficiency
is called ' economic value' .

2.2. Efficiency function

Three possibilities to define the efficiency function of the production
system are (Harris, 1970);
- maximize profit (= outputs - inputs);
- minimize costs per unit of product;
-maximize revenues/costs.
It was argued convincibly by Harris (1970), that in defining breeding goals,
definition of efficiency function has to correspond to the individual
livestock producer's interest of selection. Breeding organisations should
be concerned with the individual producer's interest, because the producer's
primary reason to buy a certain breeding stock at a certain price, will be
based upon his assessment of how animals will contribute to the efficiency
of his firm (Harris, 1970). As the individual agricultural producer deals
with a competitive market (no individual price setting), his interest will
be profit maximization rather than cost price minimization (Stonier and
Hague, 1964). According to Pearson (1986), in temperate zones breeding goals
for intensive milk production have been developed for producers or groups
of producers rather than for taxpayer-financed national programs and
therefore, emphasis is put on profit maximization. National governmental
interest might be cost price minimization. When breeding goals are focused
15

on the individual producer's interest, surely a result will be reduced cost
prices. Possibly the rate of cost price reduction will be higher when
breeding goals are focused directly on cost price reduction. Note the
possibilities of governements to impose their interests to individual
producers

by

creating

social

and

economic

production

circumstances

(Schieffer, 1979).
James (1982) pointed out, that the choice of a definition of effeciency may
affect levels of economic values given to different traits. If fixed costs
are included, economic values obtained when applying a profit definition
will be influenced by the relative size of fixed and variable costs, but
those obtained when applying a cost price or a revenues/costs definition
will not be influenced. Brascamp et al. (1985) argued that economic values
should be calculated while assuming a 'normal profit equilibrium' market
situation. Application of normal profit assumptions (among others, all costs
are variable costs and purely competitive markets) leads to equivalence of
economic values obtained when applying each of the three efficiency
functions. General applicability of the normal profit assumptions is not
clearly

determined;

given nowadays

governmental

price

policies, the

existence of purely competitive markets in agricultural industries is
doubtful.
In literature, choice of an efficiency function is not only related to the
decision-maker aspect (as discussed above) but also to the questions 'who
benefits from improved efficiency?' and 'what limits production size?'
(Miller and Pearson, 1979). However, answers to these questions determine
definition of the production system rather than definition of efficiency
function in deriving economic values.

2.3. Definition of the production system

Definition of the production system in deriving economic values includes
definition of level and size of the system. In the following part, a system
is considered to be a finite number of elements, together with relationships
between elements and their environment (Gal, 1982). A sub-system is a nonempty part of a system. The behaviour of a system is the way in which it
reacts to endogeneous or exogeneous impulses.
16

The animal production system has a hierarchically levelled structure, as
shown in figure 1. Given a system level, systems at lower levels are
considered to be sub-systems, whereas relevant elements of systems at higher
levels are the environment. Difference is made between aggregation of same
and different sub-systems (at a certain level) to the next level. Example
given: going from animal to herd level, same systems (in terms of same
elements which may differ in state of the elements: different ages or
production level) are aggregated; going from herd to farm level other subsystems such as feed production and buildings may be included. At the farm
level, an additional

differentiation of levels may

occur. A common

differentation in animal production is nucleus breeder -- multiplier
fattener. At the sector level, differentiation of the production column may
also be further carried through.
STRUCTURE
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1: The hierarchical

structure

of the animal

production

system.
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Genetic merit is tied up to the level of an individual animal, not just an
organ or tissue. Therefore, the animal level is the lowest level considered
in deriving economic values.
Improvement of genetic merit of animals increases efficiency of production.
Long run effects of greater efficiency will be lower market prices
(Cochrane, 1958). Yet, a cyclic interaction can be observed. Economic values
(and hence level of improvement of traits) are influenced by product and
production-factor prices (see 1. and 2.1), and level of improvement of a
trait will itself influence future prices. Therefore, derivation of economic
values ideally requires knowledge of the future levels of improvement of
genetic merit and their price effects (Niebel, 1986). The theoretically
appropriate level to be used in deriving economic values in animal breeding
is the one for which limited resources and prices of products and
production-factors are influenced by an improvement of a trait (Fewson,
1982) .
Although theoretically appropriate, national or international levels or
sector level are rarely chosen because of methodological problems (magnitude
of the system). Host calculations of economic values are restricted to the
animal, herd or farm level.
Beside definition of level of the system, size of the system needs to be
defined in deriving economic values. Three different bases of evaluation in
defining size of the production system can be distinguished:
- fixed number of animals within the system;
- fixed input of a certain production-factor;
- fixed output of a certain product.
Considering the animal level in deriving economic values, implicitly the
first base of evaluation is assumed. On higher levels, all three bases are
possible. Considering farm level, the second and third base can be
interpreted in terms of limited availability of e.g. feed and restrictions
on e.g. milk output, respectively. Apparently, choice of a base of
evaluation is determined by production circumstances.
Smith et al. (1986) argued that it would be better to apply two conditions
in deriving economic values: regard all fixed costs as variable costs per
unit product and assume a fixed output (rescaling). According to Smith et
al. (1986), derivation of economic values is restricted to calculation of
changes in cost price per unit product when applying these conditions.
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Additional benefits of taking away current inefficiencies are disregarded.
Smith et al. (1986) showed equivalence of economic values when the first
condition was applied either with rescaling on base of fixed output, fixed
input or fixed profit. Van Arendonk et al. (1985) and Zeddies (1985) denoted
substantial influence of the introduction of milk quota system (change from
fixed number base to fixed output base) on the economic values of milk
production traits.

3. DERIVATION OF ECONOMIC VALUES

Beside the direct contribution of improvement of a trait to improvement of
efficiency (economic value), the aspects of time and frequency of expression
of improvement (cumulative discounted expression; Brascamp, 1973; McClintock
and Cunningham, 1974; Danell, 1980) are of importance in defining breeding
goals and calculation of returns of breeding programs. This aspect can be
included in deriving economic values (to obtain so called discounted
economic values). Calculation of cumulative discounted expressions is not
discussed in this chapter.

3.1. Principles and conditions

The economic value of a trait expresses the contribution of a genetic
improvement of a trait to the improvement of economic efficiency of the
production system. Assuming, that efficiency is a function of inputs and
outputs of the system (paragraph 2.) and, that inputs and outputs have an
amount-aspect and a value-per-unit-aspect (paragraph 2.1), derivation of
economic values concerns:
1. quantification of the changes in physical amounts of inputs and outputs
of the system as a result of a change in genetic merit;
2. valuation of these changes in physical amounts.
Conditions for methods to derive economic values result from:
- their application in the aggregate genotype;
- the choice of an efficiency function, level and base of evaluation of the
19

system;
- influences of production circumstances.
Economic values are applied in defining concrete breeding goals (selection
index theory). As (genotypic and phenotypic) correlations between traits
are considered in maximizing the correlation between aggregate genotype and
information index (Hazel, 1943), the economic value of a trait has to be
derived by changing genetic merit of the trait allowing no simultaneous
change in genetic merit of other traits.
New

generations

of

animals

will

produce

under

future

production

circumstances. Therefore, a method will have to allow for the use of future
product and production-factor prices.
If conditions result from the choice of an efficiency function, level and
size of the production system are self-evident. The method has to result
from the choices made.
Literature shows evidence, that economic values are influenced by production
circumstances (e.g. Adelhelm et al.. 1972; Van Arendonk et al.. 1985).
Influences of managerial practices may ask for the definition of ' standard'
circumstances at which economic values have to be derived (Elsen et al..
1986). Optimization of farm management is a major tool to achieve high
efficiency of the production system. Therefore, optimum management might be
chosen as standard. This would impose the condition, that it must be
possible within the model to define management at which efficiency is at
maximum.

3.2. Methods
Surveys on methods used in derivation of economic values are given by e.g.
Schlote (1977), Elsen et al. (1986) and Niebel (1986). In this paragraph,
emphasis is put on the extent to which each method meets conditions stated
in 3.1. (including suitability of each method for use with different
efficiency functions, levels and sizes of the production system).
Two types of methods are distinguished: non-objective and objective. Nonobjective methods, as opposed to objective methods, do not derive economic
values by direct calculation of influences of improvement of a trait on the
increase in efficiency of the system. Two non-objective methods are
20

distinguished:
- subjective: Subjective assignment of economic values is used only for
traits for which it is difficult to perform an objective calculation (e.g.
udder or other body scores). Fewson (1976) proposes to relate economic
values of such traits to a fixed percentage of economic values of the most
important aggregate genotype traits. Nordskog (1986) proposes a simplified
approach to assign economic values. He distinguishes primary and secondary
traits, and proposes to calculate economic values for primary traits only
and to assign zero values to secondary traits. The latter have only value
through their correlations with primary traits. This approach may be
suitable on animal level, but not on herd level. Correlations between traits
do not reflect influences of secondary traits (e.g. involuntary disposal)
on herd dynamics.
- desired or restricted gain: These methods assign economic values in order
to achieve a desired or restricted amount of genetic gain for each trait
(Niebel and Van Vleck, 1983; Brascamp, 1984). As pointed out by Schultz
(1986) these methods may be useful in commercial pig and poultry breeding
because commercial breeders tend to calculate economic values according to
the performance of their stock relative to those of other breeders (see also
De Vries, 1988).
Possibilities of application of non-objective methods are numerous. However,
application is questionable and has to be restricted to situations and/or
traits where no objective method is applicable.
The principal tool used in objective methods to derive economic values is
a model. A model is an equation or a set of equations that represents the
behaviour of a system (France and Thornley, 1984). Modelling is also refered
to as 'systems analysis' . The aim of systems analysis is to study real-life
systems by means of artificial systems (Gal, 1982). Systems analysis
concerns both building and analysis of models. Cartwright (1979) described
steps involved in applying systems analysis. Two approaches of systems
analysis can be distinguished: positive approach or data evaluation and
normative approach or data simulation (James and Ellis, 1979).
- data evaluation: Combination of economic results and technical data of
farms can be used to derive economic importance of animal traits (e.g.
Andrus and McGilliard, 1975; Dijkhuizen, 1983). Data evaluation is used only
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at animal, herd or farm level. Economic data evaluation uses current prices,
which makes the method less suitable in deriving economic values.
- data simulation: A single-equation simulation model is generally called
a profit equation. A number of examples on profit equations is given by
Miller and Pearson (1979). Regarding the strict definition of profit in
paragraph 2.2., the term 'efficiency equation' better represents these types
of modelling. Tess et al. (1983) used the term 'bio-economic model' for a
multi-equation simulation model to study effects of genetic changes in pork
production on efficiency of production. Using efficiency equations, economic
values can be derived by either partial differentation of the equation or
by studying influences of a marginal unit of change in genetic merit on
efficiency. Extension to multi-equation models restricts derivation of
economic values to the latter possibility. In general, using simulation
models, economic values are derived by studying the behaviour of the system
as a reaction to changes of levels of the (endogeneous) elements that
represent genetic merit of the animals. Possibilities of applying different
prices and efficiency functions, levels and sizes of the production system
are numerous. Number of elements to be taken into account is limited when
using

efficiency

equations.

Bio-economic

modelling

offers

better

opportunities to consider large numbers of elements and their relationships.
Thereby, only bio-economic modelling allows for the implementation of
mathematical programming techniques to optimize production systems. Henze
et al. (1980) describe a regional equilibrium linear programming model to
calculate economic values. This model includes the agricultural sector of
a region, with partitioning of different groups of farms with different
production possibilities. Ladd and Gibson (1978) point to the possibilities
of sensitivity analysis as a direct method to obtain economic values when
using linear programming.

4. DISCUSSION

Principles of the relation between definition of breeding goals and
production circumstances are given and the importance of studying this
relation is discussed. In defining cattle breeding goals, a lot of
information is lacking on the relation between production circumstances and
22

