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Until quite recently, economists have not given much attention to what

one might call the genetic decisions made by farmers, or to the decisions

made by crop and livestock breeders on behalf of farmers. What I have in

mind here is the choice of genetic stock to be used in final production of

crops and livestock products, such as the choice of a variety or the choice

of a sire. The purpose of this paper is to provide a brief review of the

studies that economists have conducted in the breeding area, and then to

focus on the economics of one rather narrow aspect of genetic choice, the

value to a producer of genetic information about potential sires.

The Selection Decision

A universal element common to all plant and animal breeding is the se-

lection choice. This paper is concerned with the final selection choice

which is made for commercial production, for which the objective will be to

maximize the economic value (expected profit or expected utility) of the

individual plants or animals to be used in the final stage of production.

In order to describe the nature of the choice set, it is useful to start with

a simple additive genetic model. A version of the standard model which is

readily understood by economists is one which specifies that the j-th observ-

ed (pheontypic) outcome, or "record", of the i-th genotype is determined as

follows:

= xijb + g. + e.., (1)
1J

*Professor of Economics, N. C. State University. I am indebted to Jerry
Carlson and other colleagues for helpful comments on this paper.
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where y is the measured outcome,' x . is a vector of controlled variables,ii

g. is the additive genetic contribution of the i-th genotype, and eis a

random "environmental" effect. The genetic effects gi, which are not direct-

ly observable, are assumed to be fixed for a given genotype i, but randomly

distributed across the genotypes comprising the population being considered,

with mean 0 and vairance ag.
2 

The eij are assumed to be independently dis-

tributed, 2
The g and e assumed uncorre-ij

lated. This is equivalent to a random coefficients regression model, or more

precisely a mixed model, since the b coefficients are assumed to be fixed.

Much of the quantitative genetics literature is devoted to the problem of es-

timating the gi parameters from the observations on animal i and/or his rela-

tives. Henderson describes procedures for estimation of the model described

in equation (1).

Given such a model, it

problem of choosing between

is easy to describe the selection decision as a

alternative genotypes, i = 1, K, without

having perfect information about the gi, the additive effect of each alterna-

tive. Under this simple model, there are two sources of stochastic error

associated with any one of the K prospects,
2 

the first being errors in esti-

mating gi and the second being the environmental error term.

Consider the selection of a dairy sire and the selection of a wheat var-

iety as two examples of a selection decision using this model. In choosing

a wheat variety, the elements of the choice set consist of entire populations

of individuals, for each of which the genotypic effect is fairly well esta-

blished as a result of prior testing of the population, and for which any

remaining genotypic variability will cancel out due to the large number of
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individual plants being grown. Given the model specified above, the choice

is fairly simple--for all the farmer has to do is to choose the variety

with the largest genetic effect. As a practical matter, though, our model

has assumed away the most important feature of the variety choice, which is

the possibility of genotype-by-environment interactions. If such interac-

tions exist, then the choice which will maximize returns in one environment

may not maximize returns in another, and we would have to re-specify this

simple model to take this aspect of decision-making into consideration.

In choosing a dairy sire, the farmer must make his choice on the basis

of the predicted y (outcome) of a single offspring of a given cow, depending

on whether that cow is mated with sire 1 or sire 2. The expected additive

genetic effect of the offspring, according to the standard breeding assumptions

will be the simple average of the sire's genetic effect and the dam's genetic

effect, and since the dam's genetic effect is not subject to choice (in the

sire selection problem), the decision boils down to a matter of choosing be-

tween an imperfectly known gl versus an imperfectly known g2. These genetic

effects can be only imperfectly known, because they cannot be directly observ-

ed, partly because a bull doesn't exhibit such traits as milk production, but

also because even his observable traits are the result of environmental effects

and other fixed effects, as well as genetic effects. But one can observe the

outcomes (milk production, for example) of some of the relatives of the bull,

such as his dam or his daughters, and use this information to infer the genetic

effect of the bull himself. This is the basic motivation of sire evaluation.

The specific concern of this paper is the economic value of such information.

Carlson has examined a closely related question, in finding that farmers seem



to be willing to pay more for sires whose genetic traits are better known.

We will return to this issue after a brief review of other aspect of the selec-

tion decision which have been examined by economists.

Economic Considerations in the Selection Decision

In addition to the consideration of the value of genetic information just

mentioned, three other aspects of the selection decision have received some

attention by economists. The most venerable of these is the problem of choos-

ing among desirable traits. In the model presented above we implied that there

is just one dimension of the outcome which is of interest, that dimension which

is measured by the variable y. But in fact, net profitability is the result of

the outcome of a number of inherited physical traits such as yield, average

daily gain, disease resistance, etc. If one knew the marginal value product of

each trait, a logical procedure would be to calculate the total value of each

potential sire or variety by multiplying the genetic contribution for each trait

times the marginal value product of the trait, and then summing across all the

traits of interest. This is exactly what the breeders have been doing and the

predicted total value is called the selection index value for that particular

sire or variety.

Although breeders have been making selections on the basis of such selec-

tion indexes for forty years (since Smith and Hazel introduced the method), they

have not been very comfortable with their ability to estimate marginal value

products, or economic weights, as they call them, and various methods of avoid-

ing the issue entirely have been suggested (Kempthorne and Nordskog, Pesek and

Baker). Until recently, economists have not contributed much to the solution

of the "economic weights" problem. Ladd and Gibson have recently used linear

programming of representative firms to estimate the marginal value of increments
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in various traits. Melton and Ladd have derived the VMP of various traits by

first estimating production functions which have traits as arguments, and then

examining the shadow price of traits by maximizing profits with traits constrain-

ed to specified levels. Merrel, Shumway, et al. avoided the problem of evalua-

tion of the marginal value of alternative traits and simply budgeted out the

net returns for each of 18 genetic prospects. They then select the prospect

(breeding system, in this case) with the highest expected value.

A third aspect of the selection decision is the issue of the optimum level

of adaptability and stability. This has been of primary concern in crop breed-

ing, where environmental effects, as opposed to additive genetic effects, consti-

tute the dominant component of variability in each prospect. Because of environ-

mental variability across space, the crop breeder is often faced with the choice

of breeding many varieties, each of which is very valuable in a narrow environ-

mental "niche" but of low value elsewhere, versus breeding a few "adaptable"

varieties which do not do so well in any particular niche but do moderately well

in virtually all niches. A similar problem exists with respect to the stability

of outcomes in the face of environmental variability across time at a particular

location (due to weather variability, various levels of pest infestation, etc.).

While the crop breeding literature on this choice problem seems to be substantial

(see Neely for some references and comments), the only economic studies of which

am aware are those by Englander and Evenson, and Evenson and O'Toole.

A fourth aspect of the selection decision is that of choosing a selection

differential. If for some reason you must select more than one sire or dam, you

must decide how far down into the genetic rankings you should dip. This selec-

tion differential determines the expected gain in a given trait from one genera-

tion to another. The expected gain will be greatest of course if only the two
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best selection elements from the current generation are mated. But in the case

of cattle, which have very low reproductive rates, the only way the producer

can maintain his herd size is to reduce the selection differential (keep more

than just the one best hiefer), or to keep the existing cows to a greater age.

Melton has recently examined the economics of this tradeoff in beef breeding.

The Value of Information in Sire Selection

We return now to the first economic issue raised, that of the value of

information which can be obtained about a sire. Assume that the value to a

commercial producer of an individual animal can be described as the weighted

average of a set of k performance traits (such as yield, average daily gain,

etc. as previously mentioned), weighted by the marginal value product of each.

The observed phenotypic value of an individual, V, can be described by extend-

ing the previous simple additive genetic model to the case of k traits as:

V = w'y = w'g + w'e, = v + 6 (2)

where w is a kxl vector of the marginal value products of the k performance

traits,

y is a kxl vector of observed performance traits,

2 is a kxl vector of additive genetic components of each trait,

e is a kxl vector of random environmental components of each trait,

v is defined as the genetic component of value (a scalar), and

6 is defined as the error component of value (also a scalar).

In extending model (1) the effect of controlled variables x is omitted because it

simplifies the analysis and because these variables can reasonably be assumed to

be fixed with respect to the comparison of sires.
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In selecting a sire, a commercial producer is most interested in the sire's

genetic value, v, since this is the component of value which will be transmitted

to the offspring. This is an unobservable parameter. What might be observed

as proxies of this value are the phenotypic value of the sire, V, a selection

index constructed from his record, 1, or the performance of some of the rela-

tives of the sire. Any of these observations provide information about the

genetic value of the sire, but even all of them together will not provide per-

fect information about v. This information will have value to the producer

if he can expect to make a more profitable selection decision having obtained

the information than he could without it.

Consider the case of a producer who has a choice between sire 1 and sire 2

and assume that (i) the payoff from choosing sire i is measured by 1/2 vi per

offspring sired, (ii) the objective of the producer is to maximize expected

payoff from the offspring (no risk aversion), and (iii) prior knowledge about

the genetic values of the two sires is represented by the normal probability

' density functions f(v) = N(v.Im 
2

., a. ), where m. is the expected value of v.

--2
and a. is the variance. Figure 1 presents such priors for two hypothetical

sires. Since the expected contribution of each sire to the value of offspring

is (1/2)m., these expected values are the best estimates the producer has as

to the relative values of the two animals as sires. Given the above assump-

tions, clearly the best choice of the two shown in Figure 1 is sire 2, which

has the highest expected genetic value. But the question here is, what is the

value to the producer of being able to obtain more information about the genetic

value of one of the sires, say sire 1. The value of this information is a

separate issue from the value of the animal, and it arises only insofar as that

information can be expected,to change the decision that would have been made in

the absence of the information.



-8-

If the producer acquired perfect information about vl, then he would choose

sire 1 if v exceeds m2' and would 
realize an expected payoff per offspring of

0/3/1. But if vl is less than m2, he would stay with his prior choice of sire

2 with expected payoff per offspring of (1/2)n2. Hence the decision, and there-

fore the payoff, depends upon the value of vl which will be revealed only when

the information is received. Weighting these possible payoffs (m2 or vl > m2)

by the prior density function on v1 
yields the expected payoff prior to obtain-

ing the information but given that the information is to be obtained. The diff-

erence between this expected payoff and the expected payoff which would be

realized without information (m2 in 
this case) is the expected value of perfect

information (EVPI) about sire 1. In this case in which m2 
> m

I' 
EVPI is there-

fore

m .
2 ,

EVPI = f m2 N(v ' a1 
2
)dv1 

+

2

On the other hand if m
1 

> m
2' 

then sire 1 would be the best selection in the

absence of information, so that EVPI would in that case be

m
2

EVPI = m N(v Im',2 1 41 vi N(v
'2)dv + i lml, a1

2 
)dv
' (3b)

CO

2

Expressions 3a and 3b can be re-written (see the appendix for a derivation) as:

EVPI = 
1
[-z + zF (z

= al LN(z),

where z -

(4)

f
N' 

F
N 
are standard normal density and cumulative functions, respectively,

and L (z) is the unit normal linear loss integral, tabulated in Wink-

ler (Table 6).



Since L is a decreasing function of z, it is clear that the value of informa-

tion is the greatest when ml = m2, and declines as these expected values di-

verge. This result is intuitively appealing since the farther apart are ml and

m2 (no matter which is the larger), the less likely it is that the information

about v1 will affect the decision, and therefore the less is the expected gain

from acquiring that information.

EVPI is the value of perfect information about vl. For sample information

about v1 
which is less than perfect, the value (derived by Raiffa and Schlaifer,

Chap. 11) is:

EVSI — al LN

where a1 =
'2 --2 1/2_ a ,and

ii

a,

that is, use the same formula as for EVPI, but replace the prior variance on

v1 with the reduction in variance due to the information about v1. We are now

ready to apply these results to a particular sire selection problem.

In order to estimate the value of various kinds of information about v

all that remains is to determine the reduction in the variance of the prior

that is associated with each kind of information. The appendix to this paper

derives the following results which are useful for that purpose. If the produ-

cer posseses no information specific to sire 1, then his prior on vl is the

distribution of genetic values (assumed normal) in the population, namely

(5)

f (v
1
) = N(v

1
10
'v

2
) if value is expressed in departures from the mean. Then

the posterior density function after observing V1, the phenotypic value of the
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a2 a2v 
c5V 

V
1 , - v

2)av2]

°.\/

6)

where a
2
 is the variance of phenotypic value in the population. The posteriorV

density function after observing LI, the Smith-Hazel selection index for sire 1

is:

) = a 2 - 2
], (7)

where a 2 is the variance of I in the population. The posterior density func-

tion after observing both I. and 12, the index value for a full sib, is

f (v1) = C111 + C2I2, (C3
-1 

+ C -1 -1, (8)

where C1 = [1 + C3C4-1]-1,

C2 = [1 + C4C3-1]-1,

C3 = 3a 
2 
+a 

2
6 '

_ 2 2C4 - av aI ,and

2
a = the variance of the random component of phenotypic value in
6

the population.

Finally, of course, if perfect information about v were o4tained, the posterior

density function will be

(n) = N(vilvi, 0) 9)

These results now permit us to examine the value of information that is gene-

rated by boar testing stations.
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The Vaule of Boar Test Information

At a number of swine testing stations around the country, the growth

characteristics of young boars as they grow to maturity is measured in terms

of average daily gain (ADG--measured in pounds per day), feed efficiency

(FE--measured in pounds of feed per pound of gain) and backfat thickness

(BF—measured in inches). Bereskin (1977) estimated that at the margin, a

one unit increase in ADG will result in time-related cost decreases of $7.80

per pig, that a one unit increase in FE (pounds of feed per pound of gain)

will increase costs by $18 per pig, and an increase of one inch in backfat

will reduce market value by $7.00 per pig. The vector of economic weights

is therefore w = ($7.80, -$18, -$7). (These estimates differ substantially

from those of Ladd and Gibson). The boars to be tested for these performance

traits are consigned to the testing stations by private breeders, and at the

end of the growth period, the boars are sold (generally at auction) at a sale

supervised by the testing station. Often producers submit two litter mate

boars (full sibs) to be tested together in a pen . A sale brochure prepared

at the end of the test provides the growth data and a selection index value

for each of the animals.

Suppose a producer has the choice of selecting sire 1, a boar which has

been tested, versus sire 2, a sire selected at random from the same population

from which sire 1 was obtained. What is the value to the producer of having

access to the test information for sire 1, prior to making his choice?

In this particular example these is no visual evaluation of either ani-

mal, nor any prior information about relatives, so the priors on the values of

the two sires are the same, and consist of the distribution of v in the
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population. If we have defined v as the deviation of genetic value from
-2 -2 2average, -apall 

m1 m2 = 0 and a = a2 = a . Equations 6-9 provide the1

formulas for determining the expected value of the information provided by

these tests. Bereskin (1977) provides the genetic correlation data from

which the following variances can be determined for the population of hogs

tested at central testing stations:

av
2 
= 35.02

2
V 

=
3
.61

2
a = 21.41

2
= 6.19.

Utilizing these variances and equations 6-9, the density function parameters

shown in Table 1 can be calculated.

If one merely observes the value of the sire (V1) in the test in terms

of his average daily gain, feed efficiency and backfat thickness, all multi-

plied by the marginal value products and summed, the variance of the density

function describing beliefs about vl falls from 13.61 to 8.32. The expected

value of this information for each offspring resulting from this sire choice

is determined from (6) to be $.46. That is, the expected returns from the pig

increases by this amount because the producer can expect to make a better

decision if he observes V
1 

before making the sire choice. If the boar is

expected to produce 40 litters of eight pigs each, the total value of the in-

formation is then $147. (The posterior expected genetic value of sire 1 him-

self is then .39V, as noted in column 1 of Table 2). To obtain a net value

of information, one must subtract from the $147 the cost of conducting the

test, which in North Carolina is about $90 per boar, perhaps $50 or so more

than the cost of raising the animal at the producer's farm.
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The selection index for the sire is more highly correlated with his

genetic value (p = .67 vs.p = .62 in this particular example) than is his

phenotypic value. As a result, observation of the index reduces variance

more and has a higher total value, $159. If a full sib of sire 1 is also

tested and both selection indexes are observed, the value of the test in-

formation increases to $164. Finally, if it were somehow possible to obtain

perfect information about the genetic value of sire 1, this information

would be worth $236. While this amount of information will never be realiz-

ed, it might be approached with a large number of observations on relatives

of the sire is sibs,(his parents, and his offspring). This latter situa-

tion is close to the results of the extensive testing of dairy sire progeny.

Summary

The contribution of economists to the understanding of selection deci-

sions has not been very extensive. One potential contribution has been

examined here, the value ofinformation generated by sire evaluation programs.

Specifically, the value of information generated by central boar testing sta-

tions has been examined, in the case of a producer choosing between a tested

boar and an untested boar. This value is estimated at up to $164 per boar,

less the extra cost of raising the boar under test conditions, which is appro-

ximately $50 at the North Carolina test station. These estimates, however,

assum2that the producer has no prior information about the genetic value of

either sire being considered. If in fact the producer has prior knowledge

about the value or performance of some of the relatives of either boar, then

the value of the test information will be reduced in proportion to the amount

of prior information which is available. The exact relationship between the

number of observations on relatives and the value of the index for the sire

himself has not been explored, and remains a topic for additional research.
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Abstract

Contributions by economists to the understanding of the genetic selection

choice are reviewed. Concepts for determining the expected value of sire

test information are then developed and applied to central boar testing sta-

tions. For a producer choosing between a tested and an untested boar, the

test information is estimated to have a value of about $160, less testing

costs.

Footnotes

1
y.. can be any measured trait or index of traits, measured in physical

units oPmoney value.

2
As used in this paper, "prospect" refers to a choice alternative that

has a probability distribution of outcomes.



Table 1. Density function parameters and the value of information for diff-

erent amounts of information about the genetic value of boars.

Information available

None

Observe sire's pheon-
typic value, V1

Observe sire's selec-
tion index,

Observe selection in-
dex for sire and sib

Perfect information

.39 V
1

Subjective pdf
for unknown v

1

mean variance

0 13.61

8.32

7.42

.95 -I- .05 Is 7.03

v
l

Value of information

per offspring total

0

$.460 $147

$.498 $159

$.513 $164

$.738 $236



Figure 1. Probability density functions describing prior beliefs about

the genetic value of two sires.


