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ABSTRACT

In this paper, a translog profit function was applied
to estimate the economic values of the traits included
in the breeding goal for Norwegian Red dairy cattle.
The following 10 traits are included in the breeding
goal: milk, meat, mastitis resistance, fertility, calving
difficulties, stillbirths, other diseases, udder, tempera-
ment, and legs. An empirical implementation that lo-
cally approximates the unknown true profit function
was suggested and estimated, taking farm heterogene-
ity into account. The model was applied to a panel data
set of 3,259 Norwegian dairy farms over the period 1999
to 2003. Panel data, also called longitudinal or cross-
sectional time-series data, are multiple cases (cows,
farms, countries, etc.) observed over 2 or more time
periods. The data set consisted of farm-level data, in-
cluding production and economic data from the farm
and the estimated breeding values for each cow’s sire.
The estimated economic values make it possible to test
whether genetic selection has been profitable for the
farmer, and the extent to which the currently used
economic values were optimal during the period 1999
to 2003. Although the translog profit function is quite
flexible, it is rather complex, and a simplified version
of the model, a Cobb-Douglas profit function, was also
estimated. However, the hypothesis that this simpler
function adequately describes the data compared with
the full translog model was rejected. Further, the hy-
pothesis that the estimated breeding values are profit
neutral was rejected (i.e., the hypothesis that there are
no interactions between input and output prices on one
hand and estimated breeding values on the other).
These results indicated that selection not only leads to
a parallel shift in profits, but also to changes in input
use. Seven of the 10 traits had a significant effect on
the farmers’ profit. The 3 traits that were not significant
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were calving difficulty, stillbirth, and other diseases.
The results showed that the breeding program for Nor-
wegian Red cattle has been fairly successful in improv-
ing farmers’ profits. However, a slight modification of
the breeding goal, such as a reduction in the weights
for stillbirths and other diseases and an increase in
the weights for meat and temperament, would increase
farm profits.
Key words: breeding goal, production function,
panel data

INTRODUCTION

The objective of most animal breeding programs is
to improve the profitability of the animal. This often
involves simultaneous improvements in multiple traits.
Hazel (1943) discussed the problem of optimal
weighting of each trait in a total merit index and argued
that such weights should be economic, portraying the
economic importance of each trait for the farmer. Hazel
(1943) defined economic value in breeding as “the
amount by which profit may be expected to increase for
each unit improvement in that trait.” This was later
modified by McArthur (1987) to “the amount by which
net profit of the optimal policy may be expected to in-
crease for a unit improvement in that trait.” Optimal
policy indicates an assumption about the behavior of
the farmer. It implies that the farm does not use waste-
ful production methods; in other words, the farmer tries
to produce as much output as viable given his or her
inputs, animals, and technology. This is not the same
as maximizing output, because output could potentially
be increased by using inputs that cost more than the
value of increased output. That would be wasteful pro-
duction. Instead, the behavioral assumption must take
prices of inputs and outputs into account. It is widely
accepted in the economic literature that the assumption
of optimal policy is synonymous with assuming that
the farmer is maximizing his or her profit. The gains
from running a farm are monetary, and a nonwasteful
production method is therefore a production method
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that maximizes the monetary gains—the profits. This
means that the farmer bases his or her production deci-
sion on both the technology at hand, the characteristics
of the animals, and the prices of inputs and outputs.
The farmer may choose to change his or her production
if the animals improve. However, he or she may also
change the production if prices of inputs or outputs
change. Both factors are closely related and must be
taken into account in the modeling to ensure that the
policy is truly optimal. The explicit use of behavioral
assumptions marked a paradigm shift in the empirical
economic literature away from the estimation of techni-
cal relationships, such as production functions, toward
the estimation of derived functions, such as cost func-
tions, expenditure functions, and profit functions. Con-
ventionally, economic values have been estimated by
using 1) the partial differentials of a profit equation
that technically describes the profit of the production
system as a linear function of genetic change in compo-
nent traits by using simulation (e.g., Brascamp et al.,
1985; Smith et al., 1986; de Vries, 1989); or 2) a model
of genetic improvement based on economic production
theory in the estimation of economic values for livestock
improvement programs (e.g., Amer and Fox, 1992;
Amer et al., 1994; Melton et al., 1994). In this paper, the
methodology of empirical economic estimation based on
functions derived from the profit-maximization prob-
lem of the farmer was applied in estimating economic
values in dairy cattle.

It is of considerable interest for breeders and farmers
to verify the economic values a posteriori by using data
from actual farms. Breeding is costly, and it is of the
utmost importance for farmers to secure the most
profitable selection strategy by choosing either animals
or breeds. A method for estimating the effects of selec-
tion on profits is suggested in this analysis, using data
from individual farms. Economic theory allows one to
construct models from data on prices and quantities for
inputs and outputs (Chambers, 1988) and the EBV of
the animals, with the assumption that farmers max-
imize profits. The results from such estimation with
historical data can then be used to test whether current
economic values actually maximize profits.

Several challenges arise when estimating the effects
of breeding on profits. First, the mathematical relation-
ship between traits and profits has to be approximated
correctly. Because little is known about the actual
mathematical relationship between traits and profits,
a flexible functional form is used, which approximates
the unknown true relationship. The method requires a
rich and reliable data set of farm-level data. Second,
there is considerable land and labor heterogeneity in
farm-level data that needs to be taken into account if
estimates are applied to a “representative farm.” Third,
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the effect on profits of genetic changes in single traits
is small, and sufficient power must be obtained for the
analysis. This can be achieved with either very precise
data or numerous observations, emphasizing the impor-
tance of databases where economic and genetic informa-
tion is available.

Evaluation of breeding programs for the Norwegian
Red (NR) breed is of special interest for several reasons.
First, Geno, the breeding organization that breeds the
NR, has for many years (i.e., since the 1970s) empha-
sized the importance of a broad breeding goal, and as
many as 10 traits are included in the current breeding
goal. Second, Geno has focused more on health and
fertility than have many other breeding organizations.
Currently, for example, mastitis resistance, fertility,
and other diseases account for more than 40% of the
breeding objective. Therefore, it is of interest to evalu-
ate whether these choices have increased farmers’
profits.

This paper makes 3 main contributions. First, a
model of economic value is derived from the profit-max-
imization problem of the farmer by using the standard
methodology of empirical economic modeling, which is
based on the assumption about how farmers run their
farms. Second, an empirical model that locally approxi-
mates the true unknown function and takes farm heter-
ogeneity into account is proposed. Third, the model is
applied to farm-level panel data on Norwegian dairy
farms, and the economic values of the 10 traits that are
currently included in the breeding goals for the NR
are estimated. This allows tests of whether breeding
increases farm profits and whether the currently used
economic values are historically optimal.

MATERIALS AND METHODS

Theoretical Background

Here we present a simplified description of an eco-
nomic model based on the assumption that the farmer
is profit maximizing. Although the model is simple, it
gives a clear picture of the way such models are derived.
When a farm produces a single output, y, from a single
input, x, the relationship between the output and the
input can be described by a production function, y =
f(x). Further, assume profit-maximizing farmers and
that the production function is affected by the EBV,
b, of the animals on the farm, that is, y = f(x|b). The
production function is assumed to have the following
properties:

∂f (x|b)
∂x > 0,

∂2f (x|b)
∂x2 ≤ 0,

∂f (x|b)
∂b > 0. [1]
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The first derivative of the production function with
respect to input is greater than zero, and the second
derivative is equal to or less than zero. This implies
that the curve of factor demand slopes downward. The
sign of the second-order derivative is justified by the
rule of diminishing marginal product, stating that in-
creasing one input results in smaller output increases,
all other things being equal. Given some fixed resources
(other inputs, investments), production must be limited
and cannot increase indefinitely. The farmer’s problem
is then to maximize profit, π, given the breeding mate-
rial of the livestock and the prices for inputs and
outputs:

max[pf(x|b) − wx], [2]
x

where p is the price of the output and w is the price of
the input. The prices, w and p, as well as the EBV, b,
are exogenous, that is, out of the farmers’ control. The
first-order condition for this problem is as follows:

∂π
∂x = p

∂f(x|b)
∂x − w = 0 [3]

p
∂f(x|b)

∂x = w or
∂f(x|b)

∂x =
w
p .

This is a classical result in economics, where optimal
profit is reached at the point where marginal revenue
equals marginal cost. This expression also implies that
optimal profit is reached where the slope of the produc-
tion function equals the ratio between the input and
output price. This classical result shows that changes in
input prices relative to output prices change the optimal
production output of the farmer. It also shows the same
potential for changes in EBV, as long as EBV affects
the marginal product. Two separate ways may therefore
exist by which EBV affects profits. First, there is a
direct effect of selection, increasing the amount of out-
put that can be produced by using the same amount of
inputs, as stated in equation [1]. Second, there is an
indirect effect of the change in EBV on the slope of
the production function. That would then lead to an
adjustment of input use to satisfy the profit-maximizing
condition in equation [3].

Assume further that this first-order condition can
be solved for the optimal input, x*, yielding the input
demand function:

x* = x*(p,w,b). [4]

The profit function is obtained by inserting the input
demand function back into the original problem. The
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profit function, which is a so-called value function, gives
the optimal profit that the farm can obtain at any given
input and output price and EBV, given that the farmer
maximizes profit:

π* = pf[x*(p,w,b)|b] − wx*(p,w,b) = π*(p,w,b). [5]

Modeling in terms of the profit function in equation
[5] has a significant advantage over modeling in terms
of the production function, y = f(x|b), because the profit
function can be used to predict both the direct and
indirect effects of changes in EBV on profits. Neglecting
the indirect effects could lead to misleading results,
because no relationship is assumed between prices and
EBV, where the general model clearly implies that such
a relationship may exist.

Estimating a value function on the basis of the exoge-
nous variables and the assumption of profit-maximizing
behavior is the most common approach to empirical
estimation in applied economic research. This is a much
simpler procedure than estimating the primal problem
and solving for the profit-maximizing conditions.

The profit function has several known properties: it is
nondecreasing in output prices, nonincreasing in input
prices, and homogeneous to degree one in output and
input prices. This final property, homogeneity of degree
one, simply implies that if all prices increase by the
same relative amount (e.g., general inflation), then
profit must necessarily increase by the same relative
amount. Moreover, the input demand function (equa-
tion [4]) and the output supply function can be derived
directly from the profit function (equation [5]) by using
Hotelling’s lemma:

∂π*(p,w,b)
∂p = s*(p,w,b) [6]

and
∂π*(p,w,b)

∂w = −x*(p,w,b),

where the function s* is the output supply function.
Hotelling’s lemma was derived by the application of the
envelope theorem (e.g., Chambers, 1988) to the profit-
maximization problem.

Given the assumptions in equation [1], the profit
function is nondecreasing in the EBV. Although genetic
selection has not been extensively discussed in the eco-
nomic literature, it can be viewed as a type of technolog-
ical change (Melton et al., 1979; Kerr, 1984). Fortu-
nately, technological change has been the subject of
extensive economic literature (e.g., Binswang, 1974;
Huffman and Evenson, 2001). We have assumed that
selection affects the optimization of the farm in the
same way as technological change is generally assumed
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to affect production. There is the direct effect of higher
production with the same amount of inputs and the
indirect effects on the shape of the production function.
If the technological change has no effect on the shape
of the production function, then the technological
change is called profit neutral. Both profit-neutral and
non-profit-neutral technological change are shown in
Figure 1.

For a profit-neutral technology, the profit function in
equation [5] can be rewritten as

π* = g(b)π*(p,w), [7]

where g(b) is a function of EBV. This is obviously a
testable hypothesis in empirical models.

In the context of the profit function, the optimal eco-
nomic value (EV) is simply the partial derivative of the
profit function in terms of the EBV. In terms of the
general profit function based on the average of all herds,
as derived in equation [6], this is as follows:

EV =
∂π*(p,w,b)

∂b . [8]

Empirical Estimation

Two major challenges are involved in estimating the
profit function in equation [5] or [7]. The first involves
the functional form of the profit function. The second
involves the treatment of unobservable heterogeneity
in land, labor, and capital inputs among farms. Applied
economists have long been aware of the difficulty of
identifying the true form of these and other functions.
This has led to the general use of flexible functional
forms, such as Taylor expansions, that are able to lo-
cally approximate any function. Among the more popu-
lar forms in production economics is the translog func-
tional form first suggested by Christensen et al. (1973),
comprising a second-order approximation of an un-
known log-log relationship. A translog approximation
of the profit function of equation [7] for K traits, M
inputs, and N outputs is then as follows:

ln(π) = α0 + ∑
K

k=1

φk ln(bk) + ∑
K

k=1
∑
N

i=1

φki ln(bk)ln(pi)

+ ∑
K

k=1
∑
M

i=1

φk(i+N) ln(bk)ln(wi) + ∑
N

i=1

βi ln(pi) [9]

+ ∑
M

i=1

βi+N ln(wi) +
1
2

⎡
⎢
⎣
∑
N

i=1
∑
N

j=1

γij ln(pi)ln(pj)

+ ∑
N

i=1
∑
M

j=1

.γi(j+N) ln(pi)ln(wj) + ∑
M

i=1
∑
M

j=1

γ(i+N)(j+N) ln(wi)ln(wj)
⎤
⎥
⎦
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Figure 1. (A) Profit-neutral and (B) non-profit-neutral technologi-
cal change. The subscript 0 indicates the EBV before a change, and
the subscript 1 indicates the EBV after a change, where x is the
amount of input and y is the amount of output; f(x|b) is the production

function, where b is the EBV; and
w
p is the ratio between input price

(w) and output price (p).
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The profit-neutral profit function is a simplified ver-
sion of equation [9], where φki = 0 ∀ k,i. Further, the
Cobb-Douglas profit function, which is profit neutral by
assumption, is obtained by γki = 0 ∀ i,j and φki = 0 ∀
k,i, as

ln(π) = α0 + ∑
K

k=1

φk ln(bk) + ∑
N

i=1

βi ln(pi) [10]

+ ∑
M

i=1

βi+N ln(wi).

Both the profit-neutral translog function and the Cobb-
Douglas profit function are special cases of the general
translog in equation [9].

The parameter estimates for the economic value are
the partial derivative of equation [9] with respect to
the EBV. The expression for the economic value for
trait k is given by

∂π
∂bk

=
∂π

∂ ln(π)
∂ ln(π)
∂ ln(bk)

∂ ln(bk)
∂bk

= [11]

π
bk

⎛
⎜
⎝
φk + ∑

N

i=1

φki ln(pi) + ∑
M

i=1

φk(i+N) ln(wi)
⎞
⎟
⎠
.

A point estimate can be obtained by evaluating the
derivative at a fixed point, for example, the expected
value of input and output prices, and profits. By cen-
tralizing the input and output prices, that is, by sub-
tracting the expected value of each variable from it,
the interpretation of the parameter estimates can be
simplified with respect to economic value. For central-
ized input and output prices, the expression in equation
[11] at the point of centralization simplifies to

∂π
∂bk

=
π
bk

φk. [12]

The first-order parameter, φk, is now easily interpret-
able with respect to the economic value. The parameter
φk measures the percentage change in profit for an over-
all increase in herd EBV of one unit from its mean. A
parameter estimate of 0.5 implies that profit will in-
crease with 0.5% if EBV increases by one unit from its
mean. The economic value evaluated at the point of
centralization for expected profits and EBV is then
given by

EV =
π

bk

φk, [13]

where π stands for expected profits and bk is the
mean EBV.
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The hypothesis that EBV has no effect on profits can
be stated as a parameter restriction of the form φk = 0,
φki = 0 ∀ k,i. Similarly, the hypothesis that the true
economic value is some constant θ can be formulated

as a linear restriction of the form
∂π
∂bk

= θ.

Homogeneity of degree one implies that ΣiΣjγij = 0
and Σiβi = 1, and symmetry implies γij = γji ∀ i,j. The
terms β and γ describe the effects of input and output
prices on profits, and given equation [6], these are the
parameters of the input demand and output supply
functions. The number of parameters to be estimated
in equation [9] is large, and many observations are
needed to achieve identification. This could be accom-
plished by using a relatively long time series for a single
farm; however, technological changes over time make
it difficult to assume constant breeding effects. As an
alternative, a cross-section of farms could be specified,
assuming all farms are the same. However, this is obvi-
ously not the case. Casual observation confirms that
substantial differences in the quality of land, labor, and
capital occur, manifesting themselves as, for example,
differences in the chosen scale of operations. Instead,
if panel data exist, comprising several cross-sections of
the same farms at different points in time, it is possible
to take these differences into account by allowing the
profit function to vary from farm to farm. Let β be the
vector of parameters, and x the vector of variables and
interactions in equation [9]; that is, let xlt be the vector
for the lth farm in time period t:

xlt = [1 ln(b1lt...ln(bKlt) ln(b1lt)ln(p1lt)...ln(bKlt)ln(pNlt)

.....1/2ln(w1lt)ln(w1lt)...1/2ln(wMlt)ln(wMlt)].

The stochastic version of equation [9] is then given by

ln(πlt) = xltβ + ul + elt, [14]

for the lth farm in time period t, where xlt is the vector
of log-transformed independent variables as defined
above. The error in the model has 2 components, one
observation specific, elt, and one farm specific, ul. These
are assumed to capture the variation between years
within a farm, elt ∼ iid N(0,σ2), and variation among
farms, ul ∼ iid N(0,υ2I). A single farm is then assumed
to be drawn from the distribution of farms, and the
parameter vector, β, defines the profit function for the
expected farm.

In this analysis, the farmer is assumed to maximize
profits given the prices of 3 outputs, milk (p1), meat
(p2), and subsidies (p3), and 2 inputs, forage (w1) and
concentrates (w2), given the farm’s endowment of labor
and land. The agricultural sector in Norway is heavily
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subsidized. Farmers receive subsidies for the amount
land used as well as for the number of cows. The farmer
further incurs veterinary costs, which he or she cannot
control, and these are therefore included as a separate
quantity variable, v. Observations of zero veterinary
cost are treated in a separate variable because the loga-
rithm of zero is undefined and denoted with the variable
D in model [15]. Estimated breeding values for 10 traits
are denoted by b1 to b10. A translog approximation of
the profit function of equation [7] for the lth farm in
time period t is as follows:

ln(πlt) = α0 + ∑
10

k=1

φk ln(bklt) + ∑
10

k=1
∑
3

i=1

φki ln(bklt)ln(pilt)

+ ∑
10

k=1
∑
2

i=1

φk(i+3) ln(bklt)ln(wilt) + ∑
3

i=1

βi ln(pilt)

+ ∑
2

i=1

βi+3 ln(wilt) + φ6 ln(νlt) + φ7Dlt [15]

+
1
2

⎡
⎢
⎣
∑
3

i=1
∑
3

j=1

γij ln(pilt)ln(pjlt) + ∑
3

i=1
∑
2

j=1

γi(j+3) ln(pilt)ln(wjlt)

+ ∑
2

i=1
∑
2

j=1

γ(i+3)(j+3) ln(wilt)ln(wjit)
⎤
⎥
⎦

+ δ0(νlt)2

+ ∑
3

i=1

δi ln(pilt)ln(νlt) + ∑
2

i=1

δ(i+3) ln(wilt)ln(νlt).

The parameters of the model were estimated by using
PROC MIXED in SAS, version 8.2. The PROC MIXED
procedure facilitates the estimation of random effect
models like that defined in equation [14].

Data

Panel data for 3,259 Norwegian dairy farms from
1999 to 2003 were used in the estimation. Consolidation
of farms has become more common in Norway. To avoid
errors, farms that exhibited large changes in the scale
of production were treated as new producers following
these changes.

Price and quantity data were collected through the
Norwegian Cow Recording System by the Norwegian
milk cooperative, TINE. All farms recorded in the Nor-
wegian Cow Recording System for more than 2 yr over
the period 1999 to 2003 were included in the data set.
TINE collects economic data directly from the financial
statements for each producer. These include data such
as costs and quantities for input and output factors,
and data on the occurrence of diseases.

The input prices included in the analysis were the
prices of concentrates and forage per feed unit. Veteri-
narian services were, to a large extent, determined by
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factors over which the farmer has limited control, in-
cluding the random occurrence of disease. Variables
that remain outside the farmer’s control will not serve
as decision variables in the farmer’s optimization prob-
lem in function [2], but need to be treated as restrictions
in the optimization. Such variables were part of the set
of exogenous variables over which the farmer maxi-
mizes, and were therefore included in the profit function
along with the remaining exogenous variables, such as
prices and EBV. The output prices for milk and meat
were constructed from the price plus the subsidy per
unit. The subsidies per land unit, per management unit,
and per dairy cow are summed into a single subsidy
price index.

The following 10 traits were included in the estima-
tion: milk, meat, mastitis resistance, fertility, calving
difficulties, stillbirth, other diseases, udder, tempera-
ment, and legs. These were the same 10 traits included
in the breeding goal for the NR. Table 1 provides the
current relative weight and a description of each trait
in the breeding goal for NR.

All of the EBV in the estimation were standardized
to a standard deviation of 7. The mean EBV for each
trait for all the sires of the cows on a farm was con-
structed by using the weighted average for each farm
and year, weighted by the number of feeding days. Feed-
ing days are the number of days per year that a cow is
in active production. Cows with no registered sires were
omitted from the analysis because their number was
very small, and no good approximation exists for the
actual EBV of unregistered sires. This is analogous to
replacing them with the expected EBV of the respec-
tive herd.

Extreme values were filtered from the data before
analysis. The original data set included 9,006 observa-
tions, whereas the filtered data set included 8,617 ob-
servations; less than 5% of the observations were omit-
ted. On average, each farm was included in the analysis
for a period of 2.8 yr.

RESULTS

The estimated economic values from function [13]
evaluated at the point of centralization for input and
output prices (average prices), together with their t-
values, are reported in Table 2. The focus in this study
was the effect that selective breeding for the different
traits has on farm profit. Seven traits have significant
economic values, all of which, as expected, are positive.
The traits with the largest effects on profits are milk,
followed by udder, meat, mastitis resistance, and tem-
perament. The farm-specific random effect was 0.10,
with an associated asymptotic z-value of 34.75 and P
< 0.001. This indicates substantial farm heterogeneity.
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Table 1. Relative weights and characterization of the trait or index in the breeding goal for traits included in the breeding goal for
Norwegian Red

Relative
weight for

Trait or index Norwegian Red Characterization of the trait or index

Milk 24 Combined index: protein, fat, and milk yield
Meat 9 Carcass value, young bull
Other diseases 3 Milk fever, ketosis, and retained placenta
Stillbirths 1 Paternal and maternal
Calving difficulties 1 Maternal
Mastitis resistance 22 Frequency (treatments) of clinical mastitis in first, second, and third lactation
Fertility 15 Female fertility for heifers and first-lactating cows
Temperament 4 Behavior of cows when milked, recorded as extra calm, normal, uneasy
Legs 6 Combined index: rear leg, side view; rear leg, rear view; foot angle; and hoof quality
Udder 15 Combined index: foreteat placement, supernumerary teats, udder balance, teat

attachment, fore and rear udder attachment, udder support, and teat length

The model in [15] was further used to test whether
the EBV have no jointly significant effect on profits.
This joint test resulted in an F-statistic of 12.14, with
60 and 5,274 degrees of freedom and an associated P <
0.001. This was a clear rejection of the hypothesis. A
test for profit neutrality, that is, that selective breeding
only generally improves productivity and does not spe-
cifically affect some inputs and outputs, was also car-
ried out with F-statistic equal to 2.75, with 50 and 5,274
degrees of freedom and a P < 0.001. This served as a
clear rejection of profit neutrality. Because the number
of parameters in the translog was quite large, it was
of interest to test whether a simpler model could ade-
quately fit the data. One such simple model is the nested
Cobb-Douglas profit function. The Cobb-Douglas func-
tion involves no interaction effects, so this hypothesis
also suggests profit neutrality. The F-statistic for this
test was 3.97, with 65 and 5,274 degrees of freedom
and with a P < 0.001. This provides a clear rejection of
the Cobb-Douglas form in favor of the more complex,
but also more flexible, translog model. The economic
values estimated with the Cobb-Douglas function are
reported in Table 3.

Table 4 presents the relative weights currently used
by Geno compared with optimal economic weights cal-

Table 2. Economic values (change in profits in Norwegian crowns
for an overall increase in EBV of a herd), for the translog model with
SE, t-values, and P-values

EBV effect Estimate SE t-value P-value

Milk 2,323 241.2 9.63 0.000
Meat 1,712 286.6 5.98 0.000
Other diseases −552 314.9 −1.75 0.080
Stillbirths −85 310.0 −0.27 0.784
Calving difficulties 524 321.7 1.63 0.103
Mastitis resistance 1,704 284.7 5.99 0.000
Fertility 964 241.6 3.99 0.000
Temperament 1,430 312.5 4.58 0.000
Legs 633 286.9 2.21 0.027
Udder 2,143 319.7 6.70 0.000
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culated from the economic values presented in Table 2.
This was done to facilitate comparison with the weights
currently used by Geno. The test results shown are t-
tests for the hypothesis that the estimated weights are
equal to the current weights. The economic weights are
calculated as the percentage contribution of each trait
to the overall effect of all the EBV on profit, as reported
in Table 2.

Table 4 shows a similarity between the current
weights and our estimated optimal economic weights,
indicating the appropriateness of the diversified breed-
ing goals. The results further corroborate the large
weights Geno has placed on traits such as milk, udder,
mastitis resistance, and fertility. However, the hypoth-
esis that the optimal economic weight for the study
period was equal to the current weights was rejected
by a pooled hypothesis (F-value of 4.80 and P-value of
< 0.001). It was also rejected for each trait, except for
milk, stillbirth, calving difficulties, legs, and udder.

DISCUSSION

There are significant differences between the esti-
mated optimal economic weights and the current rela-
tive weights used by the breeding organization Geno.

Table 3. Economic values (change in profits in Norwegian crowns
for an overall increase in EBV of a herd) for the Cobb-Douglas model
with SE, t-values, and P-values

EBV effect Estimate SE t-value P-value

Milk 2,273 221.9 10.25 0.000
Meat 1,761 264.8 6.65 0.000
Other diseases −516 289.7 −1.78 0.075
Stillbirths −253 283.0 −0.89 0.372
Calving difficulties 721 300.3 2.40 0.016
Mastitis resistance 1,614 264.1 6.11 0.000
Fertility 789 221.4 3.57 0.000
Temperament 1,431 291.2 4.91 0.000
Legs 695 267.6 2.60 0.009
Udder 2,281 296.4 7.70 0.000
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Table 4. The weights of the current breeding index used by Geno1

and the estimated optimal economic weights,2 t-values, and P-values
of the hypothesis that the true weights are equal to the current
economic weights

Estimated
Current optimal

Geno economic
Effect weight weight t-value P-value

Milk 24 22 −1.11 0.266
Meat 9 16 2.58 0.010
Other diseases 3 −5 −2.78 0.006
Stillbirths 1 −1 −0.62 0.534
Calving difficulties 1 5 1.29 0.196
Mastitis resistance 22 16 −2.36 0.019
Fertility 15 9 −2.71 0.007
Temperament 4 13 3.19 0.001
Legs 6 6 −0.05 0.959
Udder 15 20 1.64 0.102

1Geno (Hamar, Norway).
2Based on the economic values in Table 2.

Results from the current study suggest that Geno
should reduce its focus on other diseases, mastitis resis-
tance, and fertility but increase it on meat and tempera-
ment. This would result in increased profits to the
farmers.

Economic theory predicts that the optimizing behav-
ior of the farmer will cause adjustments in levels of
variable inputs and output in response to a genetic trait
change. This has been argued by Amer and Fox (1992)
and Amer et al. (1994) as well as in this paper. The clear
rejection of profit-neutral effects in this study indicates
that the reoptimization, argued by Amer and Fox (1992)
and Amer et al. (1994), occurs on Norwegian dairy
farms. It therefore seems that Norwegian farmers are
profit maximizing. A model based directly on the pro-
duction function, as a profit equation model, will not
give accurate estimates of the effects of breeding on
profits for profit-maximizing farmers because it ne-
glects the indirect effects of selective breeding on
profits, as described above.

Any comparison of the study’s findings between
breeds is difficult. Breeds and breeding goals vary con-
siderably; natural conditions, as well as the prices of
inputs and outputs, vary among countries. It is there-
fore likely that different conditions result in different
economic values. Further, measurement units differ.
Here the economic value is defined in terms of Norwe-
gian crowns [NOK 100 = EUR 12.65 = US $17.23, Sep-
tember 6, 2007 (www.oanda.com)], for a unit increase
in the farms’ average breeding index per farm per year.
Other studies of economic values for dairy cattle have
defined the economic values as monetary unit per trait
unit per cow per year (Vargas et al., 2002; Kulak et al.,
2004), or monetary unit per unit of genetic increase of
the trait (St-Onge et al., 2002).
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The estimates for economic values from the translog
profit function and the Cobb-Douglas profit function
were quite similar, even though the Cobb-Douglas form
was statistically rejected as adequately describing the
true relationship. It therefore seems that the estimated
economic values are quite robust against the model
definition, which facilitates their practical use. The hy-
pothesis of profit neutrality and a simpler Cobb-Doug-
las relationship were both rejected. It therefore appears
that the complexity of the function is justified by its
improved fit to the observed data.

The economic values presented here were estimated
by using historical data. Their application in current
breeding must rely on the assumption that future profit
changes attributable to changes in EBV are similar
to historical ones. However, the current model allows
changes in prices (e.g., increases in the price of concen-
trate feed) to be taken into account when evaluating
current economic values. It is therefore possible to take
predictable changes in input and output prices into ac-
count when determining future economic values.

The proposed method of evaluating the economic ef-
fects of breeding programs requires a rich and reliable
data set of farm-level data. In this study, we used Nor-
wegian data that were collected for many years by the
breeding organization and the dairy cooperatives. Be-
cause the lack of such information clearly prevents this
type of ex post evaluation, it is in the interests of breed-
ing companies to facilitate and encourage the collection
of suitable records.

CONCLUSIONS

The main objective of this study was to illustrate how
farm-level production and economic data, together with
EBV, can be used to evaluate and verify the economic
effects of improvements in animals. Based on a fairly
rich farm-level panel data set, estimations were con-
ducted on the effects of selective breeding on profits. The
results clearly indicate that the Scandinavian tradition,
with a relatively broadly defined breeding goal, is
profitable for farms. In fact, of the 10 traits examined,
7 significantly improved profits.

Estimation of economic values of animal traits from
EBV at the farm level demands a reliable data set. It
should cover a large proportion of farmers, with eco-
nomic and genetic data available across several years.
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