
Introduction

It has been reported in numerous studies that het-
erogeneity of variance (HV) exists across various
herds and environments (Gengler et al. 2004;
Mirande and van Vleck 1985; Boldman and Free-
man 1990; Dong and Mao 1990; Short et al. 1990).
Its ignoring may bias estimated breeding values
(EBVs) and lower their accuracy (Visscher
and Hill 1992). Increased genetic or environmen-
tal variance of yield traits is usually associated
with higher production levels (Boldman and Free-
man 1990; deVeer and van Vleck 1987; Hill et al.
1983; Mirande and van Vleck 1985). However,
Meinert et al. (1988) found that herd mean was
only moderately correlated with the variance.

For Polish Black-and-White dairy cattle,
Szyd³owski and Szwaczkowski (1993) obtained

different heritability estimates for herds with dif-
ferent production levels. Jagusiak and ¯arnecki
(2002) found for the same population positive cor-
relations between genetic and phenotypic aver-
ages and within-herd genetic and phenotypic
standard deviations, indicating a possible exis-
tence of heterogeneous variance.

Generally, two types of methods to manage HV
were proposed: modification of phenotypic records
prior to BLUP, or simultaneous estimation of breed-
ing values and accounting for heterogeneous vari-
ances. Correction of phenotypic records can be
achieved simply by logarithmic transformation
of data (de Veer and van Vleck 1987) or by multiply-
ing the deviation from a group mean by a ratio
of group variance and population variance
(Wiggans and VanRaden 1991; van der Werf et al.
1994; Weigel and Lawlor 1994). Meuwissen et al.
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(1996) proposed the method for joint estimation
of breeding values and heterogeneous variance for
the lactation model. The corrections for HV ac-
counted for breed or genetic group effects and re-
duction in variance due to selection. Simultaneous
correction for HV with breeding value estimation
was applied in the Netherlands, where genetic
evaluation is based on the test day model with ran-
dom regressions (NRS 2005). Random-regression
test-day model is to be implemented for routine
genetic evaluation of Polish dairy cattle. The prob-
lem of heterogeneity of test day yields in this pop-
ulation has not been examined before.

The objectives of this study were: (1) to
investigate the problem of heterogeneous variance
of daily milk yields of Polish Black-and-White
cattle, (2) to present a method to account for
heterogeneous variance; and (3) to examine
effects of adjusting records for unequal variances
on breeding values of bulls.

Material and Methods

Testing for heterogeneous variance

To perform the test for existence of HV, we used
10 753 daily milk-yield records of 1481 cows
calving from 1995 to 2001 in 79 randomly
selected herds. The following model was applied:
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where yijklm is milk yield l of cow m from the first
lactation, belonging to the herd-year ik and jth class
of age-season of calving, hyik is the random effect
of herd i in year k, bjn are fixed regression
coefficients specific to the age-season subclass j,
eijklm is the residual effect for each observation, and
zmnl are covariates. Fixed lactation curves for
age-seasons were modeled by using Legendre
polynomials (Kirkpatrick et al. 1990) of order 5
(6 covariates).

The covariance structure of the model is de-
scribed by the following equation:
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where H is the block diagonal matrix with
first-order autoregressive correlations matrices,
i.e. for ith herd having records in ri years it takes
a form:
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and � hy
2 is the variance of herd-year effect. Two

variants of R were applied: R was either a diago-
nal matrix with diagonal elements equal to resid-
ual variance � e

2 , or different residual variances for
different herds were used. Models were fitted by
the MIXED procedure of SAS (SAS Institute
1998). Bayesian Information Criteria (BIC) pro-
vided by the MIXED procedure was used to test
for homogeneity of variance.

Method to adjust records for heterogeneous

variance

Data for genetic evaluations were adjusted by us-
ing multiplicative factors. Model [1] with
covariance structure as in [2], where R = I� e

2 , was
used to derive correction factors. Correlations be-
tween years for autoregression and variance
of herd-years were the same as estimated in the
previous step. The residuals from this model were
utilized to estimate an overall residual standard
deviation �� e and to estimate residual standard de-
viations for each herd-year� ��� e ik

. Factors for data
adjusting were calculated by using the formula:
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where p is a weight to control the power of adjust-
ments. Six different arbitrarily chosen values (0.4,
0.7, 1, 1.5, 2 and 5) were used for p. Each record
was adjusted as
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Herds of small size are typical for Polish
Black-and-White cattle (Strabel et al. 2005),
leading to large numbers of small and
single-observation contemporary groups.
Herd-year variance � ��� e ik

for extremely small
herd-years may then be estimated with low
accuracy. Hence, weight k was further modified by
multiplying it by weight sik calculated as follows:
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where sizehy is the size of herd-year class ik

and sizey is the average herd-year size in the data.
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Application of the adjustment method

Daily milk yields of 817 165 primiparous cows
calving from 1995 to 2001 were used to asses
the impact of adjusting for HV on EBVs. Correc-
tion factors were obtained after calculating vari-
ances of residuals for model [1]. Iteration on data
by the preconditioned conjugate gradient algo-
rithm was used (Tsuruta et al. 2001) to solve
the equation for model [1]. The program was mod-
ified to implement an autoregressive structure
of herd-year variances, following the rules de-
scribed by Wade and Quaas (1993). Observations
were adjusted by correction factors with various
weights of p. Breeding value estimation was per-
formed with the random regression model pre-
sented by Strabel et al. (2005). Variance
components were the same as estimated earlier for
the same population (Strabel and Jamrozik 2006).
Breeding values for days 5–305 were accumulated
to obtain lactation EBVs. Differences between
each bull’s EBV and the average breeding value
of its parents (PA) were calculated and simple sta-
tistics for these quantities were derived. The effec-
tiveness of HV corrections was examined using
the analysis of EBVs of bulls with a minimum
of 10 daughters.

Results and Discussion

Testing for heterogeneous variance

The higher value of the BIC for the model with
a homogeneous residual variance for herds,
in comparison to the model with HV (Table 1),
confirmed the existence of unequal variances be-
tween herd-years. Variance components for dif-
ferent models are presented in Table 1. Allowing
for unequal residual variances increased the herd
variance and correlations between consecutive

years within herds, as compared to the alternative
model. Average residual variance was lower than
in the model with a homogeneous residual vari-
ance.

Application of the adjustment method

A measure of improvement of an evaluation
method is the bias of the EBVs of selected animals
calculated as the difference between their EBVs
and their PA. Table 2 contains results of analysis
of differences between EBVs of bulls having at
least 10 daughters and their PA. Applying data ad-
justment decreased the average difference be-
tween bulls’ EBVs and their PA values expressed
as the part of such differences in the model not ac-
counting for HV (%). It is assumed that this reduc-
tion is a result of using more accurately estimated
EBVs due to accounting for HV. The positive ef-
fect was higher when adjustment included correc-
tion for herd-year size. The effect of data
correction was different for different values of p,
which modified the power of data modification.
The largest decrease in differences between EBV
and PA (4.9%) was found for p equal to 0.7 and 1.0
and when correction for herd-year size was ap-
plied. The variance of the differences between
EBV and PA also decreased as a result of data ad-
justment. Similarly to average differences, the im-
pact of data adjustment on the variance of
differences between bulls’ EBVs and their PA val-
ues was largest when correction for herd size was
applied. Reduction of variance was the most effec-
tive (13.2%) for p = 1.5. It seems that weight p = 1
would be a good compromise, meaning that fac-
tors without this weight should be applied in prac-
tice.

Differences between bulls’ EBVs obtained for
models with correction for heterogeneous vari-
ance and the EBVs obtained for the model that did
not account for unequal variances are given in Ta-
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Table 1. Bayesian Information Criterion (BIC) and variance components for models
with homogeneous and heterogeneous residual variance (kg2) for herds

Residual variance type

Homogeneous Heterogeneous

BIC 56596.6 56224.6

Herd variance 9.8 10.2

Correlation between consecutive years
within herds

0.842 0.857

Residual variance 10.5 –

Residual variance for herds
– average – 7.0

– minimum – 0.4

– maximum – 17.5



ble 3. The mean differences for all the models
were small and negative and did not exceed
–14 kg. The variability of the differences con-
firmed the higher impact of corrections with
higher values of weight p and for adjustments that
took into account the herd-year size. For the model
accounting for herd-year size and for the weight
p = 1, the standard deviations of differences in
EBVs for bulls with a minimum of 10 daughters
was equal to 47.6 kg. Correlations between ana-
lyzed pairs of EBVs were very high (0.992–0.999,
results not shown). The above results confirm the
rather moderate impact of precorrections on bulls’
EBVs, which cannot produce large re-rankings of
bulls with daughters. Data adjustment might have
had stronger impact on cows’ EBVs, as they are
usually less accurate, and modification of their
own records may have greater consequences.
This issue is to some extent related to the problem
of preferential treatment and in our opinion should
be explored in a separate study.

To prove the effectiveness of the methods to
account for HV is not a trivial task, in spite of

the fact that several of them have been presented in
the literature, and some even implemented.
Meuwissen et al. (1996) evaluated the efficiency
of their corrections of lactation records by analys-
ing the mean difference between the PA and the
EBV of progeny-tested bulls. They found a similar
size of overestimation of EBV (–126 kg) to the un-
derestimation obtained in our study (121 kg).
This problem was reduced by 38% when correc-
tions for HV were applied. The problem of over-
and underestimation of EBV may be a result
of the suboptimal modeling and it may suggest that
the model underestimated the genetic trend. What
seems to be more desired when modifications to
account for HV are applied, is the reduction of pre-
diction error variance (PEV), defined as a variance
of differences between bulls’ EBVs and their PA
values. Meuwissen et al. (1996) showed that the
PEV was reduced by 18%, which indicated a simi-
lar effectiveness obtained in this study (13%).
Those authors also used different herd variance in
years with first-order autoregressive structure and
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Table 2. Decrease in average difference between the estimated breeding value (EBV)
and parental average (PA) expressed as the part of such differences in the model not
accounting for heterogeneous variance (%) and average variance of these differences
(6034 bulls with a minimum of 10 daughters) for models with correction for
heterogeneous variance. Models with various weight of p determining the power
of corrections are presented.

p Average (EBV-PA) Variance of (EBV-PA)

Not corrected for size Corrected for size Not corrected for
size

Corrected for size

121.53* 26732.71*

0.4 2.6% 4.6% 6.9% 12.0%

0.7 3.3% 4.9% 8.9% 12.8%

1.0 3.6% 4.9% 9.9% 13.1%

1.5 3.9% 4.8% 10.8% 13.2%

2.0 4.0% 4.7% 11.2% 13.1%

5.0 3.9% 4.3% 11.8% 12.6%

*value for the model not accounting for unequal variances

Table 3. Basic statistics of the differences between the estimated breeding values (EBVs) of bulls with a minimum
of 10 daughters obtained for models with correction for heterogeneous variance and the EBVs obtained for
the model that did not account for unequal variances. Models with various weight of p determining the power
of corrections are presented.

p
Not corrected for size Corrected for size

Mean SD Minimum Maximum Mean SD Minimum Maximum

0.4 –2.9 22.4 –261.4 167.6 –4.1 39.3 –427.0 270.0

0.7 –3.6 30.2 –340.8 206.2 –4.3 44.7 –477.5 281.0

1.0 –3.9 35.3 –388.4 227.1 –4.3 47.6 –502.8 285.5

1.5 –4.1 40.7 –436.1 246.6 –7.2 50.4 –525.6 286.5

2.0 –7.3 44.0 –470.0 254.8 –7.0 52.1 –538.3 288.5

5.0 –13.3 52.3 –542.7 272.4 –12.4 56.0 –573.7 287.5



estimated an autocorrelation of 0.984. Such a high
estimate enabled them to suggest that variances
within herds across years were homogeneous,
which was not the case in our study, where
autocorrelation was lower (7–0.85). A relatively
high effectiveness in accounting for HV found
in this study may not be fully achieved in practice
due to the fact that calculated PA and EBV were
obtained from the same evaluation. It means that
records of bulls were taken into account when PA
was calculated, which may be impossible when
EBVs of young bulls are considered in routine ge-
netic evaluations.

The problem of HV was addressed in the pro-
cedure for routine genetic evaluations based on
test-day data in other countries. In Germany, stan-
dardization of heterogeneous variance within
herd-test date-parity-milking frequency effect
is performed prior to solving mixed model equa-
tions (Interbull 2005). Precorrection of data is also
carried out in Canada (Schaeffer et al. 2000) by us-
ing factors accounting for variance of residuals
in herd-years obtained with a fixed model. Addi-
tionally, those factors take into account the milk-
recording testing scheme. The method applied in
the Netherlands simultaneously accounts for ge-
netic effect and variation. Correction factors are ap-
plied to modify residuals during iterations
in a genetic evaluation run. Unfortunately, informa-
tion on the effect- iveness of the above methods
is not available.

Conclusions

The existence of heterogeneous variance across
herd-year in milk yield test-day records
of primiparous cows was confirmed. The multipli-
cative method to account for unequal variances im-
proved the quality of evaluations and because it is
computationally feasible it can be used in routine
genetic evaluations of Polish dairy cattle.
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