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1. Introduction 
 
A multiplicative mixed effects model for 
heterogeneous variance (HV) correction was 
described by Meuwissen et al. (1996). Fixed 
and random effects were scaled within herd-
year strata (MEU-1). Based on Pool and 
Meuwissen’s (2000) suggestion Gengler and 
Wiggans (2001) modified MEU-1 to scale only 
random effects of the model (MEU-2). 
 

Pena and Ibañez (2002) compared these 
two methods using simulated lactation yield 
data sets. Their results showed that MEU-1 is 
more sensitive for the strata size than MEU-2 
and MEU-2 converges faster than MEU-1. 
 

The objective of this study was to validate 
the two HV adjustment methods by a 
simulation study on test-day data and to 
estimate heterogeneity model parameters for 
test-day data of the Nordic yield evaluation. 
 
 
2. Materials and Methods 
 
2.1 Model 
 
The multiplicative mixed effects model of 
Meuwissen et al. (1996) was tailored to a test-
day model as outlined in Lidauer et al. (2008). 
In our study, data with milk yield test-day 
observations were simulated based on a single 
trait test-day model: 
 
y =Xb + Ch + Za + Wp + e ,       [1] 

 
where y has test-day milk yield observations 
with a HV structure; vector b has fixed effects 
(herd year, herd slope, age at calving, days 
carried calf, test year-month and lactation 
curve) and random effects vectors h, a, p, and 
e  are  herd-test-day,  additive  genetic  animal,  
 
 

non-genetic animal, and measurement error, 
respectively; X, C, Z and W are the 
corresponding design matrices. HV was 
introduced into the simulated data by 
stratifying the data in y into herd i × test-year-
month j strata and scaling of the observation of 
each stratum with a simulated heterogeneity 
factor. 
 
 
2.2 Heterogeneous variance adjustment 
 
The first applied HV adjustment method 
(MEU-1) has been described by Meuwissen et 
al. (1996) and scales all effects in the model in 
proportionality. Stratifying the data in y by 
herd and test-year-month ij gives:  
 
yij = λ-1

ij ·(Xijb + Cijh + Zija + Wijp + eij) .   [2] 
 

The other applied HV adjustment (MEU-2) 
was based on Meuwissen et al. (1996) but does 
not scale fixed effects by the heterogeneous 
adjustment factor: 

 
yij = Xijb + λ-1

ij·(Cijh + Zija + Wijp + eij) .   [3] 
 

For both methods, adjustment factors λij 
were calculated as 

 
λij = exp(-0.5·(β1j + β2ip)) ,  [4] 
 
where β values were estimated from the 
following variance model: 
 
sijpk = μ + β1j + β2ip + εijpk , [5] 
 
where sijpk is a heterogeneity observation for 
herd × test-year-month stratum ij, μ is an 
overall mean; β1j is the fixed effect for test-
year-month j, β2ip is the random effect of herd 
i × test-period p, where test-period p was either 
test-year m or test-year-month j; and εijpk is the 
random residual. 
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2.3 Simulation study 
 
2.3.1 Structure of simulated data 
 
To have a realistic data structure, two real data 
sets with different herd sizes were sampled 
from Swedish Red Breed herds of the Nordic 
test-day model yield evaluation. The real data 
observations were replaced by simulated 
observations as will be explained below. 
 

The first data set contained 200 large herds 
having 483 946 first lactation milk yield 
observations from a time period of 12 years. 
The average number of observations per herd-
test-day was 18. There were 53 741 animals 
with records and the pedigree had 104 525 
animals.  
 

The second data set contained 200 
randomly sampled herds having 267 446 first 
lactation milk yield observations from a time 
period of 12 years. The average number of 
observations per herd-test-day was 10. There 
were 29 320 animals with records and the 
pedigree had 64 168 animals. 
 
 
2.3.2 Simulation of milk yield observations 
 
Simulation of milk yields was based on test-
day model [1]. Fixed effects were the BLUE 
solution from a BLUP run on the sampled real 
data sets applying the same model. Hence, 
fixed effects were the same for all simulated 
sets of observations. Random effects were 
generated from normal distributions using for 
each random effect the Cholesky 
decomposition of the corresponding 
(co)variance matrix. Milk yield observations 
were generated by summing the corresponding 
fixed and random effects, and adding a random 
error term. The applied (co)variance 
components were from a variance component 
study for red breeds (Lidauer et al., 2009). 
 
 
2.3.3 Simulation of the heterogeneity 
 
Heterogeneous adjustment factors were 
simulated based on the variance model [5]. 
The model includes a fixed effect and a 
random   effect.   BLUE   solutions   from   the  

variance model, when applying the HV 
adjustment methods on the real data were 
taken as fixed effect β̃1j. Random herd×test-
period effect β̃2ip were generated from a within 
herd first order autoregressive process with a 
given autoregressive correlation parameter (ρ) 
and a given strata variance (σ2

strata). Hence, 
homogeneous milk yield observations of a 
stratum ij were divided by the simulated 
heterogeneous adjustment factor: 
 
λ̃ij = exp(-0.5·(β1̃j + β2̃ip)) . [6] 
 
 
2.3.4 Simulated models 
 
Two different variance models were simulated 
in the study. Both models included a fixed 
year-month effect, whereas the random effect 
was either herd × test-year (HY-model), or 
herd × test-year-month (HTM-model). For 
each variance model, two different 
autocorrelation parameters were used in 
simulation. The true parameter values in the 
simulations were 0.6 and 0.9 in case of the 
HY-model and 0.93 and 0.98 in case of the 
HTM-model. For each of the described model 
alternatives, two different strata variances were 
used: either 0.1 or 0.5. Each model alternatives 
was applied for both data sets. Five replicates 
were simulated for each of the 16 model × data 
alternatives. 
 
 
2.3.5 Estimation of the variance model 
parameters  
 
Simulated data was solved with both HV 
adjustment methods and parameters of the 
variance model were estimated with derivative 
free REML algorithm. 
 
 
2.4 Estimation of the variance model 
parameters from real data 
 
An extension of the large herds data set in 
point 2.3.1 was used for the multiple trait 
model analyses. The data set contained 
483 946 first and 306 035 second lactation 
milk, protein and fat yield records. The applied 
multiple trait test-day model had the same 
effects as given in model [1] for each trait. 
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3. Results and Discussion 
 
3.1 Simulation study 
 
In case of HY-model both methods estimated 
the autocorrelation parameters and the herd-
year variance with similar precision for the 
large herds and randomly sampled herds data 
set (Table 1). 
 
Table 1. Estimates of autocorrelation 
parameter (ρ) and within herd × test-year 
variance (σ2

hy) by heterogeneous variance 
adjustment method (MEU-1 or MEU-2), true 
within herd × test-year variance (σ2

hy= 0.1 or 
0.5), true autocorrelation (ρ= 0.6 or 0.9) and 
herd size. Averages are from 5 simulated 
replicates. 
True 
values 

ρ 0.6 0.9 
σ2

hy 0.1 0.5 0.1 0.5 
Large herds 
MEU-1 ρ 0.59 0.59 0.88 0.89 

σ2
hy 0.11 0.50 0.11 0.52 

MEU-2 ρ 0.61 0.59 0.91 0.90 
σ2

hy 0.10 0.48 0.10 0.49 
Random herds 
MEU-1 ρ 0.58 0.60 0.89 0.89 

σ2
hy 0.11 0.51 0.11 0.50 

MEU-2 ρ 0.61 0.61 0.92 0.90 
σ2

hy 0.10 0.50 0.10 0.48 
 

In case of HTM-model both methods gave 
closely the same estimates of the 
autocorrelation parameter. Method MEU-2 
gave closer estimates for the herd-test month 
variance especially when the simulations were 
based on the randomly sampled herds data set 
(Table 2). 
 

In general there were no large differences 
between the estimates by the two methods. 
However, MEU-2 showed better convergence 
and estimated the strata variance better, when 
the strata size was small. 
 

Table 2. Estimates of autocorrelation 
parameter (ρ) and within herd × test-year-
month variance (σ2

htm) by heterogeneous 
variance adjustment method (MEU-1 or MEU-
2), true within herd × test-year-month variance 
(σ2

htm= 0.1 or 0.5), true autocorrelation (ρ= 
0.93 or 0.98) and herd size. Averages are from 
5 simulated replicates. 

 
 
3.2 Estimation of the variance model 
parameters from real data 
 
When the variance model parameters were 
estimated using the original large herds data 
and HY-model, the MEU-2 method gave 
higher estimates for the autocorrelation 
parameter. The estimates for the strata 
variances were similar by both methods. MEU-
2 gave higher estimates of the residual 
variances (Table 3). 
 

In case of HTM-model, MEU-2 gave 
smaller estimates for the autocorrelation 
parameters. Same as for the HY-model, MEU-
2 estimated similar strata variance as MEU-1 
and higher residual variances than MEU-1 
(Table 4). 

True 
values 

ρ 0.93 0.98 
σ2

htm 0.1 0.5 0.1 0.5 
Large herds 
MEU-1 ρ 0.93 0.93 0.98 0.98 

σ2
htm 0.11 0.54 0.11 0.52 

MEU-2 ρ 0.94 0.93 0.99 0.98 
σ2

htm 0.09 0.49 0.09 0.48 
Random herds 
MEU-1 ρ 0.94 0.94 0.99 0.98 

σ2
htm 0.12 0.55 0.13 0.60 

MEU-2 ρ 0.95 0.92 0.99 0.98 
σ2

htm 0.09 0.49 0.10 0.47 
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Table 3. Results of the multi-trait estimation 
of the herd × test-year variance model 
parameters for Nordic test-day model. 

ρ: autocorrelation parameter; σ2
hy: herd × test-year 

variance; σ2
ε: residual variance 

 
Table 4. Results of the multi-trait estimation 
of the herd × test-year-month variance model 
parameters for Nordic test-day model. 

  1. lactation 2. lactation
  milk protein fat milk protein fat

M
EU

-1
 

ρ 0.98 0.98 0.98 0.98 0.98 0.98

σ2
htm 0.08 0.09 0.09 0.07 0.08 0.08

σ2
ε 0.31 0.33 0.38 0.40 0.41 0.57

σ2
htm/ 
σ2

ε
0.26 0.27 0.22 0.17 0.19 0.13

M
EU

-2
 

ρ 0.93 0.95 0.94 0.95 0.95 0.93

σ2
htm 0.10 0.09 0.09 0.09 0.09 0.08

σ2
ε 1.13 1.39 1.66 0.91 1.00 1.58

σ2
htm/ 
σ2

ε
0.09 0.06 0.06 0.10 0.09 0.05

ρ: autocorrelation parameter; σ2
htm: herd × test-

year-month variance; σ2
ε: residual variance 

 
 
4. Conclusions 
 
Both tested heterogeneous variance adjustment 
methods showed the ability to estimate 
heterogeneity parameters for the Nordic test-
day data. However, parameter estimates 
depended on the applied adjustment method 
and variance model. 

To make a choice between the two 
heterogeneous variance adjustment methods 
more investigation will be necessary about the 
effect of the methods on the estimated 
breeding values. 
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  1. lactation 2. lactation
  milk protein fat milk protein fat

M
EU

-1
 

ρ 0.75 0.74 0.72 0.80 0.77 0.78

σ2
hy 0.07 0.08 0.08 0.07 0.08 0.07

σ2
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σ2
hy/ 
σ2

ε
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M
EU

-2
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σ2
hy 0.07 0.07 0.07 0.07 0.07 0.06

σ2
ε 1.46 1.55 1.84 1.12 1.24 1.59

σ2
hy/ 
σ2

ε
0.05 0.05 0.04 0.07 0.06 0.04


