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INTRODUCTION 
In a previous paper, alternative random regression models (RRM) for the genetic evaluation of 
test-day (TD) production traits for the Spanish Holstein-Friesian population were investigated 
(López-Romero and Carabaño, 2002). Goodness of fit of competing models was investigated 
using statistics based on the likelihood value and on the estimated residuals for each 
observation. Predictive ability was judged using simple cross validation techniques based on 
the prediction of randomly excluded TD records for each animal. All criteria tended to select 
the most complex model except the Bayesian Information Criteria (BIC), which uses a 
penalized likelihood where the penalty term is a function of the number of unknowns and the 
number of observations. Models fitting at least 3 coefficients for the additive genetic (AG) 
effect and 5 for the permanent environmental (PE) effect were deemed necessary. All the 
models used assumed constant residual variance (RV) along the lactation. However, larger 
residual variances at the beginning and end of lactation have been found in some studies (Olori 
et al., 1999, Brotherstone et al., 2000, Rekaya et al., 2000). In this paper, several RRM that 
account for heterogeneous residual variance along the lactation will be fitted and compared 
within a Bayesian framework in order to investigate alternative model selection criteria. 
 
MATERIAL AND METHODS 
Data. 47,472 TD records from 4,362 complete first lactations of Holstein Friesian animals 
were analyzed. Data over 335 days were discarded. The pedigree file was made up of 10,688 
animals. 
 
Models. The general equation for all the models analyzed was: 
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where, yijkl  is the TDl of the cow k, HTDi is the ith level of the Herd-TD of recording effect 
(4,767 levels), βjm is the mth fixed regression coefficient associated with the mth covariate, 
Xm(t), of the Ali and Schaeffer (1987)function, which describes average lactation curves 
nested to the Age-Season of calving effect (7 levels). The terms αkm and ωkm are the random 
regression coefficients (RRC) describing the AG and PE effects, respectively, along with the 
covariates Za,m(t) and Zp,m(t), depending on days in milk (DIM) t, based on the normalized 
series of orthogonal Legendre polynomials (Kirpatrick et al., 1990). The temporary 
measurement errors, eijkl, were assumed normally and independently distributed and both 
hypothesis of homogeneity and heterogeneity of RV along DIM were considered. The 
heterogeneity of the RV was analyzed using 3 and 30 arbitrary intervals of RV (IRV) of 
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different length, with homogeneity of RV within the IRV and heterogeneity among them. The 
3 IRV were defined between 5 to 75 DIM (10,414 records), 76 to 265 DIM (27025 records) 
and from 266 to 335 DIM (10,033 records). For the 30 IRV models, the time span for each 
interval ranged from 5 to 30 days, considering shorter intervals at the extremes of the lactation. 
Each interval contained more than 3000 records.  
 
The notation that will subsequently be used to refer to RRM is Mij, where i and j indicate the 
order of fit (number of RRC) for the GA and PE effects, respectively. Based on previous 
results, only models M11, as a baseline, M33, M35 and M55 were investigated.  
 
For the Bayesian implementation, the prior information about the parameters of the model 
must be specified. Conjugate priors were used for both position (normal multivariate 
distributions) and scale parameters (scaled inverse chi-square and inverse Wishart 
distributions). In order to both assign low degree of belief to the prior information and allow 
the computation of the marginal density of the data (MDD), proper-vague priors were defined.  
 
Inferences of the parameters of interest were drawn from their corresponding marginal 
posterior distributions trough a Gibbs sampler scheme, which was run for the whole set of 
models analyzed with a single chain of 100,000 iterations, discarding the first 10,000 ones as a 
burn in period.  
 
Model comparison. The Bayes Factor (Newton and Raftery, 1994; Kass and Raftery, 1995) 
and the cross-validation predictive densities of the data (Gelfand et al., 1992) were computed 
in order to assess the performance of the alternative competing RRM. 
 
The Bayes Factor (BF) represents the evidence in favor of one model provided by the data 
(Kass and Raftery, 1995). The BF for two competing models, M1 and M2 is defined as the ratio 
of their corresponding MDD. The computation of the MDD was based on the estimator 

suggested by Newton and Raftery (1994), MDD = ( )
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number of iterations after burn in. Following the calibration of the BF proposed by Raftery 
(1996), when 2 log BF12 = 2 [log MDD1 – log MDD2] > 10, it is said that there is a very strong 
evidence for M1 against M2.  
 
The cross-validation predictive densities are calculated by the equation (Gelfand, 1996), 
( ))r(r |Yf y  = ∫

φ
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where ( ))r(yrYf |  is the predictive density of the predicted observation Yr given the vector y(r) 
which contains all the observed data except Yr. Models comparison was done by computing 
the expected value of a checking function, g = Yr - yr, with respect to the density ( ))r(r |Yf y , 
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importance sampling, with the joint posterior density of the parameters given the data as an 
importance distribution, was implemented to evaluate dr. In this manner, dr can be obtained for 
all the data directly from the outputs of the Gibbs sampling implemented to draw the marginal 
posterior densities of the parameters (Gelfand et al., 1992). 
 
RESULTS AND DISCUSSION 
Daily variances along lactation. Figure 1 shows the posterior means of the RV along DIM 
when 30 IRV were defined. For models fitting a low PE order of fit, M11 and M33, the RV 
values were larger at the beginning and end of lactation. However, when a larger order was fit 
for the PE effect, there was a substantial reduction of the RV values at the extremes of the 
lactation. From results shown in Figure 1, it seems that RV could be considered constant 
between days 75 and 270, approximately, but heterogeneous outside that interval. The three 
intervals defined for the IRV=3 were defined using nearly those cut off points but assuming 
constant variances in the extremes, which might not be correct.  
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Figure 1. Posterior mean of the residual variances (RV) along days in milk estimated for 
30 intervals with the models M11, M33, M35 and M55 
 
Model comparison. Table 1 shows the values for Log MDD, and D statistic. Allowing for 
increasing order of fit for the AG and PE implies larger changes than allowing for more 
heterogeneous RV when PE order was low (M11 and M33 models). Models M35 and M55 
showed very close results. This agrees with previous results indicating that larger orders might 
be needed for the PE effects as compared to the AG effects. Allowing for changes in the RV 
seemed to clearly improve the plausibility of the model according to the data and its predictive 
capacity under model M11.  However, when AG and PE components are allowed to change 
along lactation, both criteria showed contradictory results. The D statistic, which summarizes 
the accuracy of predicting missing data by the model, presented the best results when more RV 
intervals were specified in the model. However, for the Log MDD, the models more supported 
by the data were those under a homogeneous RV assumption.  This result agrees with the 

Session 17. Estimation of additive and non-additive genetic parameters Communication N° 17-05   



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

observed reduction in RV changes for models M35 and M55. The contradictory results showed 
by the two comparison criteria may be due to the fact that each of them measures different 
properties of the models. Models with homogeneous RV would be better to fit the observed 
data, yet, to predict future observations, heterogeneous RV would need to be considered. 
 
Table 1. Log of the marginal density of the data (Log MDD) and D statistic for models 
M11, M33, M35, M55 with different number of residual variance intervals (IRV) 
 

IRV = 1 IRV = 3 IRV = 30 Model 
Log MDD D Log MDD D Log MDD D 

M11 -128,522 10.515 -127,222 10.509 -126,665 10.110 
M33 -120,017 6.312 -120,170 6.329 -120,148 6.046 
M35 -115,989 4.750 -116,332 4.762 -116,886 4.707 
M55 -115,476 4.670 -116,013 4.659 -116,302 4.552 
 
CONCLUSION 
The results indicate that models fitting at least 3 and 5 RRC for the AG and PE effects, 
respectively result in large improvements in the plausibility of the model according to the data 
and in its predictive ability. For these models, homogeneity of RV was the most plausible 
specification under the BF criteria, although the predictive ability could still be improved by 
modeling a heterogeneous RV. From the values of the RV obtained, assuming homogeneity 
within an interval from day 75 to day 275 of lactation seems reasonable, but heteroscedasticity 
of RV should be probably considered outside that interval. Other intervals definition with a 
reduced number of intervals or modeling RV with constant functions are to be investigated in 
order to find a more parsimonious model. 
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