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ABSTRACT

A multitrait, multiple across-country evaluation
(MT-MACE) model permitting a variable number of
correlated traits per country allows international ge-
netic evaluation models to more closely match national
models. Before the MT-MACE evaluation can be ap-
plied, genetic (co)variance components within and
across country must be estimated. An approximate
REML algorithm for parameter estimation was devel-
oped and was validated via simulation. This method is
based on the expectation maximization REML (EM-
REML) algorithm. Because obtaining the inverse of co-
efficient matrix is not usually feasible for large amounts
of data, an algorithm using the multiple-trait effective
daughter contribution (EDC) is proposed to provide ap-
proximate diagonal elements of the inverse matrix. The
accuracy of the approximate EM-REML was tested with
simulated data and compared with an average informa-
tion REML (AI-REML) from available software. Two
simulation studies were performed. First, data of 2
countries were simulated using a single-trait model.
Estimates of across-country genetic correlations with
the developed algorithm were unbiased and very pre-
cise. The precision, however, depended on the percent-
age of bulls with data in both countries. The results
obtained with the approximate EM-REML software
were very close to those obtained with the AI-REML
software regarding estimated genetic correlations and
bulls’ estimated breeding values. The second simulation
assumed a multiple trait model and the same number of
traits, pedigree structure, EDC, and pattern of missing
records as for actual observations for milk yield ob-
tained from French and German national Holstein eval-
uations. As with the single-trait scenarios, the approxi-
mate EM-REML gave nearly unbiased and very precise
estimates of within- and across-country genetic correla-
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tions. The results obtained in both simulation studies
confirmed the suitability of the MT-MACE model and
approximate EM-REML software in a wide range of
situations. Even when the genetic trend was incorrectly
estimated by the national evaluations, a joint analysis
including a time effect in the MT-MACE model ade-
quately corrected for this bias.
Key words: multiple across-country evaluation, re-
stricted maximum likelihood, daughter yield deviation,
effective daughter contribution

INTRODUCTION

The multiple across-country evaluation (MACE;
Schaeffer, 1994) methodology is used for international
dairy bull comparisons. Estimated breeding values in
national genetic evaluations are deregressed within
each country to obtain the values of the dependent vari-
able for bulls that have daughters with records. Cur-
rently, a single EBV per bull is permitted for each coun-
try in international genetic evaluations by Interbull. As
more and more countries have upgraded their national
genetic evaluation system to a multiple-trait model or
a multiple-lactation random regression test-day model
(RRTDM), differences among models for national and
international evaluations have become increasingly ev-
ident. To optimize genetic evaluation models for both
national and international evaluations, Sullivan and
Wilton (2001) proposed a multiple-trait MACE (MT-
MACE) with a variable number of traits per country.
This model extended the current single-trait MACE
(ST-MACE) to multiple lactations, or traits for coun-
tries using a multiple trait model in national genetic
evaluation. Schaeffer (2001) developed a multiple trait
de-regression method for MACE evaluation. More re-
cently, the simulation study by Sullivan et al. (2005)
confirmed the theoretical expectation that MT-MACE
methods should be preferred over methods that allow
only one trait per country when assuming true genetic
parameters. Mark and Sullivan (2006) applied MT-
MACE to field data for udder health to quantify the
benefits in terms of reliability and ability to predict
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international genetic merit of MT-MACE compared
with ST-MACE, and to discuss the practical implemen-
tation of MT-MACE. They concluded that the MT-
MACE method is recommended for international ge-
netic udder health evaluations.

In parallel to the development involving de-regres-
sion, Ducrocq et al. (2001) suggested using corrected
records for a 2-step multitrait genetic evaluation. In-
deed, this approach can also be applied to international
genetic evaluations. Yield deviations (YD) of cows and
daughter yield deviations (DYD) of bulls are, in fact,
corrected records. For single-trait models, VanRaden
and Wiggans (1991) developed formulas for the calcula-
tion of YD and DYD and its daughter equivalent, which
were later called effective daughter contribution
(EDC). Liu et al. (2004a) extended the YD and DYD
derivation to multiple trait models, including RRTDM.
Also, Liu et al. (2004a) developed a method for approxi-
mating reliabilities of EBV under general multiple trait
models, which can also be used to approximate EDC
associated with bulls’ DYD.

Based on DYD, Liu et al. (2004b) presented an MT-
MACE model for international bull comparison. This
model allowed a variable number of correlated traits
per country. For countries using multiple trait models
in national genetic evaluations, a vector of DYD and
its corresponding EDC matrix are needed for each bull
with daughter performance information. An approxi-
mate REML algorithm was developed to estimate
across country genetic correlations based on multitrait
EDC (MTEDC, Liu et al., 2004a). For solving the large
equation system of the MT-MACE model, a precondi-
tioned conjugate gradients algorithm (PCG, Strandén
and Lidauer, 1999) was applied together with the itera-
tion on data technique. This MACE model can also be
used to analyze YD of cows or de-regressed estimates
of breeding values.

The aim of this paper was to validate the approximate
REML method for estimating across-country genetic
correlations via simulation. In addition to the analysis
with a ST-MACE model, a MT-MACE analysis was per-
formed to check the suitability of this approximate
REML algorithm in a wide range of situations.

MATERIALS AND METHODS

The MT-MACE Model

For a country j using a multitrait model in national
genetic evaluation, the following statistical model was
applied to the data of a bull i from the country j:

yij = fj + aij + eij [1]
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where yij is a vector of data of the ith bull in country
j, fj is a vector of overall means for traits of the jth
country, aij is a vector of additive genetic effects of bull
i in country j, and eij is a vector of residual effects.
Model [1] is also valid for data from countries with a
single-trait model in national genetic evaluations, with
all terms above becoming scalars. The (co)variance ma-
trix of genetic effects of the m countries and its inverse
are denoted as
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where m is the number of countries, G0jj
is the original

genetic (co)variance matrix of country j, and G0jk
is the

genetic covariance matrix between countries j and k.
When country j uses a single-trait model for national
evaluation, G0jj

is a scalar and all corresponding off-

diagonal blocks, G0jk
(j ≠ k), become vectors or scalars,

depending on the number of traits in other countries.
As usually considered in MACE, data of a bull from
different countries are assumed to be residually uncor-
related. The inverse of error (co)variance matrix of bull
i in country j is

[Var(eij)]−1 = Ψij [3]

where Ψij is the EDC matrix for bull i in country j,
converted from the reliability matrix contributed by
his daughters’ records in the jth country. The MTEDC
procedure (Liu et al., 2004a) can be used to approximate
matrix Ψ for each bull.

The Mixed Model Equations

The mixed model equations (MME) of model [1] con-
sist of equations for additive genetic effects of bulls
and fixed effects of country means. Ignoring pedigree
contributions, the equations corresponding to bull i are
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