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1 Simulation study

1.1 Accuracy for models fitted to data from AR1⊗AR1

This section presents the results from the simulation study based on data
where the spatial effects are from the AR1⊗AR1 model. Here, we present
the average correlation and CRPS between the true and estimated breeding
value, and using the number of the top ten individual that were among the
top 100 ranked individuals when considering estimated breeding value (poste-
rior mean). Table 1, Table 2, and Table 3 present the correlation, CRPS and
ranking respectively from the preliminary yield trial. Table 4, Table 5, and
Table 6 present the correlation, CRPS and ranking respectively for the 1000
doubled-haploid individuals that were genotyped, but not phenotyped.

1.2 Posterior hyperparameters from data with

In this section, we present the average posterior mean with standard error
for hyper-parameters in the simulation study. The parameters we present are
the residual variance σ2

e , genetic σ2
g and marker variance σ2

u∗ , and additional
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Table 1 Correlation between the simulated true and estimated breeding value in the pre-
liminary yield trial by the proportion of spatial variation, the spatial model and using
genome-wide markers. Spatial variation from an AR1⊗AR1 model. The standard error was
around 0.002

Genome-wide markers No Yes

Prop. of spatial var 0.00 0.50 0.75 0.00 0.50 0.75

NoSpatial 0.39 0.38 0.38 0.61 0.61 0.61
Row+Col 0.39 0.39 0.40 0.61 0.62 0.62
AR1⊗AR1 0.39 0.43 0.49 0.61 0.65 0.69
Matérn 0.39 0.43 0.48 0.61 0.65 0.69

Table 2 CRPS between the simulated true and estimated breeding value in the preliminary
yield trial by the proportion of spatial variation, the spatial model and using genome-wide
markers. Spatial variation from an AR1⊗AR1 model. The standard error was around 0.0002

Genome-wide markers No Yes

Prop. of spatial var 0.00 0.50 0.75 0.00 0.50 0.75

NoSpatial 0.149 0.148 0.147 0.114 0.112 0.112
Row+Col 0.169 0.144 0.141 0.114 0.111 0.110
AR1⊗AR1 0.169 0.131 0.122 0.114 0.108 0.102
Matérn 0.148 0.132 0.123 0.114 0.108 0.103

Table 3 Average number of the top ten individuals among the top 100 ranked individuals
in the preliminary yield trial by the proportion of spatial variation, the spatial model and
using genome-wide markers. Spatial variation from an AR1⊗AR1 model. The standard error
was around 0.05

Genome-wide markers No Yes

Prop. of spatial var 0.00 0.50 0.75 0.00 0.50 0.75

NoSpatial 3.89 3.82 3.88 6.32 6.29 6.46
Row+Col 3.89 3.90 4.06 6.32 6.39 6.65
AR1⊗AR1 3.89 4.38 5.02 6.32 6.88 7.57
Matérn 3.89 4.35 4.92 6.32 6.83 7.47

Table 4 Correlation between the true and predicted breeding value for the non-phenotyped
doubled-haploid lines by the proportion of spatial variation and the spatial model. Spatial
variation from an AR1⊗AR1 model. The standard error was around 0.004

Prop. of spatial var 0.00 0.50 0.75

NoSpatial 0.36 0.36 0.36
Row+Col 0.36 0.36 0.37
AR1⊗AR1 0.36 0.39 0.43
Matérn 0.36 0.38 0.42
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Table 5 CRPS between the true and predicted breeding value for the non-phenotyped
doubled-haploid lines by the proportion of spatial variation and the spatial model. Spatial
variation from an AR1⊗AR1 model. The standard error was around 0.00004

Prop. of spatial var 0.00 0.50 0.75

NoSpatial 0.128 0.125 0.125
Row+Col 0.128 0.125 0.124
AR1⊗AR1 0.128 0.124 0.121
Matérn 0.128 0.124 0.121

Table 6 Average number of the top ten individuals among the top 100 ranked individuals
for the non-phenotyped doubled-haploid lines by the proportion of spatial variation and the
spatial model. Spatial variation from an AR1⊗AR1 model. The standard error was around
0.06

Prop. of spatial var 0.00 0.50 0.75

NoSpatial 0.97 3.31 3.33
Row+Col 0.98 3.36 3.46
AR1⊗AR1 0.97 3.62 4.11
Matérn 0.97 3.60 4.02

parameters in each of the spatial models presented in the paper. For the NoSpa-
tial model parameters are given in Table 7, for the Row+Col model see Table
8, for the AR1⊗AR1 see Table 9, and for the SPDE approach see Table 10.

We remove the results from inference on a model if numerical instabilities
occur. By numerical instabilities we mean posterior hyperparameters that are
obviously too big. This was the case with a few models with data sets having
no spatial variation.

Table 7 Average posterior mean and standard error of parameters in the simulation study
using the NoSpatial model

σ2
e SE(σ2e) σ2

g SE(σ2g) σ2
u∗ SE(σ2

u∗ )

0.00 0.730 0.006 0.041 0.001

0.50 0.717 0.006 0.041 0.001

0.75 0.729 0.006 0.042 0.001

0.00 0.712 0.006 9e-06 7e-08

0.50 0.701 0.006 9e-06 8e-08

0.75 0.712 0.006 9e-06 8e-08

σ2
e - residual variance; σ2

g - genetic variance (σ2
n - non-additive genetic variance, when the

model includes genome-wide marker effects); σ2
u∗ - marker variance;



4 Maria Lie Selle et al.

Table 8 Average posterior mean and standard error of parameters in the simulation study
using the Row+Col model

σ2
e SE(σ2e) σ2

g SE(σ2g) σ2
u∗ SE(σ2

u∗ ) σ2
r SE(σ2r) σ2

c SE(σ2c )

0.00 0.745 0.006 0.025 0.001 2e-04 3e-05 3e-04 3e-05

0.50 0.618 0.006 0.046 0.001 0.046 0.001 0.051 0.001

0.75 0.572 0.005 0.049 0.001 0.072 0.001 0.081 0.001

0.00 0.712 0.006 9e-06 7e-08 3e-05 3e-05 3e-05 3e-05

0.50 0.605 0.005 9e-06 8e-08 0.046 0.001 0.051 0.001

0.75 0.563 0.005 9e-06 8e-08 0.072 0.001 0.081 0.001

σ2
e - residual variance; σ2

g - genetic variance (σ2
n - non-additive genetic variance, when the

model includes genome-wide marker effects); σ2
u∗ - marker variance; σ2

r - row variance; σ2
r

- column variance

Table 9 Average posterior mean and standard error of parameters in the simulation study
using the AR1xAR1 model

σ2
e SE(σ2e) σ2

g SE(σ2g) σ2
u∗ SE(σ2

u∗ ) σ2
r SE(σ2r) ρr SE(ρr) ρc SE(ρr)

0.00 0.744 0.006 0.026 0.001 0.001 2e-04 0.013 0.003 0.011 0.003

0.50 0.344 0.003 0.054 0.001 0.312 0.003 0.651 0.001 0.821 0.001

0.75 0.171 0.002 0.062 0.001 0.425 0.004 0.606 0.001 0.823 0.001

0.00 0.712 0.006 9e-06 7e-08 0.001 2e-04 0.026 0.004 0.028 0.004

0.50 0.343 0.003 8e-06 8e-08 0.310 0.003 0.650 0.001 0.821 0.001

0.75 0.177 0.002 8e-06 8e-08 0.422 0.004 0.601 0.001 0.824 0.001

σ2
e - residual variance; σ2

g - genetic variance (σ2
n - non-additive genetic variance, when the

model includes genome-wide marker effects); σ2
u∗ - marker variance; σ2

r - plot variance; ρr
- row auto-correlation; ρc - column auto-correlation

Table 10 Average posterior mean and standard error of parameters in the simulation study
using the SPDE approach

σ2
e SE(σ2e) σ2

g SE(σ2g) σ2
u∗ SE(σ2

u∗ ) σ2
s SE(σ2s) ρ SE(ρ)

0.00 0.726 0.006 0.042 0.001 0.011 0.002 7.956 0.422

0.50 0.356 0.003 0.053 0.001 0.357 0.003 10.204 0.045

0.75 0.180 0.002 0.062 0.001 0.537 0.005 10.162 0.038

0.00 0.711 0.006 9e-06 7e-08 0.008 0.002 8.094 0.448

0.50 0.354 0.003 8e-06 8e-08 0.357 0.003 10.230 0.045

0.75 0.186 0.002 8e-06 8e-08 0.537 0.005 10.153 0.037

σ2
e - residual variance; σ2

g - genetic variance (σ2
n - non-additive genetic variance, when the

model includes genome-wide marker effects); σ2
u∗ - marker variance; σ2

s - spatial variance;
ρ - spatial range

2 Chilean wheat data

In this section we present the posterior mean and corresponding 95% credible
interval for the hyper-parameters in models W1, W2, W1M and W2M for the
trials in real wheat data. These are given in Table 11, Table 12, Table 13 and
Table 14 respectively for the NoSpatial, Row+Col, AR1⊗AR1 models and the
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SPDE approach. Note that in models W1M and W2M there are two sets of
spatial hyper-parameters, the first row for the 2011 trials and the second for
2012 trials.

Table 11 Posterior mean and 95% confidence interval of hyper-parameters from the NoSpa-
tial spatial model by trial and genetic model

Trial, model σ2
e 95%CI σ2

g 95%CI σ2
u∗ 95%CI

11-FI,W2 0.271 (0.236,0.312) 0.122 (0.085,0.166) 2e-04 (0,0.001)

11-FI,W1 0.271 (0.236,0.312) 0.122 (0.084,0.165)

11-MWS,W2 0.613 (0.556,0.676) 1e-04 (0,7e-04) 1e-04 (0,7e-04)

11-MWS,W1 0.613 (0.556,0.676) 1e-04 (0,7e-04)

12-FI,W2 0.102 (0.089,0.118) 0.066 (0.048,0.089) 0.006 (8e-04,0.015)

12-FI,W1 0.102 (0.089,0.117) 0.076 (0.059,0.097)

12-MWS,W2 0.086 (0.074,0.098) 0.061 (0.043,0.082) 0.014 (0.005,0.027)

12-MWS,W1 0.085 (0.074,0.098) 0.084 (0.067,0.104)

W2M 0.278 (0.264,0.293) 0.058 (0.047,0.074) 0.002 (2e-04,0.005)

W1M 0.278 (0.264,0.293) 0.061 (0.049,0.076)

σ2
e - residual variance; σ2

g - genetic variance (σ2
n - non-additive genetic variance, when the

model includes genome-wide marker effects); σ2
u∗ - marker variance
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