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Preface 

The research presented in this note has been commissioned by the Ministry of Environment and Food of 

Denmark as part of the contract between Aarhus University and Ministry of Environment and Food for 

the provision of research-based policy advice at Aarhus University, 2021-2024. The note summarises the 

preliminary results from part 1 of project no. 19-H2-16 and will be submitted in full length for publication 

in an international journal. The present note has been internally reviewed by Professor Peter T. Thomsen, 

Dept. of Animal Science, Aarhus University, Tjele, Denmark. 

 

Material and methods 

The results presented in this memo use data from 10 Danish pig herds with production of castrated and 

female weaners. The herds were balanced between the two major breeding systems in Denmark; DanBred 

(DB, https://danbred.com/) and Danish Genetics (DG, https://danishgenetics.dk/en/). Moreover, the herds 

were selected with the intent to take into account an anticipated distribution of management practice 

where two out of three Danish pig producers buy their gilts while the last third breed their own gilts 

(‘homebred’). Nevertheless, the combination DG-homebred could not be found, possibly because DG is a 

relatively new constellation. Origin of semen was not taken into account during the selection of herds. 

Table 1 shows a few basic facts about the selected herds.  

Table 2 shows the sample sizes and summary statistics on weight and height. It should be noted that the 

179 pigs from herd no. 1 was used for setting up the experiments but once procedures had been settled, 

a final sampling along the same lines as for the other herds were also done. Since some fine-tuning here-

after was found to be relevant to e.g. avoid measuring pigs weighing more than 40 kg, this final sample 

was set aside for validation of prediction equations, whereas the remaining 1435 pigs from herds 2 to 10 

were used for development of these equations, i.e. are so-called training data. 

The pigs were randomly selected following a procedure that ensured good coverage across ages and thus 

weights and heights, and with five pigs from each of the selected pens. In each herd, the height and weight 

measurements were collected over two consecutive days and in addition, the sex of the pig was deter-

mined. Four intact male pigs and one without sex determination were excluded, leaving 1614 castrates 

and females for the modelling. 

On basis of the training data (herds 2 to 10), we developed prediction equations aimed at weaners up to 

a weight of approx. 40 kg. The pigs used for building these equations weighed from 2.8 to 40.6 kg (Fejl! 

Henvisningskilde ikke fundet.). During validation, six pigs from herd 1 that weighed 41.0 to 46.0 kg were 

used separately as described further down. Two different types of models were considered; 1) polynomial 

regressions of various order and 2) nonlinear growth curve models. Inclusion of herd characteristics (Fejl! 

Henvisningskilde ikke fundet.) and sex of the pig was examined but only sex found to be of statistically 

https://danbred.com/
https://danishgenetics.dk/en/
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significant importance. In the polynomial regressions, interaction between sex and (powers of) weight 

were also tested to investigate if sex specific curves would fit best.  

The polynomial regression models used for modelling height (H) as a function of weight (W) were linear 

mixed effects models 

𝐻𝑖𝑗𝑘𝑙 = 𝛽0 + ∑ {𝛽𝑞 ∙ 𝑊𝑖𝑗𝑘𝑙
𝑞

}
𝑄

𝑞=1
+ 𝜸𝑿 + 𝜂𝑗(𝑖) + 𝜀𝑖𝑗𝑘𝑙 (1) 

where i is an index for herd, j index barn section (in herd), k index pen (of section in herd) and 𝑙 =

1, … , 𝑛𝑖𝑗𝑘 are the pigs measured in pen k of section j in herd i. Fixed effects parameters are the intercept 

β0 and the coefficients βq, q = 1, ..., Q, where Q is the polynomial order. Other potential factors, covariates, 

or interactions are indicated by the row vector 𝜸. The matrix 𝑿 is the design matrix corresponding to these 

other variables, e.g. breed and sex. The random effect η of section within herd and the residual error ε 

are assumed normal distributed with zero mean and variances 𝜎𝜂
2 and 𝜎𝜀

2, respectively. In addition, we 

included a compound symmetry correlation within pen, i.e. 𝑐𝑜𝑟(𝜀𝑖𝑗𝑘𝑙 , 𝜀𝑖𝑗𝑘𝑙′) = 𝜌 for two pigs l and l’ from 

the same pen and 𝜌 = 0 for pigs from different pens.  

The second type of model was based on a nonlinear mixed effects model and we investigated three dif-

ferent 3-parameters growth models: asymptotic, Gompertz, and logistic. The inclusion of other potential 

factors allow curves e.g. to be different for each sex. Details on these models are not shown in this memo.  

Prediction performance of the models were examined in the validation herd (𝑖 = 1) by the root mean 

squared error (RMSE), a coefficient of determination (R2), and the mean absolute error (MAE) as defined 

in the equations below. In these equations, 𝑁1 is the sample size from the validation herd, �̂� indicates the 

predicted value, 𝐻 the observed value, and �̅� indicates the average of the observed values. 

𝑅𝑀𝑆𝐸 = √
1

𝑁1
∑ ∑ ∑(𝐻1𝑗𝑘𝑙 − �̂�1𝑗𝑘𝑙)

2

𝐿1𝑗𝑘

𝑙=1

𝐾1𝑗

𝑘=1

𝐽1

𝑗=1

(2) 

𝑅2 = 1 − ∑ ∑ ∑(𝐻1𝑗𝑘𝑙 − �̂�1𝑗𝑘𝑙)
2

𝐿1𝑗𝑘

𝑙=1

𝐾1𝑗

𝑘=1

𝐽1

𝑗=1

∑ ∑ ∑(𝐻1𝑗𝑘𝑙 − �̅�1𝑗𝑘𝑙)
2

𝐿1𝑗𝑘

𝑙=1

𝐾1𝑗

𝑘=1

𝐽1

𝑗=1

⁄ (3) 

𝑀𝐴𝐸 =
1

𝑁1
∑ ∑ ∑|𝐻1𝑗𝑘𝑙 − �̂�1𝑗𝑘𝑙|

𝐿1𝑗𝑘

𝑙=1

𝐾1𝑗

𝑘=1

𝐽1

𝑗=1

(4) 

Furthermore, prediction performance was calculated for the second order polynomial developed by 

Vorup and Barton-Gade (1991) on basis of 87 slaughter pigs (25-160 kg) and 21 sows (130-260 kg) 

𝑓𝐻(𝑊) = 38.8639 + 0.4272 ∙ 𝑊 − 0.000838 ∙ 𝑊2 (5) 
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Statistical analyses were carried out using the statistical software R 4.1.2 (R Core Team, 2021) and a sig-

nificance level of 0.05. The linear and nonlinear mixed effects models were estimated with the lme and 

nlme functions, respectively, from the nlme package v. 3.1-153. Decisions on the final order of the poly-

nomial (𝑄𝑓𝑖𝑛𝑎𝑙) and inclusion of other fixed effects were based on χ2 likelihood ratio test. As an extra 

check, prediction performance in the validation herd was calculated also for polynomial models of order 

𝑄𝑓𝑖𝑛𝑎𝑙 − 1 and 𝑄𝑓𝑖𝑛𝑎𝑙 + 1, including other variables from the final model. 

 

Results and discussion 

Figure 1 shows a scatterplot of height vs weight for all 1614 pigs together with the curve given by Eq. 5, 

i.e. the prediction suggested by Vorup and Barton-Gade (1991). Overall, the best prediction model was 

found to be a third order polynomial (𝑄𝑓𝑖𝑛𝑎𝑙 = 3) with sex specific intercept. Nevertheless, the predictions 

only differed marginally between sexes with females shifted to be 0.25 cm higher than castrates. For prac-

tical considerations, we therefore suggest using the following third order polynomial for prediction of pig 

heights from weights between 5 and 40 kg for both females and castrates: 

 

𝑓(𝑊) = 15.5 + 2.06 ∙ 𝑊 − 0.0500 ∙ 𝑊2 + 0.000514 ∙ 𝑊3 (6) 

The estimated 4×4 covariance matrix of the fixed effects from the prediction model (using the training 

data) was 

𝑉 = 𝐶𝑜�̂�(𝛽0, 𝛽1, 𝛽2, 𝛽3) = [

2.02𝑒 − 1 −3.57𝑒 − 2 1.76𝑒 − 3 −2.58𝑒 − 5
−3.57𝑒 − 2 7.16𝑒 − 3 −3.75𝑒 − 4 5.72𝑒 − 6
1.76𝑒 − 3 −3.75𝑒 − 4 2.06𝑒 − 5 −3.26𝑒 − 7

−2.58𝑒 − 5 5.72𝑒 − 6 −3.26𝑒 − 7 5.30𝑒 − 9

] (7) 

and the estimated residual variance was �̂�𝜀
2 = 2.63. To calculate a prediction interval for a given weight 𝑤, 

let 𝒙 = (1, 𝑤, 𝑤2, 𝑤3) be the corresponding row vector (of the design matrix) and let 𝑧0.975 ≈ 1.96 denote 

the 97.5% quantile of the standard normal distribution (zero mean, variance one). Then the 95% predic-

tion interval is given by 

𝑓(𝑤) ± 𝑧0.975 ∙ √𝒙𝑉𝒙𝑇 + �̂�𝜀
2 (8) 

The prediction curve given by Eq. 6 is shown in Figure 2 with 95% prediction curves and the scatterplot of 

height vs weight for pigs from the validation data (herd no. 1). The curve given by Eq. 5 is also indicated. 

The points marked with grey were six pigs from herd no. 1 that weighed from 41.0 to 46.0 kg, i.e. outside 

the range covered by the training data. These were not used for the validation and final model choice but 

for comparing performance between Eq. 5 and Eq. 6 at the boundary of their coverage.  
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In Figure 3, the Eq. 6 prediction curve is shown together with the Eq. 5 prediction curve from Vorup and 

Barton-Gade (1991) extended to the range for which the latter was developed. The prediction by Eq. 5 

overestimates the height for all but a handful of pigs and even five of the six heaviest (> 40 kg) pigs from 

the validation herd (easiest seen in Figure 2). The figure “Figur 1” in Vorup and Barton-Gade (1991) actually 

also reveals that the height is overestimated by their prediction curve for nine out of the ten pigs in their 

weight group of 25-34 kg. 

In the current study, RMSE was 1.59 for predictions of the 173 pigs weighing ≤ 40 kg and 2.13 for the 6 

pigs > 40 kg. Correspondingly, R2 and MAE were 0.949 and 1.26 among the 173 lightest and -0.648 and 

1.87 for the six heaviest pigs from herd no. 1. Note that the negative coefficient of determination (R2) in 

this latter group essentially means that the fit is worse than a horizontal line, i.e. the model does not fit 

well for these pigs having a weight outside the interval for which the model was fitted.  

Using Eq. 5, i.e. the Vorup and Barton-Gade (1991) prediction, the RMSE was 9.10 and MAE was 8.38 for 

the 173 lightest pigs. For the six heaviest, these measures were 1.78 and 1.71. That is, this equation fits 

badly for the pigs ≤ 40 kg whereas for the six pigs in 41-46 kg the fit is better than with Eq. 6. Nevertheless, 

still having a negative coefficient of determination of -0.158 for these six pigs while for the other 173 pigs 

the R2 was -0.661. Naturally, a sample of only six pigs is not much to judge the behaviour of either equation 

in this weight range. Table 3 shows the prediction performance of Eq. 5 when predicting height from 

weight in herds 2 to 10 (training data) within 5 kg intervals. As apparent also from Figure 1 and Figure 3, 

the performance gets worse and worse with decreasing weight. 

 

Conclusions 

We suggest using the third order polynomial shown in Eq. 6 for prediction of pig heights from weights. 

The prediction function was only validated for weights between 5 and 40 kg but will probably fit reasona-

bly down to 3 kg as the training data contained a fair number of pigs down to this weight. It should, how-

ever, not be used for pigs weighing > 40 kg. Moreover, we do not know how well it predicts for pigs origi-

nating from other systems than DanBred and Danish Genetics. Finally, it is evident that the prediction 

function from Vorup and Barton-Gade (1991) shown in Eq. 5 should not be used for pigs below 35-40 kg. 

How well Eq. 5 fits for pigs > 40 kg nowadays (30 years after it was developed) may be investigated by 

conducting a corresponding study of slaughter pigs. In addition, it would be interestingly to separately 

examine a larger sample of sows and boars.  
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Tables and figures 

 

Table 1. Herd information 

Herd Pigs1 Weaners Operation2 Bred3 Semen3 Gilts4 Sections5 Pens5 

1 930 4500 Weekly DG DB Buying 8 32 

2 1315 6500 Weekly DG DB Buying 8 32 

3 620 3000 Biweekly DB DB Homebred 8 32 

4 845 6100 Weekly DG DG Buying 8 32 

5 2800 10000 Weekly DB DB Buying 8 32 

6 40006 7000 Weekly DG DG Buying 8 32 

7 1565 5800 Biweekly DB DB Homebred 11 33 

8 1200 5500 Weekly DB DB Buying 8 34 

9 2100 8500 Weekly DB DB Homebred 10 31 

10 1700 8000 Weekly DB DB Buying 11 30 

1Sows, gilts and boars; 2Weaning piglets each week (Weekly) or every second week (Biweekly); 3DB = DanBred, DG = Danish Genetics; 
4Buy gilts (Buying) or breed own (Homebred); 5Sampled for this study; 6On 3 locations.  
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Table 2. Summary statistics on weight and height 

 Samples Weight (kg) Height (cm) 

Herd N Females Min-max Avg. SD Min-max Avg. SD 

11 179 46% 4.7-46.0 19.8 10.34 24.1-57.2 38.7 7.54 

2 159 45% 3.5-37.6 16.4 9.67 21.2-55.2 36.3 8.72 

3 161 48% 4.0-40.6 23.1 11.64 22.1-53.8 40.2 8.61 

4 158 49% 4.2-35.2 14.4 7.99 22.0-48.3 34.5 7.33 

5 160 53% 3.9-38.5 14.1 8.89 19.3-50.9 34.0 7.95 

6 160 49% 3.6-36.9 17.3 8.66 21.4-50.4 37.5 7.86 

7 165 50% 3.0-35.0 13.4 9.01 19.4-49.7 33.3 8.49 

8 169 59% 8.2-32.7 20.7 6.11 27.5-49.5 40.6 4.99 

9 155 70% 3.1-34.1 13.8 7.91 20.4-49.4 34.3 7.07 

10 148 55% 2.8-33.9 16.7 9.42 19.3-50.0 36.4 9.17 

2-102 1435 53% 2.8-40.6 16.7 9.43 19.3-55.2 36.4 8.25 

1Validation data; 2Training data 

 

Table 3. Performance of Eq. 5 for prediction in herds 2 to 10 (training 

data) 

Weight (kg) RMSE R2 MAE 

(0,5] 17.3 -107.1 17.3 

(5,10] 14.1 -30.5 13.9 

(10,15] 10.0 -18.0 9.86 

(15,20] 7.40 -10.4 7.14 

(20,25] 6.09 -6.59 5.75 

(25,30] 4.89 -5.07 4.52 

(30,35] 4.47 -5.58 4.24 

(35,40] 4.45 -5.09 4.10 

RMSE: root mean squared error (Eq.  2) 

R2: coefficient of determination (Eq. 3) 

MAE: mean absolute error (Eq. 4)  
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Figure 1. Scatterplot of 1614 piglets height (cm) vs weight (kg) from nine herds used for determining prediction equations (training 

herds; N = 1435) and one herd used for validation of the prediction equations (grey colour; N = 179). The sex is indicated by circles 

(females) and squares (castrates). The dot-dashed curve is the prediction from Vorup and Barton-Gade (1991), also shown in Eq. 5.  

 

 

 

Figure 2. Prediction curves using the third order polynomial shown in Eq. 6 with 95% prediction curves calculated as indicated in 

Eq. 7 and Eq. 8. Scatterplot of 179 piglets height (cm) vs weight (kg) from the validation herd are shown with black and grey points for 

those weighing ≤ 40 kg (N = 173) and > 40 kg (N = 6), respectively. The dot-dashed curve is the curve from Vorup and Barton-Gade 

(1991), also shown in Eq. 5. 
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Figure 3. The two prediction curves; the third order polynomial shown in Eq. 6 (solid line) and that from 

Vorup and Barton-Gade (1991), also shown in Eq. 5 (dot-dashed line). The curves are shown on top of the 

scatterplot of 1614 piglets height (cm) vs weight (kg) from nine herds used for determining prediction 

equations (training herds; N = 1435) and one herd used for validation (grey colour; N = 179) with sex 

indicated 


