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Data from 
Swedish Dairy 
Association 
2011 and 2012 
Cattle 
Statistics 



Mean and variance 

Figure by Erling 
Strandberg. Data from 
Strandberg & Danell (1989) 
and personal 
communication with Kjell 
Johansson, Växa Sverige. 
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Standard deviations 
of teat counts as a 
function of means 
for paternal half sib 
groups. 
Data from Nordic 
Genetics. 
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Data 

• Litter sizes, teat counts, milk yield, somatic cell 
count 

• Fixed effects: herd, season, parity, date of 
birth, days in milk… 

• Random effects: additive genetic and 
environmental 



Hierarchical model 

• ”Oh, so the random effects have random 
effects!”  



Hierarchical model 

• Normal distributed responses and normal 
distributed random effects: 

• 𝑦 = 𝑋𝛽 + 𝑍𝑎 +𝑊𝑝 + 𝑒 

• 𝑒~N(0,Φ), diag Φ = 𝜑,  
log 𝜑 = 𝑋𝑑𝛽𝑑 + 𝑍𝑎𝑑 +𝑊𝑝𝑑 
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HGLM  
(LMM, GLMM) 

and 
DHGLM 
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Estimation 

• ℎ = log 𝑓(𝑦, 𝑎, 𝑎𝑑 , 𝑝, 𝑝𝑑) 

• 𝛽 and 𝑎 are estimated from ℎ 

• 𝛽𝑑 and 𝑎𝑑 are estimated from the adjusted 
profile likelihood 
𝑝𝛽,𝑎 ℎ = ℎ − log det −

𝜕2ℎ

𝜕 𝛽,𝑎 2
/(2𝜋)

𝛽,𝑎 = 𝛽 ,𝑎 
 

• The variance components are estimated from 
𝑝𝛽,𝑎,𝛽𝑑,𝑎𝑑 ℎ =

ℎ − log det −
𝜕2ℎ

𝜕 𝛽,𝑎,𝛽𝑑,𝑎𝑑
2 /(2𝜋)

𝛽,𝑎,𝛽𝑑,𝑎𝑑 = 𝛽 ,𝑎 ,𝛽𝑑 ,𝑎𝑑 
 



Estimation 

• Mean part 
𝑦~N 𝑋𝛽 + 𝑍𝑎 +𝑊𝑝,Φ𝜎2  

• Residual variance part 
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Results - data 

Removed because of copyright 



Results - data 

Removed because of copyright 



Results - simulations 
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Discussion and future research 

• The algorithm, when running, is fast 

• Huge data can be analyzed 

• The code required is almost user friendly 

• The results are unbiased in case of (a not yet 
specified number of) repeated observations 

 



Discussion and future research 

• Dependent on scale 

• Approximation of DHGLM (because of 𝐴) 

• Get rid of the approximation 

• Different additive genetic effects for mean and 
residual variance 
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