
Algorithm 
The posterior distribution for are  𝛉 = (𝜇, 𝜈, 𝐸, 𝐸0, 𝐴, 𝑏𝑥, 𝑏𝑦) given the data is 

𝜋(𝛉|𝐜, 𝐱, 𝐲, 𝐧) ∝ 𝐿(𝛉; 𝐜, 𝐱, 𝐲, 𝐧)𝜋(𝛉) 

with the likelihood 

 𝐿(𝛉; 𝐜, 𝐱, 𝐲, 𝐧) ∝ 𝑝(0,0; 𝜇, 𝜈)𝑛0𝑝(0,1; 𝜇, 𝜈)𝑛1 × 
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where  Φ(𝑥, 𝜇, 𝜎2) = ∫ 𝜙(𝑠, 𝜇, 𝜎2)𝑑𝑠
𝑥

−∞
  is the distribution function of the normal distribution. See 

‘Additional file 1.pdf’ for derivation and more details. 

The joint prior distribution 𝜋(𝛉) is the product of the individual prior distributions given by  

 

𝜇~Γ(𝛼1, 𝛽1)

𝜈~Γ(𝛼2, 𝛽2)

𝐸∼Beta(𝛼3, 𝛽3)

𝐸1∼Beta(𝛼4, 𝛽4)

𝜋(𝑏𝑥) ∝ 1

𝜋(𝑏𝑦) ∝ 1

𝜋(𝐴) ∝ 𝐴−1

  

for values of 𝛼1, … , 𝛼4, 𝛽1, … , 𝛽4 that reflect prior opinion regarding the associated parameters. See 

main paper for more details. 

 

 

The function used to transform 𝛉 to 𝛗 = (𝜇′, 𝜈′, 𝐸′, 𝐸1
′, 𝐴′, 𝑏𝑥, 𝑏𝑦) is: 

  𝛗 = 𝑓(𝛉) = (log(𝜇), log(𝜈), −log (
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with the inverse given by 
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The posterior in terms of the transformed parameters is given by 
 𝜋(𝛗|𝐜, 𝐱, 𝐲, 𝐧) = 𝜋(𝑓−1(𝛉)|𝐜, 𝐱, 𝐲, 𝐧) × 𝜇𝜈(1 + 𝐸)𝐸1(1 − 𝐸1)log(1 + 𝐸)𝐴   



The algorithm for producing the MCMC chain is as follows in which 𝑁 is the length of the 
chain: 

1. For each combination of 𝐸̃, 𝐸̃1 calculate the initial parameter estimates  
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(a) Transform from 𝛉̃ to 𝛗̃  using Equation (1). 

(b) Estimate the local maximum 𝛗mode using the Nelder-Mead algorithm starting at 𝛗̃   
 
2. From the results of step 1 identify the overall mode 𝛗mode; 
3. Estimate the Hessian matrix 𝐇 at 𝛗mode, and use the matrix to estimate the covariance 
matrix 𝚺mode = 𝐇−1. (If H is not invertible reduce the elements on its diagonal so that it is.) 

4. Set 𝛗(1) = 𝛗mode; 
5. For 𝑖 =  2 ∶  𝑁 

(a) Sample 𝑢 from Uniform(0,1) 

(b) Sample 𝛗∗ from 𝑁(𝛗(𝑖−1), 𝚺mode) 

(c) If 
 

𝑢 < min{1,
𝜋(𝛗∗|𝐜, 𝐱, 𝐲, 𝐧)

𝜋(𝛗(𝑖−1)|𝐜, 𝐱, 𝐲, 𝐧)
} 

 then 

𝛗(𝑖) = 𝛗∗ 
 otherwise 

𝛗(𝑖) = 𝛗(𝑖−1) 

6. Transform values 𝛗(1), … , 𝛗(𝑁) back to 𝛉(1), … , 𝛉(𝑁) using Equations (2). 
Steps 3-5 are performed by the R function MCMCmetrop1R from the MCMCpack package. 
 

 


