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Appendix S4. Likelihood

This section derives the negative log-likelihood discussed in Section Discrete-
space continuous-time Markov model. The transition probability matrix is 
given by P(t), where each element prs(t) is the probability that, given an 
individual is currently in state r, they will be in state s at time t in the 
future. This transition probability matrix can be calculated by taking the 
matrix exponential of the scaled transition intensity matrix as follows:

P(t) = Exp(tQ).

The likelihood, L(Q), is calculated as the product, over all individuals 
and all transitions, of the probabilities that individual k is in state S(tj+1) at 
time tj+1 given they were in state S(tj ) at time tj , evaluated at time tj+1 − tj 
(for j = 1, ..., nk):

L(Q) =
∏
kj

Lkj =
∏
kj

pS(tj)S(tj+1)(tj+1 − tj).

Parameter estimates are obtained via minimization of the negative log-likelihood,
−log(L(Q)).
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