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A Semi-Parametric Approach Total Variance and Uncertainty 

Results

• Our approach is based on parametric mathematical epidemiological models, known as compartmental models,
representing the spread of an epidemic.

• In particular, our focus, here, is on a Susceptible-Infectious-Recovered-Deceased approach on Covid-19 data from
Germany. Our model is applicable to more complicated setups.

A Semi-Parametric Approach 

• As is usually done via MCMC, Laplace methods or VI, one tries to compute the posterior distribution of the GP
to make predictions at future steps.

• We thus propose a new, simpler, approach, based on a local Laplace expansion on the log-likelihood.
• First, for 𝜉 = 𝜆, 𝛾, 𝛿, the true posterior is given by
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• This framework can be translated in terms of Poisson process by looking at new infections 𝑖! (defined as the the
number of susceptible people at time 𝑡 − 1 who have become infectious at time 𝑡. Similarly, 𝑟! and 𝑑! are the new
recovered and deceased respectively.

• In short, we introduce a Gaussian Process prior on the log-intensities (𝜆, 𝛾, 𝛿), motivated by epidemiology:

• Dropping indices, we show that this can be well approximated by the following, where 𝑯 = diag(𝒚) and 5𝒇 = log 𝒚:

• Finally, the posterior is approximated by a Gaussian distribution 𝜙𝝁,𝜮, with parameters given by:

• In particular, one should note that the second term (stemming from uncertainty around the log-intensity) is usually
the main contributor to overall variance.

• All classical methods, as well as our local Laplace approximation, were run with a Matern-32 kernel (the same
lengthscale and variance settings were used):

• To consider performance of the overall model and estimation techniques, we point out the it is important to
consider the total variance, given by

• The model performs rather well and manages to reproduce some of the seasonality and spikes observed in the
data. This is one of the advantages of a semi-parametric approach thanks to Gaussian Processes.

• We give a quantitative overview of our results contrasting methods and find that the performance of the local
Laplace method is very close to the Laplace method, and has a performance which is slightly worse but
equivalent to VI, while being available in closed-form.

• Note that, importantly, and contrary to other methods, the local Laplace posterior is available entirely in closed-
form and does not require any iterations. • To summarise, we have proposed a new multivariate semi-parametric framework (which we also extended to a

multi-output GP) to model the spread of epidemics, and put forward a novel, closed-form (hence quick,
transparent and reproducible), posterior approximation, yielding good results.

• Future research includes considering this approach on graph Poisson processes.
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