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Summary. This paper develops a simulation-based approach to sequential parameter learning and filtering in
general state-space models. Our methodology is based on a rolling-window Markov chain Monte Carlo (MCMC)
approach and can be easily implemented by modifying state-space smoothing algorithms. Furthermore, the
filter avoids the degeneracies that hinder particle filters and is robust to outliers. We illustrate the methodology
on a benchmark autoregressive where we show the robustness to outliers. In a three-dimensional nonlinear
stochastic Lorenz model, we exploit a conditionally Gaussian structure for the states to provide a fast algorithm
for simultaneously performing sequential parameter learning and filtering.
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2. Filtering and Sequential Parameter Learning
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2.4. Diagnostics for Practical Filtering
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3. Sequential Parameter Learning and Filtering
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Appendix A: State Generation in the Lorenz Model
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Table 1. AR(1) plus noise model. Filtered mean (m) and standard deviation (s) for 465798;:<8>=@? at timesA�B Â 89C Â1Â 8�D	D	D	8	E Â1Â�Â
. Here F�G B D ÂIH is held fixed, and we use the priors given in Section 4.1. Results are

obtained using MCMC with 10000 iterations, and practical filter with 4KJL8NMO8NPQ? B 4;E Â1Â�Â1Â 8RE Â 8SC À ? . The true
parameter values are 46:T8;=T89F G ? B 4 Â 8	D U(8�D ÂIH ? .5 7 : =A V ¾ V ¾ ¯]²(«%¦&µY¥§¦}«�ª V ¾ V ¾ ¯]²(«%¦&µY¥§¦}«�ª V ¾ V ¾ ¯f²(«�¦
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Table 2. AR(1) plus noise model. Filtered mean (m) and standard deviation (s) for 46:<8>=X8>F G ? at timesAOB Â 8SC Â1Â 8�D	D	D	8�E Â1Â1Â
. We use the priors given in Section 4.1. Results are obtained using MCMC with

10000 iterations, and practical filter with 4KJL8SMO89PQ? B 4;E Â�Â1Â1Â 8�E Â 8SC À ? . The true parameter values are46:<8>=X8>F G ? B 4 Â 8�D U(8�D ÂIH ? . : = F GA V ¾ V ¾ ¯]²(«%¦&µY¥§¦}«�ª V ¾ V ¾ ¯f²(«�¦&µY¥§¦}«%ª V ¾ V ¾ ¯f²(«�¦&µY¥§¦}«%ª
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Fig. 1. AR(1) plus noise model. Left: Difference between smoothed means Z[465\>\�]^(_ `Xa>b adc>cI? and Z[465e\>\�]^(_ `Xa>b \>\ ? under
various fixed parameter values. Right: Kullback-Leibler divergence between the smoothing densities f�465�\>\�]e^Q_ `ga>b adc>c�?
and f�465e\>\�]e^Q_ ` a>b \>\ ? . Results are obtained analytically through the Kalman filter and smoother.
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Fig. 2. Results for the AR(1) plus noise model with unknown parameters 46:<8;=�? . An outlier of h 7 B É
is included at timeAiB À�Â

. For each parameter, we plot the filtered mean and 95% intervals (mean plus minus 2 SD). Left: Practical filter
with 4KJL89MO89Pj? B 4dC Â�Â1Â 8 À 8SC À ? . Right: Storvik’s algorithm with J B E Â1Â�Â1Â
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Fig. 3. Results for the AR(1) plus noise model with unknown parameters 46:<8>=�? . An outlier of h 7 B É
is added at

time
A$B À%Â

. The posterior histogram is plotted for 5e7N8>:<8k= at time
AlB À�Â

, along with the true posterior density curves
obtained by numerical integration using the Kalman filter. Top: Practical filter with 4KJL8NMO89PQ? B 4dC Â�Â1Â 8 À 8SC À ? . Bottom:
Storvik’s algorithm with J B E Â1Â�Â1Â
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Fig. 4. Lorenz model: phase-space trajectory. Simulated path of state vector (black squares), and filtered mean (blue
circles & line).
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Fig. 5. Lorenz model. Filtered (5, 50, 95) percentiles for states and static parameters, using the practical filter with4KJL8NMO89PQ? B 4dC À�Â�Â 8�EW8SC À ? . Blue dots represent the true states. Green horizontal lines denote the true parameter values.
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