S3 Estimating parameters from synthetic
(model-generated) data

The accuracy of model estimated rate parameters was assessed by conducting a series of
model fitting experiments using model-generated synthetic data. That is, we run a
model with known parameters, extract the simulated size distribution from the model
output, add some noise, and use the resulting synthetic data for model fitting. The
model’s ability to accurately estimate the known parameter values used to generate it
provides a best-case estimate of the model’s ability to recover parameters from “real”
data (all dependent on how the experiment is set up, the amount of noise added to the
synthetic data, the time-frequency at which the data is extracted, etc.). This type of
experiment can also highlight parameter-dependent differences in the model’s
estimation ability, which can aid interpretation and assessment of model results.

We performed a series of 7 synthetic data experiments for myy,p, and mgs.
Observations were generated at the same time resolution as the lab measurements (see
Fig ), noise was added using the same Dirichlet-Multinomial statistical model
introduced in |[Observation model| (setting o = 10000; the synthetic data is shown in [I]).
The results from these experiments (Fig and can be summarized in 4 main
points: (1) Parameters without strong correlations to other parameters, such as ppax,
can be identified accurately. (2) Parameters with strong correlations, such as Ymax and
E, are more difficult to recover; similar difficulties were encountered with P .,and Ej
on the laboratory dataset, see Fig @ (3) While some of the underlying parameters,
such as dmax, may be difficult to identify, we can still obtain accurate estimates of the
associated rate parameter, i.e daily division rate, daily carbon fixation, and loss rate
parameters. (4) The spread of the posterior samples (for example quantified by its
standard deviation) is a good indicator for the accuracy of the parameter estimate.
That is, if a given parameter cannot be identified well by the sample mean, the sample
spread is typically large. These results suggest that our MPMs are able to accurately
recover model-generated daily rate estimates using only light and size distribution data.
However, since we tested our models only a single dataset, the accuracy of the daily rate
estimates may change in other, non-model-generated datasets.
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Fig S3 A. Parameter estimation from synthetic data for mymp. Scatter plots of the posterior samples, the sample
means and standard deviations, and the reference values (used to generate the synthetic data) for select parameters for the
model my,. Colors denote different estimation experiments, each with distinct reference values.
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Fig S3 B. Parameter estimation from synthetic data for mgg. Scatter plots of the posterior samples, the sample
means and standard deviations, and the reference values (used to generate the synthetic data) for select parameters for the
model mg¢. Colors denote different estimation experiments, each with distinct reference values. For myg¢, some parameters

have size-dependence, and %(ﬁlg))( and pgg; denote their 10" value.
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