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In-stream environments, many biogeochemical processes occur in the benthic biolayer, i.e., within
sediments at a very shallow depth close to the sediment-water interface (SWI). These processes
are important for stream ecology and the overall environment.

Here, a 1D diffusive model is used to analyze the vertical exchange of solutes through the SWI and
in the benthic biolayer. The model is applied to an extensive set of previously published laboratory
experiments of solute exchange with different bed morphologies: flatbeds, dunes, and alternate
bars. Although these different bed features induce mixing that is controlled by different physical
processes at the SWI, overall mixing within the sediment is well represented by a parsimonious
diffusive model, provided that the diffusivity profile declines exponentially with sediment depth.

For all morphology types, mixing is better simulated by an exponential diffusivity model than a
constant diffusivity approach. Two parameters define the exponential diffusivity model; the
effective diffusivity at the SWI, and a depth scale over which the exponential profile decays. Using
a combination of classification and regression trees (CART) and multiple linear regression
approaches, we demonstrate that a single predictive model captures measured variability in the
effective diffusivity coefficient at the SWI across all morphological types. The best predictive model
for the decay depth scale, on the other hand, is tailored to each morphological type separately.

The predictive framework developed here contributes to our understanding of the physical
processes responsible for mixing across the SWI, and therefore the in-bed processes that
contribute to the biogeochemical processing of nutrients and other contaminants in streams.
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