Multi-scale challenges in bio-geomorphic modeling of tidal marshes
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complex, so‐called scale‐dependent feedback occurs [Bouma
et al., 2009; Temmerman et al., 2007; van Wesenbeeck et al.,
2008]: at a small scale, within the vegetation patches, flow
velocities and erosion are indeed reduced, and it has been

experimentally demonstrated that this results in improved
plant growth (positive feedback) [van Wesenbeeck et al.,
2008]; but at a larger scale, the water is partly forced to
flow around the vegetation patches, leading there to
increased flow velocities, to erosion [Bouma et al., 2007],
and to inhibition of plant growth just next to the vegetation
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Multi-scale challenges

Two-grid modeling approach

representing a horizontal domain of 80 × 600 m with a 2 × 2 m horizontal
resolution and 8 vertical layers (Figs. 2 and 3). Simulations were started
from a flat topography (elevation 1.6 m above mean sea level) without any
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3. further establishment and expansion result
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drag leads in the momentum equations to an extra source term of friction
force caused by the plants (equation 1; note that all equations herein are
in Table DR1 [see footnote 1]). The plant influence on turbulence leads in
the k-ε equations to an extra source term of turbulent kinetic energy (equations 2–4) and turbulent energy dissipation (equations 5–8) caused by the
plants. This plant-flow interaction model has been extensively described
and validated against flume data (Bouma et al., 2007) and field measureWhat we need
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Objective

forecast long-term (decades) evolution of large intertidal areas (order of km2)
632

Direct approach (ruled out)
All processes simulated at the same scale lower than 1m
⇒ estimated computation time for 30-year simulation on our supercomputer (4k+ cores): 1 month!
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Figure
Aerial photographs documenting patterns of plant coloni2 of1. 13
zation by Spartina anglica (red color) and channel formation on tidal
flat (Plaat van Valkenisse, Scheldt estuary, southwest Netherlands).
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larly formed vegetation patches (Fig. 1B, left part). Meanwhile
the establishment of new small tussocks continues (e.g., central part of photo). No
0
0
clear channel patterns are visible. By 1996, further establishment, lateral
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Potential applications
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Finer estimation of plant establishment/die-off probabilities
Estimation of sediment erosion/deposition budget at the sub-grid scale

Novel two-grid approach ⇒ see right panels
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