Influence of Vegetation-Induced Roughness on the Morphodynamics of River-Dominated Deltas
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 First-order delta morphology is

controlled by the dominant driver of

sediment transport: river, waves, or
tides (Galloway, 1975; Broaddus et

al., 2022).
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morphodynamic changes impact
vegetation through a biogeomorphic
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OV

We examine how dynamic

vegetation influences vegetation- Columbia

— Without Veg
— With Veg

induced roughness distributions and

Cumulative Delta Volume (10°m’)
I

Figure 1: Galloway Ternary Diagram (Paniagua-Arroyave & Nienhuis, 2024).
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Figure 4: Delta morphology and sediment deposition comparison: (A) Final morphology with vegetation for year 70. (B) Final morphology without vegetation for year 70. (C) Annual deposited sediment volume up to year 70 for both scenarios.
Methods _ 0.16 - . . . . —
I |
« Modeling Tool: We use Delft3D to simulate 0.14 C |
. : : : - r | 7
an idealized river-dominated delta under |
the influence of tides. We used parameters >0.12 L L
: . . @ |
from Wax Lake Delta (WLD) in Louisiana, C |
. . )
USA as a reference, including water 5 0.1+¢ .
: : |
discharge (2500 m3/s), tidal range (35 cm) 8 |
. . . . . . . - - N
and its species distribution (Salix nigra, L 0.08 |
: : e g I
Nelumbo lutea, and Sagittaria latifolia). Q |
> 0-06 B | =
5 -
Eco-morphodynamic Model © 0.04 |
ini. plant height + plant height G) ' i I i
ini. plant diameter + plant diameter yfraction Dﬁ |
ini. fraction (e.g. 0.5) : 0 02 I
->m Om 3m @grid cell % <<$ . I
Figure 2: Digital Elevation Model (DEM) of the Wax |
Lake Delta (The Delta-X Project, 2021). _ ‘ | 0
_ 0 10 20 30 40 50 60
Eco-Morphodynamic Model: W waterlevels | Hydraulic oot :
- o ater levels . prooting . -
« Eco-Morpho yn?mlc odel: We e | resistence Jprootne Chezy Coefficient
employ d dynamlc eCo- \L’ Erotion Figure 5. Model with vegetation at year 70: (A) Tidal zonation over the final delta morphology. (B) Spatial distribution of vegetation species. (C) Relative-frequency histogram of Chézy coefficients for all vegetated grid cells, computed from
morphodynamic model Coupled with 0- equations (1) and (2). Red dashed line marks the Chézy value for bare soil (65)
Delft3D to simulate vegetation
establish ment, growth, and Figure 3: Overview of the feedback mechanisms in the
mortality. Ecomorphodynamic Model (Briickner et al., 2019) cOncl usions Futu re Effo rts
« Chézy Coefficient: The hydraulic resistance due to vegetation is represented by the . Vegetation increases hydraulic roughness heterogeneously throughout the We will finalize the coupled vegetation—morphology variables test. We will then run
Chezy Coefficient, C, as: delta, as demonstrated by spatial variations in Chézy coefficients. Lower scenarios with different vegetation types and density and quantify key delta metrics
) Ji o h 1 Chézy values represent areas of greater roughness, linked to plant presence. (distributary mouth count, channel width and depth, volume, etc) to identify
U = . Cnnh T 1“(;:}) 1 CO= . Conh (2), « The ecomorphodynamic model realistically predicts spatial distributions of statistical correlations between vegetation and delta morphodynamic.
4 e : : : .. . :
\/ Gt 2g \/ C? T dominant vegetation species (Salix nigra, Nelumbo lutea, and Sagittaria
latifolia), resembling patterns observed in the natural environment at Wax References
1 101 1 1 1 1 1 e A. L. Christensen, M. W. Denbina, & M. Simard (2023). Delta-X: Digital Elevation Model, MRD, LA, USA, 2021
Where Cb 15 the bed rOUghneSS COEffICIent, g IS the graV|tat|Ona| accelerat|0n, K15 the von La ke Delta (Jansen et al, 2021) e C. M. Broaddus, L. M. Vulis, J. H. Nienhuis, A. Tejedor, J. Brown, E. Foufoula-Georgiou, and D. A. Edmonds. (2022). First-Order River Delta Morphology Is
4 A 1 1 1 1 1 . o . . L. Explained by the Sediment Flux Balance From Rivers, Waves, and Tides. Geophysical Research Letters.
Karman constant, h is the water depth, h, is the vegetation height, Cpis the drag « Vegetation modifies local hydrodynamics and sediment deposition patterns,  D. Jensen, K. C. Cavanaugh, M. Simard, A. Christensen, A. Rovai, & R. R. Twilley (2021). Aboveground biomass distributions and vegetation composition
11 1 1 1 1 1 1 . . . . . . . . . changes in Louisiana’s Wax Lake Delta. Estuarine. Coastal and Shelf Science.
Coeff|C|ent, and nis the Vegetat|0n denSIty' Equat|0n (1) 15 for SmeergEd Vegetat|0n, Wh|Ch 18] turn |nﬂuence Vegetat|0n d|Str|bUt|On, and dr|Ve the morph0|0g|ca|  J. F. Paniagua-Arroyave, & J. H. Nienhuis, (2024). The quantified Galloway ternary diagram of delta morphology. Journal of Geophysical Research.
WhereaS equation (2) iS for emerged Vegetation Note that |Ower Values Of C indicate . e M. Z. M. Briickner, C. Schwarz, W. M. van Dijk, M. van Oorschot, H. Douma, and M. G. Kleinhans. (2019). Salt Marsh Establishment and Eco-Engineering
| eV0|Ut|On Of the dEIta. Effects in Dynamic Estuaries Determined by Species Growth and Mortality. Journal of Geophysical Research.

h |gher rough ness. . zv F.tGaIIoway. (1975). Process framework for describing the morphologic and stratigraphic evolution of deltaic depositional system. Houston Geological
ociety.



https://archives.datapages.com/data/browse/houston-geological-society/
https://archives.datapages.com/data/browse/houston-geological-society/

