Modeling tidal marsh evolution
in the face of sea-level rise: a cross-scale approach
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Introduction

Model Development

This study presents a new approach to modeling marsh evolution. The Tidal Marsh Model
(TMM) has been developed as a module within the SCHISM framework (Semi-implicit
Cross-scale Hydroscience Integrated System Model). The TMM integrates the physical and
human components needed to simulate and assess the evolution and persistence of tidal
marshes under different sea-level rise scenarios. Some unique features of the TMM are
dynamic rates, cross-scale simulations, semi-implicit time stepping, and incorporation of
anthropogenic stressors, which allow it to overcome many limitations that current marsh
models possess.

TMM is based on the SCHISM modeling system. The highly efficient and
accurate semi-implicit finite-element/finite-volume method combined with
the Eulerian-Lagrangian method are used to solve the hydrodynamic,
sediment transport, and wave action equations relevant for marsh persistence
Selected dataset inputs for TMM and supporting models:
• Tidal Marshes (Scale: 1:1,000): Tidal Marsh Inventory – CCRM, VIMS
• Shoreline Structures: Shoreline Inventory Program – CCRM, VIMS
• LIDAR data: VGIN
• Bathymetry: NOAA / CBNERR, VIMS
• Bottom Type (grain sizes): VIMS / MGS
• Total Suspended Solids: CBP
• River Input (average daily values): USGS
• Atmospheric Forcing: NARR
• Tides: US East Coast Tidal Database

Study Area & Grid Generation
The development of the TMM utilized two study sites within the York River system, VA:
Carter Creek and Taskinas Creek. However, this model is exportable to other water bodies.
One of the strengths of this model is that it uses an unstructured grid for the simulation.
This type of grid allows multiple resolutions over the domain, and higher resolution where
fine scales are important.
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Evaluation of Model Performance
Historic and field data were used for calibration and verification purposes. We assessed model outputs against field observations focusing on two
main aspects: marsh boundary evolution (hindcast simulation), and distribution of marsh sediments.
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Hindcast
outputs:
changes in
marsh boundary
after 40 years of
simulation with
a sea-level rise
of 4 mm/yr.
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Marsh areas are highly resolved (i.e.
fringe marshes are 1-meter cross-shore
and 5-10 meters along-shore; embayed
and extensive marshes have the same
resolution as fringe marshes in the outer
10 meters, and 10-20 meter resolution in
the interior of the marsh).

Extremely rapid transitions in grid resolution are used to save computational cost. The grid size
would be more than 10 times larger if smooth transitions were used.
Grid generation software: SMS (Surface-water Modelling System) by Aquaveo.com

Marsh migration is captured with an accuracy of 81% in Carter Creek, and an accuracy of 78% in Taskinas Creek. Different statistical descriptors (i.e.
MAE, Willmott (1982) index of agreement (dr), the coefficient of determination (NSE), and the RMSE-standard deviation ratio (RSR)) were used to
evaluate the model’s ability to reproduce the distribution of observed marsh sediment fractions. Results in both study areas show a substantial
agreement between model outputs and field observations of sediment accumulation and distribution.

Conclusions
The TMM will advance the state of the science by building a better foundation to model
current and future marsh extent and distribution. The highly resolved TMM outputs will
allow coastal planners and managers to more precisely identify, prioritize, and develop
protection and restoration activities and strategies to more accurately manages these
valuable habitats and their ecological services.

T

Acknowledgements

This study was supported by the following agencies: NOAA, EPA, NSF, and the
CBNERR’s Rouse-Bottom Fellowship.
Simulations used in this study were conducted using the following
computational facilities: (1) Sciclone at the College of William & Mary, with
assistance from the NFF, the Virginia Port Authority, Virginia's Commonwealth
Technology Research Fund, and the Office of Naval Research; (2) the Extreme
Science and Engineering Discovery Environment (3) the NASA High-End
Computing (HEC) Program through the NASA Advanced Supercomputing
(NAS) Division at Ames Research Center.

