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Estuarine geomorphic modeling: initialization, forcing

Latteux, 1995: “morphological tide”

Ganju et al., 2009: “morphological hydrograph”

van der Wegen et al., 2011: 

spinning up initial bed 

composition



Estuarine geomorphic modeling: assessment data

Jaffe et al., 1998: San Pablo Bay

Dam et al., 2016: Scheldt Estuary

Cappiella et al., 1999: Suisun Bay



Estuarine geomorphic modeling: skill assessment

Dam et al., 2016: “The potential for 

successful predictions in more realistic 

environments remains, however, 

questionable. Small errors in prediction, 

coupled with nonlinear interactions that are 

chaotic in nature, may eventually lead to 

unrealistic developments.”

Ganju et al., 2009: “As the performance 

criteria became more detailed in a spatial 

sense, the utility of the model decreased.

Therefore the methods are not yet suitable 

for simulating specific locations of erosion 

or deposition, but may be useful for 

estimating basin-scale sedimentation 

changes.”



What controls geomorphic evolution?

Variable Estuaries Salt marshes

Water levels

Water velocity

Salinity

Sediment transport

Wind-waves

Biological feedbacks



Commonly used marsh models

SLAMM

Processes: inundation, accretion, salinity response, erosion 

MEM

Processes: inundation, above and belowground biomass response, accretion

WARMER

Processes: inundation, accretion, root growth, compaction, decay

What’s missing?

- Dynamic sediment transport

- Channel and pond expansion/contraction

- Robust assessment, transparency of calibration

Can these models:

- Recreate marsh loss in places like Blackwater NWR?

- Evolve the channel-flat-levee-plain structure of salt marsh complexes?

- Represent the transgression of marshes through cannibalization?

- Conserve sediment mass?



When did we stop thinking about sediment dynamics?

Redfield, 1972. Development of a New 

England Salt Marsh. Ecological 

Monographs, 42, 201-237. 

Redfield mentions sediment in a dynamic 

context 70 times. He implies an inseparable 

connection between channel, flat, marsh 

face, and marsh plain, all contingent on a 

neutral sediment budget. 



Importance of sediment supply

• Marsh complex is an 

interconnected system of 

channels, flats, scarps, and 

plain

• Stable system requires a 

balanced sediment budget; 

i.e. deposits equal 

withdrawals

• Under conditions of SLR, 

sediment budget must be 

positive to maintain 

structure of whole system

withdrawals deposits



Importance of sediment supply

• Marshes rarely in 

equilibrium; usually 

expanding or contracting

• Trajectory dependent on 

external sediment supply

Fagherazzi et al., 2012

withdrawals deposits



Importance of sediment supply

• Measuring sediment 

transport easiest in 

wetland tidal channels

• Hypothesis: wetland 

trajectory can be inferred 

from sediment transport in 

tidal channels

• Because of these 

complex processes, a 

constant value of sediment 

concentration (SSC) 

cannot represent supply

withdrawals deposits

Flux out

Flux in



Sediment budget vs. UVVR across 8 national sites

Fluxes measured at eight sites 

nationally, and compared with 

remotely sensed unvegetated-

vegetated marsh ratio (UVVR)

UVVR ratio indicates disintegration 

of wetland complex

Loss of vegetation decreases 

trapping, increases sediment 

liberation

Stability value  ~ 0.10

Net budget = measured sediment flux-(SLRlocal*density)



Spatial analysis of UVVR at three estuarine-wetland complexes

Parker River NWR

Plum Island LTER

Assateague NS

Chincoteague NWRForsythe NWR



Value of UVVR: baseline data, vulnerability metric, basic quantity

Establishing historical and current 

UVVR provides information on 

trajectory

Present UVVR and change in UVVR 

are robust vulnerability metrics

UVVR necessary for estimating 

habitat, carbon stocks, wave 

attenuation, and other ecosystem 

services

UVVR is correlated with elevation: 

lateral vulnerability linked to vertical 

vulnerability



Estuarine models have a rich development history, 

but uncertainty is large and community is self-aware

Marsh models subject to same constraints as estuarine models

Neglect of sediment dynamics is a reason to exercise caution 

with results, especially in sediment-poor regions

UVVR and sediment budgets useful for establishing future 

trajectory and for baseline assessment data

Challenge: find a historical case of marsh failure, and hindcast it!

Final points



Failure modes: open water conversion and lateral erosion

Blackwater NWR

Plum Island Estuary Chincoteague Bay Barnegat Bay



The danger of ignoring sediment transport


