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Update on Phase 7 Main Bay Model (MBM) Progress



Outline

❑ Development of living resource modules

• SAV, Tidal Marsh, Benthic Algae, Clam/Oyster 

❑ Clam/oyster model configuration, and preliminary 

results

❑ Sensitive studies on the MBM to assess effects of 

ocean boundary conditions



Enhancement of the ICM model interfaces: output, initialization

❑ The ICM is one module in the SCHISM modeling systems. Its output and some model 

initialization used to be handled by SCHISM subroutines. This is not convenient

❑ Added new interface for ICM output and initialization

▪ This new interface simplifies the process in outputting ICM variable values. It supports 2D and 3D global 

outputs, and both ICM state variables and intermediate variables (debug purpose). 

▪ It significantly simplifies the effort in adding new output variables, and all work can be done just on the 

ICM side.

▪ Also, It facilitates addition of new outputs variables needed by the phase-7 assessment (requested by 

Richard).

▪ Similarly for initialization of ICM variables



Work on the living resource modules in ICM

❑ Available living resource modules

1. Submerged Aquatic Vegetation (SAV)
2. Tidal wetland/marshes (Marsh) 
3. Oyster/Clam (Clam)
4. Benthic Algae (BA) 

❑ Documentation
▪ We first reviewed literatures and earlier model code about these modules, and then organized the 

model kinetics systematically. 

▪ The documentation is not only an user manual, but also model developer’s notes. The code structure 

and variable names/units generally follow the equations listed in the documentation.

▪ We have started documentation process for LR module. 

❖ Background:  current ICM framework provides many new features and capabilities, and 
flexibility, which allows living resource modules to build on

❖ Acknowledgement: earlier works done by Carl Cerco, Nicole Cai, et al. 



Some new features on living 
resource modules

❑ All module parameters support 2D 
spatially variable inputs. 

❑ Each module can be activated in certain 
regions specified by users. Multiple 
modules can be run simultaneously. 

❑ There is only one control file: ICM 
parameter input. To configure the 
modules, users only need to edit the 
parameter values. 

CLAM parameters cpatch0 determines the clam regions

‘-999’ means 2D spatial values explanation of the parameters, and units

Note: we have documentation with consistent names to see how 
each parameter affects the model process.  



Submerged Aquatic Vegetation (SAV)

❑ Major Variables

▪ SAV leaf, stem and root biomass (g[C].m-2)

▪ SAV canopy height (m)

❑ Major processes

▪ Effects on the hydrodynamics (new to P7)

▪ Light attenuation by SAV leaf and stem

▪ Photosynthesis at SAV leaves

▪ Effects of temperate, light, nutrients

▪ Respiration of SAV leaf/stem/root

▪ Interaction with water column variables

▪ Interaction with sediment layer

snapshot of developer’s notes



Benthic Algae (BA)

❑ Major Variables

▪ It currently supports one specie (can be 

extended). 

▪ Benthic algae biomass (g[C].m-2)

❑ Major processes

▪ Algal growth 

▪ Effects of temperate, light, nutrients

▪ Respiration

▪ Predation

▪ Interaction with bottom water

▪ Interaction with sediment layer

snapshot of developer’s notes



Oyster/Clam
snapshot of developer’s notes❑ Major Variables

▪ It supports any number of clam species. 

▪ Clam biomass of each species (g[C].m-2)

❑ Major processes

▪ Clam/oyster filtration: phytoplankton, POMs

▪ Effects of temperate, salinity, DO, and TSS on filtration

▪ Growth 

▪ Metabolism

▪ Mortality

▪ Predation

▪ Harvest

▪ Interaction with water column variables

▪ Interaction with sediment layer



Tidal Marsh
❑ Use the simple P6 approach as a start

❑ Prepare for future development, with a WQ module for marsh

❑ Major Variables

▪ It supports any number of marsh species. 

▪ Marsh leaf, stem and root biomass (g[C].m-2)

▪ Marsh canopy height (m)

❑ Major processes

▪ Effect on the hydrodynamics

▪ Light attenuation by marsh

▪ Photosynthesis at marsh leaves

▪ Effects of temperate, light, nutrients, salinity stress, inundation stress

▪ Respiration of marsh leaf/stem/root

▪ Interaction with water column variables

▪ Interaction with sediment layer

snapshot of developer’s notes/manual



First test of Clam Module 
❖ The model configuration is largely based phase-6 model input (provided by Richard)

❖ Five oyster/clam species are simulated

• Natural species: Rangia cuneate (1st panel), Corbicula flumenea, Macoma balthica

• Aquaculture species

• Sanctuary species

❖ First test results: validation pending



Test Results: Rangia cuneate

Biomass Conc 
(g[C].m-3)

7/15, 1991 7/15, 1992 7/15, 1993

❖ After the spin-up in the first 2 years, seasonal cycle 

seems stable. 

❖ Next step: model result needs to be further tuned, 

and compared with observations. D   R   A
   F   T



Test Results: Sanctuary species

Biomass Conc 
(g[C].m-3)

7/15, 1991 7/15, 1992 7/15, 1993

❖ After the spin-up in the first 2 years, seasonal cycle 

seems stable. 

❖ Model result needs to be further tuned, and 

compared with observations. D   R   A
   F   T



Diagnostic variables: Sanctuary species
❖ The current clam model allows easy 

examination of each process in detail. 

❖ The seasonal patterns of clam growth, 

metabolism and Harvest seem 

reasonable. 

Ci: Biomass

GPi: growth

MTi: metabolism

HSTi: Harvest

HSTi: mortality

PRi: Predation



Exploratory study for ocean 
boundary condition



Motivation
• Previously, coastal relaxation was used to constrain WQ variables (e.g. DOC) 

• It’d be more convenient to use the original ocean boundary for climate change studies.

• Sensitive tests were conducted to explore the feasibility of imposing b.c. at the original 
ocean boundary.



DOC Observation

DOC: Maryland Coastal Bay Inlet

● In our current MBM setup, relaxation was used to reproduce the high 

DOC concentrations in the coastal region

DOC: Bay Mouth (from Testa) 



Comparison: nudging VS original boundary @CB7.4

Nudging Open boundary

Lower DOC 
Higher DO 

lower NH4 
lower PO4

❖ Using boundary condition at ocean, the model seems to get reasonable results at Bay mouth, except 
for lower nutrient concentrations (DOC, NH4, PO4) and higher bottom DO.  



need to increase 
NH4, NO3 and PO4

Comparison: nudging VS original boundary @CB7.2

❖ Inside the bay, the model results with boundary condition needs more improvements.  

Nudging Open boundary



with decay
 0.05 day-1

no decay 

Red: no decay;     Blue: decay rate 0.05 day-1 

Dye experiment of DOM: boundary effect on the bay
❖ Release dye from ocean boundary
❖ The boundary influence can reach entire bay (it is significant in mid-bay under ‘no decay’ case), but decay rate 

plays a very important role.

Surface: Spring

Bottom : Spring

Surface: Summer

Bottom: Summer



settling rate
 0.2 m/day

no settling 

Red: no decay;     Blue: decay rate 0.2 m/day 

Dye experiment for POM: boundary effect on the bay

❖ The boundary influence of POM can reach entire bay, but settling plays a very important role.
❖ Potentially we can adjust the rates when using the ocean boundary condition?

Surface: Spring

Bottom : Spring

Surface: Summer

Bottom: Summer



Summary
❑  In the last quarter, we have added new interfaces for ICM outputs and initialization, which 

greatly streamlined model simulation. 

❑ We have developed new shallow water living resource modules in SCHISM-ICM along with 

documentation. 

❑ Test results of clam model indicate reasonable representation of processes but need more 

validation

❑  Sensitivity tests on the MBM ocean boundary conditions were conducted to make the 

climate change simulation more straightforward, but more work is needed

❑ Future work

○ (Numerous) sensitivity simulations for L.R. and boundary

○ Documentation

○ Compilation of info for climate change simulations

○ ….


