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• Significant producers in the shallow water habitats
• Diel DO and other biochemical processes • Receiving significant impacts from SLR
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Model structure – biomass
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Model structure – similarities

!"# (E m-2) is irradiance utilized by benthic algae/SAV/marsh

Limitation functions
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Model structure – key differences

~ 10 cm

• Stay in the bottom
• Separate terms of respiration 

and predation for nutrient 
recycling

• Submerged
• Active interaction with N/P in 

the water column

• Periodically emerged
• Not consider direct 

uptake/release of N/P in the 
water column



Growth and respiration – benthic algae
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Growth and respiration – SAV
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• 7$8 is the irradiance at certain layer (E m*, d*+); 7( is surface irradiance; 7' is irradiance at the
bottom of vertical layer n.

• !" is total diffuse light attenuation (m*+); !$ is diffuse light attenuation in layers without SAV
(m*+); !<ℎ is light attenuation by SAV absorption (m, g*+ C).

SAV Interactions with Light



Growth and respiration – marsh
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Limitation functions for marsh growth
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Growth and respiration – marsh
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Interactions with the water column
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Model structure – nutrient interactions: SAV
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• take up inorganic nutrients
• produce oxygen

• release nutrients in both 
inorganic and organic forms

• consume oxygen



interface

water column

sediment

Leaf

Stem

Root

Detritus

take up inorganic 
nutrients

transfer 
nutrients

transfer 
nutrients

• settle particulate organic 
carbon/nitrogen/phosphorus

• consume oxygen

Model structure – nutrient interactions: marsh

• consume oxygen
• release DOC

produce oxygen



Water column oxygen and DOC
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Water column nitrogen
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Interactions with the sediment
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Model implementation in the York River

< 50 m

< 100 to 200 m 
cross York channel
100 to 300 m along-
channel

550 m
52 vertical layers 

1 layer in the 
shallow areas

2.4 km



Model assessment in the York River



Model Implementation in the James River

Phase I: James River connected to the whole Bay grid Phase II: single James River grid

• Unchanged channel arc’s
• Refined shoals and sub-tributaries

• #17,305 nodes, #25955 elements (32% of phase I)
• Maximum #32 vertical layers (62% of phase I)  

• #63 boundary nodes
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Tidal marshes



Diurnal DO cycle driven by marsh in the York River Estuary



Marsh biological affects in the York River Estuary



Marsh biological affects in the York River Estuary

• Diel DO, low-DO events

• More DOC

• More phosphate

• Less nitrogen

sediment fluxes

enhanced denitrification process 

• Slightly affect phytoplankton 
production, but phytoplankton is 
mainly controlled by flushing 
and light availability in the York 
River



Benthic algae



Simulated benthic algae in the James River

• Initialize everywhere

• Reasonable 
distributions



Impacts from the benthic algae in the James River
DOC (g C m-3)



SAV



Simulated SAV in the Chesapeake Bay

• Initialize everywhere

• Reasonable distributions to 
the general observations

• Need to go to details with 
refined and upgraded MBM



Current limitations and plans

• The habitats of benthic algae does not overlap the tidal marshes: for the 
convenience to conduct marsh-relevant scenarios 

• Data availability to validate biomass and nutrient fluxes

• Further test and include options in the model development



Summary
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• Module developments for the shallow water habitats
• Work is undergoing in the tributary implements



Questions?

Email:
xcai@chesapeakebay.net
ncai@vims.edu
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