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1.  Overview of reduced complexity modeling approach

2.  Recent examples:  estuarine response to …

Nutrient loading 

Climate change

Restoration

Aquaculture 

3.  Online implementation 

4.  Potential for analyzing long-term trends in water quality

Outline



Modeling Approach

National Academy of Sciences’ Committee 

on Causes and Management of Coastal 

Eutrophication (NRC 2000):

• Development of a reasonable accurate 

model accessible to managers to predict 

sources of nutrients in the landscape

• Simple frameworks for characterizing the 

sensitivity of estuarine response

Duarte et al. (2003)

“The limits to models in ecology”
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A range of models exist from simple to complex:

Reduced
Complexity:

Modeling Approach



Empirical Formulation of Key Rate Processes



Model “Physics”

Salinity – Freshwater

Box Model

Tidal Prism Model

Loss = 1/FT

Simple Flushing



York River Flushing Time
Lake Ph.D. (2013)



Harris Creek:  Tidal Prism vs. ROMS
Brush and Kellogg (2014)



Narragansett Bay:  

OBM vs. ROMS

Rogers (2008)

vs.
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ROMS output from D. Ullman;

Comparison by J. Vaudrey



What this 

model isn’t:

What this 

model is:

• Reduced complexity

• Modular (easy addition of state

variables)

• Management-focused

• Fast running 

(~ seconds to minutes)

• Quickly applied

(~1.5-2 weeks per system)

• Accessible GUI, web-deployable



Current Model Implementation



Hypoxia in the York River Estuary, VA
(with a comparison to upper Narragansett Bay, RI)

York River analysis from:
Lake (2013 – PhD), Lake et al. (2013),

Lake and Brush (2015)



Hypoxia in the York River, VA

DO, mg l-1 0        1 2        3        4        5        6        7        8    > 8



York River Calibration:  Stocks

Data:   Chesapeake Bay Program and VIMS



York River Calibration:  Rates



York River Loading Scenarios

Number of Hypoxic Days (< 2 mg l-1)



York River External Inputs

Carbon Sources & Sinks (x 109 g C summer-1)



York River Climate Scenarios

Number of Hypoxic Days (< 2 mg l-1)

Upper Estuary Lower Estuary



Cross-System

Comparisons



Harris Creek Oyster Restoration

Goal

• User-friendly, web accessible model

User-Defined Inputs

• Restored acreage, density, & mean weight

Outputs

• Volume filtered

• TSS, Chl-a, and nutrients filtered

• N and P assimilated in tissues and shells

• N removed via denitrification

• N and P burial

• Economic value of N and P removal

188 acres planted to date

~1.2 billion oysters



Model Forcing



Net N removal = assimilation + denitrification + burial - recycling

Oyster Submodel



Calibration of Water Quality and Oyster Growth

Expected growth (Liddel 2008):
0.62  0.80 g DW y-1



Simulated Oyster Functions



Hard Clam Aquaculture
Cherrystone Inlet, VA

Kuschner (2015) – M.S.



Sustainability of Restoration 

under Climate Change
Lynnhaven River, VA

Skeehan (2015) – M.S.



Online Models

www.vims.edu/research/departments/bio/programs/semp/models/index.php



Online run time:

< 1 min for 1 year



What this model is:

• Reduced complexity

• Modular (easy addition of state

variables)

• Management-focused

• Fast running 

(~ seconds to minutes)

• Quickly applied

(~1.5-2 weeks per system)

• Accessible GUI, web-deployable


