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Presentation Topics 
 

ÅEASy GIS Introduction 

ÅAquaModel Introduction and Components 

ÅNear and far field AquaModel 

ÅModel Demonstrations  

ÅPrior and Ongoing Validation 

ÅFuture Direction 

 

 



Models 

Å 4-D GIS for marine applications, visual, video-like output of spatial & temporal effects   

Å Compatible with other GIS (ESRI Arc-Info)  

Å Interfaces for models, spreadsheets, databases, and Internet 

Å AquaModel: a ñplug-in modelò  to the EASy GIS, one of several aquatic software packages   
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AVHRR SST imagery for the Gulf of Maine Biogeographic Information System 

EASy Graphical Environment 

Tsontos, V. M. and D. A. Kiefer. 2000.  Oceanography 13(3): 25-30. 
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Species richness relative to bathymetry, water density differentials & bottom temperature 

EASy Graphical Environment 
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Transect vertical contour 

plots 

Tsontos, V. M. and D. A. Kiefer. 2000.  Oceanography 13(3): 25-30. 
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Mariculture data 

http://runeasy.com/
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Quantitative Analysis   
50+ parameters, 20+ tools.  

300+ types of satellite imagery 



AquaModel Circulation & Fluxes 

Mixed Layer Simulation 

Deposition & Suspended Layer 

Sediment Layer 
Feed, Fecal, Oxygen flux & transport 

Feed, Fish Feces, Oxygen 

Aerobic, Anaerobic  Biomass 

Fish Cages 

Particulate Waste Transport 
Separate Feed and  Fecal 

Oxygen  

Nitrogen 

Phytoplankton 

Zooplankton 

2-D or 3-D Currents 

Bathymetry 

Current meter, ROMs circulation models, simple estimates method  
Adjustable diffusivity, mixed and deep layers seasonal settings  

Waste Feed 
Fish Feces 



U.S. Integrated Ocean Observation System (IOOS)  
+ EcoRegion Calibrated Biological Models 

Aquaculture Models 
(Biophysical Coupling) 

U.S. Mainland &Puerto Rico EcoRegions 

But every regions uses different models or construction ! 



Far Field Gulf of Maine Modeling Domain 

http://runeasy.com/


Near field and Far Field AquaModel Versions  

Near Field focus: single or multiple current meters 
ÅSingle farm, contiguous or spaced cages using fine grid 

ÅBenthic effects (TOC, sulfides, waste feed and/or fecal tracking, etc.), 

ÅDissolved oxygen, Dissolved Inorganic or Total Filtered Nitrogen    

Far Field focus: regional circulation driven 
ÅMany farm concurrently, over entire coasts with variable grid 

ÅCumulative effects: nitrogen/phytoplankton/zooplankton 

ÅModel within GIS: will nitrogen affect littoral zone (ulvoid algae) 
      or coral reefs (epiphytes), sea grass meadow, habitats of special 
      significance, etc.?    
Both: 
ÅFarm to farm or pen to pen interactions  

ÅSimilar setup, operation, tools available 

 



Applications of AquaModel: Ecoregions Worldwide 

      ONGOING PROJECTS 
Å Hawaii 
Å Arabian Gulf & Sea 
Å British Columbia 
Å Gulf of Mexico (NOAA) 
Å Puget Sound  
Å New Brunswick  

 
PREVIOUS PROJECTS 

Å Strait of Juan de Fuca 
Å Puerto Rico 
Å Southern California  
Å Gulf of Maine 



Underlying Basis of Fish Physiology Model: 
Carbon/Nitrogen/Oxygen Mass Balance and Rates 

 

 

Å Ingestion rate = egestion rate + assimilation rate 

ÅFish feces production = egestion rate 

ÅAssimilation rate = rate of respiration + rate of growth  

ÅRespiration rate = resting rate of respiration (i.e. basal) + 
respiration rate of activity (swimming) + respiration rate of 
anabolic activity (growth) 

ÅMost limiting metabolic process and Scope for Metabolism  



Ration 

Ingestion = 

Function of: 

Å fish weight 

Å temperature 

Å oxygen transport 

Å ration  

Growth = Assimilation - Respiration 

Assimilation = 

0.70*Ingestion 
 

 

Egestion = 0.30*Ingestion 

Feed Waste 

Basal = f(temperature) 

 

Growth = f(Growth)  

 

Swimming = f(velocity, weight) 

A Carbon/Nitrogen/Oxygen Metabolic Model for Salmon 



AquaModel Fish  Physiology Module 



- Cobia and Moi Fecal Settling Rates 
- Binomial Fit is very similar for moi and cobia 
-  BUT, unlike salmon feces nominal range is small   
   (salmon~ 0.5 to 9 cm/s vs. marine fish ~ 0.1 to 1.2) 



Example validations: Salmon Respiration and Growth Rates 
AquaModel Predicted vs. Measured  



Nitrogen-Phytoplankton-Zooplankton Module 

http://runeasy.com/


Gulf of Maine: NPZ submodel validation 
Highly Variable Boundary Conditions, example parameters 

{ƻǳǊŎŜΥ YƛŜŦŜǊΣ wŜƴǎŜƭΣ hΩ.ǊƛŜƴ ΣCǊŜŘǊƛƪǎǎƻƴ ŀƴŘ LǊƛǎƘΣ  нлмм 

http://runeasy.com/
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Capturing Dynamics of the Plankton Community 
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Zooplankton Productivity!!! 



Sediment Management Sustainability: 
Classic Pearson-Rosenberg Organic Enrichment Effects 

    Reference Area   Aerobic & Enriched               Hypoxic               Anoxic & Azoic 

Species 
Diversity 

Abundance 

Biomass 

Increasing Particulate Organic Carbon Loading Rates Upon Seabottom  

Optimal Site Locations 

Sea Bottom 



O2 

diffusive gas exchanges 

anaerobic 
biomass 

aerobic 
biomass 

Benthic Module Concept 

Water /Sediment Boundary 
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 & Transport 
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   Benthic Boundary 
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Oxygen Profile at Benthic Boundary Layer 

Water Column 

benthic respiration 



CO2 Production vs. Carbon Deposition 

*  

*  

*  

*  

*  

*  

*  

*  

* AquaModel predicted 

Measured from Findlay and Watling 1997 

* Toothacre Cove measured 



 

 

 

 

 

 

 

 

Field measurements of sulfide concentration as a function of 
organic carbon loading calculated with DEPOMOD (Hargrave, 
2010) & AquaModel general predictions of concentrations in 
upper 2 cm of sediment. 
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Behavior of benthic subroutine: steady state conditions 
defined for low and high rates of loading 
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Steady state solutions of the benthic module in 
response to rates of organic carbon deposition.  
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Figure A
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Figure C
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Figure D
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Figure E
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3D Nearfield Demonstration 



Salish Sea Circulation 
Model, Pre-Processed into 

AquaModel with 
AquaModel Bathymetry 

Contouring  



Existing fish farm in small scale 3D circulation domain 
with red line transect, red point vertical profile and  
grey data capture points 

http://runeasy.com/
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ROMS Model Circulation 

Ocean Circulation Data:  PACIOOS 



Offshore Flow: Nitrogen (DIN+).  AquaModel Snapshot 



Offshore Flow: Phytoplankton (chl a) 



Onshore/weak Flow: Nitrogen (DIN+) 



Onshore/weak Flow: Phytoplankton (chl a) 



Farms Interacting or influencing littoral corals ?   Or Not ! 


