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SCREENING ASSESSMENT 
 Intentionally simplified 
 Built entirely on well-established and accepted process 

    formulations, and transport and fate mechanisms, rather 
   than in developing new modeling methods or conducting 
   site-specific, data-intensive calibration. 

 Not intended to inform management of individual 
    waterbodies 

 Applications: 
 Support planning, policy, and identify data or 

   methodological gaps to guide future research on an 
   inherently uncertain issue 

 Intended to quantify and monetize the multisector 
   risks of inaction on climate change and the benefits 
   to the U.S. of global reductions in greenhouse gas 
   emissions. 
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A parsimonious water 
    quality model framework 

River basins (with 
      impoundments) 

Conventional pollution 
      (not toxics) 
Incorrect everywhere but 

        generally correct 
“Educated guess” 

            model 
Done all the time for 

        prediction 

QUALIDAD 
“Models should be simple as possible, but no simpler” 

Einstein 



PHYSICS: WATER BALANCE 

Drainage, Point sources, Atmosphere , Withdrawals 
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WATER QUALITY: 
MASS BALANCES 

STATE VARIABLES 
cp: particulate organic C 
cd: dissolved organic C 
o: dissolved oxygen 
no: organic N 
na: ammonia N 
nn: nitrite/nitrate N 
po: organic P 
pi: inorganic P 
ad: diatoms 
ag: greens 
af : cyanobacteria (N fixing) 
an: cyanobacteria (non-N fixing) 

Organic carbon (CBOD) 
Dissolved oxygen 

Nitrogen 

Phosphorus 

Phytoplankton 



PROCESSES 
h:    hydrolysis 
s:    settling 
p:    photosynth. 
gz:  grazing 
rea: reaeration 
x:    oxidation 
n:    nitrification 
dn:  denitrif. 
re:   respiration 

STATE VARIABLES 
       cp: particulate organic C    cd: dissolved organic C    o: dissolved oxygen 
       no: organic N                       na: ammonia N                  nn: nitrite/nitrate N 
       po: organic P                        pi: inorganic P                  a: algae 
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Blue-green algae 
“Annie, Phannie, Mike & Oscar” 

Name            N-fixation   Toxic 
Anabaena             x   x 
Aphanizomenon         x         x 
Microcystis      x 
Oscillatoria       x              x 



  

(a) Diatoms (b) Greens 

(d) non-N-fixing Bluegreens 
“Microcystis” 

(c) N-fixing Bluegreens 
“Oscillatoria” 

“Good Algae” 
(i.e., nontoxic, 

edible phytoplankton) 

Functional Groups 

Cyanobacteria 
(HABs) 

(AKA Blue Green Algae) 

“The cockroaches 
of the water” 
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 Temperature 
 Nutrient limitation 
 Grazing 
 Settling/buoyancy 

Principal Components Governing 
Seasonal Succession Patterns 

 
What makes cyanobacteria win? 
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 All species need phosphorus 
 Only diatoms need silica 
 Nitrogen-fixing cyanobacteria 

   (blue-greens) can obtain 
   atmospheric nitrogen (N2) 
   directly from the water 

Algal Nutrient Limitation 



 Cyanobacteria are not grazed 
    by zooplankton or other 
   planktivorous organisms  
   (e.g., fish, zebra mussels, etc.) 

Grazing 



 Blue-greens settle slowly and 
    can actually rise 

 Negative settling velocity 
 Gas vacuoles 
 Primarily during stagnant periods 
 Implications: 

 Multi-layer vertical segmentation 
 Might require diel time scale 

Settling and Buoyancy 



NUTRIENT LIMITATION, 
SETTLING & GRAZING 

Total phytoplankton chlorophyll 
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Seasonal Predictions 

NO CLIMATE CHANGE 

DIFFERENT CLIMATE 
MODELS & EMISSION 

SCENARIOS 
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Nonpoint loadings 
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non-fixers 

Fraction of total (%) 
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Critical HABs blooms 



Regional Climate Change Projections 



Northeast USA 
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Climate Change Projections 
New England (01) 

Baseline 2050 

CYANOBACTERIA 

DIATOMS 



Climate Change Projections 
Southeast (03) 
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Change in Cyanobacteria Concentrations 
(1000 cells / ml)  
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 Climate change will increase duration,        
    magnitude, and spatial extent of CyanoHABs 

 Climate impacts go well beyond temperature 
     rise (and we are only scratching the surface) 

 National or regional screening level models 
     are useful for guiding planning strategies 

 Impact of very high temperatures on 
     cyanobacteria needs further study 

 Interdisciplinary teams & systems approaches 
   are critical for informing policy regarding HABs 

Conclusions 



 All models are wrong 
                  (and possibly evil) 

CONCLUSIONS 

 All models are right 
    (especially if they are animated 
      and in vivid colors) 

 "All models are wrong, but some 
      are useful” 
       G.E.P. Box 





             “Good” Algae        Cyanobacteria 
Factor                         Diatoms   Greens    N2 Fixers  non N2 Fixers 
Settling     High        Medium     Low               Low  
Edible       Yes           Yes      No                No  
Phosphorus     Need          Need     Need   Need  
Nitrogen     Need          Need     Need  
Silica      Need      
Max growth rate     High        Medium      Low               Low  
Min light      High        Medium      Low               Low  
Optimal temperature     Low         Medium     High     High  
C:Chl ratio                High           High      Low      Low 

Major Differences Between 
“Good” Algae & HABs 



             “Good” Algae        Cyanobacteria 
Factor                         Diatoms   Greens    N2 Fixers  non N2 Fixers 
Settling     High        Medium     Low               Low  
Edible       Yes           Yes      No                No  
Phosphorus     Need          Need     Need   Need  
Nitrogen     Need          Need     Need  
Silica      Need      
Max growth rate     High        Medium      Low               Low  
Min light      High        Medium      Low               Low  
Optimal temperature     Low         Medium     High  High  
C:Chl ratio                High           High      Low      Low 

     

Major Differences Between 
“Good” Algae & HABs 



 High temperature kinetics 
 Scum formation 
 Model modifications 
 Toxin modeling 

Research Issues 



TEMPERATURE DEPENDENCY 

kg(T) = 2.1 × 1.066 T – 20  

θ = 1.066  

3 doublings/d 

Rate doubles for 10oC rise 



non-fixers 

fixers 

0 10 20 30 40 
Temperature (oC) 

0 

0.5 

1 

1.5 kg,max 
(/d) High-Growth 

Low-Growth 
“Plateau” 

Very High Temperature??? 



Sensitivity Analysis: 
Effects of Nutrient Levels and IN/IP 

Ratios 

IN = 10 µgN/L 

IN = 125 µgN/L 

IN = 36 µgN/L 

IN = 50 µgN/L 

IN = 625 µgN/L 

IN = 180 µgN/L 

IN = 150 µgN/L 

IN = 1875 µgN/L 

IN = 540 µgN/L 

hypereutrophic 
IP = 50 µgP/L  

eutrophic 
IP = 25 µgP/L  

oligotrophic 
IP = 5 µgP/L  

N 
limited 

P 
limited 

IN/IP = 7.2 

IN/IP = 25 

IN/IP = 2 
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High Temperature Growth 
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SEDIMENTS SEDIMENTS SEDIMENTS 

WIND 

SCUM FORMATION 
WIND 



Model Modifications 

 Build on existing 
 Open source 
 Functional groups (easy) 
 Kinetics (easy) 
 Scum formation (???) 

 Thin surface layer 



Seasonal Profile of aggregate cyanobacteria concentration 
 (1000 cells / ml) in 2090 
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