Modeling Algae-Nutrient

Responses in the James River
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Imagine the result
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Topics

< Capabilities and limitations of existing EPA models
« Potential role of empirical/probabilistic models
* Thoughts on a logical sequence
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Existing EPA predictive framework:
Complex, deterministic, linked
models
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Watershed Model — James River:
Good flow, temperature model
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Watershed Model — James River:
Weak explanatory power for
concentration

Parameter Model R2
Efficiency

Flow 0.84 0.88
Total N conc. -0.15 0.18
Total P conc. 0.13 0.09
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Watershed Model — James River:
Good at simulating observed annual
loads, although weaker for P

Dwsm p53.2
Bwsm ps53

Correlation of Fall Line Stations vs Estimator Annual Loads TP
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USACE Water Quality &
Sediment Transport Model
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Hydrodynamics: CH3D
Water quality: CE-QUAL-
ICM

24 state variables (water
column)

Suspended solids model

Source: Cerco
and others, 2010
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Planktonic Variables

* Three Algal Groups
* Blue-green
« Spring diatoms
« “Other green”
* Two Zooplankton Groups
« Microzooplankton
* Mesozooplankton
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Potomac River Sub-Model:
Expanded to 5 Algal Groups

« Tidal Freshwater Diatoms

2 Dominant in
Greens Tidal Fresh

* Blue-Greens

* Lower Estuary Diatoms Bominant i
« Dinoflagellates

Lower Estuary

Source: Bierman and others, 2011
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Calibration Method

« Statistics

« Mean difference
« Absolute mean different
< Relative difference

Wirginia

» Time comparison

¢ Longitudinal comparison
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Better Calibrated to DO Than
Chlorophyll-a

Mean difference 0.3 mg/L -0.78 ug/L
Absolute mean difference 0.94 mg/L 7.24 ug/L
Relative difference

ved 19% 62%

Source: Cerco and others, 2010
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Tidal Freshwater Calibration
Particularly Problematic

Station TF5.5

Chlorophyll-a
ugm/L

3 4
Years

L 2 ARCADIS




...but questions in lower Spring ]
1994 &
estuary as well. Wet early Spr
o : Station LE5.3 Dry late Spr
g 1996 z ~F
2 g Normal "
5%
1999 ES
Dry
Summer :
Model output is not used
1004 directly for prediction of
Normal attainment...
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Sometimes get
counterintuitive results...
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Source: Keisman, 2011b
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Existing USACE Model

Strengths Limitations

« It exists « Complexity

« Complexity * Not a HAB model

« Experience of USACE < Spatial resolution

« Fits into existing « Calibration issues
TMDL/assessment - Predictive capability

framework open to question
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VIMS James River Model

(HEM3D) [

VIMS Model

James River
Grid

Jam

Source: Shen, 2011
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Alternative/Complementary Modeling
Approach: Empirical or Conditional
Probability

« Data-based approaches
* Regression
« Conditional probability
« Demonstration conditions under which HABs
are more likely to occur.
« Might be more realistic than trying to
deterministically model HABs
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Simple Correlation Analysis:
VAMWA (2010)

» Upper estuary: Chlorophyll-a inversely
correlated with river inflow and directly
correlated with water temperature.

« Explains up to 1/3 to 1/2 of variance in chlorophyll-
a
» Lower estuary: Higher chlorophyll-a
associated with

« Spring: Inversely correlated with temperature,
explained ~1/3 of variance

« Summer: Few correlations
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Empirical Models

Limitations

« Relative simplicity

Strengths

< Confirm forcing

functions - Difficult to extrapolate
« Relative simplicity beyond observed
- Better understanding of conditions
uncertainty « Useful for nutrient load
management?
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Use of empirical models alone

Empirical
HAB Model Hydrodynamic, WQ,
Taxa Abundance, <:> or Loading
Toxin Concentration Functions
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Potential linkage between empirical
and deterministic models

Empirical Deterministic
Model Model
HAB Hydrodynamic, WQ,

Taxa Abundance, Intermediate WQ or Loading

Toxin Concentration Indicators Functions
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Example: Relations between chlorophyll-a

and Microcystis in tidal freshwater James

Microcystis aeruginosa Abundance (cells/mL)
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Atkins’ Flow Chart for

Process
J Assemble Existing Data,
Information, & Models

Evaluate & Synthesize Data,
Information, & Models

Develop U ing of System

] Collect Targeted Data »| Formuiate Hypothesis |

Develop Model

4’( Design & Implement Restoration Projects

Evaluate Project Success
Feedback Loop
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