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cyanobacteria biomass using the
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Western Lake Erie Ecosystem
Model (WLEEM) Verhamme et al., 2016,

Jgégveloped and enhanced for GLWQA Annex 4
--three-dimensional, fine-scale, process-based

--links hydrodynamic, sediment transport, and in-
lake biogeochemical/ecological processes

Used to:

(1) relate spring P loading to summer cyanobacteria
biomass

(2) assess system sensitivity to multiple variables
(e.g., sediment fluxes, mussels, lag in recovery time)
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Baseline Load-Response Data
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2016 Forecast and Actual

1 Nov 2016 HABs Bulletin (overweight of 2015 residual)
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Figure 1. Bloom severity index for 2002-2016, and the forecast for  Figure 2. Total bioavailable phosphorus from the Maumee River for
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Model/Data Comparison

1. Time Series Plots
2. P-Flux Bar Charts
3. Model Grid Maps
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2008, 2011-2014

WLEEM calibrated model e Data (UT)
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2014 Samples vs. Model

Cyanobacteria Biovolume (mL/m2lyr)
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2014 Satellite vs. Model e
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Figure 1. Cyanobacterial Index from NASA's MODIS-Terra data collected
6 August 2014 at 1:35 pm. Grey indicates clouds or missing data. Black

W
/4

< 2,000

represents no cyanobacteria detected. Colored pixels indicate the i'ggg:éjggg BG Biomass
presence of cyanobacteria. Cooler colors (blue and purple) indicate low 6,000 - t13‘000 (mg/m2}
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Sediment Diagenesis sub-model S
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Fig. 2.1 Schematic of the nutrient and oxygen sediment flux model.
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2014 Sediment P Flux e
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From Matisoff et al.: The average summertime aerobic
P flux was 1.35 mg/m2/d, with a 95%
confidence interval of 0.95 to 1.79 mg/m2/d
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Jan-Dec 2014
Diffusive Phosphorus Flux
Temporal Variability
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Jan-Dec 2014

Diffusive Phosphorus Flux

Spatial Variability
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Model Application and Discussion

1. Phosphorus Mass Balance
2. Diagnostic Scenarios
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Detroit River Plume “Shunting”
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Model Diagnostic Scenarios

e Annex 4 recommendations
— 40% TP reduction from all external sources

— 40% TP reduction from Maumee R. only
* Tributary sensitivity
— Maumee R. only

— Detroit R. only
— all external sources except Maumee R.

 Internal P fluxes
— Eliminate sediment P-flux
— Eliminate P Resuspension

* Dreissenid sensitivity (increase by 10x)




Model Diagnostic Scenarios

TP Load Reduction Scenarios

Zone #1: Western Lake Erie Basin

5,000

=
(=]
[ =]
o
|
|

100% Detroit TP
100% All but Maumee

100% P-flux

3,000+

BG Biomass (mg/m2)
5
(=]
T
| i

-
[ =]
[ =]
o

|
[

= 40% All Tribs 1P

Baseline

40% Maumee TP

7 100% Maumee|TP

0 l r - * - ]
Jan 2014 Apr Jul
Date/Time

Jan 201%£



TP Load Reduction Scenarios: Internal Loads

BG Biomass (mg/m2)

Model Diagnostic Scenarios

9,000

=
(=]
=]
[ =]
|
|

3,000+

N
=
(=
=
|
I

1,000+

Zone #1: Western Lake Erie Basin

100% Resuspension

100% P-flux

0

|
Jan 2014

" 4 H | | H
| |
Apr Jul Oct
Date/Time

Jan 201£



Model Diagnostic Scenarios

Zone #1: Western Lake Erie Basin
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Ranking of Bloom Drivers

— Maumee River TP most important (but timing offset)
— Diffusive P-flux moderate importance (no offset)

— Detroit River TP low importance (background)

— Resuspension of TP, mussels, least important

Distribution of Annual TP Load
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Next Steps

e Establish operational version of model for
management (add infrastructure and support)

* Expand model to central and eastern Lake Erie
to simulate hypoxia and Cladophora

* Apply to other embayments and lakes
(Ontario next; additional Green Bay and
Saginaw Bay applications)

* |[ncorporate cyanobacterial toxin production
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