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Algae can help sustain aquatic life by
contributing to food and O,,.

What

In certain gqnqitidrisy alse the
rapid growth of harmful algae, an HAB

HABs will do harmful on:

(i

Human health (Food, Drinking water...) A green and brown algae bloom in August 2020

Economics (Tourism, Fisheries industry...)

{ NE79st {  NE795E

Northi Bay Viﬂage

2016

North Bay Village

2011

Environment (Fish die-offs, Seagrass

degradation...)

Seagrass —_

There is no final & consistent conclusion
on the mechanism of HAB formation

Chemical Factors? Physical Factors? Julia Tuttle Cswy

Julia Tuttle Cswy.
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Biological Factors” Climatic Factors™ Seagrass provides

food and shelter for

Find out important : s v e
‘} métine organisms

features

PredlCtlon North Biscayne Bay, bloom of Anadyomene spp.

Early-warning and https://www.miamiwaterkeeper.org/fish_kill, -

prepare in advance
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Environmental Topics v Laws & Regulations v Report a Violation v About EPA v
Nutrient Pollution CONTACT US
i L Climate Change and Harmful .
The Problem Algal Blooms 8
Sources and Solutions o
The Effects Scientists predict that climate change will have many effects on freshwater and marine 5
environments. These effects, along with nutrient pollution, might cause harmful algal blooms to 4(—6‘
Where This Occurs occur more often, in more waterbodies and to be more intense. Algal blooms endanger human i
What You Can Do health, the environment and economies across the United States. 8
, e
olicy and Data . .
— Climate Impacts That Might Affect Algal i
Blooms:
Warming water temperature
Changes in rainfall
https://www.epa.gov/nutrientpollution/climate-change-a
nd-harmful-algal-blooms
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Background & Problem Statement

40 _aTemperature approximate range that permits dinoflagellates growth
[ Temperature approximate range that permits diatoms growth
| < _Optimum growth temperature ‘
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Optimum Growth Mean: 23.21 : Optimum Growth Mean: 14.63
Optimum Growth Variance: 20.89 ! Optimum Growth Variance: 37.48
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A summary of the suitable and optimal temperature
for the growth of some harmful algae species

Experiments
Or
Data-Driven?
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Objective

Evaluate the climate change impacts on HABs based on different climate models and future

scenarios.

Assumptions

1. Machine learning models can conduct small-magnitude extrapolation tasks.

2. The biases in a climate model’'s output can be corrected by aligning the modeled data's
statistical distribution with the observed data's distribution for a historical reference
period.

3. Future water quality data are considered as same as the historical data.
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Case study research area
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Variables

Chlorophyll-a

Ammonia Nitrogen
NOx

Dissolved Oxygen
pH

Total Phosphorus
Turbidity

Water Temperature
Discharge

Specific Humidity
Wind Speed
Precipitation
Shortwave Radiation

Min, Max, Air
Temperature
Developed Percent

mg/m3

mg/L
mg/L
mg/L

mg/L
NTU

cfs
ka/kg
m/s
kg/m2
W/m2

%

Methodology

Water Quality data

Hydrological data

Climate data

Land use data



Data Preparation

Core Model Development — ML

Core Model Development — CC

Dataset for ML models

! J Data Preprocessing Features & Target
Data Cleaning Training Dataset
SCRELE] :> Data Integration :> o ¢ 1998-2015 (80%)
Feature Creation £
3 Test Dataset
2016-2020 (20%)
No
Support v )
Vector Grid Search Hyperparameter tuning
Regressor Hyperparameters I
(SVR)
Dataset 4 Evaluati
Random vza.ua lon
for ML Forest (RF)  / R<in test
Multi-layer Forward Selection *
Perceptron Backward Elimination | Feature Engineering
(MLP) A

/

Bias-corrected Multiple linear
Climate regression
Features (MLR)

No

Dataset for Climate Projections

GCM Bias-correction
From
NEX-GDDP-CMIP6
To
Local Scale

Future Chlorophyll-a
(2021-2100)

&

Final Predictive
ML Model
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Predictive model metrics

m SVM Chl-a RF Chl-a MLP Chl-a MLR WT MLR Discharge

R? in train 0.82 0.80 0.64 0.89 0.83
R?in test 0.74 0.62 0.66 0.91 0.83
MAE in train 0.69 0.70 0.99 0.92 83.2
MAE in test 0.92 1.18 1.12 0.71 105.9
MAPE in train 0.33 0.34 0.48 0.04 0.16

MAPE in test 0.26 0.33 0.32 0.03 0.31
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Predictive model metrics

Chlorophyll Values: Observed vs. SVM Predictions (1998-2020)
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This SVM predictive model will be applied to predict
future Chlorophyll-a concentration
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Feature Importance

Precipitation (kg/m2) -1m

Shortwave Radiation Flux (W/m2) -10m

Discharge (cfs) -1m

Shortwave Radiation Flux (W/m2) -8m

Minimum Temperature (*C)

Water Temperature (*C) - 10m
Specific Humidity (kg/kg) -6m

Wind Speed (m/s)

Shortwave Radiation Flux (W/m2) -4m
Discharge (cfs) -7m

Turbidity (NTU)

Discharge (cfs) -9m

Precipitation (kg/m2) -10m

pH-1m

Water Temperature (*C) - 9m

Specific Humidity (kg/kg) -2m
Shortwave Radiation Flux (W/m2) -O9m
Maximum Temperature (*C) -11m
Shortwave Radiation Flux (W/m2) -6m
Specific Humidity (kg/kg)

Preliminary Results
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Chlorophyll-a (ug/l)

FLORIDA STATE UNIVERSITY Preliminary Results

16 - ,
Observed iPredlcted_ Historical === Historical Trend (Slope: 1.50e-04)
14 - | ——— Mean SSP126 === SSP126 Trend (Slope: 3.44e-05)
15 : Mean SSP245 === SSP245 Trend (Slope: 2.31e-05)
! —— Mean SSP585 === SSP585 Trend (Slope: 1.69e-05)
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The observed trend has a steeper slope compared to the predicted SSPs,
suggesting that future scenarios (SSP126, SSP245, and SSP585) may

have slower trends compared to historical data.
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Thanks for your listening and
suggestions!
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