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Meet Lake George



Meet Lake George

DFWI

We are here



Meet Lake George

Oligotrophic

50 km long, 2 km wide

18 m depth on average
58 m max depth



A step back in time to 1922



Fast forward to the 70s



Phytoplankton in Lake George A history

1972- 1973: Diatoms are most abundant throughout the season

Cyanobacteria are a relatively small part of the community

data from Howard 1973



A community shift in the 70s



1997: Diatoms bloom in spring, Cyanobacteria dominate in fall

April July Nov April July Nov

Cyanobacteria in Lake George

Deeper

Shallower

data from Danielsen 2000



What is a HAB?
Accumulation of 
cyanobacteria near 
the surface (usually)

HAB does 
not 

necessarily 
mean toxic

Definition not always clear



What conditions do habs l ik e?

Sunny

Warm

Low wind

Higher temperatures 
support cyanobacterial 
growth

Higher light triggers 
movement to the surface

Lower wind reduces 
mixing back into the water 
column



HABs in Lake George 2020

1

Fir st  conf ir med HABs in Lake Geor ge

November  7, 20202

Oct ober  23, 2020



HABs in Lake George 2020

We have continued to see at least 
one each year since

November 8, 2021

October 10, 2021
October 6, 2021November 9, 2021



HABs in Lake George 2022

North Huddle Bay

Basin Bay

Harris Bay

Photo by Steve Seaboyer.Dolichospermum lemmermanii

Light  st r eaking 
wit h many visible 
colonies

High colony densit y 
near shor e

Aer ial images 
show lar ge 
sur f ace 
aggr egat ions
10/ 29

1

2

3

These HAB event s 
ar e t ypically 
shor t - lived



What was going on in the 
lake t he HAB 

was ?



HABs in Lake George 2022

Vertical profiler 
data from Harris 
Bay



HABs in Lake George 2022

Lake fully mixes
Vertical profiler 
data from Harris 
Bay



HABs in Lake George 2022

Ephemeral stratification
Vertical profiler 
data from Harris 
Bay



HABs in Lake George 2022

Ephemeral 
stratification is 
associated with 
periods of 
elevated air 
temperature and 
low wind speed



HABs in Lake George 2022

3 HAB events 
observed during 
these periods of 
ephemeral 
stratification



What conditions do habs l ik e?

Sunny

Warm

Low wind



A measure of stratification strength

Ephemeral stratificationSchmidt stability

How much energy does 
it take to fully mix 
the water column

Declines in the fall, 
but increases during 
periods of ephemeral 
stratification



Schmidt stability across 3 HAB events

10/21 11/21 10/22

Based on vertical profilers at Tea Island



Summer blooms look different

There may be 
different drivers 
of summer vs fall  
HAB events

July 2021



Understanding the  
of  

r equir es sampling in 

 near  t he shor e



A framework for forecasting

1D lake 
models

Weather 
trends

Schmidt 
Stability 

trend

VP Temp 
Data

NOAA 
Forecast

Estimated conditions for 
HAB occurrence



A framework for forecasting

1D lake 
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Weather 
trends
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VP Temp 
Data

NOAA 
Forecast

Estimated conditions for 
HAB occurrence



Ensemble of 30 
f or ecast s

35- day t ime hor izon

NOAA GEFS Global Ensemble Forecasting System



NOAA forecast vs Observed weather
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NOAA forecast vs Observed weather

Forecast from 2 weeks ago

Vertical profiler

Cedar Lane

Glenburnie

Pilot Knob

W
eather 

stations



Modelling lake water temperature



LakeEnsemblR – 1D lake modelling

Modelling lake water temperature



A model for Lake George

Used 3 years of vertical 
profiler data to calibrate 
model ensemble

RMSE = 1.25°C f or  ensemble 
mean 



 models 
ar e  t o r un, 
comput at ionally 

, and of f er  a 
 t ime- hor izon t han 

mor e complex models



Forecast for October 2022
October 25th 
HAB event



Forecast for October 2022
October 25th 
HAB event



Forecast for October 2022



In  we t est ed t he 
 of  t he 

f or ecast



Forecasting in 2023 Changing predictions over time

8/31

Model “nowcast”
HABs

Observations 
from VP



Forecasting in 2023 Changing predictions over time
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Ensemble 
forecast
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Forecasting in 2023 Changing predictions over time
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Forecasting in 2023 Changing predictions over time

8/31

Observations 
from VP

Model “nowcast”

Ensemble 
forecast

HABs



Forecasting in 2023 Changing predictions over time

9/2



Forecasting in 2023 Changing predictions over time

9/5



Forecasting in 2023 Changing predictions over time

9/8



Forecasting in 2023 Changing predictions over time

9/12



Forecasting in 2023 Changing predictions over time

9/14



Forecasting in 2023 Changing predictions over time

9/17



Forecasting in 2023 Changing predictions over time

9/19



Forecasting in 2023 Changing predictions over time

9/24



Forecasting in 2023 Changing predictions over time

9/24



Forecasting in 2023 Changing predictions over time

9/26



Forecasting in 2023 Changing predictions over time

9/28



Forecasting in 2023 Changing predictions over time

10/1



Forecasting in 2023 Changing predictions over time

10/3



Forecasting in 2023 Changing predictions over time

10/5



Forecasting in 2023 Changing predictions over time

10/8



Forecasting in 2023 Changing predictions over time

10/12



Forecasting in 2023 Changing predictions over time

10/15



Forecasting in 2023 Changing predictions over time

10/17



Forecasting in 2023 Changing predictions over time

10/20



Forecasting in 2023 Changing predictions over time

10/22



Forecasting in 2023 Changing predictions over time

10/24



Forecasting in 2023 Changing predictions over time

10/25



Forecasting in 2023 Changing predictions over time

11/1



Forecasting in 2023 Changing predictions over time

11/5



Forecasting in 2023 Changing predictions over time

11/8



Forecasting in 2023 Changing predictions over time

11/11



Forecasting in 2023 Changing predictions over time

11/16



Forecasting in 2023 Changing predictions over time

11/19



Forecasting in 2023 Changing predictions over time



A framework for forecasting

1D lake 
models

Weather 
trends

Schmidt 
Stability 

trend

VP Temp 
Data

NOAA 
Forecast

Estimated conditions for 
HAB occurrence

HAB risk

Qualitative 
prediction



Improving forecasts
Incorporating ultra high frequency sensor data

1D lake 
models

UHF plots

Weather 
trends

Schmidt 
Stability trend

VP 
Chl/BGA

VP Temp 
Data

NOAA 
Forecast

Estimated conditions for 
HAB occurrence

HAB risk

Qualitative 
prediction

What  ar e t he phyt oplankt on doing?



Improving forecasts
Incorporating ultra high frequency sensor data

1D lake 
models

UHF plots

Weather 
trends

Schmidt 
Stability trend

VP 
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Improving forecasts
Integrating high- resolution models to predict spatial variation in risk

1D lake 
models

UHF plots

Weather 
trends

Schmidt 
Stability trend

VP 
Chl/BGA

VP Temp 
Data

NOAA 
Forecast

Estimated conditions for 
HAB occurrence

IBM 
models

Ident if ying wher e t o look



What can we do with this information?

Adaptive sampling

More eyes on the lake

Targeted periods of intensive sampling 
prior to bloom events

Telling people when to be on the lookout 
can help improve model accuracy



Beyond Lake George

Re- stratification is associated with 
blooms in other lakes



Thank you!

Any quest io ns?
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