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Surface Water Temperature in the Laurentian Great Lakes 

Jay Austin and Reza Valipour “State of the Great Lakes 2022 Technical Report”
https://binational.net/

The Great Lakes are the largest group of freshwater lakes on 
Earth, containing ~20% of the world's surface freshwater by 
volume of which only a small portion is renewable.

Jay Austin and Reza Valipour “State of the Great Lakes 2022 Technical Report”
https://binational.net/

Surface Water Temperature in the Laurentian Great Lakes 
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Jay Austin and Reza Valipour “State of the Great Lakes 2022 Technical Report”
https://binational.net/

An overall assessment is challenging given that the lakes’ surface water 
temperature responses to changes in meteorological forcing and inflows (i.e., rivers 
and groundwaters) are geographically different. 

Based on the buoy observations, the upper Great Lakes (Superior, Michigan, 
Huron) show consistent trends towards higher temperatures over the last 30 years 
and will be classified as “Increasing,” with an average trend of ~0.06°C yr-1. 

In the lower Great Lakes (Erie and Ontario), the rate of temperature increases on 
average was much slower at ~ 0.03°C yr-1. Lake Erie’s positive trend was spatially 
variable, ranging from ~0.02°C yr-1 in the west basin to ~0.05°C yr-1 in the central 
and eastern basins, with fewer data available. Lake Ontario, while displaying 
positive trends at two eastern sites (0.05°C yr-1 and 0.09°C yr-1), has significantly 
fewer data available, with less than 20 years.  

Designation Location Trend ± 1 S.E., °C yr-1 Correlation coeff. r Start of years 
operational

45006 W. Superior 0.05 ± 0.03 0.30 1981
45001 C. Superior 0.07 ± 0.04 0.28 1979
45004 E. Superior 0.07 ± 0.04 0.25 1980
45002 N. Michigan 0.06 ± 0.02 0.41 1980
45007 S. Michigan 0.05 ± 0.02 0.39 1981
45003 N. Huron 0.06 ± 0.02 0.41 1980
45008 S. Huron 0.06 ± 0.02 0.45 1982
45005 W. Erie 0.02 ± 0.01 0.25 1980
45132 C. Erie 0.05 ± 0.02 0.43 1994
45142 E. Erie 0.04 ± 0.02 0.38 1994
45159 W. Ontario (-0.04 ± 0.10) -0.14 2002
45012 E. Ontario 0.05 ± 0.04 0.28 2002
45135 E. Ontario 0.09 ± 0.03 0.64 1990

Summary

Lake Erie 2015, Johann (Hans) Biberhofer

Cyanobacteria in Lake Erie

MEdium Resolution Imaging Spectrometer (MERIS) images 
of Lake Erie showing the spectral shape at 681 nm in 2009, 
by R. P. Stumpf at NOAA

https://greatlakes.org/



2022-11-24

4

Ecological response of Lake of the Woods to climate change

Hydrodynamics 

Biogeochemical Driver Transformations
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Internal Loading: Both resuspension/deposition and diffusive fluxes are calculated within the model - initial conditions are provided from observations 

ECCC Lake of the Woods integrated modelling framework for multiyear simulations and climate change scenarios using AEM3D
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ECCC Lake of the Woods integrated modelling framework for multiyear simulations and climate change scenarios using AEM3D

Fong, P., McCrimmon, C., Valipour, R., Shrestha, R.R., Liu, Y., Rao, Y.R., 2022. Modelling streamflow and 
phosphorus fluxes in the Lake of the Woods watershed. Journal of Great Lakes Research. 
https://doi.org/10.1016/j.jglr.2022.11.001

Brunet, D., Valipour, R., Rao, Y.R., 2022. Wind variability over a large lake with 
complex topography: Lake of the Woods. Journal of Great Lakes Research. 
https://doi.org/10.1016/j.jglr.2022.08.019

ECCC Lake of the Woods integrated modelling framework for multiyear simulations and climate change scenarios using AEM3D

Valipour, R., Fong, P., McCrimmon, C., Zhao, J., Van Stempvoort, D.R., Rao, Y.R., 2022. 
Hydrodynamics of a large lake with complex geometry and topography: Lake of the Woods. 
Journal of Great Lakes Research. https://doi.org/10.1016/j.jglr.2022.09.009

Brunet, D., Valipour, R., Rao, Y.R., 2022. Wind variability over a large lake with 
complex topography: Lake of the Woods. Journal of Great Lakes Research. 
https://doi.org/10.1016/j.jglr.2022.08.019
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Year-round observations

• Total ICE thickness can reach to ~60cm in the 
Big Traverse  

a

b

c

d

e

(preliminary results)

• In the water, under ICE surface and mid-depth 
temperature remain ~0 while the bottom 
temperature is warmer

• Under ICE kinetic energy is considerably low 
compared to ICE free periods with absolute 
velocities of ~0.01 m/s

• During ICE presence, Tchl-a and DO timeseries 
reach to a minimum – i.e., ICE prevent 
atmospheric-water exchanges (DO supply) and 
minimize light penetration into water   

Ecological response of Lake of the Woods to climate change

• Snow, white ICE and blue ICE 
absorb/reflect solar radiation and 
reduce light penetrations into water 
column 

a
b

b

c

d

Rogers et al (1995)

Multiyear modelling (2016-2018)
(preliminary results)

Photosynthetically Active Radiation (PAR) is the amount of light available for 
photosynthesis



2022-11-24

7

• Model results suggest that during the late fall and winter periods, light and 
temperature co-limit the Cyanobacteria (CYANO) growth

Multiyear modelling (2016-2018)
(preliminary results)

Phosphorus (P) and Nitrogen (N)

Multiyear modelling (2016-2018)
(preliminary results)

a
b

b

c
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Climate sensitivity analysis: multiyear modelling (2016-2018)

• A series of sensitivity analysis was 
conducted to assess the lake ecological 
responses to potential changes in climate 
forcing

(preliminary results)

a
b

b

c

• In response to 10% increases in air 
temperature and short/long wave solar 
radiations (no change in snow/rain 
precipitations): 

 Modeled max CYANO occurs earlier in a 
season with a higher intensity due to temporal 
shifts in optimum temperature for growth

 Modeled ICE thickness are reduced , and the 
duration of ICE presence is shortened due to 
changes in snow melting, and imbalances 
between the heat flux from ice to water and 
the heat flux from water to the ice

Climate sensitivity analysis: multiyear modelling (2016-2018)

• Model is less sensitive to changes in wind 
speeds

(preliminary results)

a

b

c
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• Future climate projections of  daily temperature and precipitation

 CanESM2 (CCCma) – statistically downscaled GCM data from CMIP5 using Bias 
Corrected Constructed Analogs V2

 CRCM5 (UQAM) – coupled to NEMO ocean model and driven by CanESM2

• Both climate models under RCP8.5 scenario – high greenhouse gas emissions

• Three years near end of century: 2095 (wet year), 2096 (dry), 2097 (normal) 

• 2080-2100 averages compared to 1998-2018

 temperatures: ~ +6.3 °C (CanESM2) and +9.1 °C (CRCM5-NEMO) higher

monthly precipitation: < 1 mm (CanESM2) and +6.8 mm (CRCM5-NEMO) 
greater 

Lines are 2080-2100 avg precip

Climate scenarios
(preliminary results)

CanESM2 CRCM5-
NEMO

Temp. +6.7 °C +9.6 °C

Precip. +14.4% +26.5%

Snowfall +1.8% -5.5%

Future 2095-2097 compared to current 2016-2018

Dashed lines and error bars are min 
& max

Climate scenarios
(preliminary results)



2022-11-24

10

CanESM2 CRCM5-
NEMO

Flow -6.6% +13.6%

TP -14.7% +29.4%

TN -3.7% +4.7%

Future 2095-2097 compared to current 2016-2018
for Rainy RiverClimate scenarios

(preliminary results)

Total Phosphorus (TP) and Total Nitrogen (TN)

(2095-2097 avg)

Climate scenarios
(preliminary results)
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CanESM2 CRCM5-
NEMO

Flow -6.6% +13.6%

TP -14.7% +29.4%

TN -3.7% +4.7%

Future 2095-2097 compared to current 2016-2018
for Rainy River

CanESM2 CRCM5-
NEMO

Temp. +6.7 °C +9.6 °C

Precip. +14.4% +26.5%

Snowfall +1.8% -5.5%

Future 2095-2097 compared to current 2016-2018

• The optimum temperature for 
CYANO growth is projected to occur 
twice in a year 

Climate scenarios
(preliminary results)

a

b

c

CanESM2 CRCM5-
NEMO

Flow -6.6% +13.6%

TP -14.7% +29.4%

TN -3.7% +4.7%

Future 2095-2097 compared to current 2016-2018
for Rainy River

CanESM2 CRCM5-
NEMO

Temp. +6.7 °C +9.6 °C

Precip. +14.4% +26.5%

Snowfall +1.8% -5.5%

Future 2095-2097 compared to current 2016-2018

• The optimum temperature for 
CYANO growth is projected to 
remain for a longer period - causing 
more CYANO concentrations in the 
water for a longer period of time

Climate scenarios
(preliminary results)

a

b

c
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Summary

Mooring-based observations show that ICE limits atmospheric exchanges and solar radiation penetration to the lake. 

Model suggests that light and temperature co-limit CYANO growth during winter periods.

Model results on climate change and metrological sensitivity analysis suggest that without TP load reductions, the lake 
CYANO response is more sensitive to warming. 

Uncertainties in climate forcing need to be further assessed using an ensemble of other climate projections.  Our 
preliminary model results based on CanESM2 and CRCM5-NEMO suggest the risk of climate change and expected 
impacts by the end of the century, but more analysis is needed.

Our preliminary modeling results are consistent with recent studies (Titze, 2016; Anderson et al., 2021) suggest a strong 
but unsurprising link between average winter air temperatures and the amount of ice cover, suggesting a series of causal 
linkages (winter air temperatures  winter ice cover/heat content  onset of stratification  summer water temperatures) 
which may prove to be a useful predictive tool for resource managers.

Acknowledgements
Jay Austin, Large Lakes Observatory, University of Minnesota 
Duluth, Minnesota, USA



2022-11-24

13

Ecological response of large lakes to climate change: outcomes from observations and the 
application of a coupled watershed-lake model

Reza Valipour
Reza.Valipour@ec.gc.ca

contributors: Dominique Brunet, Phil Fong, Rajesh Shrestha, Jun Zhao, Craig McCrimmon

Science and Technology, Environment and Climate Change Canada

Canadian Meteorological and Oceanographic Society (CMOS) via Zoom, Nov 23 2022


