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greatlakesliteracy.net 

Water Residence Times:  L. Superior ~ 174 yrs vs. L. Erie ~ 3 yrs 
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Challenge #1:  
Spatio-temporal variability 

CHL SeaWiFS (8.31.06) 
Mouw et al. 2013;  
Mouw et al. in prep 
 
 

1997 Modeled CO2 flux 

ug/L 
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Challenge #1:  
Spatio-temporal variability 

CHL SeaWiFS (8.31.06) 
Mouw et al. 2013;  
Mouw et al. in prep 
 
 

SAMI pCO2, 2001  (Atilla et al. 2011) 

Split Rock Lighthouse 

ug/L 
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Challenge #1:  
Spatio-temporal variability SAMI pCO2, 2001  (Atilla et al. 2011) 

Need to put 2x’s/year lake-
wide water quality 

measurements into context 
of temporal variability 

EPA Bi-Annual Monitoring 
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Challenge #2: Ice cover means no winter data 

NASA, 19 February 2014 
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Challenge #3: Carbonate System Data 

 
• Most pH data is electrode-based, with low precision 

•  Few observations of the full carbonate system 
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Challenge #4: Rapid Change: Invasive Species 

Sea Lamprey 

Quagga Mussels 

Fahnenstiel et al. 2010  
NOAA  
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Challenge #4: Rapid Change: Climate 

Desai et al. 2009, Austin and Colman 2007 
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Challenge #4: Rapid Change: Runoff / Climate  

Michalak et al. 2013  

Sept 3, 2011 
HAB 
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Input / Output only 

McKinley et al. 2011 
Urban et al. in prep 

5 Lake Total Efflux  
                ~ 0.1 TgC/yr 
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McKinley et al. 2011 
Urban et al. in prep 

Including terms for internal cycling 
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Lake Superior PP from 14C incubations 

Whole lake estimate    
  = 9.7 TgC/yr 

Sterner 2010 
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McKinley et al. 2011 
Urban et al. in prep 

5 Lake Total Efflux  
                ~ 2.0 TgC/yr 

Including terms for internal cycling 
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21 Cotner et al, 2004; Urban et al., 2005; Sterner 2010; McKinley et al. 2011; Bennington et al. 2012; Urban et al. in prep 

LAKE SUPERIOR 
CARBON BUDGET 
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Respiration from nearshore observations 

Urban et al. 2004, 2005 

HN Aug-Oct 1999 
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 Models estimate spatio-temporal variability 

MITgcm.Superior 
T (color), currents (vectors), 1 year loop 

 

Bennington et al. 2010  
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Ecosystem Validation: Nearshore Respiration 

Urban et al. 2004 
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Model indicates a factor of 10 variation in respiration (volumetric) 
 

Use model pattern to scale up data è 4.3 – 5.6 TgC/yr 

Bennington et al. 2012 
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LAKE SUPERIOR 
CARBON BUDGET 

Cotner et al, 2004; Urban et al., 2005; Sterner 2010; McKinley et al. 2011; Bennington et al. 2012; Urban et al. in prep 
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LAKE SUPERIOR 
CARBON BUDGET 

R   
4.3 – 5.6 

7.9-10.1 

Cotner et al, 2004; Urban et al., 2005; Sterner 2010; McKinley et al. 2011; Bennington et al. 2012; Urban et al. in prep 
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Carbon measurements currently underway 
Measurements PI  

L. Superior Underway pH on R/V Blue Heron 
 
14C Primary Productivity  
 
DIC, spectrophoto. pH (12 stn.) 
 
Eddy flux covariance (2 sites) 

Sterner (UMn-Duluth) 
 
Sterner (UMn-Duluth) 
 
Minor (UMn-Duluth) 

 
Blanken, Lenters, Spence, 
Froelich (UCB, LimnoTech, EC, NMU) 

L. Michigan Lake Express underway pCO2 Bootsma (UW-Milwaukee) 

L. Huron 

L. Erie Eddy flux covariance (1 site) 

CH4, CO2 fluxes (ship-based) 
 
Large multidisciplinary C-cycle study 

Chen (U. Toledo / MSU) 
 
Townsend-Small (U. Cincinnati) 
 
Xenopoulos (Trent Univ.) 

L. Ontario 

Also, Eddy flux covariance for physical properties at 7 sites, at least 1 per lake 
(Great Lakes Evaporation Network) 
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Satellite biogeochemistry for carbon cycling 

Shuchman et al. 2013; see also Mouw et al. 2013 

CHL and PP 
12 May 2008     
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Conclusions 

•  Laurentian Great Lakes Efflux ~ 0.1-2.0 TgC/yr 
•  Lakes Superior, Michigan, Huron likely sources 
•  Lakes Erie and Ontario likely sinks 

• Constraints needed, all lakes 
•  Lake-Air CO2 Flux 
•  Primary Production and Respiration 
•  Inputs and Burial 

• New datasets, satellite algorithms, and modeling offer 
promising opportunities to improve understanding  
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