
Lake Superior’s John Hancock: 

The Great Lakes have a large impact on regional climate, yet their carbon cycles are under‐studied. This invesAgaAon aBempts to 
determine whether  the atmosphere can depict a carbon signature  from Lake Superior and further, whether  it can be used to 
calculate accurate fluxes from the lake. ParAcle influences on the tower are resolved from an atmospheric transport model and 
parAcles that have traveled over Lake Superior are idenAfied. Lake fluxes extracted from a novel coupled 3D lake ecosystem and 
circulaAon model are applied to the transport model and the expected CO2 measurements at the tall tower are calculated and 
compared. Seasonal paBerns of lake fluxes are evident in the atmospheric observaAons, however, further research is needed to 
idenAfy the accuracy of the methodology. 

•  Great Lakes carbon cycle uncertainty, confirmed by: 
•  Urban, et al. in situ measurements 
•  McKinley, et al. model calculaAons 
•  AAlla, et al. EPA pCO2 evaluaAon 

•  Useful tall tower network, but largely ignores large lakes 
•  Gerbig, et al. regional‐ scale constraint of fluxes 
•  Desai, et al. terrestrial CO2 fluxes in upper midwest 

•  Obtained STILT inverse model (see conceptual model) outputs with parAcles released from WLEF 
•  InvesAgated annual influences on WLEF tower 
•  Computed transit Ames from parAcle data to evaluate flux influence from L. Superior on a 60x30 10‐km grid 

•  ParAcle trajectories and annual accumulaAon of parAcles released backward reveal Lake Superior, especially the western arm, 
does have an influence on WLEF 

•  Modeled  lake fluxes are small and  thus  induce a small  influence at  the  tower; model does not yet  include riverine  inputs.  
Increasing the flux by an order of magnitude would induce up to a 2ppm hourly influence on the WLEF tower. 

1.  CO2 fluxes from the lake impact CO2 concentraAons at the WLEF tower 
2.  Inverse modeling suggests the WLEF tower is influenced by Lake Superior 
3.  Small fluxes from the model induce a relaAvely small influence on the tower using inverse modeling 
•  ABempt to implement addiAonal towers, such as Fraserdale, north of L. Superior 
•  ABempt top‐down constraint on lake flux using an algorithm such as: 

([C at WLEF] = [Farfield C] + [influence of land] * [flux of land] + [influence of lake] * [flux of lake]) 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Figure 4.  a) ParAcle trajectories as released from WLEF on 26 March 2004 using the STILT model.  Darker colors indicate more 
recently released. b) Total annual influence (m2s / mol) of parAcles on the WLEF. 

Figure 2. CO2 concentraAons from the 396‐m level of the WLEF.  a) Open (closed) circles represent periods when wind was 
blowing over the land (Lake Superior).  b) ConcentraAons divided into four wind direcAon bins.  The blue line indicates winds 

approaching the tower from the north, where Lake Superior is located.   

Figure 3. TradiAonal inverse modeling conceptual model.  CO2 concentraAons are measured at two sampling locaAons. Changes 
in CO2 among the two samples provide informaAon about sources and sinks between the locaAons. 

Figure 5. a) Hourly flux of CO2 at the surface of Lake Superior, according to the UW Lake Superior dynamic‐ecosystem model.   
b) Influence of Lake Superior on WLEF tall tower, according to modeled lake fluxes and STILT influence funcAons. 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Figure 1. The WLEF 447‐m tall tower a) viewed from afar,  b) located 14 km east of Park Falls, WI in the Chequamagon NaAonal 
Forest, as indicated by the blue star.  CO2 is measured conAnuously at 396 m and periodically at a total of six heights. 

Unique Atmospheric Signature in 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CO2 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•  Lake Superior impact on WLEF tall (447 m) tower 
•  Discernable signal from L. Superior 
•  Former wind direcAon approach inadequate 

•  Transport models now able to resolve flow   
•  High‐res WRF model applied to STILT parAcle model to 

project air masses arriving at WLEF tall tower 
•  Michalak, et al. small scale surface flux esAmaAons 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