




ELCOM-
CAEDYM 

Physical Parameters 
• Depth 
• Bathymetry 
• Landscape 

Hydrology  

Meteorology 
• Temperature 
• Solar Radiation 
• Wind Speed and 

Direction 

Biology & Chemistry 
• Nutrients 
• Phytoplankton 
• Zooplankton 
• Fish 

Ecology 
• Trophic 

Interactions 
• Behavior 

A picture of Flathead Lake 





 3 dimensional hydrodynamic model 

 Models internal currents, mixing, and 

movement of energy and matter 

 Inputs: 

o Bathymetry and morphology 

o River discharge and loading 

o meteorological data 

 In other words: Perfect for studying                

   Climate Change 

 





Air Temperature Wind Speed 

Solar Radiation Relative Humidity 



Magnuson et al, 1997; O’Reilly et al, 2003; 

Livingstone 2003 





r2 = 0.97 

rho = 0.98 

Intercept= -0.7 



Water Temperature throughout 

Flathead Lake 



Multivariate Adaptive 

Constructed Analogs (MACA) 

Statistical Downscaling Method 

 

2 Future Projection scenarios 

 

RCP 4.5  (optimistic) 

& 

RCP 8.5  (dire) 

 

All meteorological variables 

necessary for ELCOM 

 

Used mean value of 20 climate 

projection models  from Coupled 

Model Inter-Comparison Project  

(CMIP5) to project 2012 forward 

through 2100 



Riverscape Analysis Project’s (RAP) 

Extraction toolkit projected 

phenology of the Flathead and Swan 

Rivers for 2020, 2040 & 2080 



Time  2012 through 2096 
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2020 2056 2092 
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Optimistic 

DIRE 



Optimistic 

DIRE 



Optimistic 

DIRE 



Optimistic 

DIRE 



Optimistic 

DIRE 





 Significant increase in epilimnion temperatures but no 

overall increase in mean temperature of the lake (weighted 

or unweighted ) 

 Significant decrease  of thermocline depth  

 Increase in Schmidt Stability and Thermal Mass  

o Longer period of stratification (Nutrients) 

 Decreased habitat for Lake Trout and Mysis, however 

relative to total habitat available only about 5% 

 Thermal Refugia for riverine species immigrating from high 

elevation stream systems?? 
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Cladocerans

Copepods

Nauplii

Rotifers

May 2012 



NO3 loading has been increasing in Flathead Lake 
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Models allow us to conduct impossible experiments: 

  Examine implications of invasions or community 

 manipulations without potential damage to systems 

   Determine what effect changes in nutrient loading will 

 have on water quality 

• Magnitude 

• Hydrology 

• Stochastic/ catastrophic events 

   Assess how 100 years of  warming and drying climate 

 will effect the thermal and physical dynamics of 

 Flathead Lake 




