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Motivation 

 Multiple models for McTier 

 Downscaled climate projections readily 
available 

 Conflicting climate projections for the SE 

 Scale issues with climate projections 

 Is there any useful information to be 
gained? 

 



Approach 
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Scale issues 

12 km grid 250 km grid 



GCM Models and Scenarios 

 Two GCM models 

 ECHO-G (Germany/Korea) 

 CCSM3 (NCAR – Community Climate System Model) 

 One emission scenario  

 A2 (business as usual) 

 Two periods for analysis 

 1980-2010 

 2040-2070 

 



Downscaling and Watershed Model 

 Statistical downscaling 

 Katherine Hayhoe’s data 

 Daily projections 

 Watershed model 

 TOPMODEL (TOPography-based hydrologic MODEL; Bleven and 
Kirkby, 1979; Wolock, 1993) 

 Monthly simulations 

 Load Model 

 TOPLOAD (Benedict and others, 2012) 
 Total Mercury (Hg) 

 Mass balance model 

 Monthly simulations 

 



Climate Projections 

Geo-Data Portal 

• Upload watershed 

shapefile 

• Select GCM, emission 

scenario, & parameter  

• Email notification 

Data .csv format 

URL: cida.usgs.gov 



Precipitation projections 

1980-2010 

2040-2070 

CCSM3 

projecting 

more rainfall 

than ECHO 



Temperature projections 
360-day average temperature and trends 

ECHO max 

ECHO min 

CCSM3 max 

CCSM3 min 

1980-2010 

2040-2070 CCSM3 – wetter 

and cooler 

ECHO – drier and 

warmer 



Flow and Load Model 
TOPMODEL and TOPLOAD 

TOPMODEL  

• variable source area 

model 

• Simulate surface 

and subsurface flow 

paths 

 

TOPLOAD  

• Assigns 

concentrations to 

flow paths 

• No Hg dynamics or 

watershed Hg 

dynamics 

 



Flow Simulations 
GCM data vs. measured conditions 

May 2007 – October 2009 



Climate Change Flow Projections 



Climate Change Flow Projections 



Temperature sensitivity 
CCSM3 



Temperature sensitivity  
ECHO 



A Look at Loads 

Overland flow:  

3.5 ng/l 

Infiltration excess:  

1.5 ng/l 

Subsurface flow:  

3.5 ng/l 

Return flow:  

3.5 ng/l 

Impervious flow:  

1.5 ng/l 

Riparian: 11.0 ng/l 

Predicted load 

TOPLOAD 

Concentrations for Total Hg 



Measured vs.  
Predicted Loads 

May 2007 – October 2009 
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R2 = 0.59 

ME = 33 mg/day 

RMSE = 169 mg/day 

Percent error = 9% 



Projected Total Hg Load 

1980 - 2010 2040 - 2070 



Cumulative Total Hg Load 



Flow Components 
Percent of Total Load 



CCSM3  
Monthly Durations -Total Load 



CCSM3  
Monthly Durations –Return Flow 



CCSM3  
Monthly Durations: Subsurface 



ECHO –  
Monthly Durations: Total Load 



ECHO –  
Monthly Durations: Return Flow 



ECHO  
Monthly Durations: Subsurface 



Summary 

 GCM conflicting precipitation projections 

 Consensus between GCMs on some 
seasonal Total Hg loads  

 Decreasing Winter and Spring load  

 GCM differ on Summer and Fall loads 

 CCSM3  - increase in loads 

 ECHO – decrease in loads 

 



Summary 

 Multiple models offers approach to 
constraining potential climate change 
projections effects 

 From this limited analysis, scale of McTier 
vs. GCM did not appear to be an issue 
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