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River Assessment for Forecasting 
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Support Tool (DST) 
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Outline 

Decision Support Tool (DST) 
• Transparency and accessibility 

  
River 

• RAFT model 
• Temperature landscape 

 
Reservoir 

• CE-Qual-W2 
 
DST improvements in 2016 
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Decision Support Tool 
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Coupled Physical Models 
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1. What additional calibration and 
validation is recommended for the 
RAFT model? 
 

2. Keswick “river-reservoir” model. 
Recommendations on extending 
the RAFT model upstream or the 
CE-Qual-W2 model downstream? 
 

3. What addition information or 
capabilities should be added to the 
DST to improve its usefulness to 
management? 



RAFT 
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Boundary Conditions: 
Discharge temperature and flow from Keswick Dam 
Meteorological conditions 
Tributary inputs and withdrawals 
 
Heat Fluxes: 
Heat exchange at the air-water interface and at the streambed-water 
interface 
Heat inputs from lateral inflows (tributaries), and heat losses from water 
withdrawals 
 
Scale: 
1km reaches at 15 minutes time-step 
Keswick Dam to City of Sacramento 
 
Applications: 
7 day forecasts - National Digital Forecast Database (NDFD) 
25 years retrospective - North American Regional Reanalysis (NARR) 



RAFT Model Inputs (1990-2014) 
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Release Temperature 

Release Flow 

Air Temperature 

Relative Humidity 

Wind Speed 

Solar Radiation 

Dew Point 
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RAFT – Model Components 

Pike et al. 2013 
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Modeled vs. Observed Temperatures 2014 



RAFT - Error Variance 

9 Pike et al. 2013 



Temperature Landscape (1990-2014) 
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Daily Mean 
Min, Max, 7DADM 
Diel variation 
Flow 

Clear Creek 

Balls Ferry 

RBDD 
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56°F 
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Winter run redds 
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Long-Term Average Weather with 2013 Operations (Temperature and Flow) 
Long-Term Average Operations (Temperature and Flow) with 2015 Weather 

Long-Term Average 
Weather 
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Long-Term Average Weather with 2013 Operations (Temperature and Flow) 
Long-Term Average Operations (Temperature and Flow) with 2015 Weather 

Long-Term Average 
Operations 

Long-Term Average 
Weather 
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Juveniles at RBDD 
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Fall run redds 
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Long-Term Average Weather with 2013 Operations (Temperature and Flow) 
Long-Term Average Operations (Temperature and Flow) with 2015 Weather 

Long-Term 
Average Weather 
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Long-Term Average Weather with 2013 Operations (Temperature and Flow) 
Long-Term Average Operations (Temperature and Flow) with 2015 Weather 

Long-Term Average 
Operations 

Long-Term 
Average Weather 
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65°F 
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71°F 



31 



32 

Amount of Coldwater Habitat 

Balls Ferry 

Clear Creek 

Long-Term Average Weather with Actual Release Flow and Temperature (25 year mean) 
10-90th percentile 

Distance downstream with daily mean temperatures below 56°F 
(y-axis reversed) 

RBDD 
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Amount of Coldwater Habitat 

Balls Ferry 

Clear Creek 

Long-Term Average Weather with Actual Release Flow and Temperature (25 year mean) 
10-90th percentile 
Long-Term Average Release Conditions (temp and flow) with Actual Observed Weather (25 year mean) 
10-90th percentile 
 

Distance downstream with daily mean temperatures below 56°F 
(y-axis reversed) 

RBDD 
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Amount of Coldwater Habitat 

Balls Ferry 

Clear Creek 

Long-Term Average Weather with Actual Release Flow and Temperature (25 year mean) 
10-90th percentile 
Long-Term Average Release Conditions (temp and flow) with Actual Observed Weather (25 year mean) 
10-90th percentile 
2014 

Distance downstream with daily mean temperatures below 56°F 
(y-axis reversed) 

RBDD 
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Amount of Coldwater Habitat 

Balls Ferry 

Clear Creek 

Long-Term Average Weather with Actual Release Flow and Temperature (25 year mean) 
10-90th percentile 
Long-Term Average Release Conditions (temp and flow) with Actual Observed Weather (25 year mean) 
10-90th percentile 
2014 
2015 

Distance downstream with daily mean temperatures below 56°F 
(y-axis reversed) 

RBDD 



36 

Amount of Coldwater Habitat 

Balls Ferry 
Clear Creek 

Long-Term Average Weather with Actual Release Flow and Temperature (25 year mean) 
10-90th percentile 
Long-Term Average Release Conditions (temp and flow) with Actual Observed Weather (25 year mean) 
10-90th percentile 
2014 

Distance downstream with daily mean temperatures below 65°F 
(y-axis reversed) 

RBDD 

65°F 
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Tributary Inflow and Water Temperatures  
• Sacramento River 
• Pit River 
• McCloud River 
• Squaw Creek 
 
Gridded Meteorological Data  
• Air Temperature (°C)  
• Dewpoint Temperature (°C)  
• Wind Direction (phi radians)  
• Wind Speed (m/s)  
• Cloud Cover (0-10 = clear to cloudy)  
• Solar Radiation (W/m2)  
 
Reservoir Operations Data   
• Outflow 
• TCD operations 

Linking RAFT to CE-Qual-W2 



51 layers ranging from 
1.5m, 3.0m, 6.0m 
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~965 ft 
 
 
 
 
 
 
~782 ft 

Range of 
Elevations for TCD 

Structures 

1023’ 
 
 
 
 
 
921’ 
 
 
 
 
817’ 
 
 
 
 
718’ 
 
 

CE-Qual-W2 
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Mean Absolute Error = 3.2 feet (0.97 m) 

Model Water Surface Elevation Calculations 
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Model Cold Pool Calculations 

Observed values calculated from thermal profiles and  
elevation-storage curve  similar results to modeled values 

throughout the period 2000-2014  
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Distributed Temperature System (DTS) 



45 



Biological Models 
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1. Central Valley Chinook Live Cycle Model 
 

2. Dynamic Energy Budget models 
 

3. Egg mortality models 
 



Summary 
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RAFT model is accurate, comprehensive, and flexible 
 
Operations (release temperature and flow) have the greatest impact 
on downstream temperatures 
 
Coupled river-reservoir model is critical 
 
Future river temperatures will depend on proper management of 
reservoir temperature profiles 



Questions for Panel 
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1. What additional calibration and validation is recommended for 
the RAFT model? 
 

2. Coupling of the reservoir model with the river model requires 
modeling the intermediate 17km of the Keswick “river-
reservoir”. Does the panel recommend extension of the RAFT 
model upstream or the CE-Qual-W2 model downstream? 
 

3. What addition information or capabilities should be added to 
the DST to improve its usefulness to management? 

Thank you 
Work supported by grants from 

NASA and USBR 
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