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Background

NASA Earth Sciences – improve existing Decision 
Support System (DSS) – use of NASA data

CVP OCAP, BA, BO – water management decisions 
regarding anadromous fish

- Temperature models
- Fish mortality models

Increase the resolution of the existing water temperature 
and fish mortality models
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Our model selection

Increase the temporal and spatial resolution of the 
current water temperature models

Real-time simulations and predictions for water 
releases - distant compliance points

- water management decisions

CVP: model temperatures over large areas at relatively 
fine scales



Approach demonstrated by Bravo (1993)

• Hot water releases from a power plant

• Prediction of temperatures at compliance points 
downstream



State-Space Approach

Two separate multivariate time series are modeled

1. The state: evolves over time according to a state 
transition process that captures the important dynamics

2. The observations: which are typically made with error 
and evolve in parallel to the state 



State-Space Approach

1. The state: water temperatures and temperature 
gradients at 1km intervals along the river

Kalman filter

2. The observations: (forcing terms) water temperature at 
reservoir release points, water flow, climatological 
variables 

(adjusts and updates the estimates 
of the state model)



Kalman Filter

Optimal estimate of the state

Assimilation of the observational data

Provides the likelihood of the data
Allows for estimates of unknown parameters 
(if needed)



Model

One-dimensional model of heat dispersion: advection, 
diffusion, and environmental heat exchange

• Physically based
• One-dimensional
• Hourly / sub-hourly time step
• 1km / 500m spatial resolution
• No reservoir component – just as inputs
• All managed rivers in CVP



Dependent (state) variables

T (temperature)
TX (the spatial gradient of T)

Independent variables

Flow geometry
Flow velocities

Fluid characteristics
Diffusion coefficients

Meteorological variables
Geographic location

Time





1km grid data at
15 minutes intervals









NOAA Pacific Coast Ocean Observing System 
(PaCOOS)

“…operational data system to distribute stream 
temperature and fish mortality forecast products to 

fishery managers, water managers, and other 
potential users of the data”

Environmental Research Division, SWFSC





Timeline

Year 1 (2008): 
Develop first iteration of temperature model
Compile time series of high resolution climate data

Year 2 (2009): 
Develop prototype DSTs for PaCOOS
Validate and verify temperature model results 
Develop fish mortality models

Year 3 (2010): 
Verify and validate all model results
Finalize PaCOOS DSTs



Summary

• Existing mechanistic temperature models and applying 
them to the state-space form

• Assimilates high spatiotemporal resolution observational 
data

• Allows for accounting of uncertainty due to model 
assumptions and simplifications and errors in the model 
inputs and observations



Summary

• Allows for real-time simulations and predictions 
regarding distant compliance points

• Improved spatiotemporal temperature model 
outputs

- Improved fish mortality models

• Overall improvement in the DSTs for the OCAP
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