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Hydrologic EnsembleHydrologic Ensemble

•Generated statistically

•Underlying frequency distributions 
are the same for each sequence

•Serial correlations are the same for 
each sequence.

•Eight (8) Members in the Ensemble
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Equally Likely Hydrologic Sequences
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Reservoir Operation ObjectiveReservoir Operation Objective

• Maximize Benefits 

• Considering all of the possible 
futures in the Ensemble Forecasts

• How much water should be 
released from storage?
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Ensemble Optimization Procedures Ensemble Optimization Procedures 
for Reservoir Managementfor Reservoir Management

1.1.OPTRISKOPTRISK

2.2.OPTSEQOPTSEQ

3.3.OPTNOWOPTNOW
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OPTRISKOPTRISK
Monte Carlo Simulation at each 

Mathematical Programming Iteration

OPTSEQOPTSEQ
Optimize Each Member of the Ensemble 

Individually

OPTNOWOPTNOW
Globally Optimize Over the Entire Ensemble
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PLANNING with EnsemblesPLANNING with Ensembles
OPTRISK:OPTRISK:

• Develop the optimum fixed plan of operation 
over the entire time horizon.

• Consider risks inherent in the ensemble

• Display the risks for following that plan.

• Used to make agreements for future 
deliveries of water and power.
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• Determine a single optimum decision.

• Consider all possible future outcomes.

• Display the optimum probability 
distributions of future decisions.

• Used to keep operations on the PLAN as 
new ensemble forecasts arrive.

OPERATING with EnsemblesOPERATING with Ensembles
OPTSEQ & OPTNOW: OPTSEQ & OPTNOW: 
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Optimized Equally Likely Water in Storage
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1.1.OPTRISK distributionsOPTRISK distributions
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1.1.OPTRISK SimulationsOPTRISK Simulations
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1.1.OPTRISKOPTRISK
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Optimized Plant Output NOW = 53.6
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Optimized Plant Output Eight Separate QLP's 

Average NOW=52.8
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Optimized Plant Output
Difference between two methods
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High and Low recommendations tend to cancel

Compare OPTSEQ and OPTNOWCompare OPTSEQ and OPTNOW
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Optimized Revenue Forecast 
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Cumulative Revenue
Eight Separate QLP's
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Cumulative Revenue
Optimized Plant Output NOW = 53.6
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Optimized Cumulative Revenue
Percentage Difference Between Two Methods
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Maximum Objective FunctionsMaximum Objective Functions
• OPTRISK = 94,361 

• average of 1000 values

• OPTSEQ = 100,956
• average of 8 values

• OPTNOW = 100,826
• single value
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ConclusionsConclusions

• All three methods have about the same 
value for the objective function

• All recommend about the same reservoir 
release at time NOW.

• OPTRISK ensemble = 1000 sequences

• OPTNOW/OPTSEQ ensemble = 8 sequences
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PLANNING with EnsemblesPLANNING with Ensembles
OPTRISK:OPTRISK:

• Develop the optimum fixed plan of operation 
over the entire time horizon.

• Consider risks inherent in the ensemble

• Display the risks for following that plan.

• Used to make agreements for future 
deliveries of water and power.
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• Determine a single optimum decision.

• Consider all possible future outcomes.

• Display the optimum probability 
distributions of future decisions.

• Used to keep operations on the PLAN as 
new ensemble forecasts arrive.

OPERATING with EnsemblesOPERATING with Ensembles
OPTSEQ & OPTNOW:OPTSEQ & OPTNOW:
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