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Introduction 

• Project Background: Water Use Optimization Toolset 

• Uncertainty = Risk, DRisk = Regret 

• Example Application 

• Conclusions 

 

QUESTION: 
For hydroelectric power operators and managers, 
which trace from an ensemble of n future predictions 
provides the least amount of risk to the system? 
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Background: Water Use Optimization Toolset 
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Uncertainty = Risk, DRisk = Regret 

Uncertainty changes the ‘tail’ of risk 
Probability Distributions with 

constant modes and consequence 
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Risk = Probability x Consequence 
 
Regret is the difference in risk of assuming one possible 
future and realizing another 



Example Application 
• One Reservoir System 

• One River Reach 

• One Env. Assessment Point 
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Example Application 

• April thru September 
– 183 days 

– 6-hr timestep (732 timesteps) 

• Operations Based on Rule Curve 
– 28 day average inflow forecast 

– 28 day elevation target 

– Adjustments for: 
• Exceeding rule curve 

• Meeting minimum flow requirement (375 cfs) 

• Environmental Score 
– Minimize June-Aug average maximum daily temp 

– Minimize stage changes > 1ft/day 

– Relative to base case scenario 

• Base Case Inflow = Ensemble Arithmetic Mean 



Base Case Optimization 

• 2500 
simulations 

• Pareto Front 
defines line of 
tradeoff 

• Base Case is 
default 
operations 
before 
optimization 

• 24-hr Release 
– BC = 1366 AF 

– Opt = 1350 AF 

 



• Convert flow volumes to 
cumulative distribution 
function 

• Optimize each instance 

• Calculate risk as a function of 
probability and consequence 

Using Ensemble Forecasts 



Using Ensemble Forecasts 

• Revenue is monotonic w.r.t. 
inflow volume 

• Environmental performance 
is more complex 



Risk and Regret 
• Risk 

– Given an ensemble of ‘n’ forecasts, what is the risk of assuming 
forecast ‘j’ and realizing forecast ‘i’? 

– We want to minimize regret when we are wrong 

Time 

In
fl

o
w

 V
o

lu
m

e 
Fo

re
ca

st
 

D
ay

 A
h

e
ad

 

Se
as

o
n

al
 

Mean Prediction 

Bound short-term 
operations to 
maximize chance of 
optimal long-term 
performance 

Hydrologic Forecasting 
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Calculating Risk / Regret 
• Risk 

– Given an ensemble of ‘n’ forecasts, what is the risk of assuming 
forecast ‘j’ and realizing forecast ‘i’? 

– We want to minimize regret when we are wrong 

𝑅𝑗 = 𝑅𝑖𝑗
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𝐶𝑖𝑗 =
𝑚𝑎𝑥 0,𝑅𝑒𝑣𝑖 − 𝑅𝑒𝑣𝑗
𝑅𝑒𝑣𝑚𝑎𝑥 − 𝑅𝑒𝑣𝑚𝑖𝑛

+
𝑚𝑎𝑥 0, 𝐼𝑅𝐹𝑖 − 𝐼𝑅𝐹𝑗
𝐼𝑅𝐹𝑚𝑎𝑥 − 𝐼𝑅𝐹𝑚𝑖𝑛
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∆𝑃𝑖𝑗 = 𝑃𝑖 − 𝑃𝑗  

Revmax – Revmin = $122.80 mil 

IRFmax – IRFmin = 0.781 

Instance ‘j’ = 35 
Revj = $133.16 mil 

IRFj = 0.451 
Probj = 0.686 

Instance ‘i’ = 32 
Revi = $131.71 mil 

IRFi = 0.506 
Probi = 0.627 

max(0,Revi – Revj) = 0 
max(0,IRFi – IRFj) = 0.055 
C32,35 = 0.035 
DP32,35 = 0.059 
R32,35 = 0.002 

Instance ‘i’ = 42 
Revi = $144.77 mil 
IRFi = 0.299 
Probi = 0.823 

max(0,Revi – Revj) = $11.61 mil 
max(0,IRFi – IRFj) = 0.0 
C42,35 = 0.047 
DP42,35 = 0.137 
R42,35 = 0.006 

Instance ‘i’ = 22 
Revi = $117.43 mil 

IRFi = 0.781 
Probi = 0.431 

max(0,Revi – Revj) = 0 
max(0,IRFi – IRFj) = 0.330 
C22,35 = 0.211 
DP22,35 = 0.255 
R22,35 = 0.054 



Minimum Risk / Regret 



Short-term Implications 

24-hr Outflows 
- BC = 1366 AF 
- Opt. = 1350 AF 
- Min. Risk = 1283 AF 



Conclusions 

• Risk is the product of the probability of an event occurring and 
the consequence of that event 

• Regret is the difference in risk between assuming one possible 
future and realizing another 

• Minimizing regret means minimizing our exposure to 
consequence/loss when we are wrong 

• Using a mean of an ensemble does not include the impact of 
uncertainty – it misses the ‘tail events’ 

 


