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Net Power

CVP Generation

Project UsePower used for 

Water Pumping

Power Generated

Marketable Power

for Customers

Net Power = CVP Generation – Project Use

Compounded Volatility
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Case 3:  Below Average Net Power
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    Less Power = Spot Market



Energy spot prices are extremely volatile

WHY HEDGE?

Energy spot prices are extremely volatile



Forward Contract

• A bilateral agreement to buy/sell a commodity at a future date 

(maturity) for a predetermined price

HEDGING TOOLS

• Payoff is the difference between the spot price at maturity and the 

forward price locked in

Payoff = Spot Price – Forward Price 
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Delivery Months (Forward Prices Quoted in September)
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Volatile energy prices expose utilities to financial risk

       Hedging  =  Trading uncertainty with predictability
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Using CALFEWS to make hedging decisions



• The California Food-Energy-Water System 

(CALFEWS) is a rules based open-

source simulation model. 

• It incorporates consideration of 
• Flood risk and flood pools

• Environmental releases 

• Downstream demands 

• It is also the only daily timestep model. 

CALFEWS
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CVP Hydropower Generation Model Validation
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California Nevada River Forecast Center

• CNRFC  NOAA

• Daily ensemble streamflow forecasts

• Daily FNF at multiple locations

12 Months

CNRFC Forecasts CALFEWS Power Forecasts

12 Months



Using CNRFC Forecasts in CALFEWS 
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Using CNRFC Forecasts in CALFEWS



Using CNRFC Forecasts in CALFEWS 



Using CNRFC Forecasts in CALFEWS

What’s the value of a perfect forecast?



Net Power Forecast

Settlement 

month?No Yes

Determine 

Hedge Ratio

Open Position

Update Position

Settle Exposure 

at SpotTotal Cost = 

Hedged + Spot x Unhedged

Open Position x Hedge Ratio 

x Forward Price

Months to Delivery

Price Attractiveness

Demand – Power Forecast



Scenarios Input Hydrologic Forecasts Power Purchase

Scenario 1 All Spot

Scenario 2 Perfect Net Power

Scenario 3 Historical Median Inflows Hedging + Spot

Scenario 4 Historical Observed Inflows Hedging + Spot
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All Spot

Procurement Costs

$56M



All Spot

Climatological Median

Procurement Costs

$32M

All Spot

Perfect Net Power

$56MHedging reduces variance by 42%
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Climatological Median

Procurement Costs

All Spot

Perfect Net Power

Historical Median Inflows
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Procurement Costs
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Perfect Net Power
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Value of Perfect Hydrologic Forecast Information

Historical Observed Inflows – Historical Median



Key Takeaways

Power ForecastsInflow forecasts Hedge

30% tail risk reduction



Key Takeaways

Power ForecastsInflow forecasts

Willingness to pay?

~6% reduction in 

procurement costs

$8M over 5 years

Hedge

30% tail risk reduction
CALFEWS



Thank You!

• IRMII

• Collaborators

• Industry Partners

Contact Info:

ahmedh@unc.edu





Navy Slide with White UNC 

Logo



Forwards vs Futures

Forwards Futures

• Customized contracts

• Trade over the counter

• Settled at maturity  

• Physical settlement

• Standardized contracts

• Trade on exchanges

• Marked-to-market

• Cash settlement



• Energy spot prices are extremely volatile

WHY HEDGE?



Simulation model – South-of-delta storage validation



Simulation model – South-of-delta storage validation



Project USE

CVP Generation

• WAPA is a power marketing agency that 

markets power generated from federal dams

• WAPA power customers pay a near fixed 

cost for a variable power supply

• This hydropower is attractive due to
• Cost-based model

• Low marginal cost of hydropower

• However, allocations are percentage based, 

rather than MWh based
• They are not guaranteed supply, just a 

portion of the excess if it exists

Western Area Power Administration



Trinity River Diversions

OPERATIONAL/REGULATORY CHANGES



Base Resource

OPERATIONAL/REGULATORY CHANGES
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CVP Generation 

OPERATIONAL/REGULATORY CHANGES



Project USE

CVP Generation

• Power Revenue Requirement

• Revenue required to recover annual 

expenses, including:

• Operation & Maintenance (O&M)

• Capital repayment

• Administrative fees

• Power purchased for Project Use

• Customers pay based on PRR, not based on 

power delivered

• Cost is near fixed, but $/MWh delivered 

increases with volatility

Rate Mechanism
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