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 Decision Support and Planning

 What is ESP?

 System Overview

 Proof of Concept
◦ Models

◦ Methods

◦ Results

 Current Operational Use
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Water Resources Planning

 Collaborative planning is a planning 
process in which individuals, agencies, 
and organizations, often with widely 
varied interests, work together to share 
knowledge and resources, and achieve 
mutually beneficial goals and enduring 
solutions through structured, civil 
dialogue.

◦ When utilized effectively, collaboration can 
serve as an alternative dispute resolution 
process.

◦ Since water resources planning is almost 
always contentious these techniques often 
offer promising approaches

◦ Decision support systems can greatly add 
to collaborative planning
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 Ph.D. research focused on 
drought and water supply in 
Potomac

 Developed multi-objective 
optimization model 

(large scale linear program)

 Results indicated that the 16 
reservoirs proposed by the COE 
were not necessary

 No stakeholder involvement
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Things happening in 1979

• Margaret Thatcher elected Prime Minister

• Three Mile Island Accident

• VisiCalc becomes first spreadsheet program

• Sony Walkman introduced

• China starts 1 child program

• Little Collaborative Planning

Collaborative Planning

Collaborative
Planning
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 Developed an interactive 
simulation model to test impact 
of changing operations and 
create interest in our results

 Began to get stakeholder 
acceptance in the region

 Process was one of 10 Finalist in 
ASCE‟s Civil Engineering 
Achievement of the Year
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 NDS provided opportunity to test new planning 
approaches in case studies throughout the US and 
resulted in Shared Vision Planning/Modeling

 SVP is a disciplined planning approach that 
incorporates: 

◦ the best of traditional water resources planning, 

◦ structured public participation, and 

◦ the use of interactive computer modeling as an 

integrative tool.
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 Use a Decision Support System to encourage 
communication and collaborative decision 
making among hydropower schedulers, 
biologists, energy forecasters, and other 
managers.   

 Basic setting:
◦ Each week a number of individuals arrive at a 

consensus of how best to operate a hydropower 
system for the next 7 days. 
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 What is ESP?
◦ ESP uses the current hydrologic model states as initial 

conditions and drives the model using historical 
temperature and precipitation.  ESP produces a flow 
trace that corresponds to a particular year of historical 
weather.
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 What is ESP?
◦ ESP uses the current hydrologic model states as initial 

conditions and drives the model using historical 
temperature and precipitation.  ESP produces a flow 
trace that corresponds to a particular year of historical 
weather.

◦ We use this concept, and blend it with a deterministic 
forecast of rainfall and temperature for the next 7 days 
from NOAA, then revert to using historical data.

◦ We have over 45 years of historical data.
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Elevation: 1450 ft

Elevation: 285 ft

Elevation: 650 ft

To 
Everett
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 Demonstrate use of forecasts improves 
operational performance through:
◦ Meeting all system constraints

◦ Increasing Avoided Costs ($$$) for customer base

 Use retrospective hydrologic and energy price
forecasts to drive DSS

 Examine if 60 day forecasts increase 
hydropower revenue
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 Built with GoldSim simulation 

software 

 Simulates system operations at 

the Jackson Hydropower Project

 Shows how water is routed 

through the system 

 Incorporates variation in 

streamflow, energy prices and 

environmental flow requirements

 Used to develop targets that 

constrain Linear Program 

Simulation Model 

16



Optimization Model 

 Built with Lingo programming 
language  

 Represents the hydrologic and 
hydraulic elements of the 
system in a mathematical 
framework 

 Optimizes system operations 
using forecasts of streamflows 
and energy prices

 Calculates the quantity and 
timing of reservoir releases that 
maximizes energy production 

 Uses environmental flows, 
target storages and hydraulic 
capacities as constraints
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Simulation Model                           Optimization Model 

 Simulation model cannot optimize

 Optimization model cannot contain all 
of the physics of the system

 Simulation model can put reasonable 
constraints on range of “acceptable” 
or “plausible” solutions.

18



 Streamflow and Energy Price 
forecasts
◦ Retrospective streamflow forecasts were 

created using a hydrology model (DHSVM) and 
past meteorological records.  An Ensemble 
Streamflow Prediction (ESP) approach was 
used and the mean of the ensemble is used as 
the inflows

◦ Retrospective energy price forecasts were 
created by using current measured forecast 
error applied to previous spot energy prices 
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 In current operations, 90 day ESP 
streamflow forecasts come from the 
Northwest River Forecasting Center and 
energy price forecasts are created in-
house at SnoPUD
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Execute model for 60 
day period.  Arrive at 
week long operations.  
Repeat 52 times. 
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 Use Decision Support System to evaluate 
revenue gains in three different years

 Compare the use of forecast information 
against „perfect knowledge‟

Annual Inflow 

(AF)

Average Energy 

Price

Standard Deviation 

In Energy Prices

2001-2002 697,800 $25.93 $13.44

2002-2003 522,489 $31.07 $13.29

2003-2004 554,374 $39.49 $6.70

640 Acres in a square mile – so 640,000 acres is 
1000 square miles one foot deep
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Model Run Income

% Change 

Relative to 

Rule of Thumb

% Change 

Relative to 

Optimal

Forecast x 2 $15,172,003 9.2% -13.2%

Forecast Energy, Perfect Streamflow $15,680,303 12.9% -10.3%

Forecast Streamflow, Perfect Energy $16,346,408 17.7% -6.5%

Perfect x 2 $16,378,303 17.9% -6.3%

Rule of Thumb $13,893,699 -20.5%

Actual Avoided Cost $12,116,368 -12.8% -30.7%

Optimal $17,476,458 25.8%
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Model Run Income

% Change 

Relative to 

Rule of Thumb

% Change 

Relative to 

Optimal

Forecast x 2 $16,789,950 7.4% -8.6%

Forecast Energy, Perfect Streamflow $16,857,445 7.8% -8.2%

Forecast Streamflow, Perfect Energy $17,723,822 13.4% -3.5%

Perfect x 2 $18,004,301 15.2% -2.0%

Rule of Thumb $15,634,506 -14.9%

Actual Avoided Cost $11,552,340 -26.1% -37.1%

Optimal $18,370,633 17.5%
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Model Run Income

% Change 

Relative to 

Rule of Thumb

% Change 

Relative to 

Optimal

Forecast x 2 18,823,203 4.7% -6.5%

Forecast Energy, Perfect Streamflow 18,594,211 3.5% -7.6%

Forecast Streamflow, Perfect Energy 18,409,503 2.4% -8.5%

Perfect x 2 18,706,956 4.1% -7.1%

Rule of Thumb 17,971,158 -10.7%

Actual Avoided Cost 14,348,491 -20.2% -28.7%

Optimal 20,126,479 12.0%
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Why is normal operation negative?
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 Relies on in-house energy price forecasts and 
NWS – NWRFC streamflow products (ESP)

 Model runs are over 90 day period for 45 
ensemble members

 Forecast Updated Weekly
◦ Conference call every Tuesday to develop weekly 

operations plans

◦ Get all parties agreeing on operational direction for 
week
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 Weekly calls have been performed for past 18 
months.

 Conversations reflect challenges that appear 
based on time of year
◦ Flood events
◦ Drought event
◦ Instream fish flow
◦ System Maintenance
◦ Energy Forecasts

 Some weeks are simple, some not

 DSS “informs” decision making, does not 
dominate
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 Transferring responsibility of weekly model 
runs (next week)

 Anticipate “challenges”

 Will continue to update model and add new 
functionality
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 Demonstrated proof of concept 

 Incorporating forecasts will improve 
operations

 Users learning to appreciate “uncertainty”

 Energy price forecast is more valuable than 
streamflow forecast 

 Established opportunity for expanded 
communication between “groups”

 Process illustrated value neutral agent
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Thank 
You!
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