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April 4, 2017 

 
 

MEMORANDUM 
 
TO:  Power Committee 
 
FROM: Ben Kujala 
 
SUBJECT: How RPM Load Inputs are Developed 
 
 
BACKGROUND: 
 
Presenter: Massoud Jourabchi and Ben Kujala 
 
Summary: The presentation to the Power Committee at the March meeting focused 

on the high-level view of the Regional Portfolio Model.  This presentation 
delves deeper into the details focusing on how the load forecast is input 
and used in the model. 

 
Relevance: The Regional Portfolio Model has been used to inform the resource 

strategy included in the 5th, 6th and 7th Power Plans. 
 
Workplan:  C. Prepare for the 8thPlan 
 
Background:  The Regional Portfolio Model was first used by the Council in the Fifth 

Power Plan. It was developed at the Council by staff. For the Seventh 
Power Plan, the Council contracted with Navigant to redevelop the model. 

 
More Info:  https://www.nwcouncil.org/energy/rpm/home/ 
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How RPM Load Inputs are 
Developed

April 2017



Part I:

What Load Forecasts Are 
Provided to RPM
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 Forecast of monthly energy and peak loads 
under “Frozen Efficiency” assumptions are 
converted to quarterly values and provided 
to RPM.
 Forecast is provided for 80 quarters, 

starting with the last quarter of the first 
year in the plan. For the 7th plan, frozen 
efficiency forecast for Q4 2015-Q3 2035 
was provided.
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Frozen Efficiency forecast 
reflects

 Enduse level state of efficiency as of start 
of the plan, frozen for the duration of plan, 
except for:
 Known future codes or standards
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F.E. Forecast of Loads (aMW) 
Quarters 1-80
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F.E. Forecast of Peak Loads 
(MW)

Quarters 1-80
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Part II:

How RPM Expands the Forecasts 
into “Futures”



Scaling Forecasts
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1. Forecasts such as load are input.
2. Factors that scale the input forecast are 

simulated.  These factors are different for 
each future.  The range of the factors is 
controlled by model parameters.

3. Each “future” is based on applying the 
factors from that future to the input 
forecasts.



Electric Load Example
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Electric Load Example
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The load forecasts are 
shaped according to 

seasonal factors

The forecast “spread” 
grows over time



Load Risk Model DNA
 Annual Trend Factor * Seasonal Factor * 

Jump Factor * Forecast
 Annual Trend – varies the long-term economic 

projection, i.e. the model could select load growth 
of 2% per year or 0.5% per year
 Seasonal – effectively makes some quarters more 

volatile than others, so winter is more likely to 
have a large load deviation than spring
 Jump – simulates temporary or permanent 

deviations in load, e.g. adding a large industrial 
load
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Load Model Example
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Putting both together gives a 
range on the load risk model 

that exceeds the high and low 
load forecasts



Extra Slides
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Annual Trend Factors

 Controls Annual Spread in RPM
 Of the form:
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𝑃𝑃𝑡𝑡 ,𝑖𝑖 =  𝑒𝑒𝛼𝛼𝐹𝐹𝜀𝜀𝐹𝐹 ,𝑖𝑖+ 𝛼𝛼𝐿𝐿𝜀𝜀𝐿𝐿 ,𝑖𝑖(𝑦𝑦𝑡𝑡−𝑦𝑦0)+𝛼𝛼𝑄𝑄𝜀𝜀𝑄𝑄 ,𝑖𝑖(𝑦𝑦𝑡𝑡−𝑦𝑦0)2  

where 𝑦𝑦𝑡𝑡 = 𝑦𝑦𝑒𝑒𝑦𝑦𝑦𝑦 𝑦𝑦𝑡𝑡 𝑡𝑡𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡; 𝛼𝛼𝐹𝐹, 𝛼𝛼𝐿𝐿 and 𝛼𝛼𝑄𝑄 are 

parameters; and 𝜀𝜀𝐹𝐹,𝑖𝑖 ∼ 𝜀𝜀𝐿𝐿,𝑖𝑖 ∼ 𝜀𝜀𝑄𝑄,𝑖𝑖 ∼ 𝑁𝑁(0,1) 




where ; ,  and  are parameters; and 



??



??



,



??



=



 



??



??



??



??



??



,



??



+



 



??



??



??



??



,



??



?



??



??



-



??



0



?



+



??



??



??



??



,



??



?



??



??



-



??



0



?



2



 



 



where 



??



??



=



????????



 



????



 



????????



 



??



; 



??



??



, 



??



??



 



and 



??



??



 



are 



parameters; and 



??



??



,



??



~



??



??



,



??



~



??



??



,



??



~



??



?



0



,



1



?



 






??


??,??


= ??


??


??


??


??,??


+ ??


??


??


??,??


??


??


-??


0


+??


??


??


??,??


??


??


-??


0


2


 


 


where ??


??


=???????? ???? ???????? ??; ??


??


, ??


??


 and ??


??


 are 


parameters; and ??


??,??


~??


??,??


~??


??,??


~??0,1 




Seasonal Factors

 Add deviation from annual trends
 Of the form:

19

𝑆𝑆𝑡𝑡 ,𝑖𝑖 = 𝑒𝑒𝜏𝜏𝑞𝑞𝑡𝑡 ,𝑖𝑖  

where  𝜏𝜏𝑞𝑞𝑡𝑡 ,𝑖𝑖  is a normal random variable. 




where   is a normal random variable.
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Load Model Example

 Seasonal factor only impacts volatility not 
the shape
 Historic load must be adjusted for DSIs
 Seasonal shapes can be estimated from the 

adjusted historic load
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The factor only depends on the quarter since 

it is of the form 

𝑆𝑆𝑡𝑡 ,𝑖𝑖 = 𝑒𝑒𝜏𝜏𝑞𝑞𝑡𝑡 ,𝑖𝑖  


The factor only depends on the quarter since it is of the form
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Jump Factors

 Controls temporary deviations from the 
annual trend, i.e. jumps
 Of the form:
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𝐽𝐽𝑡𝑡 ,𝑖𝑖 = 𝑒𝑒
𝐼𝐼�𝛽𝛽 𝑖𝑖< 𝑦𝑦𝑡𝑡−𝑦𝑦0<𝛽𝛽𝑖𝑖+ ω i �

𝜉𝜉𝑖𝑖−𝐼𝐼�𝛽𝛽 𝑖𝑖+ ω i < 𝑦𝑦𝑡𝑡−𝑦𝑦0<𝛽𝛽𝑖𝑖+ ω i +𝑒𝑒𝜉𝜉𝑖𝑖 �
𝜉𝜉𝑖𝑖/𝛾𝛾

 

where 𝛽𝛽𝑖𝑖  and 𝜔𝜔𝑖𝑖  and 𝜉𝜉𝑖𝑖  are all uniform random 

variables and 𝛾𝛾 is a scaling factor.  
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Load Model Example

 Estimate factors using simple linear 
regression
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That is, if 𝐻𝐻𝑡𝑡 , 𝑀𝑀𝑡𝑡  and 𝐿𝐿𝑡𝑡  are the high, medium 

and low load forecasts respective then use 

regression to find 𝑦𝑦, 𝑏𝑏 and 𝑐𝑐 in 

ln(𝐻𝐻𝑡𝑡 𝑀𝑀𝑡𝑡⁄ ) = 𝑦𝑦 + 𝑏𝑏(𝑦𝑦𝑡𝑡 − 𝑦𝑦0) +  𝑐𝑐(𝑦𝑦𝑡𝑡 − 𝑦𝑦0)2 +  𝜖𝜖 
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Load Model Example
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We want a value where the probability of exceeding it is .85, which is 

the probability associated with the high load forecast.  Since we have 

normality 

Pr �𝛼𝛼𝐿𝐿 20� ∗ 𝜀𝜀𝐿𝐿,𝑖𝑖  < 𝛼𝛼𝐿𝐿
20� ∗ 𝑧𝑧.85  � =  .85 

Thus we set  

𝑏𝑏 = 𝛼𝛼𝐿𝐿
20� ∗ 𝑧𝑧.85 

Which implies 

𝛼𝛼𝐿𝐿 = 20𝑏𝑏 𝑧𝑧.85�  

This gives 𝛼𝛼𝐹𝐹 = .0102, 𝛼𝛼𝐿𝐿 = .0632 and 𝛼𝛼𝑄𝑄 = .0221  
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Load Model Example

 Factors grow through time relatively 
smoothly by year
 Combining inputs, some context and RPM 

parametric assumptions (mostly log-
normal assumptions) allows for estimating 
parameters for the model
 Load high/low forecast directly informs 

the risk model 
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Dividing the High and Low forecasts by the 
Medium forecasts gives a smoother trend
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