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Why Do We Need a Probabilistic Forecast System?Why Do We Need a Probabilistic Forecast System?

•• Impacts of extreme weather havenImpacts of extreme weather haven’’t been t been 
properly quantified (weather risk)properly quantified (weather risk)

•• BCH Load Forecast currently uses a BCH Load Forecast currently uses a 
Deterministic System Demand Tool Deterministic System Demand Tool 
–– Substation Peaks with Substation Peaks with AssumedAssumed Coincidence Figures, Coincidence Figures, 

& & AssumedAssumed Weather Weather 
•• Provides no confidence intervals or estimates of Provides no confidence intervals or estimates of 

variation within forecasts.variation within forecasts.
•• An An AssumedAssumed Monthly Ratio scaling is applied to Monthly Ratio scaling is applied to 

the System Peak for Monthly System Peaksthe System Peak for Monthly System Peaks
–– Again, no allowance for monthly variation between Again, no allowance for monthly variation between 

years.years.
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The HELM ModelThe HELM Model

•• In 1993, In 1993, EPRIEPRI introduced the Hourly Electric Load Model (introduced the Hourly Electric Load Model (HELMHELM) ) 
•• Forecasted hourlyForecasted hourly loads at the system, class, or endloads at the system, class, or end--use levels for use levels for 

the for short, medium, and longthe for short, medium, and long--term forecast horizons. term forecast horizons. 
•• Used Load Research Used Load Research load profilesload profiles modeled on any customer modeled on any customer 

domain classifications in order to produce its forecasts. domain classifications in order to produce its forecasts. 
•• Reconcile a set of hourly loads to exogenously specified peaks, Reconcile a set of hourly loads to exogenously specified peaks, 

troughs, energy levels, or examine energy figures for specified troughs, energy levels, or examine energy figures for specified hours. hours. 
•• Weather normalizedWeather normalized hourly weather, provided hourly weather, provided simulations of simulations of 

hourlyhourly transmission and distribution losses and the ability to calibratransmission and distribution losses and the ability to calibrate te 
outputted load shapes in backcasts against actual historical outputted load shapes in backcasts against actual historical 
observations. observations. 

•• Unfortunately, EPRI ceased to support HELM PC and the work Unfortunately, EPRI ceased to support HELM PC and the work 
involved in running the PC program. involved in running the PC program. 
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Forecast RegionsForecast Regions
•• Dx Subs Map to 16 Forecast Regions within BCDx Subs Map to 16 Forecast Regions within BC
•• This is how the load forecast is done based on Dx Planning Sub PThis is how the load forecast is done based on Dx Planning Sub Peak Figureseak Figures
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Load Research Profiles by Load Research Profiles by ““Site TypeSite Type””

•• There are 67 customer site type domains used to There are 67 customer site type domains used to 
categorize customer types. categorize customer types. 

•• These map to oneThese map to one--toto--many to 37 Load Research many to 37 Load Research 
load profiles for BCload profiles for BC

•• The Energy figures can be summed by site type The Energy figures can be summed by site type 
by each of the 16 forecast regionsby each of the 16 forecast regions

•• Energy Forecasts by site type and region as well Energy Forecasts by site type and region as well 
as contingent weather are used as inputs to the as contingent weather are used as inputs to the 
model.model.
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Energy Figures by Energy Figures by ““Site TypeSite Type””
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Energy Figures by Energy Figures by ““Site TypeSite Type””
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Regional Hourly Load ShapesRegional Hourly Load Shapes

•• After the energy figures are applied to the shapes, the aggregatAfter the energy figures are applied to the shapes, the aggregate e 
regional hourly shapes are created. regional hourly shapes are created. 

•• Can be tested for accuracy with SCADA metering (if available) Can be tested for accuracy with SCADA metering (if available) 
Forecast Areas Load Profiles F0607
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Regional Hourly Load ShapesRegional Hourly Load Shapes

Aggregate Distribution System Load (0% Losses) of Forecast Area Load Profiles F0607
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Weather Model: Weather InputsWeather Model: Weather Inputs

•• A temperature clustering routine A temperature clustering routine 
clustered 50+ weather stations clustered 50+ weather stations 
province wide with weather data province wide with weather data 
from 1994from 1994--2009. 2009. 

•• The minimization of log pvalue The minimization of log pvalue 
of the Pearson Chiof the Pearson Chi--Sq function Sq function 
of the cluster tree says that 10 of the cluster tree says that 10 
unique clusters of weather exist unique clusters of weather exist 
in BC.  in BC.  

•• The temperature from the each The temperature from the each 
station is weighted to the cluster station is weighted to the cluster 
by kWh consumption on a city by kWh consumption on a city 
level. level. 

•• Each weather cluster is a proxy Each weather cluster is a proxy 
for weather in different parts of for weather in different parts of 
the very large province. the very large province. 
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Clustered WeatherClustered Weather

Hourly Rank and Median Normalized Temperature By BC Weather Cluster
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Weather ModelWeather Model

•• Model the temperature response of the loads as Model the temperature response of the loads as 
a function of their proxy a function of their proxy ““actualactual”” temperaturetemperature

•• 16 Forecast Regions, 24 Hours, 2 Weekdays or 16 Forecast Regions, 24 Hours, 2 Weekdays or 
Weekends = 768 separate Weather Response Weekends = 768 separate Weather Response 
FunctionsFunctions

Where i is the region, t is the specific hour and
w is a binary indicator for a weekday or weekend.
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Weather Model ExampleWeather Model Example
Example: Vancouver / Burnaby, Hour=17, Weekdays
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Weather Model ExampleWeather Model Example
Model Results Example: Vancouver / Burnaby, Hour=17, Weekdays

Differing levels of goodness of fit for each separate model (768 models)

9.619.613.683.681.2151.2155.9435.943CoeffCoeff of Variationof Variation

45.11045.110.341.3418.0698.06910.98810.988Mean Abs Error (MW)Mean Abs Error (MW)

7.31%7.31%2.78%2.78%.933%.933%4.41%4.41%MAPEMAPE

.948.948.428.4280.0590.059.858.858R SquareR Square

MaximumMaximumMinimumMinimumStDevStDevMeanMeanRegression Regression 
StatisticStatistic
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Weather ModelWeather Model

•• Model the temperature response then adjust the load Model the temperature response then adjust the load 
based on contingent weather (based on contingent weather (ΦΦ). ). 

•• Here the contingent weather is historical weather from Here the contingent weather is historical weather from 
1995 to 2009 on an annual basis1995 to 2009 on an annual basis
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Where i was the specific shape, t is the specific hour and
w is a binary indicator for a weekday or weekend.
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Distribution & Transmission LossesDistribution & Transmission Losses

•• Generation Losses (Distribution & Transmission) Generation Losses (Distribution & Transmission) 
losses are assumed constant at 10%. losses are assumed constant at 10%. 

•• This is an assumption: Losses will vary with load, This is an assumption: Losses will vary with load, 
season, temperature, time, imports & exports. season, temperature, time, imports & exports. 

•• Better modeling of losses will result in better Better modeling of losses will result in better 
model of system. model of system. 

•• These estimates are excluding load curtailment These estimates are excluding load curtailment 
informationinformation
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Backcast Accuracy F0506Backcast Accuracy F0506

DLSE Modeled Load F0506 by Region vs. Pi Metered Load
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Backcast Accuracy F0607Backcast Accuracy F0607

DLSE Modeled Load F0607 by Region vs. Pi Metered Load
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Backcast Accuracy F0708 Backcast Accuracy F0708 

DLSE Modeled Load F0708 by Region vs. Pi Metered Load
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Accuracy of the Method at the Substation or Accuracy of the Method at the Substation or 
Large Feeder LevelLarge Feeder Level

•• Used by Distribution Planning as a sub / feeder load Used by Distribution Planning as a sub / feeder load 
modeling toolmodeling tool

Modeled Load Metered Actual Load
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Accuracy of the Method at the Substation or Accuracy of the Method at the Substation or 
Large Feeder LevelLarge Feeder Level

Modeled Load

Metered Actual Load
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Accuracy of the Method at the Substation or Accuracy of the Method at the Substation or 
Large Feeder Level (@ Peak)Large Feeder Level (@ Peak)

Substation Annual Peak
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Accuracy of the Method at the Substation or Accuracy of the Method at the Substation or 
Large Feeder LevelLarge Feeder Level

Bad Metering Data 



of 3324

Weather SimulationsWeather Simulations

•• We use Regional kWh We use Regional kWh 
Forecasts (From LF)Forecasts (From LF)

•• Load Research Site type Load Research Site type 
Load ShapesLoad Shapes

•• Regional Hourly Weather Regional Hourly Weather 
DataData

•• 15 Years of Regional 15 Years of Regional 
Hourly WeatherHourly Weather

= 2.1 Million Hourly = 2.1 Million Hourly 
Observations to do Observations to do 
modelingmodeling
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Probabilistic Model: Historical IterationsProbabilistic Model: Historical Iterations

Modeled Hourly BCH System Loads F0506 (Energy and Customer Mix) with 15 Years of Weather
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Probabilistic Model: Historical IterationsProbabilistic Model: Historical Iterations

Modeled Hourly BCH System Loads for F0506-F0809 Modeled for Each Fiscal Year's Weather from F9495-
F0809
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Probabilistic Model: Monthly ModelsProbabilistic Model: Monthly Models

Modeled Hourly System Load (0708 Energy)  Based on 15 Years of Contingent Weather
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Hourly Analysis: Peaks and ValleysHourly Analysis: Peaks and Valleys

Max, Min, Mean of Modeled Hourly BC Hydro System Loads for F0506-F0809 Based on 15 Years of 
Historical Weather (Modeled on a Forecast Region Basis)
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on 15 Years of Possible Weather is 11,147 MW (F0809 Weather on F0506 Infrastructure)

Minimum BCH System Demand Based 
on 15 Years of Possible Weather is 3,900 MW
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Distribution of Modeled System Annual Distribution of Modeled System Annual 
Peak DemandPeak Demand
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Region to System Coincident FactorsRegion to System Coincident Factors

•• Can provide probabilistic Can provide probabilistic 
estimates of Regional estimates of Regional 
Coincidence Factors for Coincidence Factors for 
Load ForecastLoad Forecast

•• These are applied to These are applied to 
Regional Forecasts for the Regional Forecasts for the 
Annual System ForecastAnnual System Forecast

•• These are very useful to These are very useful to 
Load ForecastLoad Forecast

•• 3 Year Infrastructure 3 Year Infrastructure 
(F0506(F0506--F0708) with 15 F0708) with 15 
Years of simulations each Years of simulations each 
(N=45 Annual CFs)(N=45 Annual CFs)
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Substation to Region Coincident FactorsSubstation to Region Coincident Factors

1.001,328,210139,878139,87806DEC2005:17:0006DEC2005:17:00Vancouver / BurnabySPG
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ConclusionsConclusions

•• The procedure provides a robust data set for The procedure provides a robust data set for 
detailed analysis and probability analysisdetailed analysis and probability analysis

•• Minimizes assumptionsMinimizes assumptions
•• Can attach theoretical levels of statistical Can attach theoretical levels of statistical 

confidence around published figuresconfidence around published figures
•• Can refute or support past forecast methodsCan refute or support past forecast methods
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Questions?Questions?


