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Demand Forecast 
• The Cascade demand forecast developed for the IRP is a forecast of core customers and their usage, including peak 

demand, for the next 20+ years.

• The demand forecast combines the usage-per-customer (UPC) forecast and the customer count forecast by 
multiplying the two to get total demand.

• Demand is forecasted:
o At the pipeline zone level;
o At the rate schedule level;
o At the daily level; and
o Out to 2050 for decarbonization planning.
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Key Definitions: Model Evaluation Metrics
• AICc:  The Akaike Information Criterion (corrected)  
o A measure of the relative quality of statistical models for a given dataset that adjusts for small sample sizes. Among a set of candidate models, AICc compares models and supports 

model selection (lower is better).
o AICc = AIC + extra penalty when sample size is small, so it’s less likely to pick an overly complex model.
o Less Technical: A “score” for models. It balances two things: how well the model fits the data and how complicated the model is. A lower AICc usually means a better choice because it 

fits well without being unnecessarily complex, especially when you don’t have tons of data.

• WMAPE:  Weighted Mean Absolute Percentage Error
o WMAPE measures total error as a percentage of total actual volume, so high-usage periods count more than low-usage periods.
o Less Technical: WMAPE is like asking: “How wrong was the model overall, compared to how much we actually had?” High usage days count more than lower usage days. 

• SMAPE:  Symmetric Mean Absolute Percentage Error
o A scale-free accuracy metric for forecasts that reports error as a percentage, using both the actual and forecast values in the denominator (to reduce extreme % errors). “Symmetric” 

because it normalizes by the average magnitude of actual and forecast, which can make it less sensitive than MAPE when values vary widely. (Still can behave oddly when both values 
are near zero.)

o Less Technical: Error as a percent that’s more symmetric and stable because it scales the error by both the actual and the forecast.

• MAE:  Mean Absolute Error
o A straightforward accuracy metric: the average absolute difference between forecasts and actuals, in the same units as the data.
o Less Technical: MAE is the average amount the model missed by, ignoring whether forecasts were too high or too low—just how far off it was in absolute terms.
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Key Definitions: Model Types
• ARIMA:  Auto-Regressive Integrated Moving Average
o A type of model fitted to time series data. In time-series regressions, residuals often are not independent—they can be correlated over time. ARIMA is used to model that time 

dependence, either for the series itself or for the regression errors.
o ARIMA(p,d,q)(PDQ) combines: 

 AR(p): current value depends on past values. AR(P) is seasonal version; 
 I(d): differencing to remove trends/non-stationarity. I(D) is seasonal version;
 MA(q): current value depends on past forecast errors. MA(Q) is seasonal version. 

o Less Technical: ARIMA is a way to predict what comes next in the data over time by looking at what happened before, smoothing out big trends, and correcting for past mistakes in 
predictions.

• ETS:  Error, Trend, Seasonal
o A class of time-series forecasting models that represent a series as a combination of level, optional trend, and optional seasonality, updated over time using exponential smoothing. 

ETS models are especially useful when the data show stable seasonal patterns and gradual changes over time.
o ETS models are state-space exponential smoothing models. 
o They specify: 

 an error type (Additive or Multiplicative),
 a trend component (None / Additive / Damped),
 a seasonal component (None / Additive / Multiplicative).

o The model updates unobserved “states” (level/trend/season) each period with smoothing and generates forecasts by projecting those states forward. ETS is typically strongest when 
patterns are well-captured by smooth changes rather than complex autocorrelation structures (where ARIMA can sometimes excel).

o Less Technical: ETS is a forecasting method that learns the baseline, how it’s going up or down, and any repeat patterns (like winter vs. summer). It updates those guesses each time 
new data arrives, giving more weight to recent data than old data.
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Key Definitions: Core Model Inputs
• Fourier Terms
o A way to model smooth, repeating seasonal patterns by adding sine/cosine wave predictors to a model (often used as exogenous regressors inside ARIMA/TSLM).
o Two main components are the period and the number of harmonics (each harmonic add two terms: one sine and one cosine). 

 Period (the season length): The periodic nature of the seasonality you want to capture. Can be either: a number = “observations per cycle” (e.g., 7 for weekly seasonality in daily 
data), or text describing a duration (e.g., "1 year" for annual seasonality).

 Harmonics (K): How “wiggly” or “spiky” the seasonal shape can be. The maximum order of the Fourier terms (higher K = more sine/cosine pairs = more flexible seasonality). 
 Practical limit: K must not be greater than period/2.
 Multiple seasonalities (optional but common): You can include more than one set of Fourier terms by adding them separately (e.g., weekly + yearly).

o Less Technical: Fourier terms let a model copy repeating underlying patterns (such as winter usage vs. summer usage) using a few smooth waves. Instead of making a lot of “month” 
indicators, you use a relatively small set of wave shapes to capture the seasonal patterns.

• HDD:  Heating Degree Day
o Weather in terms of how much below a reference temperature (60 degrees in this case) the average temperature is, bounded below by zero.

 Example: if a day’s average temperature is 50 degrees, then the HDD for that day will be 10  MAX(60-50, 0) = MAX(10,0) = 10
 Example: if a day's average temperature is 75 degrees, then the HDD for that day will be 0  MAX(60-75,0) = MAX(-15,0) = 0

o Less Technical: HDDs add up how “cold” it was compared to a comfortable temperature, so they act like a simple score for how much heating people likely used.

• Extreme HDD:  Extreme Heating Degree Day
o Indicator variable equal to 1 when HDD exceeds an “extreme” threshold (e.g., the 98th percentile of HDD values) and is equal to 0 otherwise. This allows for a different relationship on 

extreme cold events that isn’t enforced on the rest of the days. This helps capture peak events.
o Less Technical: Turns “on” for only the coldest days so the model can treat those differently.
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Fourier Terms 
• Capture seasonal patterns.
• The first harmonic captures the 

broad underlying pattern – 
setting the baseline.

• Increasing the number of 
harmonics allows model to 
capture  more complicated 
seasonal behavior (more 
harmonics = more “wiggles” 
and/or “spikes” within a period).
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Fourier terms 
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What do they do exactly?



R Software
•  R is a free software environment for statistical 
computing and graphics.

• Thousands of packages: A package bundles 
together code, data, documentation, and tests, 
and is easy to share with others. 

• Allows for large number of complex calculations in 
reasonable amount of time (i.e., Monte Carlo 
simulations, entire load forecast, etc.).
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Free Resource
• Forecasting: Principles and Practive (3rd edition)
oRob J Hyndman and George Athanasopoulos
oLink: Forecasting: Principles and Practice (3rd ed)
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Customer Forecast: Previous Method
CCZ,Class = α0 + α1HHZ + α2EmpZ + α3Retail Price + α4Income + Fourier(K) + ARIMA∈(p,d,q)

• Where:
◦ CC = Customer Count; 
◦ Z = Zone; 
◦ Class = Residential, Commercial, Industrial, or Interruptible; 
◦ ARIMA ∈(p,d,q) = Indicates that the model has p autoregressive terms, d difference terms, and q moving 

average terms; 
◦ HH = Households; 
◦ Emp = Employment; 
◦ Retail Price = Price customers see on their bill; 
◦ Income = Average income at the zone level; 
◦ Fourier(K) = Captures seasonality. 

• Start with Linear Model

• Some are Naïve models
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Customer Forecast: Current Approach
• Using ARIMA model:
o Randomly selected three zones for residential customers and three zones for 

commercial customers.
o Explored the following variables: Fourier terms, trend and trend squared, number of 

households, employment level, 30-year mortgage rates, building codes, median home 
price, retail price, line extension allowance, and more with many different 
combinations.

o Also looked at customer growth rates as outcome variable.
o Produced models that perform well on a 1–3 year test set forecast but seem to over-

forecast when we move to longer-run actual forecast in most cases.
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Customer Forecast: Current Approach
• Using ETS model:

o Exponential smoothing model (most 
recent data matters most).

o Consists of a level/baseline and 
optional error, trend, seasonality 
components.

o Great for series with a trend that 
evolves smoothly over time and stable 
(or no) seasonality
 When true, most of the structure of the 

time series can be captured by the level 
and the ETS components.

o Model performs well on a forecasted 
test set.

o Model also performs well on the 
longer-run actual forecast.
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Base, High & Low Customer Growth Scenarios
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• Base Scenario:
o Damped trend. Represents slowing 

growth that eventually levels off. 

• High Scenario:
o Recent trend continues (no damping). 

Represents a scenario where 
electrification adoption is slower than 
expected, so new gas hookups remain 
closer to recent levels and customer 
growth stays stronger. 

• Low Scenario:
o 0% to −1.5% YoY for the first 5 years, then 

−1.5% YoY thereafter. Represents 
accelerated electrification that reduces 
new gas hookups over time and shifts the 
customer base from flat growth to 
sustained decline.



Customer Forecast 
Challenges
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Building Code 
Impacts (Cont’d)

• Under RCW 19.27A.020(2)(a), the SBCC is 
directed to “…help achieve the broader goal…” of 
zero emission homes/buildings. Note that this is a 
goal, not a mandate. Conversely, RCW 19.27A.160 
is an explicit direction to the SBCC to move 
towards a 70% reduction in annual net energy 
consumption by 2031. This is a mandate and is 
clear that the goal is a “net” energy.

• Since RCW 19.27A.020(2)(a), the enacting 
legislation resulted from 2009 SB 5854. 
Therefore, the 2012, 2015, 2018, and 2021 code 
cycles were all likely impacted by the legislation. 
This chart provides an explanation of how the 
SBCC has addressed the more explicit legislative 
direction of RCW 19.27A.160.
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Chart Source: Final Cost Benefit Analysis for the 2021 WSEC-R



WA State 
Building Codes

• Effective March 15, 2024, the 2021 
Washington State Energy Codes1 
went into effect.

• Each new dwelling unit in a 
residential building must comply to 
the WSEC. Each dwelling must meet 
the required number of credits (ex. 
Small dwellings must have 5 credits).

• The new building codes have made 
it impractical for new residential and 
commercial buildings to use natural 
gas.

1 HTTPS://SBCC.WA.GOV/STATE-CODES-REGULATIONS-GUIDELINES/STATE-
BUILDING-CODE/ENERGY-CODE 27



Line Extension Allowances
• The amount of upfront construction cost a natural gas utility is willing to fund to extend its 

distribution system to a new customer or development, with any remaining cost paid by the 
customer.

• Washington - Current 2025 policy adopted March 5, 2025, per Order No. 05 in UG-240008, 
allows the NPV of margin over a defined timeframe; that timeline diminishes to zero as of 
March 1, 2027.

• Oregon – Under review in the current Oregon general rate case UG 525.
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Oregon: Customer Count Impacts
• Oregon has joined eight other states in a Memorandum of Understanding to accelerate the use 

of heat pumps in residential construction.1 The states have a shared goal for heat pumps to 
meet at least 65% of residential-scale heating, air conditioning, and water heating shipments 
by 2030, and 90% by 2040 across the participating states.

• Oregon’s Building Codes Division is planning rulemaking to update the residential energy code 
in summer and fall 2026. If approved, the updated code will require energy-efficient heat 
pumps in newly constructed homes if the home plans to have air conditioning.
• Sources: Building Codes Division : Oregon Residential Specialty Code Adoption : Codes and standards : 

State of Oregon, BCD - Technical Summary

• Bend is developing a “climate pollution fee” for gas appliances in new residential construction 
to discourage gas in new buildings and fund electrification incentives (it would not apply to 
existing buildings).
• Source: Electrification Policy - City of Bend

291 HTTPS://WWW.NESCAUM.ORG/DOCUMENTS/2.7.24-NESCAUM-MOU-PRESS-RELEASE.PDF

https://www.oregon.gov/bcd/codes-stand/Pages/orsc-adoption.aspx
https://www.oregon.gov/bcd/codes-stand/Pages/orsc-adoption.aspx
https://www.oregon.gov/bcd/codes-stand/Documents/26orsc-heatpumpprovision-summary.pdf
https://www.oregon.gov/bcd/codes-stand/Documents/26orsc-heatpumpprovision-summary.pdf
https://www.oregon.gov/bcd/codes-stand/Documents/26orsc-heatpumpprovision-summary.pdf
https://bendoregon.gov/top-priorities/environment-and-climate/electrification-policy-options/
https://bendoregon.gov/top-priorities/environment-and-climate/electrification-policy-options/
https://bendoregon.gov/top-priorities/environment-and-climate/electrification-policy-options/


Usage Per Customer 
(UPC) Forecast



Fixed Network Gas Meter Data
• Customer-level meters (one per customer location).

• Daily usage data is transmitted automatically (reduces need for in-
person reads).

• Makes aligning HDDs to actual usage easier – helps with upc 
forecasting.

• Implementation of these meters is still ongoing.
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Weather Locations
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• The seven weather locations 
are shown on the map.

• Cascade’s service territory is 
shaded in aqua.

• Each citygate and loop is 
assigned to a weather location.



Weather Normals & Climate Change Impacts
• Cascade utilized climate modeling approaches in the previous IRP where the Company 

used the SSP 3-7.0 and SSP 2-4.5 projections. These approaches were used to avoid 
under planning for other carbon compliance mitigating options.

• For the 2027 IRP, Cascade has contracted with ICF.
o ICF will provide additional SSP 5-8.5 projections that represent daily HDD time series data for the 

planning horizon.
o HDD projections will use Coupled Model Intercomparison Project Phase 6 (CMIP6) Localized 

Constructed Analogs version 2 (LOCA2) statistically downscaled global climate models.
 Global models that are “translated” to local models using historical weather data.

o Projections will use an ensemble of 20+ climate models and two future greenhouse gas emissions 
scenarios. We use Shared Socioeconomic Pathway (SSP) 2-4.5, 3-7.0, and 5-8.5, where SSP 5-8.5 is a 
more aggressive temperature increase scenario, to characterize future climate change uncertainty.
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WA & OR General Process
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WA & OR Inputs
• Cascade uses data from the following sources:
o Historical usage data from the fixed network 

gas meter data or our Customer Counts & 
Billing Data (CC&B).

o Weather data from Schneider Electric 
(historicals) and ICF (projections).

o Households and employment data at county 
level from Woods & Poole.

o Historical customer counts from our CC&B 
data.
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Current UPC Forecast Model
UPCZ,Class = α0 + α1HDDZ, M + α2Iw + α3WINDZ, M + α4Retail Price + Trend 
+ Fourier(K) + ARIMA∈(p,d,q)

• Where:
o UPC = Therm usage divided by customers; 
o Z = Zone; 
o Class = Residential, Commercial, Industrial, or Interruptible; 
o HDD = Heating Degree Days; 
o M = Month specific weather data indicators; 
o Iw = Indicator variable set to 1 if it is a weekend; 
o T = Trend variable (increases by 1 for each day forecasted); 
o WIND = Daily average wind speed; 
o Retail Price = Price customers see on their bill.
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Potential UPC Forecast Model
UPCZ,Class = α0 + α1HDDZ + α2Extreme_HDD + α3WINDZ + Fourier(K) 
+ ARIMA∈(p,d,q)(PDQ)

• Where:
o UPC = Therm usage divided by customers;
o Z = Zone; 
o Class = Residential, Commercial, Industrial, or Interruptible; 
o HDD = Heating Degree Days (broken into groups based on 

month); 
o Extreme_HDD = indicator that turns “on” once temperature 

crosses certain coldness threshold (helps capture peak days);
o WIND = Daily average wind speed;
o Others also checked.
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Non-Core 
Outlook

•Cascade forecasts the non-core out to 2050.
•Unlike the core, non-core (or transportation) customers are 
customers who schedule and purchase their own gas, 
generally through a marketer, to get gas to the citygate.  The 
customer then uses Cascade’s distribution system to receive 
the gas.

•Cascade’s transportation customers include all types of 
industrial customers.  It includes farms that may not use any 
gas during the winter to food manufacturers that average 
800,000 therms per month throughout the year.

•Cascade also serves six electric generation customers in 
Washington and one in Oregon.  Those seven customers 
project to use approximately 800,000,000 therms in 2027.
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Transportation Customers
• Cascade’s transportation customer forecast increased from 

the previous forecast.  The current forecast projects the 
customer count to be 254 in 2027.  Cascade’s industrial 
managers are working closely with potential industrial 
customers.

• Cascade projects the transportation customers, excluding 
electric generation, in Washington and Oregon to consume 
approximately 521 million therms in 2027.
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Feedback for 
Cascade?

• 860-090-0060(6)(b) - The utility must include in the 
assessment reasonable upper and lower bounds on 
resource needs based on key planning uncertainties. 

• Do you have comments or ideas that Cascade should 
consider regarding the Customer and Demand Forecast?
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2027 IRP 
Schedule

42
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Questions/Next 
Steps

Contact us at 
irp@cngc.com

Review Plans for 
Targeted-TAG 3 

Discussion

Avoided Cost 
Modeling

Next TAG is 
Wednesday, June 

10th.
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