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HDD and CDD analysis guidelines 
The purpose of this document was to provide guidelines for forecasting heating degree 
days (HDD) and cooling degree days (CDD). Three methods were addressed: 

• Static Ten-year Moving Average Method; 
• Dynamic Ten-year Moving Average Method; and 
• Integrated Autoregressive-Moving Average (ARIMA) model. 

 
The reader is invited to become familiar with the contents of the publications listed in the 
Bibliography and References sections of this document to make it easier to understand 
the discussions about the ARIMA model.  
 
Illustrations of the moving average methods were based on data, supplied by BC Hydro 
Load Forecasting, for Vancouver Airport (Lower Mainland Sales Region) Apr 1981 to 
Mar 2001. The illustrations of the ARIMA model were from analyses of BC Hydro Load 
Analysis Vancouver Airport data from Jan 1953 to Mar 2001.  

Static Ten-year Moving Average Method 
This method was set up on a MS-Excel spreadsheet as illustrated in Fig. 1. 
 
For completeness of forecast information, the standard error of the estimate (equivalent to 
standard deviation of the residuals) was calculated. Two standard deviations gave a 95% 
probability envelope about the forecast value. The upper and lower confidence limits 
(CL) at the 0.05 level were tabulated. The formula used was: 
 
 Standard error of the estimate = standard deviation of the residuals 
 = ((sum of the squares of the residuals)/(no. of items))1/2   (1) 
 
 
Residuals are the differences between actual monthly HDD and forecasted monthly HDD 
for a given month. 
 
For example, for Apr-2001, the formula for the standard error value in cell D246 was: 
 
 fx=SQRT(((B126-C126)^2+(B138-C138)^2+(B150-C150)^2+(B162-
C162)^2+(B174-C174)^2+(B186-C186)^2+(B198-C198)^2+(B210-C210)^2+(B222-
C222)^2+(B234-C234)^2)/10)       (2) 
 
The formula for the Apr-2001 Upper CL was, 
 
 fx= C246+2*D246        (3) 
 
The formula for the Apr-2001 Lower CL was, 
 
 fx= C246-2*D246        (4) 
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Figure 1: The Apr-2001 value of 248 monthly HDD was the arithmetic mean of the previous ten Apr 
values in the monthly HDD time series. The formula, fx, was shown in Excel’s formula bar. The 
method was termed “static” because every April forecast for the next five years had the 248 value 
(see for example, cell C258 for Apr-2002) 
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The last part of the complete static moving average forecast is shown in Fig. 2. The Apr-
2003, Apr-2004, and Apr-2005 monthly HDD forecast values remained static at 248 
monthly HDD. This figure also shows how Mean Absolute Predicted Error (MAPE) 
values were calculated. The formula was: 
 
MAPE = (1/N) × Σ |(Pactual i – Ppredicted i) / Pactual i|; sum from i = 1 to i = N  (5) 
 
where Pactual i = actual load on day i, Ppredicted i = forecast value of load on day i, N = total 
number of data (hours). 
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Figure 2: Last part of static moving average forecast. Note how monthly values repeated each 
forecast year. The formula bar showed part of the formula for calculating Mean Absolute Predicted 
Error. The results of the formula in the bar were displayed in columns for each month, at the row 
corresponding to the month. The five results in each column were added and divided by five to yield 
the arithmetic means, displayed in the row containing the label “MAPE =” 
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 Dynamic Ten-year Moving Average Method 
In contrast to the static method, the dynamic method incorporated forecasted values as 
illustrated in Fig. 3. Standard error of the estimate could be added as in the static method. 
 
 

 
Figure 3: The Apr-2001 forecast was calculated as in the static method explained above. The formula 
for the dynamic HDD forecast for Apr-2003 incorporated the forecasted values for Apr-2001 (cell 
D246) and Apr-2002 (cell D258).  The balance of the table with MAPE calculations operated 
similarly to the static version, Fig. 2 
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ARIMA Model Method   
The motivation for using the more complex integrated autoregressive-moving average 
model to predict monthly HDD was to incorporate physical processes information about 
BC’s climate (through climate indices values) in an effort to increase accuracy of the 
forecasts. SAS JMP software was used. An excerpt from the SAS JMP master data table 
Apr 1953 to Mar 2001 is shown in Fig. 4. 
 

 
Figure 4: Excerpt from SAS JMP data table with climate index values for the Pacific North 
American Index (PNAI), Length of Day Index (LODI), Monthly Smoothed Sunspot Number (MSSN), 
and Global Mean Monthly Temperature Anomaly (GMMTA)  
 
 
 



Roland V. Wahlgren, Load Research Analyst, BC Hydro HDD and CDD Analysis Guidelines 

November 26, 2009  Page 9 of 23 

To obtain maximum benefit from the following sections, the reader is invited especially 
to refer to the presentation document, Heating/Cooling Degree Day Forecasts for BC 
Hydro Sales Regions Using a Probabilistic Model with Climate Inputs (Wahlgren, 2009), 
for explanations about time series, spectral densities, and climate indices. Some 
familiarity with SAS JMP and ARIMA is assumed—the other publications in the 
Bibliography and References are readable and useful. 
 
Using standard JMP procedures, a model was set up with inputs as displayed in Fig 5. 
 

 
Figure 5: Model set up with inputs.  Set Autocorrelation Lags and Forecast Periods each to 5 years 
because five year forecasts were made. A rule of thumb was to set these values to a maximum of N/4, 
where N was the number of data points.  From 1953 to 2001 there were 49 data points for each 
month. Although 49/4 = 12, the value 5 was appropriate and avoided “information overload” in the 
following analyses 
 
At this point, spectral densities for the time series and climate inputs were checked for 
interesting cases of coinciding peaks (Figs. 6 through 9). 
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Figure 6: Spectral density for HDD Vancouver for months of Jan 1953 to 2001. A strong peak was 
evident for a 3-year cycle (solid arrow). A weaker peak distinguished a cycle with a period of about 8 
years (dashed arrow) 
 

 
Figure 7: Spectral density for the Pacific North American Index (PNAI) for months of Jan 1953 to 
2001. The HDD values appeared to be responding to the 3-year cycle in PNAI values (arrows) 
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Figure 8: Spectral density for Length of Day Index (LODI) for months of Jul 1953 to 2001. There was 
no clear match evident between HDD and LODI peaks 
 
 
 

 
Figure 9: Spectral density for Global Monthly Mean Temperature Anomaly (GMMTA) for months 
of Jan 1953 to 2001. There was a 3-year peak match between HDD and GMMTA (arrows). This peak 
also appeared in the spectra for PNAI (Fig. 7) 
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Now Transfer Function was selected (Fig. 10). 
 

 
Figure 10: “Transfer Function” selected (arrow) 
 
Transfer Function inputs were selected (Fig. 11). 
 

 
Figure 11: Chose Transfer Function inputs — to do this examined “Time Series Basic Diagnostics” as 
explained in the caption for Fig. 12. Forecast Periods input box was updated from “0” to “5” 



Roland V. Wahlgren, Load Research Analyst, BC Hydro HDD and CDD Analysis Guidelines 

November 26, 2009  Page 13 of 23 

Time Series Basic Diagnostics were examined for the HDD Vancouver time series (Fig. 
12) and a model was tried giving the result shown in Fig. 13. 
 

 
Figure 12: Time Series Basic Diagnostics Partial Autocorrelation Function (chart on right) showed a 
significant positive deviation at lag 3 (arrow). The solid blue lines represented ± 2 standard errors for 
approximate 95% confidence limits. Positive deviations were characteristic of an autoregressive (AR) 
signature. In this case the order of the AR process was 3. Therefore an AR(3) model was tried 
 

 
Figure 13: Results for AR(3) model. To the left of the vertical blue separating line (arrow) the one-
step-ahead forecasts (red line) were overlaid with the input data points (black dots). To the right of 
the line were the future values forecast by the model (red line) and the 95% confidence intervals for 
the forecasts (blue lines) 
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AR and MA orders were determined for PNAI (Figs. 14–16) and GMMTA (Figs. 17–18). 
 

 
Figure 14: An AR(3) model was also a possibility for the Jan PNAI time series (arrow) 
 

 
Figure 15: Input for AR(3)  PNAI model specified the autoregressive order as 3 
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Figure 16: Result of AR(3) model for PNAI 
 

 
Figure 17: GMMTA was likely to need an AR(3) model as suggested by the abrupt decrease in 
magnitude of positive deviations in the partial autocorrelation function chart after lag 3 (arrow) 
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Figure 18: Result of AR(3) model. Notice how both the autocorrelation function (ACF) and partial 
autocorrelation function (PACF) plots showed no significant deviations, confirming a correctly 
chosen model 
 
Now all the Transfer Function Inputs were available (Fig. 19): 
 Noise Series Order—Monthly HDD Vancouver was AR(3) and 
 Input Series Orders—PNAI was AR(3) and GMMTA was AR(3). 
  

 
Figure 19: Inputs to transfer function 
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To update the “Inputs Variables” in the Transfer Function (TF; Fig. 20) collect the 
forecast data that was collected for PNAI (Figs. 21–22) and GMMTA (Fig. 23) for input 
to the TF (Fig. 24). The HDD forecast values were now available (Fig. 25). 
 

 
Figure 20: Transfer Function results. The “Inputs Variables” were updated by ten manual entries 



Roland V. Wahlgren, Load Research Analyst, BC Hydro HDD and CDD Analysis Guidelines 

November 26, 2009  Page 18 of 23 

 

 
Figure 21: “Save Columns” (arrow) was selected to get data for PNAI AR(3) 
 

 
Figure 22: Predicted Jan PNAI for the next five years 2002 to 2006 were found in rows 50 to 54 in the 
‘Predicted Pacific North American Index’ column 
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Figure 23: Predicted values for GMMTA for 2002 to 2006 were in the last five rows of the table 
 

 
Figure 24: “Transfer Function” was selected and updated with “Inputs Variables” manually as 
shown here. The PNAI and GMMTA forecast values were from the last five rows of Figs. 22 and 23 
respectively  
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Figure 25: “Save Columns” was selected for the Transfer Function to see the HDD predictions in the 
last five rows underneath the ‘Predicted Monthly HDD Vancouver’ column. Values for Standard 
Error as well as Upper and Lower Confidence Limits (0.05 level) were tabulated 
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An example of a moving average signature in the time series was illustrated by the data 
for Feb 1953–2001 (Fig. 26). There was sometimes ambiguity in model results. How this 
may be dealt with was considered in the captions for Figs. 27 through 29. 
 

 
Figure 26: Feb HDD had a significant negative deviation (arrow) which was a moving average (MA) 
signature. The order of the MA process was 2 or perhaps 3, suggesting models MA(2) or MA(3) 
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Figure 27: Example of model comparison –  chose MA(3) – it had a lower standard variance and 
higher R2 value. (AIC) Aikake’s ‘A’ Information Criterion was  lower than for the MA(2) model. 
Therefore, MA(3) had Rank 1 in terms of AIC. Interestingly, Schwarz’s Bayesian Criterion 
disagreed with the AIC, forcing the analyst to choose, using judgement based on experience 
 

 
Figure 28: Sometimes the Transfer Function Model assisted in choosing between ambiguous Noise 
Series Orders or Inputs Series Orders. Here was an example of model failure – because tried using 
HDD MA(2) instead of MA(3) for the Noise Series Order 

Error 
message 
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Figure 29: The Transfer Function Model worked with MA(3) 
 
Similar procedures were followed for the remaining months. 
 
Take care not to “over-fit” the data (NIST/SEMATECH, 2009) by including extra, 
unnecessary terms in the model.    
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