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Test predicted against actual HDD

• Residuals

•Correlation coefficient, R

• Mean Absolute Percentage Error (MAPE)

• “Acid Test”

Not done for CDD because 
uncertainties often exceeded 
CDD values (see previous 

section of presentation)
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Mean Absolute Predicted Error (MAPE)

Mean Absolute Predicted Error (MAPE) values were calculated using the formula:

MAPE [%] = (100/N) × Σ | ( P actual i – P predicted i ) / P actual i |; sum from i = 1 to i = N

where

P actual i = actual HDD or CDD on day i,

P predicted i = forecast value of HDD or CDD on day i, and

N = total number of data points.

MAPE is a useful statistic for quantifying the amounts by which predicted values differed from actual values of 
some variable. A MAPE of 19%, for example, would tell us, “…on average the difference between the fitted 
values and the actual values is 19%.” (Stellwagen, 2006). MAPE is the standard for load forecasts by energy 
utilities (Yazdi, 2009) and is one of the statistics reported by forecasting software such as SAS JMP.
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HDD Forecast Quality for Vancouver — Residuals (% of actual HDD) 
by Month for backcast
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Test predicted HDD against actual HDD for 1963–2008 
HDD for Lower Mainland Region

Month

ARIMA 
predictions 

(proposed new 
method), r r significant

Mean Absolute 
Percentage 

Error

10 y MA 
predictions 

(used by BC 
Hydro), r r significant

Mean Absolute 
Percentage 

Error
Apr 0.71 Yes 6.67% 0.37 Yes 8.29%
May 0.76 9.43% 0.19 No 14.31%
Jun 0.67 20.67% 0.22 No 30.62%
Jul 0.51 67.50% 0.49 Yes 74.75%
Aug 0.75 49.68% 0.41 Yes 75.99%
Sep 0.68 17.40% 0.22 No 25.44%
Oct 0.61 6.50% 0.05 8.74%
Nov 0.54 7.83% -0.01 10.39%
Dec 0.73 6.42% -0.20 9.99%
Jan 0.64 8.31% 0.19 10.44%
Feb 0.85 3.98% -0.22 7.97%
Mar 0.94 2.69% 0.25 7.96%
Shading denotes month in shoulder season
critical absolute value of r (5%) = 0.288

Summer

Winter

Forecast Quality – Lower Mainland Region 
Monthly HDD

(Correlation coefficient r and MAPE were for predicted HDD against actual HDD)

Data was from 1953 to 
2008 but 10-year Moving 
Average (MA) Process 

discarded first ten years of 
data
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HDD Forecast Quality for Victoria — Residuals (% of actual HDD) 
by Month for backcast

Residual (%) for 10 year moving average method Residual (%) for ARIMA method (proposed forecast model)
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Test predicted HDD against actual HDD for 1963–2008
HDD for Vancouver Island Region

Month

ARIMA 
predictions 

(proposed new 
method), r r significant

Mean Absolute 
Percentage 

Error

10 y MA 
predictions 

(used by BC 
Hydro), r r significant

Mean Absolute 
Percentage 

Error
Apr 0.73 Yes 5.76% 0.34 Yes 7.78%
May 0.76 8.28% 0.15 No 13.68%
Jun 0.74 14.63% 0.28 No 22.17%
Jul 0.63 25.74% 0.51 Yes 31.19%
Aug 0.57 26.12% 0.35 Yes 36.96%
Sep 0.34 16.52% 0.11 No 18.38%
Oct 0.81 3.91% -0.05 7.72%
Nov 0.86 4.85% -0.04 9.06%
Dec 0.81 4.53% -0.12 8.94%
Jan 0.54 7.32% 0.23 8.84%
Feb 0.76 4.93% -0.31 7.94%
Mar 0.86 3.45% 0.19 7.56%
Shading denotes month in shoulder season
critical absolute value of r (5%) = 0.288

Summer

Winter

Forecast Quality – Vancouver Island Region 
Monthly HDD

(Correlation coefficient r and MAPE were for predicted HDD against actual HDD)
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HDD Forecast Quality for Prince George— Residuals (% of actual HDD) 
by Month for backcast

Residual (%) for 10 year moving average method Residual (%) for ARIMA method (proposed forecast model)
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Forecast Quality – Northern Region Monthly 
HDD
Test predicted HDD against actual HDD for 1963-2008
HDD for Northern Region

Month

ARIMA 
predictions 

(proposed new 
method), r r significant

Mean Absolute 
Percentage 

Error

10 y MA 
predictions 

(used by BC 
Hydro), r r significant

Mean Absolute 
Percentage 

Error
Apr 0.86 Yes 4.34% 0.16 No 8.84%
May 0.64 11.41% 0.02 16.08%
Jun 0.45 23.57% 0.08 29.48%
Jul 0.64 22.17% 0.15 31.34%
Aug 0.63 20.75% 0.04 30.10%
Sep 0.84 8.26% -0.04 16.98%
Oct 0.92 2.51% -0.21 7.19%
Nov 0.95 4.04% -0.16 12.19%
Dec 0.88 6.35% -0.13 14.86%
Jan 0.74 10.20% 0.14 14.82%
Feb 0.85 6.72% -0.31 14.65%
Mar 0.76 5.96% 0.00 10.73%
Shading denotes month in shoulder season
critical absolute value of r (5%) = 0.288; n = 47

Summer

Winter

(Correlation coefficient r and MAPE were for predicted HDD against actual HDD)
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HDD Forecast Quality for Kamloops — Residuals (% of actual HDD) 
by Month for backcast

Residual (%) for 10 year moving average method Residual (%) for ARIMA method (proposed forecast model)
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Roland V Wahlgren, Load Research Analyst
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Forecast Quality – South Interior Region 
Monthly HDD
Test predicted HDD against actual HDD for 2004-2008
HDD for South Interior Region

Month

ARIMA 
predictions 

(proposed new 
method), r r significant

Mean Absolute 
Percentage 

Error

10 y MA 
predictions 

(used by BC 
Hydro), r r significant

Mean Absolute 
Percentage 

Error
Apr 1.00 Yes 1.19% -0.79 No 18.11%
May 0.76 No 14.06% 0.13 31.47%
Jun 0.71 No 69.33% -0.93 207.05%
Jul 0.42 No 216.10% -0.56 421.13%
Aug 0.93 Yes 30.27% -0.45 68.37%
Sep 0.98 Yes 3.14% -0.81 23.76%
Oct 0.99 Yes 1.33% -0.55 5.42%
Nov 1.00 Yes 0.28% -0.13 7.20%
Dec 0.65 No 9.42% -0.53 10.62%
Jan 0.81 Yes 7.61% -0.64 13.53%
Feb 0.97 Yes 1.58% 0.15 4.43%
Mar 0.99 Yes 3.50% -0.76 13.27%
Shading denotes month in shoulder season
critical absolute value of r (5%) = 0.811 for Jan-Jun; n = 6
critical absolute value of r (5%) = 0.878 for Jul-Dec; n = 5

Summer

Winter
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(Correlation coefficient r and MAPE were for predicted HDD against actual HDD)
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Acid Tests
So far, so good—backcasts appear to have confirmed superiority of the new probabilistic model with climate inputs over the static and dynamic 
moving average models. MAPEs were always lowest for the new probabilistic model. But, what about stepping back in time and forecasting forward 
for five years? Compare (using MAPE, slide 86 )  the forecasts to the actual degree day values observed during these five years. Will the new model 
stand up to such  “acid tests”?

Initial experiments with the first four acid tests gave disappointing results for the new model. These tests were based on the Vancouver Airport HDD 
time series from 1981–2009 used by BC Hydro’s Load Forecasting division or the 1953-2009 series from Load Analysis. Monthly HDD forecasts 
were made for Apr 2001 to Mar 2006. The new model performed no better than either static or dynamic moving average models. Through a chance 
re-reading of an article about climate change in Science, I realized that this forecast period occurred within periods of stationarity of the time series 
for the Global Mean Monthly Temperature Anomalies (Kerr, 2009) and Vancouver Airport HDDs. Therefore, it was not surprising that the moving 
average forecasts performed nicely. The relatively short (30 year) duration of the 1981–2001 observations further handicapped functioning of the 
new model which depended on incorporating into its algorithms cycles revealed over longer time periods.

Disappointment was tempered further when it was discovered researchers working on short-term weather forecasting models for model predictive 
control of commercial buildings, which would not usually be experiencing noticeable trends, found that, “the results show that even the most 
complicated nonlinear autoregressive neural network with exogenous input does not appear to warrant the additional efforts in forecasting model 
development and training in comparison to the simpler MA [moving average] models” (Florita and Henze, 2009, p. 835).

To ensure a fair comparison between forecasting methods, Acid Test No. 5 was done using the 1953–2009 time series used for all the other 
analyses in this project. These acid tests began forecasts in Apr 1993 (within a period of non-stationarity with a decreasing HDD trend). Now the 
probability model out-performed the moving average models for the crucial heating months of Sep through Feb. Accuracy in Mar and Apr was 
acceptable, although not quite as good as the moving average models. Experimentation showed that the probabilistic model was sensitive to the 
correct application of climate inputs. If the bivariate analyses done earlier had significant correlations between HDD and a certain climate index, 
MAPE decreased when all appropriate inputs were applied. If a significant climate index input was omitted, MAPE increased. Finally, Acid Test No. 6 
checked thoroughly whether using as ARIMA model inputs climate indices such as SOI, PDO, NPI, or ALPI would improve forecasting accuracy.

Acid Tests
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Guide to the Acid Tests

Load Analysis’ 1953-2009 HDD data set 
Forecasts from Apr 1993 to Mar 1998—period of  HDD non-stationarity
Compared ARIMA with climate inputs (decided by strength of fit) with static and dynamic moving average models

6

Load Analysis’ 1953-2009 HDD data set
Forecasts from Apr 1993 to Mar 1998—period of  HDD non-stationarity; Contrast with Acid Test No. 4
Compared ARIMA with no climate inputs to ARIMA with multiple inputs; Summarized change in forecast accuracy 
from using ARIMA; Observed variability in forecast accuracy during forecast period; Explored climate influences on 
HDD for Vancouver

5

Load Analysis’ 1953-2009 HDD data set
Forecasts from Apr 2001 to Mar 2006—period of  HDD stationarity; Contrast with Acid Test No. 5
Compared ARIMA with no climate inputs to ARIMA with multiple inputs

4

Load Analysis’ 1953-2009 HDD data set
Forecasts from Apr 2001 to Mar 2006—period of  HDD stationarity
Compared ARIMA with no climate inputs to ARIMA with PNAI only

3

Load Forecast’s 1981-2009 HDD data set
Forecasts from Apr 2001 to Mar 2006—period of  HDD stationarity
Compared ARIMA with no climate inputs to ARIMA with PNAI only

2

Load Forecast’s 1981-2009 HDD data set
Forecasts from Apr 2001 to Mar 2006—period of  HDD stationarity
Compared ARIMA with 4 climate inputs to ARIMA with PNAI only

1

Experiment’s focus
(in addition to comparing results with static and d ynamic moving average model results)

Acid Test No.
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“Acid Test No. 1” comparing HDD forecasting methods

86/98

HDD Forecast Model Comparisons
Acid Test No. 1 (BCH 1981 to 2001 data, Vancouver A )

R2 = 0.0069
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HDD (Actual) Static MA Dynamic MA ARIMA with PNAI input ARIMA with 4 climate inputs Actual HDD Trend

MAPE (60 predicted values): 39.64%               39 .19%                    45.14%                                     58.15%         
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MAPE for HDD forecasting methods
BCH 1981 to 2001 data (Vancouver A)
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“Acid Test No. 1” comparing HDD forecasting methods

“Acid test” assumed forecasts made in  Mar 2001
- Used 1981–2001 extract from Load Forecasting’s HDD Vancouver Airport 

data from 1981–2009
- Forecasting 60 monthly HDD values from Apr 2001 to Mar 2006 (5 year 

forecast)—period of no HDD trend
- ARIMA forecasts with 4 climate inputs were similar to or poorer than 

moving average (static or dynamic) forecasts in terms of MAPE
- No advantage from using ARIMA with 4 climate inputs
- ARIMA forecasts (with PNAI only) were more accurate than MA forecasts 

in Mar, Apr, May, and  Sep (shoulder season months) 
- None of methods was good at forecasting monthly HDD during Jul and 

Aug cooling months)
- Lowest MAPEs during Nov to Mar(“Winter” heating season)  
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“Acid Test No. 2” comparing HDD forecasting methods

87/98

HDD Result Comparisons
Acid Test No. 2 (BCH 1981 to 2001 data, Vancouver A )

R2 = 0.0069
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Forecasting Period Date (Month-Year) for Acid Test
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HDD (Actual) Static MA Dynamic MA ARIMA with no inputs ARIMA with PNAI input Actual HDD Trend

MAPE (60 predicted values):           39.64%            39.19%                46.84%                             44.29%         
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MAPE for HDD forecasting methods
BCH 1981 to 2001 data (Vancouver A)
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“Acid Test No. 2” comparing HDD forecasting methods

“Acid test” assumed forecasts made in  Mar 2001
- Used 1981–2001 extract from Load Forecasting’s HDD Vancouver 

Airport data from 1981–2009
- Forecasting 60 monthly HDD values from Apr 2001 to Mar 2006 (5 

year forecast)—period of no HDD trend
- ARIMA forecasts with with no climate inputs or with PNAI only  were 

similar to or poorer than moving average (static or dynamic) 
forecasts in terms of MAPE

- ARIMA forecasts (with PNAI only) were more accurate than MA 
forecasts in Apr, Sep, and Dec) 

- None of methods was good at forecasting monthly HDD during Jul 
and Aug cooling months)

- Lowest MAPEs during Nov to Mar (“Winter” heating season)
- ARIMA with climate inputs is often better than ARIMA with no inputs 

demonstrating importance of including regional climate factors (e.g., 
Sep, Oct, Dec, and Feb)
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“Acid Test No. 3” comparing HDD forecasting methods

88/98

HDD Result Comparisons
Acid Test No. 3 (BCH 1953 to 2001 data, Vancouver A )

R2 = 0.0069
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HDD (Actual) Static MA Dynamic MA ARIMA with no inputs ARIMA with PNAI input Actual HDD Trend

MAPE (60 predicted values):          39.53%            41.42%                 55.16%                             55.32%         
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MAPE for HDD forecasting methods
BCH 1953 to 2001 data (Vancouver A)

10
.0

7%

21
.0

4%

32
.3

2%

11
.7

3%

10
.9

2%

9.
80

%

6.
54

%

8.
30

%

4.
30

%

10
.2

9%

10
.5

6%

22
.9

1%

39
.4

1%

12
.1

5%

10
.4

9%

10
.0

9%

5.
03

% 8.
79

%

5.
94

% 10
.1

6%

17
.5

5% 20
.5

7%

46
.2

4%

13
.4

9%

11
.7

8%

9.
83

%

7.
99

% 12
.8

9%

4.
33

%

13
.1

6%

11
.4

2%

20
.3

4%

46
.2

4%

13
.1

2%

11
.8

0%

11
.5

1%

8.
86

%

15
.1

1%

3.
23

%

13
.1

6%

0%

10%

20%

30%

40%

50%

60%

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

BC Hydro Fiscal Year Month

M
A

P
E

MA Static MA Dynamic ARIMA with no climate inputs ARIMA with PNAI only

AT-3

“Acid Test No. 3” comparing HDD forecasting methods

“Acid test” assumed forecasts made in  Mar 2001
- Used 1953–2001 extract from Load Analysis’ HDD Vancouver Airport 

data from 1953–2009
- Forecasting 60 monthly HDD values from Apr 2001 to Mar 2006 (5 

year forecast)—period of no HDD trend
- ARIMA forecasts with with no climate inputs or with PNAI only  were 

similar to or poorer than moving average (static or dynamic) forecasts 
in terms of MAPE

- ARIMA forecasts (with PNAI only) were more accurate than MA 
forecasts in May and Feb

- None of methods was good at forecasting monthly HDD during Jul 
and Aug cooling months)

- Lowest MAPEs during Nov to Mar (“Winter” heating season)
- ARIMA with climate inputs is often better than ARIMA with no inputs 

demonstrating importance of including regional climate factors (e.g., 
Apr, May, Sep, Feb)
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“Acid Test No. 4” comparing HDD forecasting methods
HDD Result Comparisons

Acid Test No. 4 (BCH 1953 to 2001 data, Vancouver A )

R2 = 0.0072

0

100

200

300

400

500

600

700

A
pr

-0
1

M
ay

-0
1

Ju
n-

01
Ju

l-0
1

A
ug

-0
1

S
ep

-0
1

O
ct

-0
1

N
ov

-0
1

D
ec

-0
1

Ja
n-

02
F

eb
-0

2
M

ar
-0

2
A

pr
-0

2
M

ay
-0

2
Ju

n-
02

Ju
l-0

2
A

ug
-0

2
S

ep
-0

2
O

ct
-0

2
N

ov
-0

2
D

ec
-0

2
Ja

n-
03

F
eb

-0
3

M
ar

-0
3

A
pr

-0
3

M
ay

-0
3

Ju
n-

03
Ju

l-0
3

A
ug

-0
3

S
ep

-0
3

O
ct

-0
3

N
ov

-0
3

D
ec

-0
3

Ja
n-

04
F

eb
-0

4
M

ar
-0

4
A

pr
-0

4
M

ay
-0

4
Ju

n-
04

Ju
l-0

4
A

ug
-0

4
S

ep
-0

4
O

ct
-0

4
N

ov
-0

4
D

ec
-0

4
Ja

n-
05

F
eb

-0
5

M
ar

-0
5

A
pr

-0
5

M
ay

-0
5

Ju
n-

05
Ju

l-0
5

A
ug

-0
5

S
ep

-0
5

O
ct

-0
5

N
ov

-0
5

D
ec

-0
5

Ja
n-

06
F

eb
-0

6
M

ar
-0

6

Forecasting Period Date (Month-Year) for Acid Test
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HDD (Actual) Static MA Dynamic MA ARIMA with no inputs ARIMA with climate inputs Actual HDD Trend

MAPE (60 predicted values):     33.27%               32.93%                    43.28%                                  49.76%         

MAPE (25 predicted values; Nov to Mar):

7.62%     8.05%                     9.64%                    9.44%
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MAPE for HDD forecasting methods
BCH 1953 to 2001 data (Vancouver A)

10
.7

5%

19
.8

0%

34
.0

4%

12
.7

6%

10
.2

4%

9.
55

%

6.
32

%

8.
21

%

4.
34

% 9.
68

%

11
.1

0%

21
.7

8%

32
.9

9%

13
.5

8%

10
.8

4%

9.
81

%

6.
76

%

8.
90

%

4.
39

%

10
.3

8%

17
.5

5% 20
.5

7%

46
.2

4%

13
.4

9%

11
.7

8%

9.
83

%

7.
99

% 12
.8

9%

4.
33

%

13
.1

6%

10
.4

9%

20
.3

4%

33
.3

6%

11
.3

8%

11
.8

3%

9.
80

%

8.
86

% 13
.1

2%

4.
10

%

11
.3

3%

0%

10%

20%

30%

40%

50%

60%

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

BC Hydro Fiscal Year Month

M
A

P
E

MA Static MA Dynamic ARIMA with no climate inputs ARIMA with climate input(s)

“Acid Test No. 4” comparing HDD forecasting methods

“Acid test” assumed forecasts made in  Mar 2001
- Used 1953–2001 extract from Load Analysis’ Vancouver Airport data 

from 1953–2009
- Forecasting 60 monthly HDD values from Apr 2001 to Mar 2006 (5 

year forecast)—period of no HDD trend
- ARIMA forecasts with with no climate inputs or with climate inputs  

were similar to or poorer than moving average (static or dynamic) 
forecasts in terms of MAPE

- ARIMA forecasts (with climate inputs) were more accurate than MA
forecasts in April, Sep, and Feb

- None of methods was good at forecasting monthly HDD during Jul 
and Aug cooling months)

- Lowest MAPEs during Nov to Mar (“Winter” heating season)

- PNAI = Pacific North American Index model input; GMMTA = Global 
Mean Monthly Temperature Anomaly model input
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“Acid Test No. 5” comparing HDD forecasting methods
HDD Result Comparisons

Acid Test No. 5 (BCH 1953 to 1993 data, Vancouver A )

R2 = 0.0189R2 = 0.0206
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HDD (Actual) Static MA Dynamic MA ARIMA with climate inputs Actual HDD Trend Predicted HDD Trend

MAPE (60 predicted values):      29.07%               28.14%                   42.50%        

Not a significant 5-year 
trend at 0.05 level

Not a significant 5-
year trend at 0.05 level

MAPE (25 predicted values; Nov to Mar):

8.99%     9.04%                     7.11%
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MAPE for HDD forecasting methods
BCH 1953 to 1993 data (Vancouver A)
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“Acid Test No. 5” comparing HDD forecasting methods

“Acid test” assumed forecasts made in  Mar 1993
- Used 1953–1993 extract from Load Analysis’

Vancouver Airport data from 1953–2009
- Forecasting 60 monthly HDD values from Apr 1994 to 

Mar 1998 (5 year forecast)—period of decreasing 
HDD trend (see Slide 11)

- ARIMA forecasts (with climate inputs) were more 
accurate than MA forecasts in Sep through Feb 
(heating months; see table, Slide 107)

- None of methods was good at forecasting monthly 
HDD during Jul and Aug cooling months)

- PNAI = Pacific North American Index model input; 
GMMTA = Global Mean Monthly Temperature 
Anomaly model input
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Change in HDD forecast accuracy
— summary for Acid Test No. 5

Change in HDD forecast accuracy — summary for Acid Test No. 5

Month MA Static
MA 

Dynamic ARIMA Change  = (ARIMA - MA Static) Change = (ARIMA - MA Dy namic)
Apr 6.06% 6.27% 8.18% 2.12% 1.91%

May 35.70% 35.68% 39.72% 4.01% 4.04%
Jun 13.93% 13.16% 28.47% 14.54% 15.30%
Jul MAPE outside of useful range

Aug MAPE outside of useful range
Sep 54.91% 50.11% 42.20% -12.71% -7.91%
Oct 5.71% 6.29% 5.53% -0.17% -0.76%
Nov 11.98% 11.72% 7.83% -4.16% -3.90%
Dec 11.94% 10.79% 8.42% -3.52% -2.37%
Jan 9.29% 10.10% 6.59% -2.70% -3.51%
Feb 7.93% 8.34% 6.51% -1.41% -1.83%
Mar 3.79% 4.27% 6.21% 2.43% 1.94%

Change in MAPE

“Acid Test No. 5” comparing HDD forecasting methods

ARIMA 
“best”

MAPE values
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Variability in forecast accuracy during forecast period

“Acid Test No. 5” comparing HDD forecasting methods

Acid Test No. 5
MAPE against forecast period
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ARIMA exhibited best performance 
during Sep-Feb; need to have 
better understanding of BC climate 
influences during Mar-Aug

See development of 
understanding, next 3 slides
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Moving average 
methods had 
poorer accuracy 
during Mar-Aug 
due to 
unpredictability of 
seasonal climate 
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Exploration of climate influences on HDD for Vancouver (1 of 3)

“Acid Test No. 5” comparing HDD forecasting methods

Hypothesis: Best fitting indices (coloured cells) were likely to be the best inputs for maximizing climate input information to ARIMA 
model for increased forecasting accuracy.

The data collected for the strength of fit table below used bivariate analyses similar to the monthly analyses for HDD against PNAI 
illustrated on Slide 28. Strength of fit was quantified by the value giving the Analysis of Variance (ANOVA) probability that the F-
statistic is greater than the critical statistic. Lower probabilities indicate better fits. Table is charted in Slides 110 and 111.

Strength of fit between HDD Vancouver and climate indices by month
HDD data for 1953-2009

Month MSSN GMMTA SOI LODI PDO NPI ALPI PNAI
Apr 0.2364 0.0003 0.027 0.0768 0.0001 0.0001 0.0407 0.0002

May 0.2175 0.083 0.0138 0.162 0.0002 0.0001 0.5862 0.0165
Jun 0.3675 0.0338 0.0127 0.0856 0.003 0.1437 0.0523 0.0108
Jul 0.5708 0.0017 0.8259 0.0055 0.164 0.1291 0.3396 0.0486

Aug 0.9341 0.0001 0.0456 0.0009 0.047 0.022 0.0011 0.5412
Sep 0.6987 0.0099 0.16 0.1705 0.0881 0.0001 0.4403 0.7963
Oct 0.547 0.0251 0.2499 0.0568 0.2143 0.0027 0.1751 0.0001
Nov 0.9692 0.0205 0.8835 0.551 0.0479 0.0015 0.0472 0.0001
Dec 0.2038 0.106 0.1632 0.2203 0.0563 0.0001 0.7625 0.0001
Jan 0.4936 0.0006 0.5112 0.0529 0.0002 0.0001 0.0001 0.0001
Feb 0.5609 0.0049 0.1296 0.8037 0.0004 0.0001 0.0001 0.0001
Mar 0.5594 0.0002 0.0001 0.7747 0.0001 0.0001 0.0001 0.0001

Note: Decision for which of tied values to use was made by choosing fit with highest R2 (bolded cells)

ANOVA Prob > F

We now have three 

ways of identifying and 

quantifying relationships 

between degree days at 

a station and climate 

indices:

-Bivariate analysis (R2)

-Spectral analysis

- ANOVA F-test
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“Acid Test No. 5” comparing HDD forecasting methods

Exploration of climate influences on HDD for Vancouver (2 of 3)

Strength of fits between HDD Vancouver and Climate Indices
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Here is an overview of the strength of fits. This is far “too busy” to comprehend easily, so zoom in, next slide, filtering out all probabilities 
greater than 0.01. The y-axis was reversed in these charts, so that better fits would be grouped near the top of the chart.
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“Acid Test No. 5” comparing HDD forecasting methods
Exploration of climate influences on HDD for Vancouver (3 of 3)

Strength of fits between HDD Vancouver and Climate Indices
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Cold-season

Cold-season months;
Aleutian Low stronger;
Pacific High weaker;

Mean circulation across BC is from SW;
Cold air from interior arrives in Vancouver 

during outflow conditions (cold spells);
Cold air also arrives in wake of combined 

Gulf of Alaska and coastal lows

Aleutian Low weaker;
Pacific High stronger;

North-westerly flow predominates
but flow is generally weaker and 

less predictable

Cold-low season Weeks can pass 
between arrival of 
weather systems

Inflows can occur year round, enveloping Lower Mainland region in cool coastal air

Mar-Apr: Surface weather systems are frequent with 
10 to 15 monthly on average during winter

This view focused on indices with “good fits” to Vancouver HDD. Climate notes (Klock and Mullock, 2001, ch. 3) highlight: (1) differences 
between cold and warm seasons, (2) events which increase heating needs, and (3) difficulty of making reliable predictions.

Slide 58 explains abbreviations

Unpredictability arises from alterations or disruptions to patterns from: 
Upper troughs of low pressure (clouds, precipitation—cooler weather); 
Upper ridges of high pressure (clear skies—cooler)

Better fit of 
climate index 

to HDD

Poorer fit of 
climate index 

to HDD

PNAI is best fit 
most of cold 
season; ALPI 
and NPI are 

strong 
influences

SOI is 
strong 

influence in 
March

GMMTA is 
strong 

influence in 
Jul and Aug

Apr, Jun: 
PDO 

influence

111/153

Oct-Apr:
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“Acid Test No. 6” comparing HDD forecasting methods
HDD Result Comparisons

Acid Test No. 6 (BCH 1953 to 1993 data, Vancouver A )

R2 = 0.0189

R2 = 0.0218
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MAPE (60 predicted values):      29.07%               28.14%                    47.42%                                                  

MAPE (25 predicted values; Nov to Mar):

8.99%     9.04%                     9.18%
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ARIMA and MA methods 
have similar accuracies, but 
only ARIMA allows tuning 

with climate inputs
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MAPE for HDD forecasting methods
BCH 1953 to 1993 data (Vancouver A)
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“Acid Test No. 6” comparing HDD forecasting methods

“Acid test” assumed forecasts made in  Mar 1993
- Used 1953–1993 extract from Load Analysis’

Vancouver Airport data from 1953–2009
- Forecasting 60 monthly HDD values from Apr 1994 to 

Mar 1998 (5 year forecast)—period of decreasing 
HDD trend

- Same chart as for Acid Test No. 5 except ARIMA 
forecasts for Jan through Apr incorporated 
experimentally as climate inputs those indexes 
with the best independent fits . The motivation for 
trying this was the exploration of climate influences on 
Vancouver HDD, Slides 109–111. Predictions for Nov, 
Dec, and Feb were improved compared to the moving 
average models.
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ARIMA Model

Climate Inputs

SOI, 
PDO, 
NPI

SOI, 
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PNAI, 
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PNAI, 
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ALPI, 
PNAI, 
GMMTA
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Knowledge gained from “Acid Tests”

• Backcasting alone is not a sufficient test of forecasting accuracy
• Best test of forecast accuracy is an “Acid Test”, meaning to step back in time, make forecasts, and 

compare forecast values from alternative methods to actual values using Mean Absolute Predicted Error 
(MAPE)

• Acid tests should select historical data representing periods of stationarity and non-stationarity for 
separate tests

• Backcasting period covered periods of stationarity and non-stationarity; Therefore, this performance test 
for forecasting accuracy favoured the probabilistic model with climate inputs over the empirical moving 
average techniques 

• Acid test technique is useful for testing various combinations of climate inputs and even new previously 
unused inputs (such as Southern Oscillation Index) to see if MAPE can be minimized. Better 
understanding develops of monthly regional climate influences. This experience can later be used in 
producing new forecasts

• Avoid forecasting HDD for Jul and Aug, Both moving average models as well as ARIMA model yield such 
high MAPEs that the predicted values are practically useless

• Avoid using unnecessary, extra inputs because over-fitting is likely (NIST/SEMATECH, 2009). Best results 
were obtained when using one or two climate inputs at a time, not all four at once.

– Over-fitting (e.g., using all inputs all the time) increases likelihood that noise will be interpreted as the 
actual signal

Knowledge
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Sensitivity of model to climate inputs
MAPE for HDD forecasting methods

BCH 1953 to 1993 data (Vancouver A)
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8.18% with PNAI + 
GMMTA;

6.00% with GMMTA only
MAPE: 2.18% decrease

39.72% with GMMTA 
only;

38.14% with PNAI + 
GMMTA

MAPE: 1.58% decrease

28.47% with PNAI + 
GMMTA;

22.61% with PNAI only
MAPE: 5.86% decrease

6.21% with PNAI + 
GMMTA;

3.98% with GMMTA + 
SOI

MAPE: 2.23% decrease

Chart from Acid Test No. 5

6.59% with PNAI + 
GMMTA;

5.64% with GMMTA + SOI
MAPE: 0.95% decrease

Sensitivity
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More questions than answers?

• Why did 1999 through 2008 Global Mean Monthly Temperature Anomaly time series from NASA GISS 
reveal a significant trend while the Met Office Hadley Centre’s HadCRUT3 temperature record showed no 
trend?

• Why did bivariate analyses by month show no significant fits between (Vancouver, Victoria, and Prince 
George) HDDs and the Pacific North American Index during Aug and Sep when the NASA Goddard Space 
Flight Center Global Change Master Directory claimed that the PNA pattern is weakest in Jun/Jul?

• What is explanation for cycles, apparently unrelated to global climate processes, observed in spectra of 
the continental-scale climate indices?

• Why did adding SOI as a climate input decrease MAPE in Jan for Acid Test No. 6 even though bivariate
analysis showed no significant correlation between HDD and SOI in Jan?  

More questions
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Practical effect of degree day model choice
on energy consumption
and monetary value calculations
What would be the practical effect on BC Hydro Load Forecasting energy consumption calculations (for 
residential customers) of the choice of HDD/CDD forecasting model? The model choices were: Static Moving 
Average, Dynamic Moving Average, or probabilistic model with climate index inputs.

The material effect was revealed by translating changes in degree day units into changes in energy units (GWh) 
and corresponding changes in monetary values. One way of accomplishing the translation was by using BC 
Hydro Load Forecasting’s Weather Normalization Methodology (explained on the next slide) which was 
embedded in their ResHist spreadsheet model.

A sensitivity analysis was the clearest way to show how HDD uncertainties would propagate into energy 
consumption and monetary value uncertainties. Dec and Jul represent the typical annual range of values for 
monthly HDD.

The next three slides illustrate how the ResHist spreadsheet was used for the sensitivity analyses.

Material effect
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Degree Day to Energy Consumption Translation within Load 
Forecasting’s ResHist Model

Translating degree days into residential energy consumption was accomplished by BC Hydro Load Forecasting using an empirical 
polynomial. The explanation concluding at the bottom of this slide was by BC Hydro Load Analyst Scott Albrechtsen (personal 
communication).

Blended Degree Day Measurement
The weather variable used is … a “blended” Total Degree Day measurement (BTDD). This a weighted 3 month moving average summation of 
HDDs and CDDs where the lagged month’s weather is weighted the heaviest (@50%) and the current and 2 months lagged weather are 
weighted also (each @25%). [Load Forecasting] uses the square (BTDD2) and cubic (BTDD3) as variables in [their] weather regressions also.

Weather Normalization Methodology
[Load Forecasting] does 36 month-moving monthly weather regressions during [their] monthly weather normalizations. Each month every 
segment consists of one regression that consists of 36 observations based on the last 3 years of billing data.

Weather Normalization Regression Structure
[Load Forecasting’s] weather normalization is essentially a “weather adjustment” where[by] the weather effect is [eliminated] from the actual 
billed figures.

This equation was used in the following “material effect analyses” to convert degree days to energy consumption (GWh). A unique 
vector of coefficients, (β0, β1, β2, β3 ) existed for each point-in-time (month-year) calculation related to prevailing characteristics of 
the grid and aggregate customer demand for (consumption of) electrical power (electrical energy).

[ ] [ ]∑∑ −−−− += 22)11 ,,,*25.,(*5. ttttttt CDDHDDCDDHDDCDDHDDBTDD

ttttt BTDDBTDDBTDDkWhActual εββββ ++++= 3
3

2
210 ***_

Material effect
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BCH Load 
Forecasting’s 
ResHist Model

Columns A to O

Lower 
Mainland 
Region

Experiment: 
Jul HDD 

changed from 
19.5 to 45.0; 
all else held 

constant

This is total 
energy 

consumption 
value 

resulting 
from Jul 

HDD change

The value 9,270,382 
was copied to 

Experiment table

For BC Hydro, approx. 
monetary value of one 

GWh is $60,000

“2008”
meant 
BCH 

F0809

Results for Energy, Energy Absolute 
Predicted Error, GWh difference, and 

Monetary value difference 

“Normal” (Running 
Mean) HDD are set 

same as Actual except 
for one monthly value 

during F0809
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This is F0809 total 
billed energy 
consumption 
resulting from 

changing Jul HDD 
from 19.5 to 45 

Billed Energy 
Consumption 

Units are MWh

Lower 
Mainland 
Region

BCH Load 
Forecasting’s 
ResHist Model

Columns CW to DL
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Results of sensitivity analyses (1 of 4)

Material effect

Sensitivity: Total F0809 Lower Mainland Energy Cons umption
against Range of Dec HDD

y = 1.4642x + 8483.5
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Sensitivity: Total F0809 Lower Mainland Energy Cons umption
against Range of Jul HDD

y = 0.4295x + 9250.8
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Y = 1.4642x + 8483.5

Y = 0.4295x + 9250.8

Sensitivity of Energy Consumption to HDD was (1.46/0.430) = 3.4 times greater in Dec 2008 than in Jul 2008
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Results of sensitivity analyses (2 of 4)

Material effect

Sensitivity: Total F0809 Lower Mainland Energy Cons umption
against Range of Dec HDD MAPE

y = 773.04x + 9259.1
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Sensitivity: Total F0809 Lower Mainland Energy Cons umption
against Range of Jul HDD MAPE

y = 8.6925x + 9258.9
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Sensitivity of Energy Consumption to HDD MAPE was (773/8.69) = 89 times greater in Dec than in Jul (2008)

Y = 773.04x + 9259.1

Y = 8.6925x + 9258.9
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Results of sensitivity analyses (3 of 4)

Material effect

Sensitivity: Total F0809 Lower Mainland Energy Cons umption Difference
against Range of Dec HDD MAPE

y = -773.04x - 0.0842
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Sensitivity: Total F0809 Lower Mainland Energy Cons umption Difference
against Range of Jul HDD MAPE

y = -8.6925x + 0.1038
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Sensitivity of Energy Consumption Difference to HDD MAPE was (773/8.69) = 89 times greater in Dec 2008 than in Jul 2008

Y = -773.04x – 0.0842
Y = -8.6925x + 0.1038
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Results of sensitivity analyses (4 of 4)

Material effect

Sensitivity: Total F0809 Lower Mainland Energy Cons umption Monetary Value
Difference against Range of Dec HDD MAPE

y = -46.382x - 0.0051

-$10.0

-$9.0

-$8.0

-$7.0

-$6.0

-$5.0

-$4.0

-$3.0

-$2.0

-$1.0

$0.0
0.00% 2.00% 4.00% 6.00% 8.00% 10.00% 12.00% 14.00% 16.00% 18.00% 20.00%

Range of Dec HDD MAPE

M
on

et
ar

y 
V

al
ue

 D
iff

er
en

ce
 (

M
ill

io
ns

)

Sensitivity: Total F0809 Lower Mainland Energy Cons umption Monetary 
Value

Difference against Range of Jul HDD MAPE

y = -0.5215x + 0.0062
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Y = -46.382x – 0.0051
Y = -0.5215x + 0.0062

Sensitivity of Energy Consumption Monetary Value Difference to HDD MAPE was (46.4/0.522) = 89 times greater in Dec

than in Jul 2008
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Summary of sensitivity analyses
• The sensitivity analyses apply to any HDD forecasting method
• Uncertainties and errors have a much greater effect on energy consumption and monetary value estimates 

in Dec than in Jul
– Sensitivity of Energy Consumption to HDD was 3.4 times greater in Dec than in Jul (2008)
– Sensitivity of Energy Consumption to HDD MAPE was 89 times greater in Dec than in Jul (2008)
– Sensitivity of Energy Consumption Difference to HDD MAPE was 89 times greater in Dec than in Jul
– Sensitivity of Energy Consumption Monetary Value Difference to HDD MAPE was 89 times greater in 

Dec than in Jul (2008)
– Other months would have lower sensitivities compared to the Dec/Jul relationship

• Examples of the effect of forecasting errors:
– An error of 11 HDD in Dec 2008 created an annual energy consumption error of 16 GWh worth about 

$1 million
– An error of 11 HDD in Jul 2008 created an annual energy consumption error of 4.7 GWh worth about 

$294,000  
• Examples of the effect of forecasting improvements:

– An  improvement of Dec 2008 HDD MAPE of 2.1% corresponded to an annual energy consumption 
difference of 16 GWh worth about $1 million

– An  improvement of Jul 2008 HDD MAPE of 2.1% corresponded to an annual energy consumption 
difference of 0.18 GWh worth about $11,000

• Return of investment in Degree Day forecasting research can be maximized by focusing on improving HDD 
forecasts for heating season months—the new probabilistic model could improve Dec HDD by 2% to 3% 
(see table, Slide 107)—annual improvements worth at least $1 million in monetary value 

Material effect
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Compare material effect of degree-day forecasting errors for a period of 
decreasing monthly HDD and another of stable monthly HDD
Method
•Considered the periods Apr 1993–Mar 1998 (decreasing monthly HDD, Slide 11) and Apr 2001–Mar 2006 (stable 
monthly HDD, Slide 11)
•Material effects that count for BC Hydro include errors in predicting energy consumption and associated monetary 
value (16 GWh ≈ $1 million)
•Load Forecasting’s ResHist model contained values for the coefficients, (β0, β1, β2, β3 ), used in the HDD to energy 
consumption conversion equation (Slide 118)

•Because the coefficients were unique to each point-in-time (month-year), substitution of HDD and CDD into the ResHist
model (Slides 119–120) was made only at the 60 points-in-time corresponding to Apr 1993–Mar 1998 and Apr 2001–
Mar 2006. Only this one change affecting the “Normal Heat Deg Days” and “Normal Cool Deg Days” pair of columns 
was made to the ResHist model
•Results were collected in a Model Comparison Table (Slide 127) and charts (Slides 128 to 137) were produced

Results
•The charts revealed opportunities for tuning ARIMA performance. In contrast, Moving Average models cannot be tuned
•The charts show that the ARIMA model can outperform moving average models during periods of HDD non-stationarity

Material effect
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Material effect

127/153
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Static Moving Average Forecasting Method:
Differences in Total Res. Energy Consumption & Mone tary Value

during Apr 93 - Mar 98 DD forecast period (Lower Ma inland)
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Energy Consumption Monetary Value
Errors in shaded range are not material in 
context of BC Hydro's business model

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-Mar 
Net differenceEnergy (GWh) Monetary
F9394 totals -168 -$6,372,920
F9495 totals -221 -$4,214,668
F9596 totals 63 -$5,645,437
F9697 totals -56 $6,748,834
F9798 totals -2163 -$16,340,816
5-year totals -2546 -$25,825,008

Net differenceEnergy (GWh) Monetary
F9394 totals -151 -$9,085,412
F9495 totals -142 -$8,547,993
F9596 totals -171 -$10,279,023
F9697 totals 136 $8,141,219
F9798 totals -319 -$19,152,343
5-year totals -649 -$38,923,552

Material effect

Decreasing HDD:
Static Moving Average Model 

cannot be tuned to increase accuracy.
“What you see is what you get”.

128/153

Forecasting errors during Apr-Oct are 
usually within acceptable range



Roland V Wahlgren, Load Research Analyst
BC Hydro Customer Information Management—Load Analysis 129/153

Material effect
Dynamic Moving Average Forecasting Method:

Differences in Total Res. Energy Consumption & Mone tary Value
during Apr 93 - Mar 98 DD forecast period (Lower Ma inland)
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Errors in shaded range are not material in 
context of BC Hydro's business model

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-Mar 
Net difference Energy (GWh) Monetary
F9394 totals -169 -$6,372,920
F9495 totals -214 -$4,336,637
F9596 totals 116 -$4,328,967
F9697 totals 9 $9,722,749
F9798 totals -1750 -$14,226,407
5-year totals -2008 -$19,542,180

Net difference Energy (GWh) Monetary
F9394 totals -151 -$9,085,412
F9495 totals -146 -$8,740,611
F9596 totals -147 -$8,830,024
F9697 totals 197 $11,837,516
F9798 totals -267 -$16,034,290
5-year totals -514 -$30,852,822

Decreasing HDD:
Dynamic Moving Average Model

cannot be tuned to increase accuracy.
“What you see is what you get”.
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Forecasting errors during Apr-Oct are 
usually within acceptable range
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Material effect
ARIMA Probabilistic Forecasting Method with Climate  Index Inputs:

Differences in Total Res. Energy Consumption & Mone tary Value
during Apr 93 - Mar 98 DD forecast period (Lower Ma inland)
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Errors in shaded range are not material in 
context of BC Hydro's business model

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Net difference Energy (GWh) Monetary
F9394 totals -203 -$12,168,427
F9495 totals -99 -$5,937,781
F9596 totals -155 -$9,301,440
F9697 totals 50 $2,978,983
F9798 totals -351 -$21,073,051
5-year totals -758 -$45,501,715

Nov-Mar 
Net difference Energy (GWh) Monetary
F9394 totals -205 -$7,501,922
F9495 totals -120 $849,490
F9596 totals -26 -$4,444,370
F9697 totals -115 $4,912,970
F9798 totals -2466 -$15,228,914
5-year totals -2932 -$21,412,746

Decreasing HDD:
Opportunities for tuning ARIMA model are circled. 
Tuning is done by improving understanding of how 

climate index inputs should be applied.

130/153

Forecasting errors during Apr-Oct are 
usually within acceptable range
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Material effect
Net Differences in Fiscal Year Monetary Values for Forecast Models

caused by DD forecasting differences from actual (1 993-1998)
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Material effect
Net Differences in Nov-Mar Monetary Values for Fore cast Models

caused by DD forecasting differences from actual (1 993-1998)
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Material effect
Static Moving Average Forecasting Method:

Differences in Total Res. Energy Consumption & Mone tary Value
during Apr 01 - Mar 06 DD forecast period (Lower Ma inland)
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Errors in shaded range are not material in 
context of BC Hydro's business model

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-Mar 
Net difference Energy (GWh) Monetary
F0102 totals 132 $578,558
F0203 totals -140 -$11,013,759
F0304 totals -172 -$1,620,928
F0405 totals -94 -$3,407,275
F0506 totals -999 -$4,036,795
5-year totals -1272 -$19,500,199

Net difference Energy (GWh) Monetary
F0102 totals 60 $3,590,824
F0203 totals -53 -$3,196,746
F0304 totals -28 -$1,685,801
F0405 totals -145 -$8,707,870
F0506 totals -144 -$8,620,637
5-year totals -310 -$18,620,229

Stable HDD:
Static Moving Average Model

cannot be tuned to increase accuracy.
“What you see is what you get”.

133/153

Forecasting errors during Apr-Oct are 
usually within acceptable range
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Material effect
Dynamic Moving Average Forecasting Method:

Differences in Total Res. Energy Consumption & Mone tary Value
during Apr 01 - Mar 06 DD forecast period (Lower Ma inland)
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Errors in shaded range are not material in 
context of BC Hydro's business model

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-Mar 
Net difference Energy (GWh) Monetary
F0102 totals 137 $578,558
F0203 totals -167 -$12,512,395
F0304 totals -168 -$1,202,616
F0405 totals -99 -$3,241,068
F0506 totals -1071 -$3,734,188
5-year totals -1368 -$20,111,708

Net difference Energy (GWh) Monetary
F0102 totals 60 $3,590,824
F0203 totals -72 -$4,311,180
F0304 totals -24 -$1,455,920
F0405 totals -148 -$8,851,562
F0506 totals -151 -$9,033,114
5-year totals -334 -$20,060,953

Stable HDD:
Dynamic Moving Average Model

cannot be tuned to increase accuracy.
“What you see is what you get”.
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Forecasting errors during Apr-Oct are 
usually within acceptable range
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Material effect
ARIMA Probabilistic Forecasting Method with Climate  Index Inputs:

Differences in Total Res. Energy Consumption & Mone tary Value
during Apr 01 - Mar 06 DD forecast period (Lower Ma inland)
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Errors in shaded range are not material in 
context of BC Hydro's business model

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-Mar 
Net difference Energy (GWh) Monetary
F0102 totals 117 $4,484,325
F0203 totals -323 -$18,976,883
F0304 totals -226 -$950,446
F0405 totals -209 -$5,135,794
F0506 totals -2479 -$9,432,966
5-year totals -3121 -$30,011,764

Net difference Energy (GWh) Monetary
F0102 totals 83 $4,984,914
F0203 totals -243 -$14,597,644
F0304 totals -74 -$4,435,657
F0405 totals -243 -$14,551,543
F0506 totals -306 -$18,331,278
5-year totals -782 -$46,931,208

Stable HDD:
Opportunities for tuning ARIMA model are circled. 
Tuning is done by improving understanding of how 

climate index inputs should be applied.

135/153

Forecasting errors during Apr-Oct are 
usually within acceptable range
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Material effect
Net Differences in Fiscal Year Monetary Values for Forecast Models

caused by DD forecasting differences from actual (2 001-2006)
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offered no 
advantage 
when entire 

year 
considered
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Material effect
Net Differences in Nov-Mar Monetary Values for Fore cast Models

caused by DD forecasting differences from actual (2 001-2006)
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Nov-Mar: 
ARIMA 
“best”

(Nov–Mar)
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Interactive Spreadsheet
• Screen shots of spreadsheets are in the following slides
• Material effect of errors in HDD was illustrated quantitatively for the Lower Mainland winter (Nov–Mar)
• Designed to accept 5 years of data from any region as an interactive demonstration tool

– Warning No. 1: Slope of calibration curves changes noticeably from year to year, even over 5 years; 
see example of month of Dec, Slide 139)

– Warning No. 2: Calibrations may be affected by various factors, including the fact that consumption 
of electrical energy per account has been increasing In the Lower Mainland Region during the period 
Apr 1981 to Mar 2009 (Slide 140)

– Theoretically, it should have been possible to construct calibration curves (“performance lines” in the 
nomenclature of Day, 2006) using “total monthly energy consumption for Lower Mainland”
(normalized for increasing number of accounts) or “monthly energy consumption per account”
against “monthly HDD” but these attempts were unsuccessful. The reason was likely to be that 
stated above in the second warning. The calibration curves used in the spreadsheet were generated 
by feeding artificial HDD data into the Load Forecasting ResHist Model for the months Nov–Mar of 
F0809 (Lower Mainland). Calibration curves are specific to each BC Hydro sales region. 

• Test data (actual and predicted HDD) was from the two periods examined earlier in this document
– Data Apr 1993 to Mar 1998 represented forecast results from a period of decreasing monthly HDD
– Data Apr 2001 to Mar 2006 represented forecast results from a period of stable monthly HDD

• Result: View monthly, annual, and 5-year cumulative value of errors in terms of:
– Energy Consumption (GWh)
– Monetary Value

Material effect



Roland V Wahlgren, Load Research Analyst
BC Hydro Customer Information Management—Load Analysis 139/153

Interactive Spreadsheet

Material effect
Energy/HDD for Dec against Fiscal Year
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Energy Consumption per Account and HDD against Dec Year
(Total Residential Customers, Lower Mainland)

y = -1.3473x + 465.28
R2 = 0.0523

y = 7.7605x + 748.51

R2 = 0.7333
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Although monthly HDD for December
 were relatively stable during 1981-2008,

energy consumption per account increased significantly
during the same period

(observations, n = 28, 0.05 level)

Material effect
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Rows 1-46 of spreadsheet; Apr 1993-Mar 1998 data

Calibration curves

Interactive Spreadsheet:
Another way of comparing 
DD forecasting methods 

for material effect of 
forecasting errors
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Energy 
Difference 

(error)

Annual 
Totals of 

Differences 
(errors)

Monthly 
Differences 

(errors)

142/153

Five year totals 
(Energy, Monetary)

Rows 20-69 of spreadsheet; Apr 1993-Mar 1998 data

Static Moving Average Model resultsMonetary 
Difference 

(error)
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139/142

Rows 56-108 of spreadsheet; Apr 1993-Mar 1998 data

Dynamic Moving Average Model results
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Rows 91-144 of spreadsheet; Apr 1993-Mar 1998 data

ARIMA Model results
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Annual net differences in Nov-Mar monetary values f or
forecast models caused by DD forecasting difference s

 from actual (Apr 93-Mar 98 data)
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Material effect

Nov-Mar: 
ARIMA 
“best”

Nov-Mar: 
ARIMA 
“best”

Period of 
Decreasing 

HDD

Nov-Mar:
ARIMA 
“equal”

Nov-Mar:
ARIMA 
“equal”
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Rows 1-43 of spreadsheet; Apr 2001-Mar 2006 data

Calibration curves

146/153
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Rows 20-65 of spreadsheet; Apr 2001-Mar 2006 data

Static Moving Average Model results

147/153
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Material effect Rows 56-104 of spreadsheet; Apr 2001-Mar 2006 data

Dynamic Moving Average Model results
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Material effect Rows 91-140 of spreadsheet; Apr 2001-Mar 2006 data

ARIMA Model results

149/153
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Annual net Differences in Nov-Mar monetary values f or
forecast models caused by DD forecasting difference s

 from actual (Apr 01-Mar 06 data)
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Material effect

Nov-Mar: 
ARIMA 
“best”

Period of 
Stable HDD

Nov-Mar:
ARIMA 
“equal”
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•Degree day forecasts with ARIMA can be based on meaningful 
climatological inputs; more information content about physical processes 
than purely empirical methods

•Forecasts can be quantified with 5% confidence limits
•Quality of ARIMA forecasts was tested by back-casting, correlating actual 
HDD values with predicted values. Quality varied by month and by region 
with tested predictions always significant for Vancouver, Victoria, and 
Prince George (46 year test; 1963–2008). Kamloops ARIMA forecast 
quality was affected by the short period of observations (5 year test; 
2004–2008). In all four regions, ARIMA backcasts had “mean absolute 
percentage error” (MAPE) always less than the MAPE for the 10-year 
moving average backcasts

•Six separate “acid tests” assumed forecasts were made in Mar 1993 
(decreasing HDD trend) or Mar 2001 (no HDD trend); Forecasts could be 
compared to actual monthly HDD for the next 60 months; Results were: 
(1) ARIMA model outperformed (Nov-Mar) moving average models during 
period with trend; (2) ARIMA model was no better than moving average 
models during period with no trend (3) ARIMA model climate input
decisions changed with duration of time series record

•Material effect (on improved accuracy of energy consumption 
calculations) of using the ARIMA model sometimes exceeded $1 million in 
monetary value

•ARIMA models are used widely in the physical and social sciences; 
Software such as SAS JMP offers relative ease of use
•Similar results will be obtained by different analysts

•Forecasts can be updated following documented methods

•ARIMA probabilistic model with climate index inputs has lowest risk of 
unknowingly embarking on a period of over or under-estimating HDDs or 
CDDs compared to moving average models [such as happened to BC 
Hydro in the 1980’s and 1990’s (Mansfield, 1996)] 

Summary

-$9,787,217-$6,278,474-$5,534,351F0102 to 
F0506 
(stable HDD)

$10,468,803-$9,199,532-$11,046,965F9394 to 
F9798 
(decreasing 
HDD trend)

ARIMADynamic 
Moving 

Average

Static Moving 
Average

Forecast 
period (Nov-
Mar)

Five-year (Nov-Mar) total monetary values of 
errors experienced by forecasting methods when 
compared using interactive spreadsheet model

Best 5-year 
performance during 
period

Improve ARIMA results, 
even in stable HDD 
period, by increasing 
knowledge about 
regional climatology (see 
Annex)
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Action Plan

• Introduce new Degree Day Forecasting Model to BC Hydro Load Forecasters and Meteorologists
• Train two BC Hydro employees (e.g., Load Research Analysts or Load Forecasters) to use the model
• Implement model for Degree Day Forecasting

– Monitor performance month by month so that feedback from MAPE results helps develop expertise 
with appropriate use of climate index inputs

– Monitor the climatology literature for new climate indices, applicable to the regional climate of BC, 
that may make the new model more powerful

– Budget time and resources for regular experimentation with model to improve accuracy. According 
to Mansfield (1996; pages 4–6), HDD forecasting inaccuracies can result in large errors estimating 
electricity consumption and revenue. The sensitivity analyses and experiments with material effect 
confirmed Mansfield’s statement. Diligent, scheduled experimentation with the proposed new 
forecasting model is likely to result in worthwhile improvements in HDD and CDD forecasting 
accuracy 

Action Plan
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Annex 1 (1 of 2) — Experiments with various climate input 
combinations to reduce forecasting errors
Test  effect on forecasting accuracy of changing 

ARIMA climate inputs:
- Focus on Apr 01 to Mar 06 forecast errors
- Errors > $1 million revealed on Slide 135 (copy shown here; 

errors with material effect were circled)
- Forecast for Jan used climate indices PNAI and GMMTA
- Jan forecasts errors resulted in errors exceeding $1 million, 

each forecast year
- Revised forecast #1 used climate indices NPI, ALPI, and PNAI 

(based on chart, slide 109 showing ANOVA Prob > F was 
0.0001 for these 3 indices)

- Revised forecast #2 used climate indices PNAI and LODI; rule 
#1 – [ANOVA Prob > F] < 0.05; rule #2 – correlation coefficient 
relating indices , r < 0.5 

- Results of revised forecasts are tabulated on the next slide
- Discovering proper combination of climate indices to use for a 

month is crucial for accurate forecasting with ARIMA method
- Once best combination for a month is found, use it for all new 

forecasts involving that month
- This method recognizes regional climate processes
- Improved understanding of BC’s climate in each BCH sales 

region can improve forecasting accuracy — refer to slide 152 
“Action Plan”

Annex

ARIMA Probabilistic Forecasting Method with Climate  Index Inputs:
Differences in Total Res. Energy Consumption & Mone tary Value

during Apr 01 - Mar 06 DD forecast period (Lower Ma inland)
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Energy Consumption Monetary Value
Errors in shaded range are not material in 
context of BC Hydro's business model

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-
Mar

Nov-Mar 
Net difference Energy (GWh) Monetary
F0102 totals 117 $4,484,325
F0203 totals -323 -$18,976,883
F0304 totals -226 -$950,446
F0405 totals -209 -$5,135,794
F0506 totals -2479 -$9,432,966
5-year totals -3121 -$30,011,764

Net difference Energy (GWh) Monetary
F0102 totals 83 $4,984,914
F0203 totals -243 -$14,597,644
F0304 totals -74 -$4,435,657
F0405 totals -243 -$14,551,543
F0506 totals -306 -$18,331,278
5-year totals -782 -$46,931,208

Strength of fit between HDD Vancouver and climate indices by month
HDD data for 1953-2009

Month MSSN GMMTA SOI LODI PDO NPI ALPI PNAI
Apr 0.2364 0.0003 0.027 0.0768 0.0001 0.0001 0.0407 0.0002

May 0.2175 0.083 0.0138 0.162 0.0002 0.0001 0.5862 0.0165
Jun 0.3675 0.0338 0.0127 0.0856 0.003 0.1437 0.0523 0.0108
Jul 0.5708 0.0017 0.8259 0.0055 0.164 0.1291 0.3396 0.0486

Aug 0.9341 0.0001 0.0456 0.0009 0.047 0.022 0.0011 0.5412
Sep 0.6987 0.0099 0.16 0.1705 0.0881 0.0001 0.4403 0.7963
Oct 0.547 0.0251 0.2499 0.0568 0.2143 0.0027 0.1751 0.0001
Nov 0.9692 0.0205 0.8835 0.551 0.0479 0.0015 0.0472 0.0001
Dec 0.2038 0.106 0.1632 0.2203 0.0563 0.0001 0.7625 0.0001
Jan 0.4936 0.0006 0.5112 0.0529 0.0002 0.0001 0.0001 0.0001
Feb 0.5609 0.0049 0.1296 0.8037 0.0004 0.0001 0.0001 0.0001
Mar 0.5594 0.0002 0.0001 0.7747 0.0001 0.0001 0.0001 0.0001

Note: Decision for which of tied values to use was made by choosing fit with highest R2 (bolded cells)

ANOVA Prob > F
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Annex

Annex 1 Tables

Rev No. 1: NPI, ALPI, PNAI Rev No. 2: PNAI and LODI

Jan Year

Old error as 
monetary 

value (PNAI 
and 

GMMTA)

New error 
as monetary 

value

Change in error 
value = |new 
value| - |old 

value|

Change in 
error value 

trend Jan Year

Old error as 
monetary 

value (PNAI 
and 

GMMTA)

New error 
as monetary 

value

Change in error 
value = |new 
value| - |old 

value|

Change in 
error value 

trend
2002 $1,260,859 $447,984 -$812,875 Decrease 2002 $1,260,859 $447,984 -$812,875 Decrease
2003 $7,055,327 $7,055,327 $0 No change 2003 $7,055,327 $6,185,981 -$869,346 Decrease
2004 $1,019,316 $7,939 -$1,011,377 Decrease 2004 $1,019,316 -$167,826 -$851,490 Decrease
2005 $1,322,049 -$5,251,258 $3,929,209 Increase 2005 $1,322,049 -$5,042,767 $3,720,718 Increase
2006 -$3,584,093 -$6,066,937 $2,482,844 Increase 2006 -$3,584,093 $2,296,911 -$1,287,182 Decrease

Five-year 
totals $7,073,458 -$3,806,945 -$3,266,513 Decrease

Five-year 
totals $7,073,458 $3,720,283 -$3,353,175 Decrease

Improvements in ARIMA forecasting quality, resulting from changing climate index input combinations, are highlighted in green

3 climate patterns with 
significant relationships to 

Vancouver HDD; but 
correlation coefficients 

high between them

2 climate patterns with 
significant relationships 
to Vancouver HDD; but 
correlation coefficients 

low between them

Results make it appear worthwhile to 
continue experiments but need to 

consider cost and benefits.


