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Test predicted against actual HDD

» Residuals
*Correlation coefficient, R
* Mean Absolute Percentage Error (MAPE)

* “Acid Test”
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Mean Absolute Predicted Error (MAPE)

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

MAPE [%] = (1OO/N) X 2 | ( P actual i — P predicted i ) /P actual i |; sumfromi=1toi=N

where
P .cwa i = @ctual HDD or CDD on day i,
P oredicted 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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Forecast Quality — Lower Mainland Region

Monthly HDD

HDD for Lower Mainland Region

Data was from 1953 to

e 2008 but 10-year Moving
Average (MA) Process
discarded ﬁc;;at\en years of
Test predicted HDD against actual HDD for 1963—-2008

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

ARIMA 10y MA
predictions Mean Absolute predictions Mean Absolute

(proposed new Percentage (used by BC Percentage
Month method), r | r significant Error Hydro), r r significant 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% 041 Yes soow| [ Summer
Sep 0.68 17.40% 0.22 No 25.44% y
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 1044%| ¢ Winter
Feb 0.85 3.98% -0.22 7.97%
Mar 0.94 v 2.69% 0.25 L 4 7.96% )

Shading denotes month in shoulder season
critical absolute value of r (5%) = 0.288

BGhydro

FOR GENERATIONS

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

88/153




89/153

Load Research Analyst

Roland V Wahlgren
BC Hydro Customer Information Management—Load Analysis

=
Q.
o]
nmV Letoz-10 tetoz-10 Feroz-10
— x——y £-800z-10 .m £ [-800z-10 m F‘ L.800z-10
0 £ 2 b
[ {£002-10 £ b Le00z-10 g uw Le00z-10
o = > o p XM
\ g
m_l.v WK Fe661-10 3 MW e = 3 y Fs661-10
o = g z = = .
= EMTWW‘SE‘S z g g [eoorTo § g [eooTI0
o 4
o M 2 £ feseT-T0 m m {-886T-10 KM m m 1-886T-T0
N % > 2 Mv s s 2 IS 5% 2
S 3 |es6T-0 & S 3 [e86T-T0 © o 3 T [es6T-T0 ©
E 23
o 23 a 5] 23 [a) EE a
<3 Ul i 2
° sl & & Lg/6T-T0 £ & |g/6T-10 & & lgs6110
o %HVK > X8 Le/6T-T0 M > X8 Leser10 X, > X8 les6TT0
g 3
L8961-10 {-8961-10 Fs61-10
I o —_ W Mm.
= ¢
m 7 [-€96T-T0 Aw (£961-T0 F-£96T-T0
e— =
a (O] Fes6r-10 {-8361-10 LeseT-T0
m L s e s s s B e e L) L5 B s e e s e L) I s s s T T rES6T-T0
- T EEEEEEEEE RN AP 2’3
g VY e ® g 2 =1 g : ? % g
O = (%) fenpisayy (%) [enpisayy (%) fenpisayy
a < Leroz-10 Feroz-10 Fetoz-o0
= < e 8 .8 3 .
Y o 8 <= F8002-10 S F-8002-10 5 e F-800z-10
w“— 51 B! =] I} B
O —~ o Leooz-T0 W o Leooz-To W AMV Leooz-10
o > ==
S ' = F8661-10 ~ 1 Fss61-10 o Fe661-10
~ c e 33 <
— 5 = 3 o E ¢ A E
/ © ) [ 5.g [€66T-T0 = < fee61-T0 w z < fessr10
> = iz vm 33 EH
3 S Kw
N’ o] = 2 £ l-es61-T0 T tes6T-T0 B o £ |-886T-10
g8 28 g8 [y
7 E ] o 5% ] = 2% ]
n 3 T [es61-10 © J T T €860 © 3 T [€86T-10 ©
N ) = i3 o 4 E o 1 E o
— @ W. _‘m ,”m Les61-T0 M mu ‘u Les61-10 M mn ‘u f-861-10
a W > X8 Les6T-T0 .m > X 8 Lel6T-T0 me > % & Les61-10
y
u EW F8961-10 e Fs61-10 xA_wv F-8961-10
d ! Feo61-10 EW Fess1-10 IS Feo61-10
e
S Fes61-10 Less1-10 ﬂv Feset-T0
8383833 R° ¢ 88 883 %R g 9 8 8 883 %R 8 ]
3 T8 % g Y § 8§ 8 =
R (%) renpisay (%) renpisay (%) renpisay
Letoz-10 Letoz-10 Fetoz-10
& {-s002-10 o} i Leooz-0 k2, F-8002-10
2 iy g Pic il H 4
© 1S t-e00z-T0 o £ Leooz10 +€00z-T0
o > > 8 o
\ .
P— ..hl 2 WV. [8661-10 o 2 Lge6t-10 uwz 1 866710
| - ] = 3 £
<] = W« g g [eooT™ 3 o 8 Leeor10 e g g [eoorTo
(@) 1S AM‘ EE1 P, Ee | ¥ 2% Loeermo
— 5 5 o861 = tes61-10 55
n%.v o 22 2 %S " @ = ii 2
T 3 [£86T-T0 © 0 @ T T [€86TT0 ©
C g HW g3 oo 8 KWK 1 Fes6T-10 m W.. EE A
o — — g3 g3 .
V ) .M ,_n ,_“ tez61-10 w2 m Les61-10 xm u_n mn tez61-10
nVa T > %8 Les6T-10 MV w Les61-10 e > X 8 Ll6T-T0
]
2 .
S nnuv KN {8961-10 - % leserto ] Feo61-10
i k| ] 2
O S ESnl [E96T-T0 ﬁVi ‘n {eo61-10 B eoeT10
S o =
fes61-10 .« leser0 - fesst-10
+— s ]
y S = TLT LT LT LT LT T DT o LT pESeTTo ::,:,,Wii::,B»Jo PO et
= % 88839R°8¢9888 8888R°89883 §88%R°8%888
 — ; :
Ia a > (%) renpisay (%) renpisay (%) renpisay
O B=
u " “ — feT0z-10 f€102-10 Letoz-T0
P
(]
o F-s002-10 4= F-s002-10 < o L8000
&) L <5 s = g s
—~ g Re] v . =
/0 L-€00z-T0 < M {-€002-10 o 4 L-e00z-T0
S o
S b ~ (866110 n_u.. W&%Eo o AN Lgs61-T0
— =1 Nt <
@
S ] RW MMA rE661-10 < V.MW [eeeT10 = RV £ Lessti0
M = = * = &z = is
O o 3 § (88110 T 3 feser-To S £ feserT0
3] M ki m T o m m i m
T B [-€86T-T0 I - |-E86T-T0
| & TN it DN |G S
& & |g/61-10 ¢ & |g61-10 % 88 lgerto
= C < I =] ! <A
O +— > X8 Lel6T-T0 P X0 feerTo Nm > X8 |e/6T-10
(- Lsost-10 sl e vﬁw Lsost-to
! | e |
F i ]
O E Les6T-0 e lesTT0 xAV Leost-10
R ———
D M Fes61-10 fes61-10 Lss6T-10
- HA-H - LEg6TT0 P el e 10 L e e heseTTo
> 223 28°8%288 SR 58838 R Es s
H Ie) (%) renpisay (%) renpisay (%) renpisay

FOR GENERATIONS

BGhydro




Forecast Quality — Vancouver Island Region
Monthly HDD

Test predicted HDD against actual HDD for 1963—-2008

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

ARIMA 10y MA
predictions Mean Absolute predictions Mean Absolute

(proposed new Percentage (used by BC Percentage
Month method), r | r significant Error Hydro), r r significant 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 057 26.12% 0.35 Yes eoew| [ Summer
Sep 0.34 16.52% 0.11 No 18.38% y
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% > Winter
Feb 0.76 4.93% -0.31 7.94%
Mar 0.86 3.45% 0.19 1 7.56%|

Shading denotes month in shoulder season
critical absolute value of r (5%) = 0.288
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Forecast Quality — Northern Region Monthly
HDD

Test predicted HDD against actual HDD for 1963-2008
HDD for Northern Region

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

ARIMA 10y MA
predictions Mean Absolute predictions Mean Absolute

(proposed new Percentage (used by BC Percentage
Month method), r | r significant Error Hydro), r r significant 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%

> Summer

> Winter

Shading denotes month in shoulder season
critical absolute value of r (5%) = 0.288; n = 47
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Forecast Quality — South Interior Region
Monthly HDD

Test predicted HDD against actual HDD for 2004-2008

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

HDD for South Interior Region

ARIMA 10y MA
predictions Mean Absolute predictions Mean Absolute
(proposed new Percentage (used by BC Percentage
Month method), r | r significant Error Hydro), r r significant 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% 20.45 3| [ Summer
Sep 0.98(|Yes 3.14% -0.81 23.76% J
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 3535 ¢ Winter
Feb 0.97|Yes 1.58% 0.15 4.43% R
Mar 0.99[Yes 3.50% 0.76 o ) (W
Shading denotes month in shoulder season “—\5‘5\ 5“\\%““%5
critical absolute value of r (5%) = 0.811 for Jan-Jun; n = 6 \'\Q\\ ’ $\'\ \‘«3@
critical absolute value of r (5%) = 0.878 for Jul-Dec; n = 5 o A0 Q! A\
W
BChydro & *
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Acid Tests

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, | 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.
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Guide to the Acid Tests

Acid Test No.

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

1

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

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

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

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

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

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

BG hudro m Roland V Wahlgren, Load Research Analyst 96/153
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HDD Forecast Model Comparisons
Acid Test No. 1 (BCH 1981 to 2001 data, Vancouver A )

Actual HDD Trend ‘

Dynamic MA —¢— ARIMA with PNAI input ==¥=ARIMA with 4 climate inputs

| ==HDD (Actual) —#— Static MA

MAPE 7%3(()) predicted values): 39.64%

58.15%

45.14%

39 .19%

o o o o o o
2 3 = S Q S
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“Acid Test No. 1” comparing HDD forecastinc

MAPE for HDD forecasting methods
BCH 1981 to 2001 data (Vancouver A)

O MA Static B MA Dynamic OARIMA with 4 climate inputs O ARIMA with PNAI only

“Acid test” assumed forecasts made in Mar 2001

60% T — - 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
50% [ | | - ARIMA forecasts with 4 climate inputs were similar to or poorer than
0 moving average (static or dynamic) forecasts in terms of MAPE
- No advantage from using ARIMA with 4 climate inputs
L - ARIMA forecasts (with PNAI only? were more accurate than MA forecasts
O i in Mar, Apr, May, and Sep (shoulder season months)
40% SIS0 — — - None of methods was good at forecasting monthly HDD during Jul and
<r_?3m<*> Aug cooling months)
L Qo - Lowest MAPEs during Nov to Mar(“Winter” heating season)
L 30% - < S 2
< 2 - &
= - N o
N N &
)
20% [ ] [ | > on N o
~ ~ B & SRR 5 S8 S8
G S ol S 84T =% P o SO
o o N 2 03NS gl N 8 oR¢ a9
) ) Sl c o-c o H o+ SOR o ;00X
=0 Lo O <) A5 N o o
"o oo A ) I A S Noa S Q4a4axn
10% = BN EE T o = % o5 coRT
ogs og@ — [ce] o\o\’o\ﬂ: H
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HDD Result Comparisons
Acid Test No. 2 (BCH 1981 to 2001 data, Vancouver A )

Actual HDD Trend ‘

Dynamic MA —¢— ARIMA with no inputs ==%==ARIMA with PNAI input

| ==HDD (Actual) —#— Static MA

44.29%

46.84%

39.19%

39.64%

o o o o o o o
(@] o o o o o o
© n < ™ N —

adH Alyuon

MAPE (]60 predicted values):
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“Acid Test No. 2” comparing HDD forecastinc

MAPE for HDD forecasting methods
BCH 1981 to 2001 data (Vancouver A)

O MA Static B MA Dynamic OARIMA with no climate inputs O ARIMA with PNAI only

“Acid test” assumed forecasts made in Mar 2001
60% T B

- 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
50% year forecast)—period of no HDD trend
0 o [ - ARIMA forecasts with with no climate inputs or with PNAI only were
S © similar to or poorer than moving average (static or dynamic)
oo °N forecasts in terms of MAPE
0 OQ%’%’ 3 - ARIMA forecasts (with PNAI only) were more accurate than MA
40% el 1 @ forecasts in Apr, Sep, and Dec)
;’50,5 - None of methods was good at forecasting monthly HDD during Jul
LLJ Se and Aug cooling months)
0 o . - Lowest MAPEs during Nov to Mar (“Winter” heating season)
< 30% - Qg\OQQ - ARIMA with climate inputs is often better than ARIMA with no inputs
S QAR demonstrating importance of including regional climate factors (e.g.,
SHNIRE Sep, Oct, Dec, and Feb)
o_0O00O
N N
20% N N N < 8
of |eo o ) o
SRS . | SHE SBR% o2y o R
gmg‘f‘ o o 8 o B Rodg > ) R
o) [ R g R D ~ LSS (SR
cSco S o S o S o9-9 woo ©°L© S8N8 c8so
10% - o || || %g || %g - o0 200 .o ‘\!m'Zm- co o HH,
0 og o —Y R [o o titdhied o\oo\c&eo
W= W= ©Ol N MO~
S0 | EE S B
0% n — I — I I I

[
=4

Apr May  Jun Aug Sep Oct Nov  Dec Jan Feb Mar
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HDD Result Comparisons
Acid Test No. 3 (BCH 1953 to 2001 data, Vancouver A )

Actual HDD Trend ‘

Dynamic MA —¢— ARIMA with no inputs ==%==ARIMA with PNAI input

| ==HDD (Actual) —#— Static MA

MAPE %%predicted values):

55.32%

55.16%

41.42%

39.53%

o o o o o o
2 3 = =) Q S
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“Acid Test No. 3” comparing HDD forecastinc

MAPE for HDD forecasting methods
BCH 1953 to 2001 data (Vancouver A)

O MA Static B MA Dynamic OARIMA with no climate inputs O ARIMA with PNAI only

60% - ___ “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
o S year forecast)—period of no HDD trend
50% ©© B [~ - ARIMA forecasts with with no climate inputs or with PNAI only were
oI similar to or poorer than moving average (static or dynamic) forecasts
= in terms of MAPE
g - ARIMA forecasts (with PNAI only) were more accurate than MA
40% ) || || | forecasts in May and Feb
g - None of methods was good at forecasting monthly HDD during Jul
™ and Aug cooling months)
L e - Lowest MAPEs during Nov to Mar (“Winter” heating season)
a8 - ARIMA with climate inputs is often better than ARIMA with no inputs
< 30% - X demonstrating importance of including regional climate factors (e.g.,
s §g{§§ Apr, May, Sep, Feb)
2 SRwd
200/ g - 8 ) oo
0 B o T [ [ exXmR o © N
SSTR - _ HpId 2285 o 3 2299
~9O| & o S) ~T0m N0 XN DO MM
ol |5 ) o N4 N+ 0o N
o © o o — OCodd : 5
oS 2o 2o =g Qo0 Se
10% |1 = I°EER B e = | |
0 o o
W= W=
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=5 =5
0% — I L I I
Apr May  Jun Jul Aug Sep Oct Nov  Dec Jan Mar
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HDD Result Comparisons
Acid Test No. 4 (BCH 1953 to 2001 data, Vancouver A )

Actual HDD Trend ‘

Dynamic MA —<— ARIMA with no inputs === ARIMA with climate inputs

| ==HDD (Actual) —#— Static MA

MAPE (]60 predicted values):

49.76%

32.93% 43.28%

33.27%

00
MAPE (25 predicted values; Nov to Mar):

600

500
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“Acid Test No. 4” comparing HDD forecastinc

60%

50%

40%

30%

MAPE

20%

10%

0%

ARIMA Model
Climate Inputs

MAPE for HDD forecasting methods
BCH 1953 to 2001 data (Vancouver A)

0 MA Static B MA Dynamic OARIMA with no climate inputs O ARIMA with climate input(s)

“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
g ] - 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
Lo ke || forecasts in April, Sep, and Feb
35| © - None of methods was good at forecasting monthly HDD during Jul
< 2 and Aug cooling months)
) X - Lowest MAPEs during Nov to Mar (“Winter” heating season)
© - PNAI = Pacific North American Index model input; GMMTA = Global
OIS Mean Monthly Temperature Anomaly model input
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“Acid Test No. 5” comparing HDD forecastino

HDD Result Comparisons
Acid Test No. 5 (BCH 1953 to 1993 data, Yancouver A )

‘-‘-HDD (Actual) —#— Static MA Dynamic MA === ARIMA with climate)r(puts = Actual HDD Trend Predicted HDD Trend ‘
MAPE (,60 predicted values):  29.07% 28.14% 42.50%
00 +
MAPE (25 predicted values; Nov to Mar): /

. . . Not a significant 5-
8.99% 9.04% 7.11% year trend at 0.05 level _\
Not a significant 5-year
trend at 0.05 level

600

500 -

N
o
o

300 -

Monthly HDD

N

o

o
|

100 ~
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“Acid Test No. 5” comparing HDD forecastinc

MAPE for HDD forecasting methods
BCH 1953 to 1993 data (Vancouver A)

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

—— “Acid test” assumed forecasts made in Mar 1993

- Used 1953-1993 extract from Load Analysis’
Vancouver Airport data from 1953-2009

54.91%
.11%

%

&
60% &l |
- Forecasting 60 monthly HDD values from Apr 1994 to
50% I I = MgrD 1998d ( yearS ll‘%re%%s)t)—perlod of decreasing
o S trend (see Slide
S S - ARIMA forecasts (with climate inputs) were more
S509 = accurate than MA forecasts in Sep through Feb
40% ~eB m m - (heating months; see table, Slide 107)
B3 © - None of methods was good at forecasting monthly
L = HDD during Jul and Aug cooling months)
o 0 ) - PNAI = Pacific North American Index model input;
< 30% A S GMMTA = Global Mean Monthly Temperature
S N Anomaly model input
N
N
20% 55l | N — %
SN O
el [ = || ] 2Ns 383
o e 0] @ A0 e S
\ch\go %w %w 0¥ o H“‘og, O ©9
10% SR 122 L |22 [ ] SSHS © 2 oo NS
oN og® og@ ~NY I~ ) )T NRON
m“ \ ol e B2 20 “ j mj R’.g‘ [j
<9 <9 o
=5 =5
O% B I I . I [I:ﬁl—v* I
Apr May  Jun Jul Aug Sep Oct Nov Dec Jan Mar
ARIMA Model < < < < <
_ 22 0z = BC Hydro Fiscal Year Month = $X ZTZ T2 10605
Climate Inputs £ 0 g g U g i g i & £ 0 £ 0 £ 0



“Acid Test No. 5” comparing HDD forecasting methods

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

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

MAPE values Change in MAPE
MA

Month [ MA Static | Dynamic ARIMA| Change = (ARIMA - MA Static) | Change = (ARIMA - MADy 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%

BG hudro m Roland V Wahlgren, Load Research Analyst
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“Acid Test No. 5” comparing HDD forecasting methods

Variability in forecast accuracy during forecast period

Absolute Predicted Error

5.00

4.50 A

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00 =

Acid Test No. 5
MAPE against forecast period

‘—O—Static MA —8— Dynamic MA == ARIMA with climate inputs

Moving average
methods had

1| poorer accuracy
during Mar-Aug
due to

1| unpredictability of
seasonal climate

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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“Acid Test No. 5” comparing HDD forecasting methods

Exploration of climate influences on HDD for Vancouver (1 of 3)

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
ANOVA Prob > F
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| 02175] 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

now have three
\\INV:ys of identifying an .
quantifying relationship

Jul 0.5708 0.0017 0.8259 0.0055 0.164 0.1291 0.3396 0.0486 between degre€ days at
Aug 0.9341 0.0001 0.0456 0.0009 0.047 0.022 0.0011 0.5412 4 station and climate
Sep 0.6987 0.0099 0.16 0.1705 0.0881 0.0001 0.4403 0.7963

indices: o
-Bivariate ana\ygls (R?)
-spectral analysls

_ ANOVA F-test

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 R? (bolded cells)

BG hudro m Roland V Wahlgren, Load Research Analyst 109/153
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ANOVA Prob > F

“Acid Test No. 5” comparing HDD forecasting methods

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

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.

Strength of fits between HDD Vancouver and Climate  Indices

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

110/153
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“Acid Test No. 5” comparing HDD forecasting methods

Strength of fits between HDD Vancouver and Climate

Weeks can pass

Cold-low season .
between arrival of

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

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.

Indices

Oct-Apr: Surface weather systems are frequent with

Better fit of A 10 to 15 monthly on average during winter
- : weather systems Month
cllr’?atl_e| D|r|13dex e N ) — A —
0 Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
0 -Fmﬁ\ﬁ% GMMTA R NPT ‘ TP RE | e
\ ]\ I GMMTA © \
0.001 1 Apr, Jun: - RE5
PDO NP
0.002 influence G’[AMT I \ /
: / / I / / = SOl is
strong
0.003 PDO NP influence in
. . ] _l March
n PNAI is best fit
.004 . most of cold
A 0.00 GMMTAis | — season; ALPI
o . strong and NPI are
o 0.005 influence in strong GMMTA
' Jul and Au i
<>( | g T/LODI l influences
© 0.006 _ L
< \_Y_/ Sleq;_lazl_'!_ot:/v weaker;- Cold-season months;
0.007 4 actiic Hig stronger,. Aleutian Low stronger;
. dold-season North-we_sterly flow predominates Pacific High weaker;
but flow lls gener(zja_lly vgclaaker and Mean circulation across BC is from SW;
0.008 - ess predictable Cold air from interior arrives in Vancouver
Unpredictability arises from alterations or disruptions to patterns from: during outflow conditions (cold spells);
0.009 | Upper troughs of low pressure (clouds, precipitation—cooler weather); Cold air also arrives in wake of combined
' Upper ridges of high pressure (clear skies—cooler) Gulf of Alaska and coastal lows
Poorer fit of 0.01 1 Inflows can occur year round, enveloping Lower Mainland region in cool coastal air 111/153

climate index
to HDD
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have similar accuracies, but

HDD Result Comparisons
Acid Test No. 6 (BCH 1953 to 1993 datgy Vancouver A )
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“Acid Test No. 6” comparing

60%

50%

40%

30%

MAPE

20%

10%

0%

ARIMA Model
Climate Inputs

MAPE for HDD forecasting methods

HDD forecasting

BCH 1953 to 1993 data (Vancouver A)

2 0

56
54.91%

50.11%

39.68%

HDD trend

35.70%
35.68%

13.09%

6.06%
6.27%

1 39.16%

O MA Static B MA Dynamic OARIMA with climate input(s)
B &

] & 2 “Acid test” assumed forecasts made in Mar 1993

- Used 1953-1993 extract from Load Analysis’
Vancouver Airport data from 1953-2009

] - L - Forecasting 60 monthly HDD values from Apr 1994 to
Mar 1998 (5 year forecast)—period of decreasing

- 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
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.

. The motivation for

13.93%
13.16%

MAPE outside of
useful range
MAPE outside of
useful range
5.71%
6.29%
6.88%
11.98%
11.72%
10.89%

i1

11.94%
10.79%

.48%

9.29%
10.10%
12.04%

93%
.34%
8%

1

799

ES
3.
4.279

7.60%
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Dec
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Jan
PNAI

Feb

PNAI
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SOl,
ALPI,

PNAI,
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Knowledge

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. ]
- g)(\:ﬁgrlgilg aﬁe.g., using all inputs all the time) increases likelihood that noise will be interpreted as the

BG hudro m Roland V Wahlgren, Load Research Analyst 114/153
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28.47% with PNAI +
GMMTA,;

22.61% with PNAI only
MAPE: 5.86% decrease

6.59% with PNAI +
GMMTA;

Sensitivity of model to climate input 5.64% with GMMTA + SO

39.72% with GMMTA MAPE: 0.95% decrease

only; MAPE for/HDD forecasting methods
38.14% with PNAI + BCH 1953 to 1993 data (Vancouver A)
GMMTA

\I I\/}\e Static @ MA Dynamfc O ARIMA with no climate inputs O ARIMA with climat¢ input(s) \

MAPE: 1.58% decrease

60%
50% 1 3 6.21% with PNAI +
8.18% with PNAI + o GMMTA;
GMMTA; 3.98% with GMMTA +
6.00% with GMMTA only & a0 Sol
MAPE: 2.18% decrease = MAPE: 2.23% decrease
20%
10% -
0% -
Apr  May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
BC Hydro Fiscal Year Month
Chart from Acid Test No. 5
m
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More questions

More guestions 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?

BG hudro m Roland V Wahlgren, Load Research Analyst 116/153
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Material effect

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.

BG hudro m Roland V Wahlgren, Load Research Analyst 117/153

BC Hydro Customer Information Management—Load Analysis
FOR GENERATIONS




Material effect

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.

BTDD, =.5* |} (HDD,,,CDD,_, | +.25%|> HDD,,CDD,, HDD,_,,CDD,_, |

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

LI__ch)ag fForecasting’s] weather normalization is essentially a “weather adjustment” where[by] the weather effect is [eliminated] from the actual
illed figures.

Actual _kWh, = B, + 8,* BTDD, + 3, * BTDD,” + B,* BTDD,® + &,

This equation was used in the following “material effect analyses” to convert degree days to energy consumption (GWh). A unique
vector of coefficients, (B, B;, B,, B;) 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).
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Microsoft Excel - ResHist (modified by RVYW re HDD to Energy analysis}).xls

HES Edit View Insert Formes Jools Dsta  Window Help  Adobe POF
1) U L e 0 e - W B E 6o Az 10 2B £ UlE=E=]% % 1 W
dBi s o Rl e Forecasting’s
- ' A R |
Mainland ResHist Model 2alus Lo w ¥ 5%
Region Columns Ato O
al E | € | p | E F_ | 5 | = I [ wa | K | L | 0 N 0 P | 0 |a
1 |Lowsr Mainignd MNon-heating Heating Total Residential
2 Actual Normal Actual MNormal Ending KWh Gross E Plus Ending Kivh Gross
3 Heat Deg Heat Deg CoolDeg CoplDeg e, of Actual per Ho. of Mo. of Ho. of Actual per No. of Actual
4 Date Days Davs Davs Davs | Accounis Salzs acct Accounts Accts Accounts Sales acct Accounis Sales
322 | Aug-2007 177 | 15.4 | 776,760 501500 Gos EVES 122,878 72,948.305 | &0 899,728/ ,540.302 |
323 Sep-2007 1144 | 88.0 | 7777081 512 “ ” : 123,380/ 71,088.888 | 901,088 ,134.283 |
324 | Oct-2007 2588 2325 | 7 554 Normal (Runnlng 123,979 95,479.503 | 902,654| 586134 |
325 | Nov-2007 3636 | 339.8 | 638 Mean) HDD are set 124,242 123,147.433 | 904,181 075.560 |
326 | Dec-2007 4573 | 708 124,516 163,388,670 | 1 905 475| 373,252.304 |
327 | Jan-2008 4707 | 7] same as Actual except = oz caiaa . &7| 1,004,865.743 |
428) Fevanne) 22t % for one monthly value For BC Hydro, approx. [ Sea1102.
330 Apr-2008 2122 880 durlng FO809 monetary value of one kas 847 4T%.097 |
331 May-2008 1608 624 ; ko3 T46,258\402 |
332 Jun-2008 11E.0 544, 592 GWhiis $60,000 103 §42,925%44 |
333  Jukzo08 16.5 £20, 881 50 £58,521.8¢0 |
334 Aug-2008 352 503, 638 “ » 126,767 580 918,344 572,801.29¢ |
335 | Sep-z002 183.3 | s1s 857 2008 128,270 7558431 2 919,808 5g4.554,
336 | Oct-2008 2477 791,671 547, 585 0,426
337 | Mov-2008 2954 793,095 62 788, meant 1,192 Results for Energy, Energy Absolute
938 | Dec2008 S208] 798240 & 873, BCH 21858 Predicted Error, GWh difference, and
339 Jan-2008 4915 794828 B4 1,061 23,120 Monetary value difference
340 Feb-2009 2822 797,586 83 1,054 F0809 4924 y
341 | Mar-2008 406.0 797,891 754 847 c,580 177,815.658 1,213 933,671 9227
342 | Apr-Z008
343 May-2008 A
344 | Jun-2009 _ Experiment table Total 2008| /
345 Juk2008 Expeﬂment Dec HDD APE for HDD Energy Energy (GVWh)| APE for Energy GVWh difference | Money value difference
346 | Aug-2009 5295 9,259,029 9,258 in milions
347 | Sep-2008 Jul HDD
348 | 0ct-2009 Changed from 450 15.03% 9,142,249 9,142 1.25% 17 7.0| Gwh =| S60,000
349 | MNev-2008 . 470 11.25% 8,171,562 9,172 0.84% a7 52
350 | Dec-2009 19.5 to 45.0; 490 7.42% 9,200,911 5,201 0.63% 58 35
351 | Jan-2010 510 3.70% 9,230,270 9,220 0.21% 28 1.7
352 | Feb-2010 all else held 530 0.08% 9,258,815 9,280 0.01% -1 0.0
353 | Mar-2010 constant 550 3.85% 9,288,924 9,288 0.22% -30 1.8
354 570 763% 8,318,170 9,318 0.64% 5% 3.5
3EE |Total 2008 590 11.40% 9,347,330 9,347 0.85% -28 5.3
356 |[Energy  |Non-heat 610 15.18% 9,376,380 9,376 1.27% -117 7.0
357 Heat 580,
358 Total [_5.270,352] D Checkon o] Experiment table Total 2008
359 JulHDD Energy
| 3p0 19.5 9,258,029 9,259
3 . .
3 This is total 9,253,205 9,253 0.06% 5 03
3 energy The value 9,270,382 9,255 161 g,255 0.04% 4 0.2
3 . ; 8,257,172 8,257 0.02% z 0.1
3 consumptlon 3,001.0 Ewas _Copl(':[,*q[l tljc))| 9,259,238 9,259 0.00% 0 0.0
3 2,9842 xperiment table 9,261,359 9,281 0.03% -2 -0.1
Il Valu_e 28754 P 9,263,534 9,264 0.05% -5 -0.3
E resultlng 2,344.1 ToAT 7540 TI52 9,265,783 9,288 0.07% -7 -0.4
3 28247 2" 38.84 58.91 9,268,046 9,268 0.10% K 05 L
E from Jul 2,808.4 sz’ 37.51 67.82 8,270,382 9,270 0.12% 11 07
3l HDD Change z, 85 45.08 81.18
3 . 2, | 518295 43.82 78.88 119/153
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Microsoft Excel - ResHist (modified by RVW re HDD to Energy analysis).xls
Help  Adobe FDF

Lower

Mainland
Region

A =SUM(DG358:DG369)

BCH Load
Forecasting’'s
ResHist Model

Columns CW to DL

0+ B L U=

l_, | .r_:; e cly (f‘l'ﬁ ﬂ

Billed Energy
Consumption
Units are MWh

A cr | ox | ey | oz DA | DC DD | Dz | pH/| DL | o |
Lower Main! | Total /
| Loweer Mainland l.i;}ﬁ 4
Mormal Ending | Mormaliz | Actual |
Date Heat Deg ho. of Uze | Biled]  Use | Billed | Usze |
Jul-2007 Jun-2005 | 703 | 823,890 674| 601,548) 6857 23] 8,382,813 9,802
Aug-2007 Juk-2005 | 227 | 864,683 631 593,335 687 8| 8,429,341 9,839
Sep-2007 AUg-2005 | 20.1 | 865,379, 554/ 567741 656 2 8,456,008 9,855
Oct-2007 Sep-2005 | 65 | 857,911 = 78] 85§ ] 8,835
Nov-2007 0ct-2005 | 2358 | 870,093/ 708 31 712 | 9,827
Dec-2007 Nov-2005 | 3349 | 871,850 10 70| B0 0| 9,837
Jan-2008 Dec-2008 | 4278 | 873,118 3| 28 980 13 9,851
Feb-2008 Jan-2006 | 4247 | 874,762 7| PIEREL 34| 9,842
1ar-2008 Feb-2005 | 6.9 | 875,527 80| 1,067 40/ 9,861
Apr-2008 War-2005 | 3436 | 876,018, 41 gEs 5| 9,348
May-2008
Ju?"lr-EGDS Apr-2006 | 2607 | 253.1 | 877,895 916 500 18] |
JuFz008 Iay-2006 | 1566 | 1843 | 878,410 750| 775 8,715,118
Aug-2008 Jun-2006 | 459 | 727 | 880,469 698 705 4 7|
Sep-2008 Juk-2006 | 16.0 | 25.1 | 881,212 54| 588 1 4|
Oct-2008 Aug-2006 212 153 883,879 643 84g 3 2
Nov-2008 Sep-2006 | 841 | 523 | 885,526/ 657 850 I 3|
Dec-2008 | 0ct-2005 | 2468 | 2341 | 885,391 591 [:5] 497 2|
Jan-2009 Nov-2006 | 3831 | 3420 | 887,167 s28 308 g7l 13
Feb-2008 Dec-2006 419.4 428.1 888,239 977 959 602 19
1ar-2008 Jan-2007 464.8 4136 889,850 1,116 1,083 083 33 8,781,222
Apr-2008 Feb-2007 K 56 881,283 1,083 1,085 0| 28 8,847,748
May-2008 This is FO809 total War-2007 & 3 883,848 376 984 ao 17 8,878,545
Jun-2008 IS IS
Jul-2008 . Apr-2007 2585 832,015 830 923 10,081
Aug-2009 billed energy May-2007 . 180.6 720,949 804 796 10,074
Sep-2009 i Jun-2007 4 59.1 631,467 703 [ 10,077
0-;-2005 COI’]SL_JmptIOFI Juk-2007 4 22.1 583,848) B85S 653 10,085
Nov-2009 resultmg from Aug-2007 i 15.4 575,540) 640 , 642 8,971,899 10,058
Dec-2009 . Sep-2007 1 88.0 583,134) 848 S22 647 10,045
Jan-2010 Changlng Jul HDD Oct-2007 3 2323 545588 720 838301 704 10,072
Feb-2010 Nov-2007 6 339.8 762,076] 844 73 810 10,088
Mar-2010 from 19.5 to 45 Dec-2007 8 418.7 905,479 873,252 965 a2 912 10,078
Jan-2008 Ki 63 907,067 1,004,865 1,109 EE 1,038 10,076
Total 2008 Feb-2008 5 31 908,890 998,019) 1,099 94 1,038 10,087
Eneray War-2008 2 €2 310,481 02148 g82 8 73 10,118
Apr-2008 2 3132 \ 330 830 0 10,117
May-2008 8 160.8 2 817 -1 10,121
Jun-2008 0 118.0 8z 703 -1 9174120 10,128
Juk-2008 5 50 522 663 8 9,183,804] 10,125
Aug-2008 2 £2 901 538 8 9,187,185 10,112
Sep-2008 3 103.3 g4 850 2 9,198,985 10,108
Oct-2008 i 2477 118 690 0 9,184516) 10,074
1985186 Nov-2008 4 2884 924,287 800 803 1 9,153,241 10,033
1886/87 Dec-2008 5 288 925,898 543 915 0 9,928
1987188 Jan-2009 5 4915 927,945 343 1,120 0 10,004
Feb-2009 2 2932 932,510 476 1,130 0 10,042
Mar-2008 0 408.0 923,671 1,000 0 10,054
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Material effect

Results of sensitivity analyses (1 of 4)

Sensitivity: Total FO809 Lower Mainland Energy Cons

umption
against Range of Dec HDD

Y= 1.4642x + 8483.5

Energy (GWh)
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Sensitivity of Energy Consumption to HDD was (1.46/0.430) = 3.4 times greater in Dec 2008 than in Jul 2008

BGhydro
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Roland V Wahlgren, Load Research Analyst
BC Hydro Customer Information Management—Load Analysis
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Material effect

Results of sensitivity analyses (2 of 4)

Sensitivity: Total FO809 Lower Mainland Energy Cons ~ umption
against Range of Dec HDD MAPE

Y= 773.04x + 9259.1
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Sensitivity of Energy Consumption to HDD MAPE was (773/8.69) = 89 times greater in Dec than in Jul (2008)
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Material effect

Results of sensitivity analyses (3 of 4)

Sensitivity: Total FO809 Lower Mainland Energy Cons
against Range of Dec HDD MAPE

umption Difference

12.00%  14.00%

Energy (GWh) Difference

Y =-773.04x — 0.0842

Range of Dec HDD MAPE

Sensitivity of Energy Consumption Difference to HDD MAPE was

Sensitivity: Total FO809 Lower Mainland Energy Cons
against Range of Jul HDD MAPE

umption Difference

Energy (GWh) Difference

Y =-8.6925x + 0.1038

Range of Jul HDD MAPE

y=-8.6925x +0.1038

(773/8.69) = 89 times greater in Dec 2008 than in Jul 2008

BGhydro

FOR GENERATIONS

Roland V Wahlgren, Load Research Analyst
BC Hydro Customer Information Management—Load Analysis
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Material effect

Results of sensitivity analyses (4 of 4)

Sensitivity: Total FO809 Lower Mainland Energy Cons  umption Monetary Value Sensitivity: Total FO809 Lower Mainland Energy Cons  umption Monetary
Difference against Range of Dec HDD MAPE Value
Difference against Range of Jul HDD MAPE
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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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Material effect

Summary of sensitivity analyses

The sensitivity analyses apply to any HDD forecasting method

. Uncerta;]ntles ancil errors have a much greater effect on energy consumption and monetary value estimates
In Dec than in Ju

— 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:

— Anerror 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 focu3|r|1_? on improving HDD
forecasts for heatlng 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
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Material effect

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)

sLoad Forecasting’s ResHist model contained values for the coefficients, (B,, B;, B,, B; ), used in the HDD to energy
consumption conversion equation (Slide 118)

Actual _kWh, = B, + 8, * BTDD, + 3, * BTDD,” + 3, * BTDD,” + ¢,

*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
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| Microsoft Excel - ResHist (modified by RYW re HDD to Energy analysis).xls

-i—_l] File Edit Miew Insert Format Tools Data  Window FI Help Type & guestion for help - F X
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1 |Model|Comparison Table
2 |Non-stationary case |0ne GWvh = | $ED,DDD|
3 | Apr 1993 o March 1995
Static MA  Static MA  Static MA  Static MA Dynamic MA Dynamic MA Dynamic MA
Actual Actual Predicted  Predicted  Predicted Predicted Dynamic Dynamic Predicted Predicted Predicted
Date Energy Energy Static MA Static MA Energy Energy Diff Energy Diff’ MA Ma Energy Energy  Diff Energy
{Month-| Actual Actual Consumption Consumption Predicted Predicted Consumptio Consumptio Consumptio Monetary Predicted Predicted Consumption Consumption Consumption
4 Year)] HDD CDD (MWh}) (GWHh) HDD cop n (MWh) n (GWh) il lG‘lll"n.“_]1 Value HOD (0]1] (MWh) (GWh) (GWh)
5 Apr-1993 255 ] 5584 685 585 259 1] 585618 586 | -$55 826 259 0 585,618 586 -1
& | May-1993 111 1 539 045 539 166 1 552 244 553 4, -$833,780 166 1 552 244 553 -14
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20 | Jul-1994 19 35 428 434 428 30 18 431,193 431 -3 -5165 833 29 20 431 487 431 -3
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38 | Jan-1996 460 0 716,331 716 442 0 752817 753 -36 -§2,189192 438 0 745,012 745 29
39 | Feb-1256 415 0 764,108 7E4 409 0 7E7 432 7E7 -3 -5199 432 411 0 761,111 761 3
40 | Mar-1996 341 0 722,165 722 336 0 709,741 710 12 §745 422 334 0 709,018 709 13
41 | Apr-1996 242 0 627 B37 628 259 0 528 045 628 ] -§24 480 254 0 625,920 626 2
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Decreasing HDD:
Static Moving Average Model

1 cannot be tuned to increase accuracy.
M ate rl al effe Ct “What you see is what you get”.

Static Moying Average Forecasting Method:
Differences in Total/Res. Energy Consumption & Mone  tary Value
during Apr 93 - Mar 98 DD forecast period (Lower Ma inland)

Errors in shaded range are not material in
‘—0— Energy Consumption —#— Monetary Value ‘ context of BC Hydro's business model

250 | i ! $10,000,000
NowvMar | | | i
Net differenceznergy (GWh) Monetary Net difference=znergy (GWh) Monetary
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Decreasing HDD:
Dynamic Moving Average Model

1 cannot be tuned to increase accuracy.
M ate rl al effe Ct “What you see is what you get”.

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)

Errors in shaded range are not material in
‘—0— Energy Consumption —®— Monetary Value ‘ context of BC Hydro's business model
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Decreasing HDD:

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

M ate rl al Effe Ct climate index inputs should be applied.

ARIMA Probabilistic Fgrecasting 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)

Errors in shaded range are not material in
‘—0— Energy Consumption —#— Monetary Value ‘ context of BC Hydro's business model
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Decreasing
HDD

Material effect

Net Differences in Fiscal Year Monetary Values for  Forecast/Models
caused by DD forecasting differences from actual (1 = 993-1998)

‘lStatic Moving Average Model B Dynamic Moving Average Model OARIMA Model with Climate Inputs
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Decreasing
HDD

Material effect

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

‘IStatic Moving Average Model B Dynamic Moving Average Model OARIMA Model with Climate Inputs
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Stable HDD:
Static Moving Average Model

1 cannot be tuned to increase accuracy.
M ate rl al effe Ct “What you see is what you get”.

Static Moying Average Forecasting Method:
Differences in Total/Res. Energy Consumption & Mone  tary Value
during Apr 01 - Mar 06 DD forecast period (Lower Ma  inland)

Errors in shaded range are not material in
‘—0— Energy Consumption —#— Monetary Value ‘ context of BC Hydro's business model
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Stable HDD:
Dynamic Moving Average Model

M ate r| al effe Ct cannot be tuned to increase accuracy.

“What you see is what you get”.

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)

Errors in shaded range are not material in
‘—0— Energy Consumption —#— Monetary Value ‘ context of BC Hydro's business model
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Stable HDD:

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

M ate rl al Effe Ct climate index inputs should be applied.

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)

Errors in shaded range are not material in
‘—0— Energy Consumption —#— Monetary Value ‘ context of BC Hydro's business model
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Net Difference (Error) in Fiscal Year

Monetary Value caused by DD
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Net Differences in Fiscal Year Monetary Values for ~ Forecast Models

when entire
year
considered

caused by DD forecasting differences from actual (2  001-2006)

$15,000,000

$10,000,000

$5,000,000

$0

-$5,000,000

-$10,000,000

-$15,000,000

-$20,000,000

-$25,000,000

‘IStatic Moving Average Model B Dynamic Moving Average Model OARIMA Model with Climate Inputs
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Stable HDD

Material effect

Net Differences in Nov-Mar Monetary Values for Fore cast Models
caused by DD forecasting differences from actual (2  001-2006)

‘IStatic Moving Average Model B Dynamic Moving Average Model COARIMA Model with Climate Inputs

$15,000,000
$10,000,000
Nov-Mar:
$5,000,000 ARIMA
“best”
-$5,000,000

-$10,000,000

forecasting errors

-$15,000,000

Net Difference (Error) in Nov-Mar
Monetary Value caused by DD

-$20,000,000

-$25,000,000
BC Hydro Fiscal Year (Nov-Mar) 137/153



Material effect

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
FO809 (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

BG hudro m Roland V Wahlgren, Load Research Analyst 138/153
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Slope of

M ate rl al effe Ct calibration curve

Energy/HDD for Dec against Fiscal Year

600

500

Dec: Total Residential Monthly Energy Consumption
400 against Monthly HDD (Lower Mainland)

900,000
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300
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Material effect

Energy Consumption per Account and HDD against Dec Year
(Total Residential Customers, Lower Mainland)

‘—I—Actual HDD Energy Consumption per Account == Linear (Actual HDD) Linear (Energy Consumption per Account) \
1200 1200
1000 y = 7.7605x + 748.51 1000
R*=0.7333
c
S A
£ < 800 800 A
> = I
=
c = >
O +« =
95 600 600 Z
c
2 < =
w3 @©
- =)
g & 400 400 =
=} (&)
15 <
< Although monthly HDD for December

were relatively stable during 1981-2008,
200 energy consumption per account increased significantly 200
during the same period
(observations, n = 28, 0.05 level)

0 0
— N O I 0 O O d N M N O I 0 O O 4 N MM < 1D O N~
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| Microsoft Excel - HDD to Energy Interactive Model (Nov-Mar) final.xIs

.i_l’l File- Edit %iew Insert Format Tools Data i
L4 e s o s o/7 o Interactive Spreadsheet: | Sl
M4 = 5 / Another way of comparing
& [ B [ ¢ | [ i I
: % DD forecasting methods X Rows 1-46 of spreadsheet; Apr 1993-Mar 1998 data
1 |Interactive Spreadsheet for material effect of
2 |Based on ResHist Model for FO809 . i i
: forecasting errors Calibration curves
Linear equations relating HDD differences (errors)
4 [to Energy Consumption differences Energy unit is Mh
Arifical data used to generate EnergyHDD
cUres (MWHIKEWm
g day)
4 slope, m intercept, b Experimental Data Experimental Data Experimental Data Experimental Data Experimental Data
7 |MNov y=mr+h 444 56351 | 6260919 Mow HOD Mov Energy] Dec HDD  Dec Energy] Jan HDD Jan Energy Feh HDD| Fehb Energyl far HOD ‘Mar Energyl
8 |Dec 547 3067  B029891 250 737,538 300 7EB,326 350 959,258 380 1,080,634 300 954,789
9 |Jan 48811685 788875 270 746,060 340 788837 390 979,296 400 1,090,634 320 964,993
10 |Feh 492 64408 893555 280 754771 380 a10,050 430 99913 420 1,100,566 340 975,182
11 |Mar A08.07644 | 8024048 310 63 666 420 8314951 470 | 1,018,705 440 1,110,424 360 985,344
12 330 Jr2,741 460 854 531 A10 | 1,037 955 460 1,120,202 380 9495 487
[ 13| 350 | 781,890 500 877,775 550 | 1,056,821 480 | 1,179,892 400 | 1,005,590
14
15 | [See enlarged |
16 i T | |calibration chartfor Dec (]| | w ] | | — o |
17 | |on accomparying slide 8 1 I ] ! b —
ig . | . | " : . S
19
20
21 |Spreadsheet enabling 5 years of input - Static Moving Average Model
Compare methods according to
| 22 one Gih = 350,000 monetary value error
Fy
| 23 fonth F ¥ Pred HDD  HDD Diff 0 1iff Forecast Static MA | Dynamic MA ARIMA
24 oy | F9394 1 402 3485 47 21 §1,264.339 Ifweather pattern from Fa394 -2,668074| -2468074 -3,504,3749
75 Dec 1 412 453 46 -26| -§1,610,5667 [ A 83 to March 98 was F3485 3,098,828 -2,077,867 186,761
76 Jan 1 351 442 B —44| -§2,650,474 repeated, these would be FA596 3,206,836 -1,685,630| -1,890,338
27 Feh 1 133 404 24 12 700,540 wvalues of errors from Fa637 2,507 971 3,469,202 1,586,482
28 htar 1 324 336 -12 - -§a371 812 static moving average Fa7338 -6,681,197| -B137,172 -6 747,328
model in energy Five year
consumption and Nov-Man
29 Annual Totals 1022 2000 -78 -43| -F2568.074 monetary value (haged [totals -$11,046,965| -$9,199,532|-$10,468,803
a0 Nov][F3495]2 393 355 38 17 §1.024274 on BCH grid
31 Dec 2 414 458 -44 -24| -§1,444890 characteristics of
32 Jan 2 413 442 = -14 -§834 680 FOg09)
33 Feh 2 382 409 =T =3 -$806,951
34 Mar 2 335 336 = -1 -§36,582 I _l
35 Annual Totals 1837] 2000 -B3 -35] -§2098828
36 Moy[[F9596 2 305 345 B -22] -$1,323.021
37 Dec 3 4105 448 -63 -29| -§1,740,435
38 Jan 3 4160 442 19 9 541,810
39 Feb 3 115 404 3] 3 F168 484
40 har 3 341 336 A 2 §146 326
41 Annual Totals 1926| 2000 -74 =37 -$2,206,836
42 Mov|[F9697 4 395 345 40 18 1,077 622
43 Dec 4 509 458 a1 28 1,674,759
44 Jan 4 426 442 -16 -a -§453,949
| 45 Feh 4 g7 409 Hal -B -$363,571
46 Mar 4 355 336 18 10 573,110 w
M 4 » ]\ Interactive Spreadsheet 93-99 / ChartlS93-958 /  Interactive Spreadshest 0106 / ChartIS 0106 / ch|< 3l
iDraw s b | aumShapess N W IO A dl S Gl @S- - A== @ LjH
Ready ' 141/153




I Microsoft Excel - HDD to Energy Interactive Model (Nov-Mar) final.xls

-5_|] File- Edit %iew Insert Format Tools Data  Window PI Hel Energy Type 2 guesti e
AR I e T W e = W R e A -|.£JE]'_; i '-.{f;'giﬂrial i3 R ]
o8 = £ , Dl?;er:(e)?)ce Rows 20-69 of spreadsheet; Apr 1993-Mar 1998 data |
a | B [ ¢ | i [ E | F || ' . .
20 Monetary Static Moving Average Model results
21 |Spreadsheet enabling 5 years of input - Static Moving Average Model D f f
lffrerence Compare methods according to
22 (e rro r) maonetary value error
FY
23 Pred HDD  HDD Diff Forecast Static MA | Dynamic MA ARIMA
24 My ] 81,284.23 Ifweather pattern fram Fa394 -2568,074| -2,568,074] -3604373
25 Dat 1 412 458 -4 25| -%1,510,567 [ Apr 93 o March 98 was Fa495 2,083,828 -2,377 857 186,761
26 Jan 1 341 442 == -44| -$2650,474 repeated, these would he FO596 -2,206,836| -1,685630] -1,890339
27 Feh 1 433 409 74 12 $700,540 values of errars from FAEa7 2507871 3,468,302 1,586,482
23 Mar 1 324 336 = -6 -§37191Z static moving average Fo7as -G,681,197| -6,137,173| -A747,338
madel in energy Five year
caonsumption and Nov-Mar
29 Annual Totals 193232 2000 -76 -43| -$2,568,074 monetary value (hased totals -$11,046,9265| -$9,199,532 | -§10,468.803
30 Moy][F9495]2 393 355 38 17 $1,024.274 on BCH grid
31 Dac Z 414 458 -4 -24] -$1,444.800 characteristics of
32 Jan z 413 442 -24 14| -$834,680 FOa0g)
33 Feb 3 382 409 =37 -13|  -$806,851
314 Mar 7 335 336 5 -1 536,582
35 Annual Totals 1937] Z000 B -35[ -$2.098,838
36 Mov[F3536]3 205 355 50 22 -§1,322,021
37 Det 3 405 458 53 28| -§1,740,435
33 Jan 3 460 143 1@ g $541,810 _Monthly
39 Feb 3 415 409 fi 3 $168,484 Differences
40 Mar 3 341 336 5 2 $146,326
41 Annual Totals 1926] Z000 74 -37| -$2,206,836 (errors)
12 Mov][F3697]4 395 355 a0 18] 1,077,622 Annual
43 Det [l 509 158 &1 78| $1,674,758
44 Jan [l 436 142 16 8|  -$453,949 TOtaIS of
45 Feb 4 387 409 13z 6|  -$363,571 Differences
15 Mar 4 355 336 18 10 $573,110
47 Annual Totals 3087] 7000 B2 42| §2,507 871 (errors)
KT Nov[Fa79a]s 317 355 -3 -17] -$1,002,835
49 Dec 5 389 158 58 32| -$1,837 466
50 Jan 5 416 143 -36 12| -$74R,819 :
51 Feb 5 334 409 75 -37| -$2,725,76R Five year totals
52 Mar 5 311 336 -Z5 T3] -§768,212 (Energy, Monetary)
53 Annual Totals 000]  -2236 -111] -$6,681,197
54 Totals 184]
3
Sk |Spreadsheet enabling 5 vears of input - Dynamic Moving Average Model
57 ‘one Giyh= §E0,000
| 58
59 Moy F2394 |1 402 355 4T 21]  §1,264,339 Ifweather pattern from
B0 Dac 1 412 458 -4 -25] -$1,510567 Apr 93 1o Mar 08 was
61 Jan 1 351 442 -91 -44| -§2 650474 repeated, these would be
62 Feb 1 433 408 24 12 FT00,540 values of errors from
B3 htar B 324 336 -1z -f -§371 912 dynamic moving average
64 Annual Totals 1922| 2000 -78 -43] -$2568074 muodel in energy
B Moy|F9495[2 303 359 34 18 $018,646 consumption and
13 Dec 2 414 481 37 -20] -§1,215021 monetary value (based
57 Jan 2 413 444 -31 -15 -§915,219 on BCH grid
] Feb 3 382 414 37 16| -5948,763 characteristics of 142/153 1
) War 235 33 ) I TR T IENER] )

Dpawe Lg

o a -4
M 4 » M) Interactive Spreadsheet 93-98 / ChartIS 93-08 ,(

| AutnShapes - N w 1O A Al &5 (g & -
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Microsoft Excel - HDD to Energy Interactive Model (Nov-Mar) final.xls

5_‘] File Edit “iew Insert Format Tools Data  Window FI Help Type & quest I - 8X

boSE S PE 6B J9- 8= 2 [gon el 110 g B LU|EE=s % & EH-O-A- K
524 - B =FGH22"F24
E | B | & ] D = | 7 | e ) . =
56 |Spreadsheet enabling 5 years of input - Dynamic Moving Average Maodel | ROWS 56'108 Of SpreadSheet; Apr 1993'Mar 1998 data- [
57 one GYh = §60,000 . .
- Dynamic Moving Average Model results
[ 59 Mow|E9354]1 21 §1,264,339 [Fweather pattern from
B0 Diac 1 -25| -%1 510,667 \ Apr 93 to Mar 98 was
61 Jan 1 -44| -52 650474 repeated, these would be
62 Feh 1 12 $700,540 values of errors fram
f3 Mar Al -B -5371,812 dynamic moving average
6d Annual Totals -43] -§2.568,074 maodel in energy
65 Now]F9495]2 15 $918,646 consumption and
66 Dec 2 -20] -%1,215,021 manetary value (hased
£7 Jan 2 15 -§915.214 on BCH grid
68 Feb 5 -16 -5946,763 characteristics of
69 Mar 2 = -§118,500 F0809)
70 Annual Totals -3B8] 32,277 B&Y
i hov|[F9596]3 -24| -§1.413.712
72 Dec 3 -21 -$1,247.858
73 Jan 5! 11 FE44,314
74 Feb 3 2 $118,235
75 Mar 5 4 §213,382
76 Annual Totals -28| -%1,685630
T Mov[FI697]4 25]  §1,483,264
78 Dec 4 39] $2328,243
79 Jan 4 -10 -§577,613
80 Feh 4 -B -§331,243
81 ar 4 9 $566,551
a2z Annual Totals 88| §3,4658202
83 Nov[F9798] 5 -8] -3548,897
a4 Dec & -23| -§1.379,541
85 Jan 5 -16 -$4954,603
86 Feh 5 -39 -$2.368,443
87 ar ] -148 -§884 587
a8 Annual Totals -102] -§6137,172
89 TE3[ $6,195.597)
90
91 |Spreadsheet enabling 5 years of input - ARIMA Model
g
| 33 Manth Fi D
94 [ 1 402 \ Ifweather pattern fram
95 Dec 1 112 453 -4E -25| -§1,510,567 ’_ Anr 33 to Mar 92 was
96 Jdan 1 351 420 -G8 -34| -F2020,804 repeated, these would be
S Feb 1 433 41 1% A F354,704 values of errors from
ek War 1 324 347 -23 =12 -§701,145 ARIMA model in eneray
94 Annual Totals ‘1922| 2034 -112 -a8 -$3504,3749 consurnption and
100 Mov|F9495]2 393 363 an 13 $800,214 monetary value (hased
101 Dec 2 114 414 -1 -1 -$33,838 on BCH grid
102 Jan 2 413 401 12 B 351,444 characteristics of FO805)
103 Feb 2 382 396 -14 =7 -5413,821
(104 Mar 2 335 352 -7 =0 -$518,238
105 Annual Totalg 1037 ] 18327 10 3 §186,761
106 Hov[F9596]3 305 334 -30 -13 -§800,214
107 Dec 3 105 440 -35 -19) -$1,1459 344
108 Jan 3 460 463 -3 2l -Fa7 861 Ll
M 4 b ) Interactive Spreadsheet 93-98 / Chart15 9395 / Interactive Spreadsheet 01-06  / ChartIS01-06 7 ch|< 143/153
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@J Ei.lé!- Edit Wiew Insert Format Tools Data  Window FI Halp Type & guestion for help *_ 8 X

RN RENE NN T R AR L R Y AN 12 Y . e 5 =S alElg oA B
G24 x B =3GH22"F24
a4 | B | ¢ | D | & [ F | G | 5 [ I
91 |Spreadsheet enabling 5 years of input - ARIMA Model | | |
| 32 one Giwh = F60,000
Month dHDD  HDD Diff
My 1 i [Fweather pattern from
95 Dec i 412 458 -46 -26] - " Apr 83 to Mar 98 was
96 | Jan 1 351 420 -G =34 -$2,020,804 repeated, these would be
97 Feh| 2 433 421 12 G| B354704 walugs of errors fram
98 [ Mar A 324 347 = A -12 -E701 145 ARIMA model in energy
99 Annual Totals 1827] 2034 -112 -a8[ -§3.504,379 consumption and
100 Mow|[F9495 |2 393 363 an 13 $E00,314 manetary value (based
101 Dec 2 414 45 -1 -1 -§32,838 on BCH arid
102 Jan 2 413 401 (e G $351,444 characteristics of FOB09)
103 Feb 2 382 396 -14 +F -F413.821
104 ar £ 334 352 =1t 4 -F518,238
105 Annual Totals 1837] 1927 10 3 F186,7E1
106 Nov[E3E96]3 305, 335 =30 3] -§800,214
107 Dec 3 405 440 -35 -19] -51,148,344
108 Jan 3l 460 463 -3 #] -§87.861
109 Fehb 3 415 400 14 7 F443,380
110 Mar 3 N 354 -13 & -5396,300
111 Annual Totals 1826] 1982 -66 -33] -§1,990,339
112 Mov|[FI697 [4 385 388 7 3 B186,717
113 Dec 4 508 444 Jild] 36) F2134,486
114 Jan 4 426 445 -18 5 -F556,453
115 Feb L) 387 402 =5 i -5147.793
116 Mar 4 354 356 -1 &1 -§30,485
117 Annual Totals 2082] 2035 47 26)  §1,586,482
118 Mov|[E3798]5 37 ] 52 -23] -§1,367,038
119 Dec i 388 436 -37 =200 -§$1,215.021
120 Jan 5 416 438 -22 a3 -FE44.314
121 Feh ] 334 404 -1 -35| -§2,098664
122 Mar 5 i 357 -46 -23] -§1,402,291
123 Annual Totals 3 2 b6, 747,328
124 -
Jizs
126
b
128
1249
| 130
131
132
133
134
135
136
L3
138
139
140
141
142
143 | | | | —
144 _ v
RN ive Spreatdsheet 93-98 ( Ch (I | 144/153 |
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Period of

Material effect Decreasing

HDD

Annual net differences in Nov-Mar monetary valuesf  or
forecast models caused by DD forecasting difference S
from actual (Apr 93-Mar 98 data)

EStatic MA EIDynamic MA CIARIMA |

$10,000,000
$8,000,000
$6,000,000
$4,000,000
$2,000,000
$0

-$2,000,000

in Monetary Value

-$4,000,000

Net Difference (Error)

-$6,000,000
-$8,000,000

-$10,000,000 T145/153
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i Microsoft Excel - HDD to Energy Interactive Model (Nov-Mar) final.xls
-j_I] File Edit ¥iew Insert Format Tools Data  Window FI Help
RN RENE NN A YN R AR R e N Y HaL

> 10

- B I U|

Type & quest

= 8

/T ) I‘;E

D017 > B

1 |Interactive Spreadsheet
: |Based on ResHist Model for FO809

poo8 loe Lo [ e L f [ & [ B L I L pows1-43of spreadsheet; Apr 2001-Mar 2006 data *

Calibration curves

21 [Spreadsheet enabling 5 years of input

22 one 54yh = $60,000
E

23 onth : C Pred HOD  HDD Diff ) Maonetary Diff

s -§1 013 A0S

24 \I _ |f weather pattern fram

25 hE5 3680 Apr 01 to March 06 was

26 417 421 -4 2| -m120077 repeated, these would be

27 402 354 & 4 §224 B4B values of errors from

28 M7 332 85 43| §2 508 4352 static moving average
rmodel in energy
consumption and

29 Annual Totals 1875 1921 54 30| ¥1.782776 maonetary value (hased on

30 Mov[Fozos [2 313 348 -35 -1B]  -$933 583 BCH grid characteristics

31 Dec 2 382 426 -4 24| -$1 458025 of FO803)

32 Jan 2 356 421 -B5 -32| -$1 906 584

33 Feb 2 404 394 10 5 $283 763

34 hlar 2 323 332 ] -4l -§259.119

35 Annual Totals 1778] 1921 -143 A 44 273 549

36 Wo[F0304 3 409 348 B1 271 $1 627 102

37 Cec 3 409 426 -17 -10)  -$571,385

38 Jan 3 422 421 1 0 $26 355

39 Feb 3 370 394 -24 120 -§721.231

40 hlar 3 305 332 -26 -13] -§7F7 357

41 Annual Totals 1915] 1921 5 -] -3416 515

42 Mov|Fo405 |4 335 345 -10 4| -B2EE 73R

43 Dec| 4 352 426 -44 =24 -$1 4588 025

M 4 v n|{ Interactive Spreadsheet93-08  / ChartS 93-98 ' Interactive Spreadsheet 01-06 / Chart1S 0106 / Ch|<¢
iDraw- b | AutoShapes- N w 1O B ol &7 (8] @ | 3 - I A= = @ JH
Ready

3
Linear equations relating HDD differences {errors)

4 (to Energy Consumption differences Energy unit is MWWh

Energy/HOD

(hhikelvin
5 day)
3 slope, mintercept, b Experimental Data Experimental Data Experimantal Data Experimental Data Experimental Data
7 |Mov y=m+h 444 563511 | 626091.9 Moy HDD Mov Energy] Dec HDD| Dec Energy] Jan HDD Jan Energy|  Feb HDD| Feb Energy har HDD Mar Energy
g |Dec 547306704 | B02989.1 250 | 737538 300 768,326 350 | 959255 3580 1.080 634 300 | 954788
9 |Jan 4858.116847 788875 270 | 746,080 340 788,837 390 | 579296 400 1,090 634 320 | 9643993
10 [Feb 492 644078 | 893555 280 | 74771 380 510,050 430 | 999131 420 1,100 566 340 | 975182
11 [Mar a05.076444 | 502404 .5 310 | 763 BER 420 831,951 470 [ 1,018,705 440 1,110 424 360 | 985349
12 330 | FP2IaN 460 854 531 510 | 1,037 955 450 1,120,202 350 | 9954587
13 350 | 781,890 500 877,775 550 | 1,056,821 4580 1,128 892 400 | 1,005 580
14
15 See enlarged calibration L
16 . o= | chart for Dec on o | i g (]| Vg =]
17 I _I % accompanying slide . ’# : ’i. [ I:b
L]
20

Compare methods according to
maonetary value error

FY

Forecast Static MA|Dynamic MA ARIMA
FO102 $1,762776| $1.782776| %2826 666
FO203 -54.273549| -§4 5929 894 | 56,726,464
FO304 -5416 515 -p440 992 -5284,01
FO405 -51,850,651| -§1,895093| -52.594 243
FOS06 776,212 -5795 271 -$3,009,165
Five year

Nov-Mar

totals -$5,534,351| -$6,278.474| -$9.787.217
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Ijﬂ File  Edit Wiew Insert Format Tools Dats  Window FI Help Type & gues i I v - 8X
H = i =& [ A | - - A| £ g | e = i 1
L] 5;5@' Sl *?3?;: $as: S0 o0 ez - ol il weley - e flire Rows 20-65 of spreadsheet; Apr 2001-Mar 2006 data |
= 5 L C WS e e b e Pl Static Moving Average Model results
21 |Spreadsheet enabling 5 years of input
Compare methods according to
$50,000 monetary value error
FY
tanth F ual HOD Yy Forecast Static MA|[Dynamic MA ARIMA
24 Moy -$1.013 605 \ _ |If weather pattern from FO102 $1,782776) $1.782776| %2826 666
25 Dec $85,360 Apr 01 to March 0B was FO203 -54 273545 -54 929 894 | 86,726 464
26 Jan 417 421 -4 - -5120 077 repeated, these would be FO304 5416515 -5440.992]  -§284 011
27 Feb 402 354 g 4 §224 BB values of errars fram FO405 -$1,850,851( -§1,895093] -$2 554 243
28 L 417 332 g5 43| %$2.808,432 static maoving average FO505 5776212 5708 .271] -§3,009,165
madel in energy Five year
: consumption and Nov-Mar
29 Annual Tatals 1975 1921 54 30| §1,782 776 maonetary value (based on totals -$5,534,351| -36,278,474| -$9,787 217
30 Mov[Fozo3 |2 313 345 35 -16] 3933583 BCH grid characteristics
31 Dec = 382 425 -4 24| -§1,458,025 of FOB09)
32 Jan (i 356 421 -B5 -32] -$1 506,584
33 Feb o 404 3594 10 L) §283 763
34 War L 323 332 -9 4 -5259,119
35 Annual Totals 1778] 1921 -143 A1 -54,273 549
36 Mov[Fo304 [3 409 348 61 27| $1.627 102
37 Dec 3 409 426 -17 -0 -§571,388
38 Jan 3 422 421 1 0 $26,358
39 Feb 3 370 354 -24 12§21 231
40 War 3 305 332 ] S13] -WFI7 A7
41 Annual Totals 1915 1921 5 -7 -8B 515
42 Mov|Fo405 |4 335 345 -10 4] -§26B,738
43 Dec 4 382 426 -44 24| -$1,458,025
44 Jan 4 431 421 10 4 $289 941
45 Feb 4 418 354 25 12 $727 143
16 War 4 294 332 -38 =19 -$1,143,172
47 Annual Totals 1664 1921 A7 -31] -$1,850,851
48 MNov|[E0506 [5 372 348 24 1] $640,171
49 Dec 5 412 426 -14 8 -B472.873
50 Jan 5 353 421 =] -33| -$1.,994.445
51 Feb 5 415 394 21 10 $608 508
52 har 5 345 332 15 7 §442 027
53 Annual Totals 1698] 1921 -23.4 S13] -WF7E212 j
54 Five-year Totals S92 -$5,534,351
EE
56 |Spreadsheet enabling 5 years of input
$60,000
onetary
1 = -51 013 505 If weather pattern from
60 Dec 1 429 426 3 1 $35,380 Apr 071 to March 06 was
61 Jan 1 417 421 -4 2 -§120,077 repeated, these would be
62 Feh 1 402 394 g 4 §224 BAG values of errors fram
63 ar 1 A7 332 86 43| %2,606,432 dynamic moving average
64 Annual Totals 1975 1921 54 30| $1.782776 madel in energy
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Period of

Material effect Stablo HDD

Annual net Differences in Nov-Mar/monetary valuesf  or
forecast models caused by DD forecasting difference S
from actual (Apr 01-Mar 06 data)

| EStatic MA EDynamic MA CIARIMA |

$10,000,000
$8,000,000

$6,000,000

Nov-Mar:

ARIMA
$4,000,000 i

$2,000,000
$0

-$2,000,000

in Monetary Value

-$4,000,000

Net Difference (Error)

-$6,000,000

-$8,000,000

-$10,000,000 150/153
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Summary

*Degree day forecasts with ARIMA can be based on meaningful
climatological inputs; more information content about physical processes
than purely empirical methods

eForecasts 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

eForecasts 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)]

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

Forecast Static Moving Dynamic ARIMA
period (Nov- Average Moving

Mar) Average

F9394 to -$11,046,965 -$9,199,532)| $10,468,803
F9798

(decreasing

HDD trend)

F0102 to -$5,534,351 -$6,278,474 -$9,787,217
FO506 ]

(stable HDD)

/

D

period

Best 5-year
performance during

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

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

BG hudro m Roland V Wahlgren, Load Research Analyst 152/153
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Annex

Annex 1 (1 of 2) — Experiments with various climate input
combinations to reduce forecasting errors

ARIMA Probabilistic Forecasting Method with Climate Index Inputs:

Test effeCt on forecasting accu racy of Changing Differgnces in Total Res. Energy Consumption & Mone t_ary Value
. - i during Apr 01 - Mar 06 DD forecast period (Lower Ma inland)
ARIMA climate inputs: ‘ | it s e
—4—Energy C tion —®— Monetary Value | context of BC Hydro's business model
- Focus on Apr 01 to Mar 06 forecast errors 250 ” § 610000000
illi H Novhar ! ! ' | | | o
- Errors > $1 million revealed on Slide 135 (copy shown here; 2001 Nt ey ) oy | e S | o0
errors with material effect were circled) \ F20s s o2 s | e e G
- Forecast for Jan used climate indices PNAI and GMMTA o Ei R Crrm— ) SO
. . Gy < —T R
- Jan forecasts errors resulted in errors exceeding $1 million, 53 [ 52000000 €3
each forecast year =5 - . g3
. . . . B ]
- Revised forecast #1 used climate indices NPI, ALPI, and RNAI gt T aggg? {—'}mmo g8
(based on chart, slide 109 showing ANOVA Prob > F was o f?%_mmm =
0.0001 for these 3 indices) ec ) o
. . . . -$6,000,000
- Revised forecast #2 used climate indices PNAI and LODI; rule 7 200000
#1 — [ANOVA Prob > F] < 0.05; rule #2 — correlation coefficient : Nov- Nov- o | “S5000
-$10,000,000

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

Time (Month-Year)

Strength of fit between HDD Vancouver and climate indices by month

- Once best combination for a month is found, use it for all new HDD data for 1953-2009
H . ANOVA Prob > F
fOI’ecaStS |nV0|V|ng that month Month|  MSSN] GMMTA Sol| Lol PDO | NPI ALPI | PNAI
. . . . Apr| 0.2364 0.0003} 0.027| 0.0001] 0.0001] 0.0407 0.0002]
- This method recognizes regional climate processes Way| 02175 0083] ) :|_oz S oo01] 0 see2] 0otee|
. s . . Jun| 0.3675| 0.0338] .003] 0.1437] 0.0523]  0.0108]
- Improved understanding of BC’s climate in each BCH sales i osToRl _o00I_osessl 000l 0.6 o.Iz5il ol o0
region can improve forecasting accuracy — refer to slide 152 B 0 . e .. 2 A
“Act|on P|an” Oct] 0.547] 0.0251 0.2499| 0.0568] 0.2143] 0.0027] 0.1751| 0.0001]
lov{ X X . . X . X 0.000:
s %‘?iz ot
Jan|  0.4936] 0.0006] 0.5112 0.0529] 0.0002] 0.0001] 0.0001]  0.0001]
Feb) D.W 0.8037| _0.0004] _0.0001] _0.0001| _0.0001]
Mar]  05594] 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 R? (bolded cells)

m
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Annex

Annex 1 (2 of 2)

Annex 1 Tables /

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

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

~ A - high between them
Rev No. 1: NPI, ALPI, PNAI
Old error as
monetary Change in error
value (PNAI New error value = |new | Change in
and|as monetary value| - |old | error value
Jan Year GMMTA) value value| trend
2002| $1,260,859 $447,984 -$812,875| Decrease
2003| $7,055,327| $7,055,327 $0[ No change
2004| $1,019,316 $7,939 -$1,011,377| Decrease
2005| $1,322,049| -$5,251,258 $3,929,209| Increase
2006| -$3,584,093| -$6,066,937 $2,482,844| Increase
Five-year
totals| $7,073,458| -$3,806,945 -$3,266,513| Decrease

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

BGhydro
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A
Rev No. 2:'PNAI and LODI'
Old error as
monetary Change in error
value (PNAI New error value = |new | Change in
and]as monetary value| - |old | error value
Jan Year GMMTA) value value] trend
2002| $1,260,859 $447,984 -$812,875] Decrease
2003| $7,055,327| $6,185,981 -$869,346] Decrease
2004| $1,019,316] -$167,826 -$851,490] Decrease
2005| $1,322,049| -$5,042,767 $3,720,718] Increase
2006| -$3,584,093| $2,296,911 -$1,287,182| Decrease
Five-year
totals | $7,073,458| $3,720,283 -$3,353,175] Decrease
Roland V Wahlgren, Load Research Analyst A-2
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Results make it appear worthwhile to
continue experiments but need to
consider cost and benefits.




