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

HDD and CDD analysis guidelines

The purpose of this document was to provide guidslifor forecasting heating degree
days (HDD) and cooling degree days (CDD). Threehout were addressed:

» Static Ten-year Moving Average Method;

* Dynamic Ten-year Moving Average Method; and

* Integrated Autoregressive-Moving Average (ARIMA) dedb

The reader is invited to become familiar with tlatents of the publications listed in the
Bibliography andReferences sections of this document to make it easier teeustdnd
the discussions about the ARIMA model.

lllustrations of the moving average methods wersetan data, supplied by BC Hydro
Load Forecasting, for Vancouver Airport (Lower Maimd Sales Region) Apr 1981 to
Mar 2001. The illustrations of the ARIMA model wdrem analyses of BC Hydro Load
Analysis Vancouver Airport data from Jan 1953 torK4@01.

Static Ten-year Moving Average Method
This method was set up on a MS-Excel spreadsheltstsated in Fig. 1.

For completeness of forecast information, the stesh@rror of the estimate (equivalent to
standard deviation of the residuals) was calculafea standard deviations gave a 95%
probability envelope about the forecast value. tjpger and lower confidence limits
(CL) at the 0.05 level were tabulated. The formudad was:

Standard error of the estimate = standard dewiatidhe residuals

= ((sum of the squares of the residuals)/(noteshs)}'2 1)
Residuals are the differences between actual morthD and forecasted monthly HDD
for a given month.
For example, for Apr-2001, the formula for the stard error value in cell D246 was:

fL,=SQRT(((B126-C126)"2+(B138-C138)"2+(B150-C150)"2168-
C162)"2+(B174-C174)"2+(B186-C186)"2+(B198-C198)"R210-C210)"2+(B222-
C222)"2+(B234-C234)"2)/10) (2)
The formula for the Apr-2001 Upper CL was,

fi= C246+2*D246 3)
The formula for the Apr-2001 Lower CL was,

f= C246-2*D246 (4)
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E Microsoft Excel - Moving Average (static) method.xls

|Z_|] Eile Edit “iew Insert Format Tools Data  Window PBI Help
QB HSIRIVEIE LR 98 -8 FlMee v v B I
! C245 - A =0.1%B126+B138+B150+B162+8174+B186+B198+8210+B222+B234)
A | B c | o [ E F | o | H [ 1 | K [ L [ m ]
| 1 |Lower Mainland
2 | Actual | Mormal | Standard Upper Lower
3 Heat Deg [Heat Deg Error CL {0.05) | CL (0.05)
ABS(Pact -
4 Date Days Days Days Days Days PprediPact Apr May Jun
1215| Sep-1938 65.0 a5 33 154 22
1216| Oct-1938 227 235 25 284 185
1217| MNow-1938 303.2 347 38 426 268
1218| Dec-1938 4440 441 56 552 330
1219| Jan-1939 4017 444 54 571 kil
1220| Feb-1939 3494 379 jte] 4597 260
1221| Mar-1939 360.4 345 30 406 284
1222|  Apr-1939 a9z 21 28 298 184
1223| May-1999 2138 145 32 209 a1
1224| Jun-1939 105.8 71 20 111 32
1225|  Jul-1939 50.2 22 16 53 Rl
1226| Aug-1999 18.4 23 15 53 £
1227| Sep-1999 101.6 84 33 150 17
1228| Oct-1939 2B0.6 236 22 281 191
1229| MNow-1939 306.5 344 40 423 265
1230| Dec-1939 407.0 444 54 552 337
1231| Jan-2000 4492 439 G5 569 308
1232| Feb-2000 a4 366 45 461 270
1233| Mar-2000 3402 343 ] 359 287
1234|  Apr-2000 276 247 28 302 191
1235| May-2000 194.2 151 35 247 74
1236| Jun-2000 78.0 7B 22 119 32
1237|  Jul-2000 284 24 17 jte] -10
1238| Aug-2000 370 22 15 52 -7
1239| Sep-2000 93.3 a5 33 150 20
1240|  Oct-2000 2331 239 24 286 192
1241|  Now-2000 a8 342 40 422 261
1242| Dec-2000 4496 445 53 551 339
1243|  Jan-2001 400.2 441 G5 572 In
1244| Feb-2001 3568 359 42 444 274
1245| Mar-2001 =7 342 28 357 286
124B|  Apr-2001 2764 2421 ] 300 197 0102025 0102025
1247 | tay-2001 177.9 154 41 235 72 0.136481 0.136481
1248|  Jun-2001 100.4 75 22 118 32 0.250797 0.250797
1249|  Jul-2001 338 ] 15 56 5 0.235053 0.z
1250| Aug-2001 X5 24 15 54 £ 0.02018%
1251| Sep-2001 97 .58 a5 28 144 34 .088205
252| octzoot | 2478 237 23 284 1gn [ Lerecastyearl b oens
1253 Now-2001 3073 346 41 428 265 0126163
1254| Dec-2001 4358 436 45 528 344 0.000665
1255| Jan-2002 4268 431 61 553 308 0.005786
|256| Feb-2002 3704 368 7 442 2594 0.005475
1257 | Mar-2002 4234 338 23 353 292 0.202811
1258| Apr2002 6.2 248 7 302 124 0101445 0101445
DEQL hAs O 10E A 1E4 A1 A 71 02172791 2172791
M4 4« » WNHDD, Chartl-HDD forecastquality 4 Charti-HDD M&PE /COD / sheets / <
iDraw -~ ¢ | AutoShapes~ N\ w DO A Al &8 (8] @& | & - - A - = 3§ﬂ|j!
Ready

Figure 1: The Apr-2001 value of 248 monthly HDD washe arithmetic mean of the previous ten Apr
values in the monthly HDD time series. The formulaf,, was shown in Excel's formula bar. The
method was termed “static” because every April foreast for the next five years had the 248 value
(see for example, cell C258 for Apr-2002)
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The last part of the complete static moving avefagecast is shown in Fig. 2. The Apr-
2003, Apr-2004, and Apr-2005 monthly HDD forecaalues remained static at 248
monthly HDD. This figure also shows how Mean AbselBredicted Error (MAPE)
values were calculated. The formula was:

MAPE = (1/N) XZ |(Pactua| i— Ppredicted) / Pactua| I, sum from | = 1 tO | = N (5)

where Rewali= actual load on day ipRudicted i= fOrecast value of load on day i, N = total
number of data (hours).
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| B Microsoft Excel - Moving Average (static) method.xls

IZ‘_I] Eile Edit “iew Insert Format Tools Data  Window PBI Help
!EJﬁHgllj_ll‘f?éila‘o Sa @ - F 9 - 'Iﬁzvﬁlilllﬂ@ Bl arial ~10 -|B I
! 1252 - A =ABS(BZ02-C282)/B252
A [ e [ ¢ | p [ e | F [ & | H [ 0 | o | w [ L | M |
| 1 |Lower Mainland
2 | Actual | Mormal | Standard Upper Lower
3 Heat Deg [Heat Deg Error CL {0.05) | CL (0.05)
ABS(Pact -
4 Date Days Days Days Days Days PprediPact Apr May Jun
|263| Sep-2002 0.7 a5 7 144 34 .019846
1264| Oct-2002 2575 237 22 280 124 0.079632
1265| MNow-2002 3097 346 41 429 263 0117436
|266| Dec-2002 335 436 38 514 359 0.105485
1267| Jan-2003 3635 431 58 547 314 0.184457
|268| Feb-2003 ez 368 34 436 300 001514
1269| Mar-2003 3304 338 kil 359 276 0.02158
1270|  Apr-2003 24 248 25 299 198 ) 0.054192 0.054192
1271| May-2003 167.1 154 42 238 5iz] 0.08067 0.08067
1272|  Jun-2003 509 75 20 115 35 0.4778 0.4778
1273 Jul-2003 9.2 [z ] 14 53 -2 1.795652 1.7¢
1274| Aug-2003 5905 24 15 54 5 3.086441
1275| Sep-2003 720|2 a5 7 143 35 D.234?22
1276| Oct-2003 197.7 § 237 14 276 1958 0.195685
1277 Now-2003 4035 | 2| 348 43 432 260 014233
1278| Dec-2003 4218 || 436 38 514 358 0.034116
1279| Jan-2004 4316 E 431 43 516 345 0.002433
1280| Feb-2004 3509 368 32 433 303 0.045732
1281] Mar-2004 3078 338 Ell 359 275 ./ 0.096535
1282| Apr-2004 206.0 248 25 299 198 ) I D.2Dd?5?_| 0.204757
1283| May-2004 11596 154 35 230 78 0.284445 0.284445
1284| Jun-2004 450 75 21 17 33 0.671556 0.671556
1285|  Jul-2004 5.2 ] 13 52 a 3.946154 3.9
1286| Aug-2004 5.0 24 16 55 -7 3822
|287| Sep-2004 106.8 a5 28 144 34 >D.16?603
1288| Oct-2004 224 237 14 276 1958 0.065558
1289| MNov-2004 33m5 346 43 433 259 0.031505
1290| Dec-2004 Iz 436 36 509 364 0112162
1291| Jan-2005 4426 431 32 4596 366 0.027225
1292| Feb-2005 3833 368 32 432 304 0.039917
1293| Mar-2005 2588 338 32 402 273 J 0125618
1294|  Apr-2005 2352 248 25 299 197\ 0.055187 0.055187
1295| May-2005 115.8 154 35 230 7 0.326595 0.326595
1296| Jun-2005 751 75 23 121 30 0.001525 0.001525
1297|  Jul-2005 16.1 ] 14 54 -2 0.597516 0.5t
298| Aug-2005 5.0 24 16 56 -8 3822
1299| Sep-2005 100.1 a5 ] 141 7 .111888
1300|  Oct-2005 078 237 20 276 197 0133575
1301] MNow-2005 306 346 43 431 261 0.06512
1302| Dec-2005 41583 436 7 a1 361 0.050301
1303| Jan-2006 JE26 431 32 454 367 0187397
1304| Feb-2006 J54.2 368 kil 430 306 0.042166
1305| Mar-2006 355.1 338 34 A06 269 J 0.045475
1306] 10.35%] 20.92%] 33.45% 131
207
M4 4« » W\HDD, Chartl-HDD forecastquality 4 Charti-HDD M&PE fCOD / Sheets / ¢
iDraw -~ ¢ | AutoShapes~ N\ w DO A Al &8 (8] @& | & - - A - = :EJJH
Ready

Figure 2: Last part of static moving average forecst. Note how monthly values repeated each
forecast year. The formula bar showed part of thedrmula for calculating Mean Absolute Predicted
Error. The results of the formula in the bar were dsplayed in columns for each month, at the row
corresponding to the month. The five results in edtcolumn were added and divided by five to yield
the arithmetic means, displayed in the row contaimg the label “MAPE ="
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Dynamic Ten-year Moving Average Method

In contrast to the static method, the dynamic netihoorporated forecasted values as
illustrated in Fig. 3. Standard error of the esteneould be added as in the static method.

EX Microsoft Excel - Moving Average (dynamic) method.xls

|E_|‘| File Edit “iew Insert Format Tools Data  Window PI Help
Eihrial

A=A RETRE RN A W RER s A RNl W R YR T 1 e[
0270 - & =0.1*(B150+B162+8174+5186+81358+B210+B222+B234+02465 +D258)

& | s | ¢ | b | E | F | & [ H | 0 | 4 | ¥
1 |Lower Mainland
| 2 | Actual | 10-y MA| Dynamic
3 Heat Deg |Heat Deg HOD
ABS(Pact -
4 Date Days Days | forecast Ppred)iPact Apr Mlay
243 Jan-2001 400.2 441.4
244 Feb-2001 396.5 3590
245 Mar-2001 3|7 35
246 Apr-2001 2764 24872 2482 1 01022095 0.102098
247 | Mlay-2001 177.9 1536 1536 0.1364581 0.1364581
248 Jun-2001 100.4 782 7z 0.250797 0.25
249 Jul-2001 33.8 287 257 0.239053
250| Aug-2001 26.5 241 241 0.050183
281 Sep-2001 974 839 og.9 >D.DBE|2E|5
262 Oct-2001 247 .5 2370 2370 0.042505
263 MNoy-2001 3073 346.1 346.1 0126163
254 Dec-2001 43549 4362 436.2 0.000665
265 Jan-2002 426.5 4306 4306 0.005786
286| Feb-2002 370.4 3658.0 368.0 0.006479
257 | Mar-2002 423.4 3378 J3vs 0.202811
258| Apr-2002 275.2 2453 0.111846 0.111846
259| May-2002 196.4 151.4 0.229368 0.229368
260 Jun-2002 59.2 730 0232297 0.23
261 Jul-2002 259 262 0.013205
262 Aug-200%2 2.2 233 0.09316
263 Sep-2002 0.7 854 > 0.025468
264 Octoooz | 2575 g3 [LLrecastveard Jonosneg
265 Nov-2002 309.7 3481 012359581
266 Dec-2002 393.5 4412 0121116
267 | Jan-2003 3635 4359 0193161
268 Feb-2003 3752 3718 0.008955
269 Mar-2003 330.4 3418 0.034604
270 Apr-2003 262.4 24751 0.056593 0.056595
271 May-2003 1671 1526 0.086511 0.086511
M 4 » MNHDD/ Chartl-HDD ForecastQuality 4 Chartl-HOD MAPE / COD /
ED[awvuglﬁnghapesv\\DDLI@{ZILQEQ|{%'ﬁ'é'E%EJJH
Ready

Figure 3: The Apr-2001 forecast was calculated as ithe static method explained above. The formula
for the dynamic HDD forecast for Apr-2003 incorporaed the forecasted values for Apr-2001 (cell
D246) and Apr-2002 (cell D258). The balance of thable with MAPE calculations operated

similarly to the static version, Fig. 2
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ARIMA Model Method

The motivation for using the more complex integie@toregressive-moving average
model to predict monthly HDD was to incorporate gibgl processes information about
BC'’s climate (through climate indices values) inedfort to increase accuracy of the
forecasts. SAS JMP software was used. An excespt the SAS JMP master data table
Apr 1953 to Mar 2001 is shown in Fig. 4.

5 JMP (BC HYDRO & POWER AUTHORITY) - [1953-2001 HDD table with climate indices for acid test #5] - [19

@ File Edit Tables Rows Cols DOE  analyze Graph Tools View ‘Window Help

1B Dh & S & B R? 4™y L L+ B SS O 19532001 HOD table with climate indices for acid te: v |
: *1953-2001 HOD table with clim || 4 = Monthty HDD Pacific Horth Length of Day Monthly smoothed Global Mean Monthly
T|=Source = Year |Month | Date Vancouver American Index Index (ms) sunspot number Temperature Anomaly (C)
1 1953 Jan | 01-1953 369 0.65 0.99 241 013
2 1953 Feb | 02-1953 401 1 0.99 216 011
g 1953 Mar | 03-1953 357 045 0.99 19.9 0.20
4 1953 Apr | 04-1853 266 1.05 0.99 16.9 045
3 1953 ey | 0:3-1833 157 1.2 0.99 17.4 0.03
B 1953 Jun | 0B-1853 118 -1.6 0.99 152 0.0
7 19353 Jul | 07-1953 21 0.7 0.99 128 0.03
8 1953 Aug | 08-1853 28 142 0.99 11.5 046
g 1953 Sep | 09-1953 101 042 0.99 11.4 042
10 1953 Ot | 10-1853 222 1.91 0.99 10.4 0.09
SIS () 11| 1283]  Mav|11-1353 304 165 093 88 006
A e 12| 1853 | Dec|12-1953 386 127 0.99 T4 0.22
: E‘::trgh * 13 1954 Jan | 01-1854 533 -1.14 0.9z 6.4 024
4 Morthly HDD Vancouver 14 1954 Feb | 02-1954 398 014 0.92 56 -0.04
_d Pacific North American e 15| 1854 | Mar | 03-1954 408 147 0.92 42 0.07
_dl Length of Day Index (ms) 18 1954 Spr | 04-1954 9 27 0.92 3.4 010
l Morthly smoothed sunspot i 17 1954 May | 05-1954 167 0.64 0.9z 37 045
l Global Mean Marthly Temperst 18| 1954 Jun | 05-1354 132 -0.02 0.8z 42 045
18 1954 Jul | 07-1954 71 03 0492 54 -0
20 1954 Aug | 05-1854 62 -0.08 0482 72 015
21 1954 Sep | 09-1854 117 o 0.92 78 016
22 1954 Ot | 10-1854 261 075 0.92 749 0.04
23 1954 Mow | 11-1954 282 1.45 0.92 9.5 0.22
24 1954 Dec | 12-1954 401 -0.52 0.92 12 -0.07
23 19535 Jan | 01-1835 439 0.4 0.86 14.2 0.26
26 1955 Feb | 02-1355 459 -1.74 0.86 16.4 -0.05
27 19355 Mar | 03-1955 442 -2.23 0.56 195 032
28 1955 Apr | 04-1955 320 o 0.86 234 013
29 1955 May | 05-1855 226 057 0.86 28.8 043
30 1955 Jun | 06-1855 122 1) 0.86 351 014
31 1955 Jul [ 07-1835 70 -0.96 0.66 40.1 -0.09
32 19535 Aug | 05-1835 33 -0.52 0.86 46.5 0135
5 19355 Sep | 09-1855 125 -0 0.86 555 -0.09
34 19355 oct | 10-1955 250 031 0.56 64.4 0.035
35 1955 Mowv | 11-1855 459 -0.96 0.86 T3 0.1
36 1955 Dec | 12-1955 481 207 0.86 a1 -0.25
S 37 1956 Jan | 01-1956 456 -1.32 0.89 88.8 0419
Ay 579 38 1956 Feb | 02-18956 497 -1.04 0.89 98.9 -0.26
Selected 0 33| 1956  Mar | 03-1956 407 -0.63 0.3 1093 -023
I Bl 0 40| 1956 |  Apr 0441855 256 0.07 0.39 187 022
Hiddden o 41 1936 hay | 05-19356 130 029 0.89 127 .4 023
Labelled o 42 1936 Jun | DB-1956 130 018 0.89 1369 -0.06
43 1956 Jul | O7-1856 22 -0.92 0.89 1455 -0.07
44 1956 Aug | 03-1956 27 -0.2 0.89 1496 -0.30
43 1956 Sep | 09-1956 126 0.55 0.89 151.5 -0.07
46 1956 Ot | 10-1836 2635 2.1 0.89 1536 048
47 19356 Pov | 11-1856 395 1.06 0.59 159.6 016
43 1936 Dec | 12-1856 427 0.3 0.89 164.3 014
|
Ready

Figure 4: Excerpt from SAS JMP data table with climate index values for the Pacific North
American Index (PNAI), Length of Day Index (LODI), Monthly Smoothed Sunspot Number (MSSN),
and Global Mean Monthly Temperature Anomaly (GMMTA)
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To obtain maximum benefit from the following seciso the reader is invited especially
to refer to the presentation documeteating/Cooling Degree Day Forecasts for BC
Hydro Sales Regions Using a Probabilistic Model with Climate Inputs (Wahlgren, 2009),
for explanations about time series, spectral dessiand climate indices. Some
familiarity with SAS JMP and ARIMA is assumed—thier publications in the
Bibliography andReferences are readable and useful.

Using standard JMP procedures, a model was settbpnputs as displayed in Fig 5.

| JMP (BC HYDRO & POWER AUTHORITY) - [Time Series - Autocorrelations] - [Time Series - Autocorrelations]

-8 x

_?,j File Edit Tables Rows Cols DOE  Analyze Graph Tools Wiew Window Help

EsE-2 & B |7 M4 2 P+ B S5 O | 19532001 HDD table with climate indices for acid tes
Tiincows = x |Modeling & variable by ts lagued values aver time
VP Starter Select Columns Cost Selected Calumns into Roles Action
i) Master HDD' and COD tahle Avear 4iWorihly HDD Wancouver
e 1953-2001 HOD table with climate indicas for acid test #5 aworth aptional himeric
&l Time Series - Autocorrelations Late
4 Morthly HDD Vancouver
A Pacific Harth merican Intiex [rpute: ]|
IrputList Pacific North American i
Al Length of Day Index (ms) Ji] il oot of Doy ke s
i Morthly smoothed sunspot nu p arthly Ten
A Glokal Mean Morthly Tempers

Autocotrelation Lags 3, Time D | |Dat
Forecast Periods - i

aptional

Data must be sorted by time, evenly spaced

HUM

Figure 5: Model set up with inputs. Set Autocorrehtion Lags and Forecast Periods each to 5 years
because five year forecasts were made. A rule ofuimb was to set these values to a maximum of N/4,
where N was the number of data points. From 195312001 there were 49 data points for each
month. Although 49/4 = 12, the value 5 was appropate and avoided “information overload” in the

following analyses

At this point, spectral densities for the time esrand climate inputs were checked for
interesting cases of coinciding peaks (Figs. 6ugho9).
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| % JMP (BC HYDRO & POWER AUTHORITY) - [1953-2001 HDD table with climate indices for acid test #5- Time Series] - [1953-2001... QE}@
[ Flle Edit Tables Rows Cols DOE Anabze Graph Took Yiew Window Help

- 8x
BOEEES ) B K[? @ @b 2 L+ BSS O | 19532001 HDD table with climate indices for acid te: v
Tundows v f1-122009228 P =
ot Table=Morth=Jan Linked! Subset=This subset is inked to 19532001
mz;:a:;g o0 b HOD table it olmets incices for acid test #5 Mordh=1
— ¥ = Transfer Function Analysis Month=Jan
= ] 1953-2001 HOD table with climate ndices for acid test #5
[E] 1953-2001 HOD table with climate indices for acid test #5| ¥ Time Series Monthly HDD Vancouver
Mean 451 43522
o 1 st 6201835
- i I | i a0
g §50q 3 "‘ : | A i i ZToroMean #DF 070221
siaot )AL Nl Sl ean ATF 8517591
E S aso- airar I‘v’ - A Trend ADF 9568
\ i 5
a0 | lV\ % \/H‘J“\Hr WA
y L)
T
Date
-
» Time Series Basic Diagnostics PG
\ | Spectral Density 27
\ 4
1500 1500
2 1000 £ 1000-|
3 3
& s & w00
T T T T T
2 4 5 & w1 o 0o of 02 03 04 05
Period Frequency
| White Noise test
Fisher's Keppa 35308857
Prob = Kappa 04567665
Bartets Koimogorey-Stirmoy 02550412
| Input Time Series Panel
|~ Input Series: Pacific North American Index
een 01273852
2 St 09380664
ool i ‘ N g
cEE L A J \ il Zoro e A0F 5250121
28 o] bnthed ‘ S Mean ADF 53053
8 ‘u/‘\ 1 l f\/ \r \ ¥ \f Trend ADF 6773281
- V) \f
e e
Dste
¥ Time Series Basic Diagnostics
¢ 5 v = I|||)||l Series: Length of Day Index (ms) =
Ready

HUM

Figure 6: Spectral density for HDD Vancouver for maths of Jan 1953 to 2001. A strong peak was

evident for a 3-year cycle (solid arrow). A weakepeak distinguished a cycle with a period of about 8
years (dashed arrow)

|5 JMP (BC HYDRO & POWER AUTHORITY) - [1953-2001 HDD table with ate indices fo test #5- Time Series] - [1953-200

E) File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help
DO EHSE  BE|M? ey 2 2+ B SS O 19532001 HOD table with climate indices for acid tes v

T windows * x| = Transfer Function Analysis Month=Jan Al
IMP Starter ¥ Time Series Monthly HDD Vancouver
[l Master HOD and COD table ¥ Spectral Density
& ia] 1953-2001 HDD table with climate indices for acid test #5 50 T 7800
8] 1953-2001 HDD table with climate indices for acid test # = z
Z 1000 2 1000
. .
& w & so0
T T e i T T T T T 1
0 2 4 85 8 1 2 14 00 a1 02 03 04 05
Period Frequency
| White Noise test
Fisher's Keppa 38a38557
Prob Kappa 04567885
Bartlett's Kolmogorey-Smirnoy 02550412
=/ Input Time Series Panel
| 7 Input Series: Pacific Noth American Index
i Mean 01278552
24 | % St 09360669
= ] | ! N s
£8 4]
BE 4. | A‘f\ | ‘ \ il \ i N iA\ M Tero bean ADF  -5.280121
28 ol / \ - Single Mean ADF  -6.30583
T VTV || o
=5
T e e
Date.
¥ Time Series Basic Diagnostics
| Spectral Density
B o
00 / 03|
Z 025 £ 025
& 0204 S 0204
goisy Forsq
Zaioq Eatnq
0054 0054
04 T T T T T T T T T T
2 4 8 8 10 12 14 00 ai 02 03 04 05
Period Frequency
~| White Noise test
Fisher's Koppa 27980385
Prob = Kappa 08678295
Barlleits Koimogorov-Smimav 01718513
< 3 U I|||)||I Series: Lenglll of Day Index (ms; hdl

Figure 7: Spectral density for the Pacific North Anerican Index (PNAI) for months of Jan 1953 to
2001. The HDD values appeared to be responding tbe 3-year cycle in PNAI values (arrows)
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| ¥ JMP (BC HYDRO & POWER AUTHORITY)

[1953-2001 HDD table with climate indices for acid test #5- Time Series] - [1953-2001..

-

HDD and CDD Analysis Guidelines

&) Ele Edit Isbles Rows Cok DOE Analyze Graph Took Vew Window Help
o2 EHE ) & K2 B ME P 2+ B SSH O 19532001 HOD table with climate indices for acid te: v
Tindows ~ x|+~ Transfer Function Analysis Month-Jul
IMP Starter  Time Series Monthly HDD Vancouver
Master HDD and COD table s m
<] ¥ Spectral Den:
= ] 1953-2001 HOD tabtle with climate indices for acid test #5 L
18] 1953-2001 HOD table with climate indices for acid test #¢ Tan-{ -
2 120 z120Y
2 o]
S o <
£ o] £ o]
& a0 & a0
20 /
S 7 an o 02 oz | o 05
Period Freuenoy
| White Noise test
Fisher's Kappa 33330560
Prob > Hoppa 08043722
Berlet's Kolmagorav-Smimay 0206747
¥/ Input Time Series Panel
Y= Input Series: Pacific North American Index
¥ = Input Series: Length of Day Index ms)
Mean 1392085
2] o~ st o.s7a3a
zp 2 Vi N ©
$2..] ZoroMean ADF 025741
2% Single Mean ADF -1 084075
LR RY u TedsDF 4300505
< s
— T —r T
P Time Series Basic Diagnostics
¥ Spectral Density
e 028
# 07 G
& oo & oo
E oo E o]
2 ooz &)
\ T T T T T o T T T T
3 i s & 7 oo o o2 05 o s
Frectiency
¥ White Noise test
Fisher's Keppa 7853
: 5 Prch » apa 3168606
Berlet's Kelnaocrov-Smimy_ 0.7536655

Figure 8: Spectral density for Length of Day IndexLODI) for months of J
no clear match evident between HDD and LODI peaks
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Now Transfer Function was selected (Fig. 10).
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Figure 10: “Transfer Function” selected (arrow)

Transfer Function inputs were selected (Fig. 11).
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Time Series Basic Diagnostics were examined foHD® Vancouver time series (Fig.
12) and a model was tried giving the result shawhig. 13.
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Figure 12: Time Series Basic Diagnostics Partial Aocorrelation Function (chart on right) showed a
significant positive deviation at lag 3 (arrow). Tte solid blue lines represented + 2 standard errorfor
approximate 95% confidence limits. Positive deviatins were characteristic of an autoregressive (AR)
signature. In this case the order of the AR processas 3. Therefore an AR(3) model was tried
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the line were the future values forecast by the ma (red line) and the 95% confidence intervals for
the forecasts (blue lines)

November 26, 2009 Page 13 of 23



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

AR and MA orders were determined for PNAI (Figs—-18) and GMMTA (Figs. 17-18).

& POWER AUTHORIT [1953-2001 HDD table with climate in

% File Edit Tables Rows Cole DOE Analyze Graph Tools View Window Help
[ERnE-—REN =R R|? @@y 2 L+ @54 O | 19532001 HOD table with climate indices for acid te: v

{ windows ~ x| = Transfer Function Analysis Month=Jan |
WP Starter ¥/ Input Time Series Panel
ial Master HDD and CDD table w[ "~ Input Series: Pacific Notth American Index
= ] 1953-2001 HOD table with climate indices for acid test #5 5 i i ey
) 1953-2001 HOD table with climats indices for acid test # X i \“ o i
£2 A i
2 £ v /‘\,\ ) f\ “‘ A ZeroMean ADF  -5.260121
28 L A Single Mean ADF  -6.30583
2t i / Y \\ [ | i b Trend ADF 8773281
2 g 1Y \ 1)
e [ T
Date.
¥|Time Series Basic Diagnostics
Lag AutoCorr 86420 2.4 6.8 LjungBox0 pValue Lag Partil 864202468
1.0000 i 0 1000 1
T o ‘ ‘ o omes 1 oy
] 00878 05435 07620 2 00854 k/
3 0.2553 ‘ 40843 02525 3 0.24%4
4 oo | agss6 03230 4 0080
5 oo 47380 04458 5 0087 Il
¥ Spectral Density
¥ =/input Series: Length of Day Index (ms)
» = Input Series: Global Mean
Monthly Temperature Anomaly (C)
1-12-2008 226 PM
ata Table=Morth=Feb Linked Subset=This subset is linked to 1953-2001
HOD tatie with cimate incces for acid test #5 Month=2
¥ = Transfer Function Analysis Month=Feh
1-12.2008 2.26.P00
ata Table=Month=Mar Linked Subset=This subset is linked to 1353-2001
HOD table with climate indices for acid test #5 Month=3
¥ = Transfer Function Analysis Month=-Mar
112.2008 226700
ot Table=Morth=Apr Linked Subset=Tris susset s ke t01953.2001
HOD table with cimste indices for aoid test #5 Month=4
¥ * Transfer Function Analysts Month=Apr
112.2008 226 P
et Table=Morth=May Lirked Subset=This subset s Inkeclto 19532001
HOD tate with cimete inlices for acid test #5 Month=5
¥| = Transfer Function Analysis Month=May
¥|Time Series Monthly HDD Vancouver
Mean 17138184
. EY 31 984085
i
9 520 N /')\ f N
% z IL 7 .,‘v L RN ZeroMean ADF 0622719
z Saeod 71 [ A Single Mean ADF  -4.985308
5¢ L Trend ADF s 011071
Y
4nn \
< 3| ) |
Reacty
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Figure 16: Result of AR(3) model for PNAI
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Figure 17: GMMTA was likely to need an AR(3) modehs suggested by the abrupt decrease in
magnitude of positive deviations in the partial aubcorrelation function chart after lag 3 (arrow)
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chosen model

<

Now all the Transfer Function Inputs were availatlg. 19):
Noise Series Order—Monthly HDD Vancouver was AR{BY
Input Series Orders—PNAI was AR(3) and GMMTA waRk(8).
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Figure 19: Inputs to transfer function
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To update the “Inputs Variables” in the Transfen&tion (TF; Fig. 20) collect the
forecast data that was collected for PNAI (Figs-2Z2) and GMMTA (Fig. 23) for input
to the TF (Fig. 24). The HDD forecast values weve mvailable (Fig. 25).

| JMP (BC HYDRO & POWER AUTHORITY) - [1953-2001 HDD table with climate indices for acid test #5- Time Series] - [1953-2001... E@
Eﬁ File Edit Tebles Rows Cols DOE Analyze Graph Tools Wiew Window Help
Bhg dE Be | |k? eeMb s 2+ 855 O 19532001 HDD table with climate indices for acid te: ¥
¥ = Transfer Function Analysis Month=Jan ;]
¥ Time Series Monthly HDD Vancouver
¥ = Transfer Function Model (1)
¥ Model Summary )

- 8 x

OF 34
Sum of Souared Errars 50927.0636
‘ariance Estimate 2612 56059
Standard Devietian 511132145
Akaike's 'A Information Criterion  $02.831691
Sohwarz's Bayesian Criterion 524 775387
RStUare 052066837
RSsuare A 038856859
MAPE 586029955
MAE 315257152
-2Loglikeihood 475 B350

¥| Parameter Estimates

Variable Term Factor Lag Estimate StdError tRatio Prob=ft|

Pacific North American Index NumD,0 0 0 242013 141458 171 00882

Pecific Horth American Index Hum 1 11 7924 152248 012 0.8070

Pacific Horth American Index Hum 2 1 2 SS90 29265 042 OE62

Pacific orth American Index Humi,3 1 3 0S024 850121 001 08887

Global Mean Morthly Temperature Anomaly (C) hum,0 a a 235926 06,5464 027 07868

Global Mean Morthly Temperature Anomaly (G) Numi 1 x 0 B5453 746335 008 09308

Gloal Mean Morthly Tempersture Anomaly () Numi 2 1z 100445 1164150 005 08315

Glokal Mean Morthly Tempersture Anomaly () Num 3 13 1048858 1167205 080 O03S2

Morthly HOD ancouver AR11 11 Dam 0182 255 O01E4

Morthly HOD ancouver ART2 1 2 -0.2495 02757 081 03M8

Morthly HOD Yancouver aR13 13 01508 02078 073 04732

Intercept O 0 457ETH0 57214 G178 0001
;
Morthly HDD Varncouvery =467 573+ -26.2015+1 782416+8, 597" -0 502453 |*Pacific North American ndex;.» [ 23 5326 -6 5468*B-10.0445° 52104 83583+ Global Mean Morihly T Anomaly (S [ETErEryr—
124352+ 01508

¥ Residual

nteractive Forecasting

Inputs Variables 1 2 3 4 5
Pacific North American Index [ 1.5 151 151 15 1.51]
Global Mean Marthly Temperature Anomaly (G | 049 e | 0.49] 04 0.43]
Select Input 1
Select Time 1
Changsvae [ T ] 151
Confidence Intervals| 098]
650
600
550
2 5004 /\—
3 450 :
2 4
400 A
350
300 Mo
— T 1 T T T T I
m & B B8 £ 5 B 2 7 &
Z B 2 @ F T om oz @ R =]

4] O]

Iteration 146 UM

Figure 20: Transfer Function results. The “Inputs Variables” were updated by ten manual entries
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Figure 21: “Save Columns” (arrow) was selected toeg data for PNAI AR(3)
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Figure 22: Predicted Jan PNAI for the next five yess 2002 to 2006 were found in rows 50 to 54 in the
‘Predicted Pacific North American Index’ column
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Figure 23: Predicted values for GMMTA for 2002 to D06 were in the last five rows of the table
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Figure 24: “Transfer Function” was selected and updted with “Inputs Variables” manually as
shown here. The PNAI and GMMTA forecast values werérom the last five rows of Figs. 22 and 23
respectively
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Figure 25: “Save Columns” was selected for the Trasfer Function to see the HDD predictions in the
last five rows underneath the ‘Predicted Monthly HOD Vancouver’ column. Values for Standard
Error as well as Upper and Lower Confidence Limits(0.05 level) were tabulated
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An example of a moving average signature in the theries was illustrated by the data
for Feb 1953-2001 (Fig. 26). There was sometimdsgunty in model results. How this
may be dealt with was considered in the caption&iigs. 27 through 29.
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Figure 26: Feb HDD had a significant negative devteon (arrow) which was a moving average (MA)
signature. The order of the MA process was 2 or péaps 3, suggesting models MA(2) or MA(3)
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Figure 27: Example of model comparison — chose M&J — it had a lower standard variance and
higher R?value. (AIC) Aikake’s ‘A’ Information Criterion was lower than for the MA(2) model.
Therefore, MA(3) had Rank 1 in terms of AIC. Interestingly, Schwarz’'s Bayesian Criterion
disagreed with the AIC, forcing the analyst to chose, using judgement based on experience
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Figure 28: Sometimes the Transfer Function Model assted in choosing between ambiguous Noise
Series Orders or Inputs Series Orders. Here was aexample of model failure — because tried using
HDD MA(2) instead of MA(3) for the Noise Series Ordr
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Figure 29: The Transfer Function Model worked withMA(3)

Similar procedures were followed for the remainmngnths.

Take care not to “over-fit” the data (NIST/SEMATECED09) by including extra,
unnecessary terms in the model.
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