SAS® for Forecasting Time Series, Third Edition. Full book
available for purchase here.

Contents
About This BOOK ..cciessisssssnsssnsssssssssssssssssssssssssassssssssssssssssssasssssssssnsnnnsnnnnnnnnnnnnns ix
About The AUuthors .....cccitcimsssssssesssa s sa s s s s r s s n s na s ana s a s a s n s nannnnnnnnnnnnnn Xi
Acknowledgments ...cccceeiemimsmsnssn st nnnnaanannanananana s xiii
Chapter 1: Overview of Time Series .ccuccccmcimnmmnmmnmsnnsmsnsmssnssssnssssssssnsnnsnnnnnnnnsn 1
LIPS I 1 o T ¥ o 1
1.2 Analysis Methods and SAS/ETS Software........cccccuiiriiiisemmmmmniinisssssse s ssssssssssssss s sssssssssssssssnsas 2
L2200 0 o oY T3 2
1.2.2 How SAS/ETS Procedures Interrelate...........ccccoinmmiinicciisecccmnrinnssssssscc s ssssssssssssssessnas 3
1.3 Simple Models: REgreSSiON......cciuisemrirsssmsissssmsssssssmssssssssssssssamsssssssssssssmssssssnnssssssnnssssssnnsssasssnnes 5
1.3.1 Linear RegreSSioN.........ccuiiiemmmmiiiiniisssnsmmsnnnnnsssssssssmsss s sessssssssssssss snsssssssnmmmsssssnssssssnnmmssnnsnsssns 5
1.3.2 Highly Regular Seasonality ...........ccceiiemmmmmminnisssssmmmnnninssssssssssnsssssssssssssssnsssssssssssssssnssas 11
1.3.3 Regression with Transformed Data..........cccccccmmmmmmmmmnmmeennnnnnsaaaan.s 17
Chapter 2: Simple Models: Autoregression.....cccccrsmsmsssssssssssssssssssssnnsnnsnnnnnns 23
P88 I 13 Yo L1 T e oY 1 23
2.1.1 Terminology and Notation...........cccccmiimiiiiinmmimrrinsssssses s ssmm s s s mmmnns 23
2.1.2 Statistical BaCkground ..........c.ccciiiiemmmmmmnimnissssssmssnnsssssssssssssssssssssssssmsssssssssssssnsmsssssnsssssassnns 23
8 1o ¢ =Y oor= 1= 13 ' 24
2.2.1 PROC ARIMA for FOrecasting........ccuusessissssnsmssssmsnssssnssmssssnnssssssnnssssssansssssssnsssssssnnsassssanes 25
2.2.2 Backshift Notation B for Time Series .......cccccccmmmiiiriisssmcmmnnrresssssscecesssesssssssssssssssssssssssnnas 32
2.2.3 Yule-Walker Equations for CovarianCes........ccccummrrsssssmmmmsnimsssssssmmssssissssssssssmssssssssssssnnnes 33
2.3 Fitting an AR Model in PROC REG...........cccocmmmmmimmsissssmsssmmmmssssssssssssssnsssssssssssssssnssssssssmmsssssnsssssas 37
Chapter 3: The General ARIMA Model ....cccummmmmmnnmsnsnnsassanssnsansassssssssnssnssnnnnnns 41
R 200 I 194 Yo [T T 1 oY T 41
3.1.1 Statistical BaCKground...........cccciecmiinssmmnissssssiisssssssissssssssssssssssssssssssssssssssssssmsssssssmsssssssnses 41
3.1.2 Terminology and Notation...........ccccmiiniiiiinmmnrinnsssseee s ssmm s s e smmmnns 41
£ T8 1= [0 1o o 5 42
3.2.1 One-Step-Ahead PrediClions.........ccccccrrrrrrsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 42
3.2.2 Future PrediCtions ... s s s sssssssssssssssssnsnnnnnns 43
3.3 Model Identification.........ccccccceeeeeeeeeececeeeeeeeceeeeee s nn e nnnnnnnn s s s nnnnnnn s nnnnnnnnnnnnnns 46
3.3.1 Stationarity and Invertibility ........ccccccmiiiiiiiiin e ———- 46
3.3.2 Time Series IdentifiCation ........cccccciirirsmmnisssmsrnnss s s s nnne 47
3.3.3 Chi-Square Check of ReSIAUAIS ......ccccerrrrrrrrrrrmrmrrrrsrssssssssssssssssssssssssssssssssssssssssssssssssssesenees 56
3.3.4 Summary of Model Identification ........cccuerrerrrrrrrrrrrrrrrssssrssssssssssssssseseseesseesseeeeesereeeserereeene 56
3.4 Examples and INSTrUCHIONS ......eemmmiiiiiiiiice st s s s e e s s s s e nnnns 56
3.4.1 IDENTIFY Statement for Series 1-8........cccuuiirrmmmmmimninnsemernn s ssssssssssss s ssssssssnes 57

3.4.2 Example: Iron and Steel EXport ANalySisS......cccurrrrrrrrrmrmmmmmssmsssmssssssssssssssssssssssssssssssssssssesees 65


http://www.sas.com/store/prodBK_68469_en.html

iv SAS for Forecasting Time Series, Third Edition

3.4.3 Estimation Methods Used in PROC ARIMA ... cccccecccerr e ssss e s e e mmmmmnn e 70
3.4.4 ESTIMATE Statement for Series 8-A .......... s 72
3.4.5 NoNStatioNary SerieS. ..o n e e e n s s s s s s s s s s s ssssssssssssssssnsnsnnnnnnn 77
3.4.6 Effect of Differencing on Forecasts........ccccccccummmmmnmnmnmnnnnnnnmnnnnnnnnnnnnennnsnsnsnsesnsnsnsnsssnsssnnnnnes 78
3.4.7 Examples: Forecasting IBM Series and Silver Series.......ccccuummmmmsemsmmsssssmsssssssmssssassnnnas 80
3.4.8 Models for Nonstationary Data...........cccoemiiiiiiiiiss e snsmmmmnn e 84
3.4.9 Differencing to Remove a Linear Trend..........ccccoirmmmmiinnisssssmmsssninssssssssmssssssssssssssssssnns 91
3.4.10 Other Identification TeChNIQUES......cccccceeeememeeeeeeeeeeeeeeeeeeeeeeeeeeeee e nnnas 95
3.5 Summary of Steps for Analyzing Nonseasonal Univariate Series ......ccccccccccvvvecmninicnsisececes 104
Chapter 4: The ARIMA Model: Introductory Applications.....ccccccmmcmmcnmnnsnnnanas 107
4.1 SeasoNal TIME SEIIES ....ccccceeiiiiriiiiscccenrirrsssssscmesnsreesssssssmmmssnssessssssnmmmssnssessssssnnmmmsssssssssnsnnnnnnnnes 107
4.1.1 Introduction to Seasonal Modeling .......cccccuiiiriiissmmmmmnnninnsssssem s sssmassssnns 107
T 3 -8 |V Lo =Y I Fo [=T 01y o= Lo o T 108
4.2 Models with Explanatory Variables........cccccciiiiimcccsccssreseccessssssssssmcsssssssssssnsssmsssssssssnnnnnes 119
4.2.1 Case 1: Regression with Time Series Errors .......cccucermmsemsmmsssmsmsssssssssssssssssssssssssansns 120
4.2.2 Case 1A: INtervention ... oo 120
4.2.3 Case 2: Simple Transfer FUNCLIONS......cccccitiiiiiiinmcmmsnnninsssssssssmsn s s ssssmsssss s s ssssssmsssssnns 121
4.2.4 Case 3: General Transfer FUNCHIONS ......coccciimniemsmmnissmsmmmsssssmsssssssssssssssssssssssssssassssnssansns 121
4.2.5 Case 3A: Leading INicators ........cccciccmmmmmiinnisssssscmmenninsssssssssssnsssssssssssssssssssssssssssssssmmnsnns 121
4.2.6 Case 3B: INtervention........ccciiiiciiiiccccmriincssssssscccensnr e e ssssssm s s s s s s s e e e s s s ssmmmmns e e senssnnnmnmmnnnes 121
4.3 Methodology and EXample ........cccceemmmmmimmiiisssmmmsmnimmsssssssssssnnssssssssssssssssssssssssnnssssssssssssssnnmsnnsnns 122
4.3.1 Case 1: Regression with Time Series Errors .......cccccccimminniinssssssmnmnnsssssssssssnnisssssssssssssnns 122
4.3.2 Case 2: Simple Transfer FUNCLIONS........ceeeeeeeeeeeeeeeeeceeeceeeeeeensnennnsssnnssssnssssssssssssssssssnssnnns 131
4.3.3 Case 3: General Transfer FUNCHIONS ......ccciiiiiciinsccccmnnnissssssccssssnnssssssssssssssssssssssssssssssnes 133
4.3.4 Case 3B: INtervention........cccccmiiiiiiiiisccccmniincssssssscccsnssresssssssmsssss s s e e s s s s ssmsmmns s e sensnnsnmnmmnnnes 155
4.4 Further EXample........cccciiiemmmmmiimmisiissssmmssssnnssssssssssss s snssssssssssssss nsssssssssmssssssssssassnnnmssss snssssssnnnnnnnns 161
4.4.1 North Carolina Retail Sales .......ccuvecmmrrissmmrmnssmmnrmsssmssmssemsssssssssssssssmss s ssmssssssssssssnssssssenas 161
4.4.2 Construction Series Revisited.........ccuimmmmiininininscecnisssss s ssssssssssssssssssssses 168
4.4.3 Milk Scare (INtervention)......cccccccceeeeememneeeneenennnnnsnnnsnsnsnsnssssssssssssssssssssssssssssssssssssssssssssssssnns 172
L 2 N =T ¢ o) T LN o - o 175
Chapter 5: The ARIMA Model: Special Applications.....ccceceemsnmsnssnssnnnnnnnns 177
5.1 Regression with Time Series Errors and Unequal Variances........ccccccmimrsssssnsmmmsnnissssssssssesnnns 177
5.1.1 AUtOregreSsSiVe ErTrOrS ...uuuiuiuememmmmmsnnnnnsnnnsnnnnnnnnnnnnnnnsnnnnnnnnnnnnnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnssssssnnnnsan 177
5.1.2 Example: Energy Demand at a University.....ccccccccceeeemememecemecemececscscsessssssssssssssssssssssssssnns 178
5.1.3 UNeqUAI Vari@nNCes......mmmuiiiiiiiiinmmmnnsinssissnmmmssssssssssssmsss s snssssssssmmss s s eesassanmmmsss s snsssssnnnnnssnnns 182
5.1.4 ARCH, GARCH, and IGARCH for Unequal Variances ... 184
LS~ 0o 11 01 (=T | = 1o o 189
5.2.1 Cointegration and Eigenvalues...........ccccccmiiiiiisiiscmcmmmnnnissssssssssnssssssssssssssssssessssssnsmssssnees 191
5.2.2 Impulse ResSponse FUNCHION...........ccoiiimmcmiicriiinnc s srssnsec e s s s s s snmmesssssessssnmmmmsssssnsnnnnas 192
5.2.3 Roots in Higher-Order Models...........cciuiummmmmnsmmmmmsssssmmssssssmmsssssmsssssssssssssssssssssssssssamsses 192
5.2.4 Cointegration and Unit ROOts...........cccoiimiiiiiiiis s sssssms s s 194
5.2.5 An lllustrative EXample .......cciiiiiimcccciscsssnsmscsssssssssmss s s s smssssssssssssnnmssssssssssnnnnnns 196
5.2.6 Estimation of the Cointegrating Vector...........ccoormmiiicniin s nnsssssssssscesnnnnas 199
5.2.7 Intercepts and MOKe Lags .....cccccemrirriiissemmmmnnsinsissssnmmmsssssnssssssssmmsssssesssssssssssssssasssassmmsnssnns 201

5.2.8 PROC VARMAX . .....ciisumiemssamssanmsssmsssmsssmssssssssssnsssnsissssassmsssssssssssssssssssssssasssasssasssssssssnsssnssnsssn 202



Table of Contents v

5.2.9 Interpretation of the Estimates...........cccicciiiiicc s r s 205
5.2.10 Diagnostics and FOrecasts ... ssssssssssssssssssssssssas 206
Chapter 6: Exponential Smoothing .....ccccimimmsnmsnmsmsnmsssnssnsssssssssssnsnnsnnsnnnns 209
6.1 Single Exponential Smoothing .........cccciiiemmiinimmniness s ssssssssssssssssssssssnsssssssnses 209
6.1.1 The SMOoothing Idea.......ciiiiiiiiir i e mnnns 209
6.1.2 Forecasting with Single Exponential Smoothing.......cccccciiiiniiiscmmmmninnnssseeesnnssssnnees 210
6.1.3 Alternative Representations .............cciiiiiecccciisisiieecccessssrsrnece s s s s e s s s e s sss s sessnnmmmmnsnsns 210
6.1.4 Atlantic Ocean Tides: AN EXamPIe....cccccerrrrrrrrrrrsrssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 211
6.1.5 Improving the Tide FOrecasts......cuuoiiiiiiiinemr i e 213
6.2 Exponential Smoothing for Trending Data ..........coorvmmmmimnniinieemnnr s s 216
6.2.1 Linear and Double Exponential Smoothing..........ccccuiemmmmmminnssssssssssmninsssssssssssssssssssssnes 216
6.2.2 Properties of the FOrecasts ....ccccciiiiiiimmcccisisiiinec e ssssssssmcc s sssss s s s s s nmmsssssssesssnmnsmnsnsns 217
6.2.3 A Generated Multi-Series EXamPple .......ccccurcmrimssemnmmssssmsmmssssssmmsssssssssssssssssssssssssssssssssas 217
6.2.4 Real Data EXampPIes.......ciiiiiiiiiiemmmsiiriisisemmsns s ssssssssms s s s n s s ssssmsss s s n e s s ssmmm s s s s snsnnnsannnns 219
6.2.5 Boundary Values in Linear Exponential Smoothing ...........ccccviimmmiinciisnceesnnnnnssssnnees 222
6.2.6 Damped Trend Exponential Smoothing........ccccceimmiisissmmmsmnmmnsssssssssnnmsssssssssssssssnnas 228
6.2.7 DIagnNoOStIC PlOtS ... s nnns 229
6.2.8 SUMS Of FOreCasts ....cccccmmriiiiiiiisccccmriiiinsssssec s nn e s s s ssssms s s s s s e e s s s s smm s s s s s s e e e s s s ssmmmmns s e eenssnnnnn 231
6.3 Smoothing Seasonal Data ........ccccciuiiiiinsmmmmrnnninisssn s ssm s s s s mmmmn s e s nnnaan 232
6.3.1 Seasonal Exponential Smoothing ..........cuummmmiimnnnnseemrrr s ssssnas 232
6.3.2 Winters Method ... e s e e 234
Lo Y = [ F- 1o o 236
6.4.2 Choosing a Model Visually ........ccccccemmiiiiiiiissccemsinssssssssssssnssesssssssssmssssssssssssnsssssssssssssnnas 237
6.4.3 Choosing a Model NumeriCally......cccuiiiiiimmimmmmmmmmmsmssssssssssssssssssssssssssssssssssssssssssssssssssssnne 239
6.5 Advantages of Exponential Smoothing .......cccuveemiriismrrnssmsrrns s s esssmssensssnens 240
6.6 How the Smoothing Equations Lead to ARIMA in the Linear Case ........ccccuusemrrrssnmsrrsssnnnns 240
Chapter 7: Unobserved Components and State Space Models .....ccccuvammannes 243
7.1 Nonseasonal Unobserved Components Models..........cccccummiimmmmmnsemsnmnssmssmnsssssmssssssssssssssnns 243
7.1.1 The Nature of Unobserved Components Models..........cccceiiinimmmmmmmninnsssssssmmsessnnnssssssnees 243
7.1.2 A Look at the PROC UCM OULPUL .........cccccriccceccrcese e s sessme s sesssmsssesssms s sesssmss sessmmsssensnmnes 246
7.1.3 A Note on Unit ROOts in PractiCe .......c..ccuccmmmmmmmmnsiiseemess s ssssssssssss s s snssasnes 247
7.1.4 The Basic Structural Model Related to ARIMA Structures........ccccciveeciiicccennnnncsssnnees 247
7.1.5 A Follow-Up on the EXample ... ssssssmss s s ssssmm s s s nnsnes 249
7.2 Diffuse Likelihood and Kalman Filter: Overview and a Simple Case ..........ccoeeemmmmmrinnsssssnaes 250
7.2.1 Diffuse Likelihood in @ Simple Model..........ccccrrrrrrrrrrsssssssssssssssssssssssssssssssssssssssssssssssssssnns 251
7.2.2 Definition of a Diffuse LIKelihood ..........ccoovmmimiirciiee s 251
7.2.3 A Numerical EXample ......cimeeiiiiiiiiccceessssrnsmccessssssssssnsasssssssesssnnmmssssssssssnmnmnsssssssssnnnnnns 252
7.3 Seasonality in Unobserved Components Models .......cccccmmmemmnmmsssmsmmmssemsmmsessmmsesssmssssnns 254
7.3.1 Description of Seasonal ReCUrSIONS........cccceemmiinissssssmmmsnsmnmsssssssmsssssnssssssssmssssssssssssssnns 254
7.3.2 Tourism Example with Regular Seasonality.........cccermmmmmmmminsisssessemnmnnssesssssnnn——. 254
7 T8 T o0 0 1 o Yo =1 4o o 257
7.3.4 Another Seasonal Model: Sine and Cosine TEerms.........cccccvvremmmmmmninnssssssssmsssrnssssssssnnas 258
7.3.5 Example with Trigonometric Components.........ccccuuseeimmssmmsinssssssmssssssssssssssssssssnssesssnnes 259

7.3.6 The Seasonal Component Made Local and Damped...........couurmmmmmmmmminssssmmmssnnnmssssssnnas 261



vi SAS for Forecasting Time Series, Third Edition

7.4 A Brief Introduction to the SSM Procedure..........ooocciimmiiicccsiecceenr e ssssssscess s s e sssssssssssssenes 265
7.4.1 Brief OVErVI@W......cceieiiieiiieieiesesesmsssssssssnsssnsssnsnsnsnsnsnsnsmsmsmsmsssmssssssssssssssssssssssmsssssssssssssssssssnns 265
7.4.2 SIMPIE EXAMPIES ..ceeveerererererereresmesrsmssssssssssmmmmmsmmmmmssmmmmsssssssssssssssssssssssssssssssnsssnsssnsnsnsssnnnnnnnn 265
7.4.3 Extensions of the AR(1) MOdel .........eueeeeeeermemmmemmmemmmmmsmsssmmsmsmsssssssssssssssssssssssssssssssssssssssssnns 266
7.4.4 Accommodation for CUrVatUre ........cccccciiiiiiiicccenriiesssssss e mss s s e ssssssmsesssssessssssmmmsnsseessssnns 267
7.4.5 Models With Several Lags.......cccuumermmsssmsmmsssssnmsssssssssssassssssssssssssssnssssssssssssssanssssssannsnsas 270
7.4.6 Bivariate EXamples.......ccccmmmmiimmiiiissmmmsnniinssssssssmsssssnsssssssssmsssssnsssssssssssss s s sessssssnnmmss s s snnaas 273
7.4.7 The Start-up Problem RevVisited.........cccccerrrrmrmmmmmrsmsrmrsrsrssssssssssssssssssssssessssssssssssssssssssssssses 274
7.4.8 Example and More Details on the State Space Approach......c.ccccceeemeeeeeremeseseneeeeeeenenen. 276

Chapter 8: Adjustment for Seasonality with PROC X13...ccccceemmnmmmnnmnnnnsnnnnns 285

8.1 INtrodUCHION .....cccciiiiici s cr s rEr e EEEE S e EEEEESESEEEEESESSSSSERRRRRRSRSRRSRSSSRSRSSRRRRRRRRRRRRRRRRREE 285

8.2 The X-11 Method.........ccccceiiiticrissecccenrrre s s sssssc e e e s s s e e e ss s s smmmsns s eeessssssmmsssssesssasnnmmmsnssenssasnnmnnnnen 287
8.2.1 MOVING AVEIraQEsS ceememememmnnnmnnnnnnnnnnnnnnnnnnnnnsnnnnnnnsnsnsnsnsnsnsnsnsnsnsnsnsssssnsssssssssssssssssssssnssssssssnnnnnns 287
8.2.2 Outline of the X-11 Method ... s s s 290
8.2.3 Basic Seasonal Adjustment Using the X-11 Method........ccccuvrmmmnnecmmnnsemsnnssesssnssanens 291
8.2.4 Tests for Seasonality........uuueememrrimriisssssmmenrirnsssssssmms s s ssssmmss s s smmm s s s s s s e s s s s s smmmmnsnns 292

8.3 regARIMA Models and TRAMO ........ccuiiiiiiiissnmmmneniinssssssssmssssiesssssssssmssssssssssssnnmsnsssssssssssnnmsnssnns 295
8.3.1 regARIMA MoOdEIS.......ccccummmnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnsnsnnnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnnnnnnnnnnnnnnnnnnnns 295
8.3.2 Automatic Selection of ARIMA Orders.........cccccuirrmmmmmmmninssssssemmnnnnessssssssssssssssssssssssmssssns 296

R I 0 =Y = T b = 1] o (=T 296
8.4.1 Airline Passengers Revisited..........cccuuinmmmmmimnininnemmmmnninssssssssssnnnsssssssssss s sssssssssssssssnnnas 296
8.4.3 Employment in the United States ..o nssssssssssssssssssssssssssssnsns 299

Chapter 9: SAS Forecast StUdiO ...ccccumcmrnmrcmmcmmcm s s s s s n s nnnnnnnnnnnnnnnnn 305

L 200 B 13 Yo L1 e oY o 305

9.2 Creating @ Project ......cccuiiiiiieimninsscsnnsssssssisssss s ssssssssssssssmsssssssmsssssssasssssssamssanssamsssssssmnsanssannnnsas 305

9.3 Overview of Available MOAES..........ceeieieieiemmimmmrmrerereresssesssesssessssssssssssssssssssssssssssssssssssssnsssnnsnnnnnns 310

9.4 Project SetlingsS.......iiuiiiiinmiimiiiiiisiscmmsnn s s s s s s nn e nnnn e 312
9.4.1 Model GeNeration..........icciiismmemiiniiissssssssss s sssssssss s sr s s s ssssmssssssssessssssnnmsnssnnsasssssannnnnsnns 312
9.4.2 Goodness of Fit and Honest Assessment........ccccccmiiiciiiiieccmnmiinssssssssccesnnnessssssscssssennas 313
9.4.2 Transformation and Outlier Detection ............ccccoriiccscs e 314

9.5 Creating Custom Events ... s s ssmssss s s s sssmmsssss s snsssssmmmnnsnns 318

9.6 Hierarchical Time Series and Reconciliation ........cccccicciiiieecmmmmninsssssssssesnnnisssssssssssssnsssssssssssees 320

Chapter 10: Spectral ANalYSiS .uccurcimcmmnrmnmmammnnsss s sss s sssssssssnsnnnnnnnnnnnnnnnnnn 333

L0 2 T 1o T W T o 333

10.2 Example: Plant Enzyme ACHIVItY ...cccccccmmmiiiciciicmees s s 334

10.3 PROC SPECTRA ... ierrseseccennrressss s smess s s s eesssssssmmmss s seessassssmmmsssseessssssnnmmssnssesssasnnnnmnsnssensnns 335

10.4 Tests for White NOISE ...uuuuureemmmmmmmmmmmmmmmnmnmnnnnnnnneneneneneneneeenenennnsnnnsnsnsnsnssssssssssssssssssssssssssssssssnsnnnns 337

10.5 HAarmonicC FreqUENCIES .......ciiimemceeeiiiiiiinccecesssssssnnmmsssssssssssnmmsssssssssssmmmmnsssssssssnnmmnssssssesnnnmmmmnnnnns 338

10.6 Extremely Fast Fluctuations and AliaSing ....eeeeeeeeeeeemeeemeeeeeeeee e 342

10.7 The Spectral DeNSity......c.cuccceriisscsrrissmsnisssmssisssmsssssssssssssmsssssssmmssssssmssssssmssssssamnsssssamnssnssannnns 342

10.8 Some Mathematical Detail (Optional Reading).......cccccurirrisssmmmmmmmnmssssssmmsmssnnsssssssssmsssssnssssas 345

10.9 Estimation of the Spectrum: The Smoothed Periodogram ..........cccccvvimmmmmmmninnsssssssssssnnnnnns 345



Table of Contents vii

10.10 Cross-Spectral ANAIYSIS ......ccccrrrrrrrrrrsrssssssssssssssssssssrsssssssssssssssseeseeeeeeeeeeeseeeseeeeeeeeeeeeeeeeeeeeeeene 346
10.10.1 Interpretation of Cross-Spectral Quantities........ccccciiiriiiircmmnniinnisss e 346
10.10.2 Interpretation of Cross-Amplitude and Phase Spectra .......ccccccememememeeemneeennnnnnnnnnnns 348
10.10.3 PROC SPECTRA Statements........ccccccmmiiiiiiiisscccmmninnissssssssscssssssessssssssssssssssesssssssssnnnns 349
10.10.4 Cross-Spectral Analysis of the Neuse River Data...............oe e, 352
10.10.5 Details on Gain, Phase, and Pure Delay ..........eeeeeemememnnnnnnnssnsssssssssssssssssssssssnnnns 354

[ Ly = =) 3 o= OSSOSO 11 -

13 Lo =) USROS | - 1 ]

From SAS® for Forecasting Time Series, Third Edition, by John C. Brocklebank, David A. Dickey, and Bong S.
Choi. Copyright © 2018, SAS Institute Inc., Cary, North Carolina, USA. ALL RIGHTS RESERVED.





