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• Problem: how to generate "reliable" 
forecas1s of the potential future values of a 
series of observations which are ordered In 
time 

AndrewH. Karp • What SAS procedures are available to 
examine a time series and obtain future 

PtesIdIrIt. ..... ____ ...... forecasts of its values? 
.. FtIlndlcD. CaIIfomII -NIIvdw In ~ -' 1I'IIonnIItioII.,...,. 

untv.nllJ IIf (.dfo;_11 Uk) 

• How do we know when we have a "good" 
forecast? --
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• Key Terms and Phrases: 
• TirneSerles: asetofobservatlons(datapaintsl 

• Analytic Techniques Applied to Time 
Series Data: 

ordem:lln time, with equal peri __ n the 
o ....... atiaftS. Mostfrequently a vector. orcolumn 
of data. 

· A_on: Ibe_~denc:y 
between a value In the time serie. and a previaus 
valueln the time series 

• Grophicaltools: visual display .rth. series 
• Assessmantor a __ nsthe 

dependency between observations In the dati: set 
• Us. the cbserYed dependSney to ~ 

forecasts offvturevalues of the time series 

• TlmeSeriesAnalysls: theclassofstatistfcal 
techniques wtIlch are .pptled to _ collected in 

• Chooae tho "best" model rrom competing petenIIal 
future forecasts of the same series. 

Ibe time domain 

• I .......... H. ................. ___ .,...-.....-K."..... .............. 
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• Graphical tools available in the BASE SAS 

module: 
.PROC REG: performs ordinary least-

squares regression analysis 
• PROCPLOT: Plots the values of two (or morel continuous 

orintemi-level variables. User can O"I8nide SAS-
generated horizontal and/or vertical axis ranges and/or 
deelare unique plotting symbols. Procedure accepts SAS 
dateltlmefonnats as values for the horizontal axis. 

• Computes the Durl>in·Watson test (d) and coefficient of fi",t 
order autocorrelation if the DWoption is specified in the 
MOOa statemenl Residuals from forecast can be outputto 
a newSAS data setforsubsequentanafysiS using PROC 
UNIVARIATE and/or PROC PLOT. 

• PROC llMEPLOT: Uniquely suited to display of time-
ordered data. Uke PROC PLOT. the nMEPLOTprocedure 
can plottwoormore continuous""evel v.rtables with user ... 
defined plotting symbols. llMEPLOT also prints tha valu.s 
ofthevartables, and Ute JOIN REF option pennitsjolning of 
values occuning at the same time period. lIMEPlOT also 
generates multi·page output rather than condensing output 
on one page. which Is the default In PFlOC PLOT . 

• OLS _ion requites residuals fa be independently and 
identically distributed or estimated parameters a .. biased. 

• Durbin-Watson test only measures fitst<lrder autocorTelatlon 
- autoc:omolalion frequently occurs at higher orders, 

especially in seasonal series. 

• , __ "'..,...,.. ......... s..w. O .... _H.KIIpIS_.-...-. ____ 
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• PROCAUTOREG: 

IlllIII III I 

• EamInu'theGOtrelatederrwstructureat'ags1top, 
wh ... p Is the ...... -supplled number or lags ID be 
analyzed. 

• Uses _ autocorrelation ID produce pro4cted 
valuesofth.dependentvatlablewhlch .... l_ 
-.ueallyblaudthatth_fromOLS reg ..... ion. U .... 
Yule.wallcermethodology by default, __ 

opIIanally--
• Non4lgnltlcont outcngressIve..........- can be 
=1:~C:~on using the BACKSTEPoption 
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• PROC FORECAST: Produces forecasts of 
univariate time series using one of three 
methods: 

• SMpwI .. Autoregl*uiw (STEPAR): TaUI .. dIfI ..... ce bONHn 
eutI obHrvatIon and the ntima1M11nnd" and ...... titI the remaining 
variation using • backwaRIs4teppIng lutafqlaslw pRICeR. 
E8Hndally1ho ........ of .......... modol_d byPRO<: 
AIJ1'OREG and UNcI to ....... forecastI tJlfatuNo va .... of the: 
sedeL The default method In PROC FORECAST. . =11mooIhin8 (EXPO): flts. trend model with an exponential 

constant 10 Nt ~ NCMt obMrvatiOfti have greUIr 
Innu.nca on the foftlCaIt dian pdor observaliollL UHrcan adjust 
~wolghts, ....... _ • 

.. W1n111r18eatonllIMIItbDd (WINTERS): SImIlar 10 exponential 
smoothing, but 1ncIws. •• HUOnII ....... r. which if *'hMd by the 
UMt', to identify MUONI COdlPOnents In .. time ........ 

O,.. ........ H. .......................... 
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• PROC ARIMA (Autoregressive 
Integrated Moving Average) 
• tmplemonla ~ ....-.lOdi~.time 

_ ... ostimoting Its ccmPOllont parts, generating limn 
v ...... of tho _ ... and checlcing adequacy ormadal 
output. 

• _ dIIferIncIng operations for bath -....uy 
_.........uty at tho ................ · __ Ior_ ......... _ 

fIIndicns, and I ............. model. 
• InvokedbJ PROC 0-...... and cantroIlod .".. 

hlerarchical_ of staten_Its conespanclng to tM Box-
Jenldn. forocasting msthodology. 

o UM ....... H.1fIIpISIIftII .............. 
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• 0!IJI01lllly~ DIN leola aDd _atadp.valuoo at 
lags 1 tothoordor--"!od bJ tho uoer 

• InV_on .. OI .... ppaoIs_~ 
_ "" ... _cIty (GARCHllechnlques 10 
model ctd camet far nan-constantvariance conditions. 

• PnHIic:Iad, ....... __ vaI __ ly ouJputto. 

nowSASdataeettoraubaquontlnapecti .. andanalyels. 
• D_not~~_forv"_oftho ti"";ndoxod_beyond_lntholnput __ 

SUbstantial ..... lnvanIi .. Is noqulred to gonorale fanocaots 
offuturevaluesln thetime series 

--
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• PROC FORECAST (continued): 
• Genera_two outputSA5data ..... but no printed output. 

- OIIT- _ setconlalno _01 aDd_v ....... resIcmIs,_aDdI ___ a,and 
__ ConIIonts can than be chplayed 
...... g PROC PLOT _11I1EPLOT. 

-OUTEST=_sot_ponrmoIer .. _ 
~_ng_O/PROCFORECAST. 
eon-CIJI bevlowwd .... PROCPRlNT. Usefulfor 
comporIngcompotingmadolo alth. __ ....... · :::procIuCIng _pie _using tho BY 

• UmIIed ..... ~on isroqulredlO __ many 
__ ... _attholosoof_Slatlstlcatproclslon. 

o, ........ tt~.....-....... 
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.1!I!!!!!!l!: _lnthellmo .. __ lDbeusedlnfotUro 
steps. """'.coo corraJograms ofthoACF.1ACF ODd PACF of 
th ... " .......... 1 ... _forwhlle noise. Comtlagramo 
identify wheIbw the aeries. autOIegi essive. mcmng average. 
arboth,ondthocorrospanding.!l!!!!!rofthemodel.andaro 
also used to provide. visual chiCkfOrstmlanarity andl'or 

""-9-
• bJImIt!: Userstates one ormore potential models In terms 

ofthoARondlorllApracesoas_duringthe 
IDEIITlFVphase. OUtputlnelude."'- key _UcslD 
ched< for_I ~ and compare campeIIng modeIafor 
thesarnetimeseries. 

• fllma!t.. Once on appropriata model Is found. futureforocast 
valUBS "'the leries are generated and outputto a &AS data .... 

~t.~U(j "1 FROCttDIN(j~ 
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• PROC ARIMA (continued): 

~IIU 

• Produces _...nypnclsefDncasts. 
dopondlng ""tile _. abIflII/1IO InIIHpnII output 
from the IDEN"lIFY _ E$TIMA11! otoges. 

, RequinIo_oIuoor.xportile_ 
1-' 

• SevenilterationsofPROCARlMAareusua!ly Rquir8d1lO ~ __ 

• Canna! produce llmuI __ of subsets 
of the time uri ... 
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• Whafsnew? 
." s~ enhllnoed documentatIOn 

- ImpfOvH ducriptions. eampleS. altd r:::J'i!rs SAS code 
availlba. In the s.cond Edition of IhI module 
documentation forVendon t. 

- NIw, two wlumt" SASIEJ"S SoIhtIIt'C AppIIt;at/oM Guide, 
pnMdn ~ InsIructions I. w.n •• both theoretical ...... __ undIrIyfftg ........ .....-ot_ .-... 

• MACROS to,.rorm ImportIntatltil .. r ..... not lmpIementIId In ETS_ 
- eo...cox Tnansfonnadons 
-~unII __ 
-Sl ... _ofthe ___ .... _ 

- Test.pplOJIIIiIa ....... oI •• fittImic trw.nsfonnation to. time 
.",,_",*enr .................. 
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• PROCX11:lrnpIornonbthou.s.c:.nousBuruu'.X·11 _01 AdJ'-Prognan. 
• PROC SPECTRA: performs _. of"",,,-_n dati. 

"' __ bleoropplylngtlleI:llocmaF"'-__ n .. lion Iotime __ 

• PROCDATASOURCE:oxtracISlime __ fromfil •• 
_!labI.from vendars and storootbem In a SAS __ 

• PROC EXPAND: Interpolates_ngmueoln a time series. 
aggteIIIIM MId Interpol __ 110 dItIonnt IIIghorIIawer 
frequencies. 

• PROC lCSREG: porlonns ti_ .. ~onaI 
rog.-Ion. 

• PROCPDLREG: applies polynomial dIsb1butod lagmodol.1IO 
data. 

fII4*,*-M.~""""-*"'''''' 


