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Abstract

ThethreemostimportantChineséholidays,ChineseNew Year theDragon-boaFestval, andMid-
AutumnHoliday have datesdeterminedy a lunar calendarmndmaove betweentwo solarmontts.
Consumpton, production andothereconomidoehaior in countrieswith large Chinesegpopulaton
including Taiwan arestronglyaffectedby theseholidays.For example productionacceleratebe-
fore lunarnew year almostcompletelystopsduringthe holidaysandgraduallyrisesto anaverage
level afterthe holidays This moving holiday oftencreatedifficulty for empiricalmodelingusing
monthly dataandthis paperemploys an approactthatusesregressorgor eachholidayto distin-
guisheffectsbefore,duringandafterholiday. Assumingthattheholidayeffectis thesamefor each
day of theinterval over which the regressotis nonzeroin a givenyear, the valueof the regressor
in a givenmonthis the proportionof this interval thatfalls in the month. Bell andHillmer (1983)
proposedsucha regressoffor Easterwhich is now extensiely usedin the U.S. and Europe. We
applythe Bell andHillmer’s methodto analyzetenimportantseriesn Taiwan,which might be af-
fectedby moving holidays. AICC andout-of-sampe forecasperformancevereusedfor selecting
numberof holidayregressorandtheirinterval lengths.Theresultsarefurther checledby various
diagnostt checkingstatigics including outlier detectiorandsliding spansanalysis.Theempirical
resultssupporthisapproachAddingholiday regressorganeffectively controltheimpactof mov-
ing holidaysandimproves the seasonatlecomposion. AICC andaccumulatedorecasterrorare
usefulin regressoiselection.We find thatunemplgmentratesin Taiwanhave holidayeffectsand
seasonafactorscannotbe consistentlyestimatedunlessthe holiday factoris included. Further
more,asthe unempbymentis rising, the magnitude of holidayandseasonaiactoraredecreasing.
Finally, we find that holiday factorsare generallysmallerthanseasonalactorsbut shouldnot be
ignored.



1 Introduction

Peopléelive by the calendarmndactaccordingly For example,Christmasandsolarnew yearhave
beenthe mostimportantholidayfor westerncountries During the holidays,productioneithersig-
nificantly scalesdown or completelyhalts,but consumpton, andshoppingactiitiessuige. While
the Gregoriancalendamwhich is baseduponsolarsystemis theofficial calendatin mostcountries
nowadaysjmportantholidaysin somecountriesaredeterminedy othercalendarsExamplesare
theLunarNew Yearof theChinesdunarcalendarEasterof the ChristiancalendarsandRamadan
of the Islamic calendar As aresult,theseholidayshave moving datesin the Gregoriancalendar
For example,the datesof the lunar new yearbetweenl1998 and 2001 are January28, February
16, February5 and January24 respectrely. More precisely the lunar new year date move be-
tweenJanuary21 and February20, makingthe time lagsbetweerthe lunar andsolarnew years
vary from 21 to 51 days.Dragon-boatestval andMid-Autumn Holiday areothertwo important
lunar holidayswith datesmoving betweenMay-Juneand Septembefctoberrespectiely. See
webexhibits.olg/calendars/calendahinese.htmfor moredetails.

For furtherexposiion of the effectsof moving holiday on economicstatisics, let usconsider
exports. During the month containinglunar new year export will be muchlower thanin other
monthsmainly becausehereare fewer working daysin thatmonth. As a result,monthly growth
ratesas comparedwith samemont last yearwill be much lower for, say February1999 and
January2001but very highfor Januaryl999andFebruary2001.Econometrianodeling,seasonal
adjustmentandempiricaleconomicanalysesisingmonthly dataaredifficult unlessthe effectsof
thesemoving holidayscanbeestimatedvith someprecision.Therehave beenno generalmethods
or modelsfor estimatingheseeffects. This paperemplo/s a generabpproachhatusesregressors
for eachholiday to distingush effects before, during and after the holiday. Assuning that the
holiday effect is the samefor eachday of the interval over which the regressoris nonzeroin a
givenyear thevalueof theregressoin agiven monthis the proportion of thisintenal thatfallsin
themont. Bell andHillmer (1983)proposeducharegressorffor Eastemwhichis now extensvely
usedin the U.S. andEurope. The fundamentamodelselectionissuesare how mary intervalsto
useandthelengthof eachinterval. AICC andout-of-sampldorecastiperformanceanbe usedfor
modelselectionandvariouspropertieof the seasonahdjustmenbbtainedafter adjustingfor the
holiday effectscanbe usedfor diagnosticchecking.

We applythe Bell andHillmer approacho analyzetenimportanteconomicseriesin Taiwan
which could be affectedby the lunar calendamholidays. To illustratethis modelng approachwe
provide a detailedaccountof modelselectionanddiagnosic checkingprocesdor the unemplgy-
mentrate. The empiricalresultssupportthis approach.Useof holidayregressorss, indeed,able
to producea betterseasonatlecompogion.



In additionto thisintroduction, Section2 summarizeshe procedure®f seasonahdjustnent.
The regARIMA modelingand X-12-ARIMA are elaboratechere. Variousdiagnosic checking
is alsointroduced. Bell and Hillmer's approachis discussedn Section3. Section4 provides
empiricalresultsandSection5 concludes.

2 Procedures of seasonal adjustment

Seasonahdjustmeninvolvestwo stages.In the first stage,a regARIMA modelis built for the
time seriesunderinvestgation or its transformedvalues,e.g. logs. The modelis usedto pre-
adjustthe seriesfor variouseffects and for forecastingand backcasting. The regARIMA time
seriesregressionerror is the outputof this stage. In the secondstage,this error is fed into X-
12 for seasonahdjustnent. The adjustedseriesis decomposecthto trend,seasonaandirregular
components The correspondinglecompaosibn of the original seriescanbe easilyrecoveredby
addingbacktheregressoeffectsandtakingtheinversetransformationf logsweremodeled Here
aresomesumnaries.SeeFindley, Monsell,Bell, Otto andChen(1998)for details.

2.1 regARIMA models

A regARIMA modelis usedfor forecasting pbackcastingand preadjustmentsX-12-ARIMA ad-
justmentis bestwith atwo-sidedfilter andatime seriesmodelis neededo simulatedataoutside
the beginning andend of the sampleperiodso thattwo-sidedfilters canbe applied. In addition,
preadjustmemstoutliers,trading-dayeffectsand othereffectsincluding thoseof moving holidays
are performedat this stage.Monthly flow variablesare often influencedby the weekdaycompo-
sition of the month More precisely suchvariablesdependuponwhich daysof the weekoccur
five timesin the month. To illustrate,let us considerindustral production,export andimport an-
alyzedin this paper Sinceweelend daysare official holidays custons and mostfactoriesare
closedthen. The threevariablesabove tendto be smallerfor the monhswith 5 Saturdayspr 5
Sundayghanthosewith only 4 weelenddays. Young(1965)proposedo controlfor tradingday
effectsby introducing7 regressorsp,,, measuringhe numberof occurrencesf day j in month
H1<j<T.

It is sometimesisefulto transforma seriesprior to estimatingaregARIMA modelin orderto
stabilizethe variance More specifically

Yy

yr = f(Y3) = { log(Y1)
A2 (YA —1)/A, A#£0.



TheregARIMA modelthenbecomes:
¢p(B)®p(B*)(1 = B)'(1 — B*)P(y, — 8'X;) = 0,(B)Oq(B")er,

wheree, is white noisewith mean0 andvarianceo?. ¢,(z), ®p(2),6,(z), andOg(z) are poly-
nomials of degreep, P, ¢, respectiely and have all roots outsideunit circle. For example,
Op(2) =1 — 12 — ¢o2? — ... — ¢p2P and|g(z)| # 0, V|z| < 1 Themodelabove canberewritten
as

(1= BY'(L= By = Y4501 — BY'(L = B o}

Op(B)2p(B)wy, = 0,0q(B%)e.

2.2 X-12-ARIMA

UseX-12-ARIMA to decompos¢he adjustedseriesz; = vy, — 3’ X, into trend, T}, seasonalS;,
andirregular, I, components The decompositin can be eitherin multiplicative or in additive
form.

|V|U|tl p“Catl\/e L2y = TtSt]t7
Additive : Zt = Tt + St + [t-
TheX-12-ARIMA seasonahdjustmentalculationhasthreestagesin stagel, aninitial trend

estimateds obtainedvia thecentered.2-termmoving averageTt(l) =1/24z ¢4+1/122 5+ -+
1/12z + - -+ 4+ 1/122,5 + 1/242,, ¢ Divide or subtracthetrendfrom z; to obtainS ratio. Then

applythe3 x (2n + 1) seasonamoving averageto give preliminary seasonafactor 52"
S 1 S+ D).
where
. T
S+l — Slii1o:.
t 2n+1 j:z_:n i

Forexample,n = 1,5, = 1/951, o4 + 2/95T, 15+ 3/9ST, + 2/9ST, 415 + 1/95 T, 104
Adjustthe preliminaryseasonalactorseriesto make the 12-monthtotal of seasonahdjusted
seriesto be closeto the correspondindotal of unadjustdseries.
&(1)
t

(1)
t

172480, + 1712890, + 4+ 171285, + 1/248%,
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or
s = W (172485 +1/128%, + .4+ 1712880 + 1/2455)).

Thus,seasonahdjustedseriesof thefirst stages
A, =

or

A = z— 5.

Zt

S,

Theprocesss repeatedhreetimesto completethe seasonahdjustmentln seconcandthird stage,
(2H + 1)-term Hendersorcoeficientsandseasonalactorvia “3x5” (or other) seasonamoving
averageare usedto obtaintrendand preliminary seasonafactors,andthe latter arethenfurther
adjustedo controlthe 12-monthtotals

2.3 Diagnostic Checking

ACF, PACF, ACF of squaredesiduals,andhistogramof standardizedesidualsare usedfor di-
agnosticallycheckingregARIMA modeling Outlier detectionbaseduponChang,Tiao andChen
(1988)is usedto detectadditive outliers(AO), temporaryoutliers(TO), andlevel shifts(LS). The
spectruncanbe usedto detectremainingseasonabr trading-dayeffectsin theresidual.

M1-M11, Q, aswell asthe spectrunof theadjustedseriesandirregulartermarecomputedor
diagnostt checkingof the quality of the seasonaadjustnentandrelatedtradingday andholiday
adjustment

Findley, Monsell, ShulmanandPugh(1990)proposeshe useof sliding-gansto analyzesta-
bility of the seasonahdjustment First, divide the whole sampleinto four overlappingsubspans.
For the monthsthat occurin overlappng spansdifferencesetweenthe largestand smallestad-
justmentsfrom the different spansare usedas diagnostt statisics. X-12-ARIMA offers three
statistcs. Let S;(k) denotethe seasonafactor estimatedfrom spank for month¢, A,(k) be
the seasonallyadjustedvalue from spank for montht¢, M M, (k) representhe monthto-month
percentagechangein the adjustedseriesfrom spank for montht, and YY;(k) standfor the
yearto-year percentagechangein the adjustedseriesfrom spank for montht¢. Define N, =
{k : monttisin k-thspan}, N1, = {k : monhst andt — 1 arein k-th spar}, N12, = {k :
monthst andt — 12 arein spank}.

Thenmontht is saidto have anunreliableseasonalactorif eitheroneof thefollowing three
conditiors holds:

= . > .03
MiNge n, St (k)

gmax maX,en, St (k) — Mingen, St (k)
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MMM — max.eni, MM, (k) — mingeyy, MM, (k) > .03
YY;maX = ma)%engtY}/t(k) — minkengtY}/t(k) > .10.

3 Modedlinglunar calendar holiday effects

Bell andHillmer (1993)proposedo modelthe effect of moving EasterDay with a simpleholiday

regressor They assumehatthe holiday affectsthe economyfor a total lengthof 7 daysandthe

effectis the samefor eachday duringthisinterval. Let 7, denotenumberof daysin montht that
belongto thisinterval. TheholidayregressorH (7, t) is thendefinedas

Tt

H(t,t) = —

While one single regressoris sufficient for modelng Easterin the U.S., several might be

neededor modelingotherholidays,suchasChineseNew Year Typically, the economicactvity

sulgesbeforethe holiday, stopsduringthe holidayandslowly accelergesaftertheholiday: In this

casetherearethreeregressorsf,(7,t), Hs(7,t), Hs(7, t) for before,aroundandaftertheholiday.

Themodelbecomes:

¢p(B)®p(B*)(1 — B)(1 = B*)?(y: — B'X; — Za H,(7,t)) = 0,(B)Og(B")e:.

Theremight be prior informationaboutr for someseriesbut its true valueis generallyun-
known. Modelswith differentr arenon-neste@nd,hence atypicallik elihoodratio testfor model
comparisoris not appropriate Findley and Soukup(2001)suggestdtwo alternatves. Oneis us-
ing the AICC criterionproposedy HurvichandTsai(1989),a modificationof Akaike’s AIC and
the othercompareshe out-of-sampé forecastperformance.

AICC is definedasbelow:

AICC = —2log likelihood+ 2p

_ _p¥l >
T—12D—d

wherep is the numberof estimatedparameters] orderof seasonatlifferencing,andd orderof
regulardifferencing.The modelwith the smallestAICC valueis preferred.

Lettheh-stepout-of-sampldorecasbf Y, , bedefinedasY;,; = f~!(y:4s:) andtheassoci-
atedforecasterror, e,y = Yipn — Yipne- With N denotingtheseriedengthandl < N < N —h
denotinga numberof obsenations larger enoughfor modelcoeficient estimatio, considerthe
accumulatingsumsof squaredut-of-sampldorecasterrors

M
SShar =Y €y M =No,...,N —h.

t=No



TheweighteddifferencesSS}(i])W - SS,(LQJ)U from two competig models definedby

1 2
eSS —SS,
h,M — 3
SSEN /(N = h — N)

Ny <M <N —h,

canbe usedto comparethe forecastingperformanceof two competingmodelsover the time in-
tenval Ny < M < N — h. For example,over anintenal of M/ valueswheres,?, is persisterly
decreasingthe h-stepforecasterrorsfrom first modelare persistenyf smallerin magnituc, i.e.
better

Morris andPfeffermann(1984)proposeddifferentapproachThey suggesto incorporatdghe
moving holiday effectinto a dynamiclinearmodelwherethe holiday effect evolvesstochastally
in time. Liu (1980)employ a differentmodelingstratgy. He usesanintervenion analysiswithin
anARMA modelwhereproportionof new yearperiodin eachmonthis theregressowariable.

4 Empirical Results

We have analyzedten seriesof Taiwan which includethe unemplymentrate, the nanry salary
the averagesalary of non-agriculturalsectors,the productionindex of Electrical and the Elec-
tronic industry exports,imports,M1a, M1b, M2, andthe Taiwan WeightedStockindex (TAIEX).

Unemplgyment rate, money supply industial productionindex, averagewagerate and TAIEX

areall importantvariablesconstantlymoniored by the governnment andfrequentlyusedin local
macroeconomimodels.Thenanry salaryis selectedor possibé holidayeffectsfor Mid-Autumn
Festval. We discusgheresultson the unemplymentratein greatdetailasit attractsmuchatten-
tion recentlyandthensummarizehefindingsfor the othernineseries.

4.1 Data

The nanry salaryis a wageindex with Decemberl 997 setto be 100 while the averagesalaryof
non-agriculturalsectorsis measuredn New Taiwan Dollar. All dataare seasonallyunadjusted
monthly serieswith endingmonthat either Septembepr Octoberof 2001,the mostrecentdata
available. All have a time spanof lengthmorethantenyears.The exacttime spanis listedin the
secondcolumnof Table (2) andthe time seriesplots are put in Figure (1). The Unemplyment
rates,nanry salary andaveragesalaryof non-agricultwal sectorarecompiledby the Directorate
Generalof BudgetAccountingand Statistics,Executive Yuan, R.O.C.; the Productionindex of
ElectricalandElectronicindustryis compiled by Ministry of EconomicAffairs,R.O.Cwhile Ex-
portsandimportsand TAIEX arecompiledby Ministry of Finance R.O.C.Money supply M1a,
M1b, andM2 areall preparedy the CentralBankof China,R.O.C.
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4.2 Statistical Packages

The statistcal packageusedin this studyis X-12-ARIMA develgped by the Bureauof Census,
United Statedof America,which canberetrieved at http://www.census.ge'pub/tgx12a/final/pc/.
TRAMO/SEAT is anothercompetingprogramwhich is fully model-base@nd canalsobe fully
automatic. SeeMaravall (1995). We adoptX-12-ARIMA in this study sincethis programis
powerful, fully documentedndwell connectedo SAS for graphicanalysis. This programwill
typically producea default outputof more than 80 pagesfor a single run of one series. The
regressiomatrix with the valuesof theregressorH (7, t) neededy X-12-ARIMA to estimatehe
threelunarholidayeffectswereproducedy the programgenho provided by Brian Monsellof the
U.S. CensusBureau. The programrequiresthe holiday datesfor a sufficient spanof years. It is
availablefrom http//www.censugov/srd/www/x12a/x12davn_pc.htm#xl2other

4.3 Unemployment rates

The Unemplymentratein Taiwanremainedstablybelow 2 percentduring1970%, climbedupin
the first half of 1980 onceto 4 percentandthenslowly declinedbackto 2 percentduring late
1980 andearly 19905s. However, since 1996,the unemplyment rate startedto increaseand
jumpedover 5 percentin late 2001.

The highestunemplgymentratein the yeartypically occursin Septemberwhen universty
graduatedirst enterthe labor market. It hasbecomea tradition for employersin Taiwanto dis-
tribute annualbonusbeforethe lunar new yearholidays. Seniorityand corporateprofits aretwo
importantfactorsdeterminng the amountof bonusfor eachemployee. Thus,thosewho wish to
changgobsoftendo not make the move until afterthe holiday. Theunemplymentratestayslow
beforethelunarnew yearholidayandjumpsup afterholiday SeeFigure(2).

While it is temptirg to take logarithmic transformatio of unemplymentratesto accountor
increasingvolatility during1983-1986we decideto usethe additive modelfor the original series
withoutary transformationThereasoris simple. Astheunemplymentrateis measure@saratio,
takinglogarithmic transformatioris conceptuallyunnaturalandusuallydubiousstatisticaly. We
limit themodeltime spanto startat Januaryof 1988to avoid usingthesamplesiuring1983-1986.
The automodelprocedureof X-12-ARIMA selectedno transformationand additive adjustnent.
We alsoanalyzedhe casewith all samplesncluded(notreportechere). The programhasdetected
alot of outliers. It isanopenquestiorhow long aseriess neededor reliableestimatiorof holiday
effects. Somesimuation experimentsnight be helpful but will be pursuedn thefuture.

To determinghethelengthof holidayinterval, we compuetheAICCforr = 0,7 =3, 7 =7
and7 = 15. 7 = 0 meansholiday is not modeled. For the regressorH,(r. t) for the middle



Tablel: Sliding spanstatisticsfor modelswith andwithout holidayfactors

Series S(%) MM (%) YY (%)
With Holiday Factor | 5.1(6/117) 9.5(11/116) 0.0(0/105)
No Holiday Factor | 6.8(8/117) 16.4(19/116) 0.0(0/105)

interval, we alwaysuser = 6. 7 = 3 means3 dayseachfor H,(7,t) andHs(7,t). 7 = 7 means/

daysfor H,(r,t) and Hs(r,t) andsimilar for 7 = 15. TheresultingAICC valuesare-155.5573,
-188.9441;198.4942 and-228.2111respectrely. Obviously, 7 = 15 beatsthe otherthreecases.
We also computedaccumulatedorecasterrorsof three casesand put the resultsin Figure (3).

Theseshav thatT = 15 outperformgheotherthreechoicesor one-period-aheafbrecasby abig

mamin, andits 12-period-aheatbrecastings notworse.Furthermorethefactthat15-dayholiday
factorsare significantin regARIMA regressionconfirmsthe importanceof moving holiday. So,

we concludethatT = 15 givesthebestresults.

Seasonaltrend,irregular componerg andoriginal seriesare put in Figure(2). The holiday,
seasonaénd combinedfactorsfor - = 15 areputin Figure(4). Fromthe figures,we make the
following obsenatiors. First, holidayfactoris smallerthanseasondactor Secondthemagnitude
of holiday and seasonafactorsare decreasingincemid 19905s. The decliningfactoreffectsin
recentyearscanbe explained by the rising unemplgymentrate. During the high unemplyment
yearsuniversity graduatesegaintheirrelatve competitvenesandtheirunemplymentratesdrop
relatvely in Augustand September Also, an increasein the difficulty of acquiringa new job
discouragepeoplefrom switchingjobs after the lunar new yearholiday The spectrumfor the
originalandadjustedseriesareputin Figure(5). Thefigureclearlyshovsthatthe peakatseasonal
frequeny exists for the original seriesbut is removedfor the adjustedseries.

To assessheimpactof addingholidayregressorswe comparehedifferenceof seasonalac-
torsandputtheresultsin Figure(6). Fromthefigure,we obsenre thatwithout holidayadjustnent,
the seasondlactorsaremistakenly enlagedor shrunkin JanuaryandFebruary

Further we checkthe stability of our seasonahdjustmenby sliding spans. Thereare four
spanswith Januaryl990the first monthof first span..S and M M valuesabove the thresholdof
3% areconsideredinstable.Percentagesf unstablenonthsgreaterthan15% asmeasuredy S
or greaterthanasmeasuredby M M areregardedoo high. Theresultsfor theunemplymentrate
arelistedin Table(2).

Althoughthemodelwithout holiday factorshaspercentagesf unstablanonthswithin accept-
ablelimits, thesepercentageareworsethanthosefrom the modelwith holidayfactors. Further



by examinirg the breakdaevnsof unstablanonthswe find thatunstabé monthsoftenoccurduring
thefirst threemontsof theyear JanuaryFebruaryandMarchfor modelwithout holidayfactors.
Adding holiday factorsgreatlyreducethe sumof unstablemonths during thefirst quarterfrom 5
to 3in termof S andfrom 13to 2 in termof M M respectiely.

44 Salaries

We analyzetwo salariesthe averagesalaryof the non-agricultual sectorandthe averagenanry
salary Theformeris animportantwageaggreateandthelatteris includedbecausef thepresence
of Mid-Autumn andDragonBoat Festval holiday effects.

As is obvious from Figure (7), the averagesalaryfor the non-agriculturalsectordisplaysa
strongpeakin eitherJanuaryor February Thisis dueto the end-of-the-yeabonusdistributedto
employeesbeforethelunarnew yearholiday Meaningfulempiricalanalysiscannotbe performed
withoutsuccessfulemoval of theholidayeffect. Again,we useAICC andaccumulatedorecasting
errorto selectr andr = 7 gives the bestresults.We find thatthe sharppeakhasbeenremovedin
theadjustedseries.Seasonahndholidayfactorsarebothfactorsstrongandstableover time.

It hasbeenatraditionto payextra mone to nannieduringthe threemajorfestivals, Dragon
Festval, Moon Festival and Lunar New Year The time seriesplot in Figure (8) confirmsthis
obsenation Threeholidayfactorsareusedandr = 15 is selectedor all threeholiday factors.
Fromthefigure,we find astrongdip for theirregularcomponenandremainingseasonalityor the
seasonallyadjustedseries.Also, someoutliersaredetected All of theseindicatethatthe current
modelcanbeimproved,althoughthisis a very difficult seriesto model.

4.5 Production, export and import

As expected,all threeseriesare affectedby numberof tradingdaysin the month, althoughthe
magnituck of the trading day factoris small comparedwith the magnitide of the holiday and
seasonafactors. It is interestingto obsene that all threefactorstendto cancelout eachother
ratherthanre-enforcehefactoreffects. SeeFigures(11,12,13). Theholidayeffect occursbefore
the holiday. TheregressorH,(r, t) and Hs(7,t) arenotused.

4.6 Money supply

M1a hasthe strongestoliday andseasonalactorswhile M2 hasthewealestfactor Thisis not
surprisingsinceby definition, M 1a, M 1b areall componenbf M2 andchangesn thecomponerg
of mone/ supplyusuallyresultin smallerchangein the aggreate. All patternsof threemonegy



supply seemto be stableover time without obvious changeof magnituwe. SeeFigures(14, 15,
16). It is worth notingthatPerng(1982)usedthe daily money supplyto computethe seasonahnd
holiday factors. He further recommendedo seasonallyadjustindividual componentof money
supplyfirst andthenaggreyatedthe eachadjustedccomponento obtaintheaggreate.

4.7 TAIEX

Holiday effects are found to be insignificant which is not surprising. Somevhat surprisngly,
monthsfrom Februaryto July have the seasonalactorabove 100 percentwhile the othermonhs
arebelov 100percent.As is shavn in Figure(17), the magnitudeof the seasonalactorsincrease
slightly in recentyears.

4.8 Summary of empirical results

Hereis the summaryof theempiricalfindings.

1. Adding holiday regressorscan effectively control the impactof moving holidays andim-
provesthe seasonatlecompositia.

2. AICC andaccumulatediorecasterrorareusefulin determininghe exactlengthof theinter-
valsof theholidayeffects.

3. TheLunarnew yearis themostimportantfestival, which affectsmary series.Only very few
seriesareaffectedby Mid-AutumnandDragonBoatFestval. Someareaffectedbeforethe
holidayswhile someothersareaffectedboth beforeandafterthe holidays. Thelengthalso
vary betweerseries.

4. Holiday effectsaregenerallysmallerthanseasonatffectsbut shouldnot beignored.

5. Thereis a holiday effect in the unemplyment rate of Taiwan. Seasonafactorscannotbe
consisterly estimatedinlesgheholidayeffectis controlledfor. As theunemplgmentrises,
the magnitidesof holiday andseasonatactorsdecreaseThereis an intuitive explanaton
for this but it would be interestingto invegigateif thereis a generalrelationshipbetween
magnituesof holidayandseasonalactorsandthelevel of the series.

6. Thereis no holidayeffectfor TAIEX.
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5 Conclusons

In this study we have modeledthe impactof moving lunar new yearand otherholidayson ten

selectedseriesin Taiwan by using the holiday regressors. This regressorameasurethe length

of the periodbefore,aroundandafterthe holidayin eachmonth. Our analysisshowv thatadding

holidayregressorganeffectively controltheimpactof moving holidaysandimprovestheseasonal
decomposion. AICC andaccumulatedorecasterror are usefulin determiningthe numberand

exactlengthof holidayfactors.
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Table2: Summaryof regARIMA modelirg results

Variable Span model % ForecasError*
Unemplgyment | 1978.1-2001.9 | 15daysbeforeandafter CNY
Rate Additive,None,(2,1,2)(0,1, 1)z, 11.22%
Average 1980.1-2001.8 | 7 daysbeforeandafter CNY
salaryof AO1994.FEBAO1994.AN,A01997.AN
Non-agricultural AO01997.FEB,A1999.FEB,A02000FEB
Sector AO2001.AN

Multiplicative, Log, (1,0, 1)(1,0,0)12 1.25%
Electrical 1986.1-2001.8 | 15daysbeforeandafter CNY
Electronic TD,AO1999SEP TD#
Productionind. Multiplicative, Log, (0, 1,2)(2,1,0) 19 10.62%
Exports 1991.1-2001.9 | 30daysbeforeCNY

AO1991.A°R,A01992.AN, TD

Multiplicative, Log, (0, 1, 1)(2,1,0)12 13.88%
Imports 1991.1-2001.9 | 30daysbeforeCNY, TD

Multiplicative,Log, (0, 1,1)(0,1,2)15 18.8%
Nanry 1991.1-2001.10 15daysbeforeandafter3 majorholidays
Salary A01994.FEBL7 AO outliers

Multiplicative,Log, (2, 1,0)(0,1,1)12 0.86%
Mia 1970.1-2001.9 | 15daysbeforeandafter CNY

AO1997.EC

Multiplicative, Log, (0, 1,2)(2,1,0)12 2.82%
Mg 1991.1-2001.9 | 15daysbeforeandafter CNY

Multiplicative, Log, (0,1, 1)(0,1,1)1o 3.62%
M, 1991.1-2001.9 | 15daysbeforeandafter CNY

Multiplicative, Log, (0, 1, 1)(0,1, 1)1 0.88%
TAIEX 1991.1-2001.8 | No holiday effects

Multiplicative,Log, (0, 1,2)(2,1,0)12 20.09%

* Averageabsolutepercentagerrorin within-sampé forecastof thelastthreeyears.
# TD meandradingdayvariableandLog denoteshaturallog.
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Industrial Production
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Seasonally Ad usted Series
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Differences of the Sum of Squared Forecast Errors

UNEMF. RATE: Holiday Modeled — UNEMPLOYMENT RATE: Holiday Not Modeled
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Holiday Factors
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Spectrum of the Differenced Original and Seasonally Adjusted Series

UNEMP. RATE: Holiday Modeled
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Figure 5: Spectraof the SeasonallyAdjusted (dashed)and Unadjusted(solid) Unemplyment
Ratesr = 15

18



Differences of Seasonally Adjusted Series
UNEMPLOYMENT RATE — UNEMPLOYMENT RATE: No Holiday Regressor
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Seasonally Ad usted Series Trend
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Seasonally Ad usted Series Trend
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Seasonal Factors
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Holiday Factors
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Holiday Factors

R T

t t t t t t t t t t t t t
1=ee 1Ess 1Es0 1EET 1eEX BT 1854 1583 EER W\|aET 1EEg 1EE2 00D Z001 Zo0T

Sand lioked T e ralaerl oy

t
bl = -

Seasonal Factors
[ P

[=R- - N H H H H H H H H H H H H H H
t t + t t + t t + t t + t t t t
sRe eEerT 1Ees 1aREe 1Eac 1es 1ssE aeI  1asd 1853 18sE \arT 1ebha 1eses o000 Z001 oo

CanE limkd T b Sy

ombkined Factors

[

[n )
7]
1

Pl el T
gopooog, .
EUBY D
Lilalel sl

Do
@0p o0
aaSHU
1 1a1

=00z

o.53 | ; ; ; ; ; ; ; ; ; ; ;

t t t t t t t t t t t t

eee agr 1aea 1aes 1880 1=a1 pl-- =8as 1asg =ma3 aER =arT aEaR 1ees 00D o001
CanE limkd T b Sy

Figurel4: Holiday, SeasonahndCombinedractorsfor M1A

25



Holiday Factors
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