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Functional Forecasting of Seasonality
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Abstract

It is important to improve the forecasting accuracy of one-year-ahead seasonal factors in order to produce
seasonally adjusted series of the following year. In this paper, seasonal factors of 8 monthly Korean eco-
nomic time series are examined and forecast based on the functional principal component regression. One-
year-ahead forecasts of seasonal factors from the functional principal component regression are compared
with other forecasting methods based on mean absolute error (MAE) and mean absolute percentage error
(MAPE). Forecasting seasonal factors via the functional principal component regression performs better
than other comparable methods.

Keywords: functional time series, functional principal component analysis, X-11, seasonal factor, current

seasonal adjustment

1. o2l

BAAALAE id WHEFA Uehe AldWHEe] 28E 0 Ak AFHFTE AAA AL EA
e 71AA FAYES sttshet] AGadow ZReitt. wepA AdwEe] 2E AAANALES &
A ) AALDAA AZHETS AAT AZZAALS STHLE 498 227} It (Bloem 5, 2001;
Lee, 1998). AR =28 5 SAAG7HNA = welvet 2 #7] 9 4 FA thsff A-x
BEAE HAEAL} 2ol Tk At
AZZAAE ZAAYAL 34 5AIF AZZA (concurrent seasonal adjustment)2} HA]Z
A (current seasonal adjustment, factor projected seasonal adjustment) o2 FEECE FA
272 Y e w27 BAEA 2 Alnitk AdzA AYS NSt A-EBALE
k= Aol (McKenzie, 1984). AAA A- 242 AZF AASA A AALE A58
23S A8ste] 1d $ AZUESS oS8t FF 143 o AALAA A AS ] AZE
< sk Alolth. AT S=2E 5 Ae JAIA AZzY Palor A
|85 A/t ek ole TAA AdxA B¢ H2o AdxGAL] Md 7R3 ok =7
= 5 = AEA A 13] AF s 3
= BAA LR oFse o] AF
AL £4 FAS 93] FARTE 223t X-110AE g Whol] o 1dg AZHES o
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(a) Export (BOP) (b) Unemployment
Figure 2.1. Monthly export and monthly unemployment (black dotted line: original series, red bold line: sea-
sonally adjusted series).

i1, X-12-ARIMAS} TRAMO-SEATS= BAAA L A52HAE o]83t] ARUETE A3k 3l
th AEHEL 1d DR e F54F JHE AYUHEA AAS dst gleBng AFHES 4%
9] gA A A (functional time series) 2 A olF 4= Uty A AAEL T4z FAREA 59
o g g4 ZE &5 4 vt (Hyndman3} Shang, 2009). 342 A|AEE o] &3t AFE+&

Hyndman} Ullah (2007), Hyndman} Shang (2009), Shang (2011, 2012, 2013)2 Zz3sld =
B AL B5H AAY 2L A8sel FF 140 ALUEL A Z3E Yok hdshu /]
o] Wt vl ste] §-8735 eetaat drh. B AFolMe A eV Be 4E AAE

2 -

ANEE 3P0 Avn gt

B Qo) p4L e guh A2l Peue AAGY ARAse 542 duiRc A3g
AL ADATS F54 AAARFS iFos BPRIT ALFANE F5A AALRZol )3
FF 1de] ADEES A FeT e SR ol Z 2% FHelA mastel 1 3-84S
Aoz A5Gl ATATHE e BT ATRFL FAh A AALEALS AN

RO ftsa 97| A& o] &38Rt (Hyndman3} Shang, 2015).

2. oLl AAIgY] HEHSe| S

Selvet AAANAEL hEE AZHES 23t Jrh. AEHE2 X-13ARIMA -SEATSS} 22
AdzZAHA &) AEET 9la o] & AA LA AAS AZRAALS AHEst lth (Leest
Lee, 2013; U.S. Census Bureau, 2012). Figure 2.12 93 & (FA|5A] 715)3 ¥ AAREe] 9A
G AR A Lot} olE KA 48 237 9 AU AZWES 2 Qo AExAA
42 F&stA et Figure 2.2+ 948 £ (FAFA 718)30 9 AQR AALH AExH
AL ~dEHY B0z FAE AQ FueoA YAIEY A% 2 8 Holu AdWFo] AlA
A ARZAALL 287 g2 A0 F YT

AdAETE dAEE AZZABALE WA WA o=t 7)o+ <5 AddE Yol= 94+
PAWE 5o 23F o] ot AZHEE Az wel AU 25 S €2 Fi ATEE A
4 T 3tk AR AAEE Bdoln T 14U AEHE S 99 2 B I
2 A AE Edelth Figure 2.3 2000 o] % €8 #2371 94 AJAS] AZAUETS Aol wet &

AgE Jefzolal, Figure 2.4+ 2000 o]F U ¢33 9 AYAY] AZHEES 25S 92 st
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(a) Export (BOP) (b) Unemployment
Figure 2.2. Spectrum of export and unemployment(blue dotted line: original series, red bold line: seasonally
adjusted series).
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Figure 2.3. Seasonal factors of export and unemployment viewed as time series.
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Figure 2.4. Seasonal factors of export and unemployment viewed as functional time series.
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% ek 20 ARATE A9 A7l BE SEo] Mol short AL A Wt ol =
oz gAolt Aoz Ut o2 Bu AdWEe] ¥5d Ye 1 AAE ASFE 2

o] oA APFTS T5A AALRG S o] &3t 5ok Y-S Aessitt. Ad

o} L/E7NE ol 83te] F4A AAGE 82 4 Atk Hyndman¥} Ullah (2007)] 33
2 A% 19} 9/27] sollA SHE AZAF yi(s)E 71A] BES AZNE Tt 4k
Atk ZHFE T B2 AALDe A9 s = 1,2,3,40|3, DE ANALY B s =1,2,...,120]t}. &
S8 AZ AE5S {s, w(s)} e 2ol SAHATHA 5349 74]@‘?'3% yi(s) A (3.1) 7} 2ol itﬂﬂu}

ye(s) = fi(s) + ovsers, (3.1)

AZ1A fi(s)= 1A ARWE Foln, a5 A2 SHAQ AL EE BE ot AR
3] 3]

of me ZFAAE LAY o|F 3 g FAE (functional
principal components) ¥} /FZAZAA 7} gle SR A5 F2o2 4] (3.2)9) Zo] xHHL)
fe(s) = pu(s) + > Brwdr(s) + es(s), (3:2)
k=1
A7 p(s)e B B0 Bepe kAR FAAE A0, ¢r(s)= kHA A2 2 (orthonormal)
FRE Fgolth e(s)= BHFo] 00w SPHA A eltt. 7|Ae] ARWEET T fi(s)v 4
(3.3)3} Zo] A€t}
K
fe(s) = ia(s) + Y Beadn(s) + éu(s), (3.3)
k=1
A7IA (s)E FHE BETFFoIh di(s)s 4D kAR AL (orthonormal) T-HF2 FA4
B ol 4] (3.4)9] A AALY FRARS AR FRET (T4 dolEY FARE T4E
dubAQl thek FAREAT v IR 2 Bare AR ot A2 =S FHAT. fups
38 0de) kWA AR AR Aotk Bt Bra(k £ 1)) ARAAEL 00lW K& HA Aol
o} @A diole e FAE Tt drkddd D}%& FATEAT v Z A2 A A o] HA] 4
o] A7} HEF ko] 73T M S W82 Ramsay$} Silverman (2005)= F=3hd Hch

AlAILe] 1~ nd7kA] EAZ o hid o S AALER S A5 4 (3.5)9 2o i

K
Gernin(s) = 0(s) + D Brinjendn(s), (3.5)
k=1
AN Brinjik = Biks -y Pop S HIFOE AA ARG o2 o ZHT}.
Figure 3.1 €4 $£°] 23 534837 A9 2=z o|th Figure 3.19] AdE B 3o &
4*(main effect)& 1, 2@0] Fa1, 1292 2 B4 Holw oy, A ¥A FARTSFE 1, 2, 1099]
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Figure 3.1. Basis function and associated coefficients for seasonal factors of monthly export.
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Figure 3.2. Basis function and associated coefficients for seasonal factors of monthly unemployment.

At} Figure 3.19]
Aol e 7
S
ES

[e)
ARIMAB Qo2 559105 12 7700] A +E8 95%olch). o1& 2 7o) o] 5

st gelo] Al UERTE Figure 3.2+ € AYzte] 24 SR} #AE T Zo|t}h. Figure

3.29] Ahg B I &< (main effect)= 1, 2, 390] 337, 9, 10, 11¥0] 22 BHS Holl Q)

R0 FARRSE 690 A1, 1298 2 R4S U, T uA FAE 94t 298 D, 1192
E O

Bg
HE FHRRS A5 ALY A%

Z 258 Holu ). Figure 3.29] 3k grol stetst= AIAA
W37 Jd5S E 4 Aok (AEHE T dido] AAs] 24ole A% —Zr"‘é—ﬁv— T A AAA
WHgo] UehH, o] AAERYPSE &3t A9 920 YRR AZWE T4E A2t
AFRALE ASd= A Bk {&sih).
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Figure 3.3. Functional forecasts of seasonal factors of export and unemployment.

A A AZzANA o] &EE AZHE °1]§°ﬂ AAAA A & F8A4E 53] AEA 7
29 PHEF dE5ES vkt o] A7l s/ € HAAA a% ] ot L AAE
= TE(FATA 71%, export), —,—%](ilxﬂz,:] 7], import), M1, M2, F3FHB4RA 5, ABAEA}
AFALAG, HAQA, ALAALY] AZHTS o83ttt (23 92 %xﬂ—r;‘] A € B4
ola1, M1, M2+ E3EA oty Fu A A4 (production index), AJAFRFA|E A LA 4= (inventory
index)& 295 EAIH, F A employment)e} A 2} (unemployment)= A &5 AR AR
%71]"]‘:]' T’]’:"o““”‘]';q“/l\— AAAAAFALA G, AR} A= BAAANA, ==, £, M1g}
M2+ k2o A md AALT AZZAFALS Adste] Azt ot). AZHETS dxE 94
a5 ﬂ]qu AER o] 23ttt g E5EE vjastr] 98t 57172 2010955 20143717 5
Zholm, &2 1d D92 FF 137 AAIS £ 58S v w3igich
H oAt &b o g = 4] (4.1)7 Z-e 01./]i3“_‘?_5§(RW) ARIMA_‘?_?'%7 2l (4.2)9] X-11%PH3} o}
28] A (43)01A4 A5 K2 1,2,302 2ejat 348 AALE S (FPCA)S 118319t ARIMAR
ol o3t &Y L BICE H4AZ 3= 74]7“ARIMA FE o] g3t (R =233 forecast 3
7]1A]9] auto.arima®g& © “9“3]'93‘3]') Al EolA H AR} ’%_10\3;(1'9} Zo] AZWEY 7t 4
763} o Wake A A (4.4)8F Zo] AZATY AREALE ASe T o] g AdY AT
‘:1“5}04 AES3E T (T4 AALG 01765} sfeo] Qe A A5 S A8 T4 A
2 IR 514 ol A2 44 AIAE S e R A58 F o] A dSHs TIh.

_|_|_‘

_4

i)

YAEHRY : Gera(s) = ye(s), (4.1)

y(s) = ye—1(s)

X-119 0 Gera(s) = we(s) + 5 , (4.2)
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Table 4.1. Comparison of forecasting performance based on MAE

RM ARIMA X-11 FPCA(1) FPCA(2) FPCA(3)
Export 2.299 2.123 2.879 1.836 1.836 1.751
Import 2.353 2.169 2.810 1.855 1.810 1.810
Production Index 1.748 1.239 2.548 1.171 1.171 1.110
Inventory Index 0.177 0.173 0.212 0.126 0.126 0.126
M1 0.174 0.389 0.250 0.154 0.154 0.154
M2 0.131 0.100 0.175 0.086 0.085 0.085
Employment 0.020 0.011 0.013 0.011 0.009 0.009
Unemployment 0.265 0.961 0.236 0.164 0.164 0.164

Table 4.2. Comparison of forecasting performance based on MAPE

RM ARIMA X-11 FPCA(1) FPCA(2) FPCA(3)
Export 2.345 2.342 2.943 1.855 1.875 1.785
Import 2.369 2.243 2.283 1.865 1.821 1.821
Production Index 1.783 1.178 2.605 1.242 1.242 1.181
Inventory Index 1.768 1.749 2.116 1.260 1.260 1.260
M1 1.738 1.762 2.490 1.535 1.499 1.489
M2 1.306 1.003 1.750 0.940 0.927 0.927
Employment 0.0200 0.0106 0.0130 0.0316 0.0168 0.0136
Unemployment 0.2652 0.2342 0.2367 0.4438 0.2337 0.2338
K A~ A
Jesnin(s) = fi(s) + Z Brtnitk®Pr(8), (4.3)
k=1
K
Afy1yn(s) = (s Z n+1lt, kP (s) = G110 (8) = e () + Afrs1in(s).- (4.4)
k=1

AN58e 4 (15)9) BTN LAHMAE)S} 4 (46)9] B o)) 4= 2 HMAPE)E olgfo] vl
steleh. o714 Th, To-2 242} 2010, 2014°]0] ddvjolglo]BRz § = 120tk E3} §yiyjnii—1(s)E
ntt— 1delA 19 & s9e) o Zgholct.

AME = S(7T1+ tZTl 21 [Yn+t(8) = Gnttinte-1(5)]; (4.5)
MAPE(W) = ; i ZS: yn+t( ) - gn+t|n+t71(s) (4 6)
VTS T A L o) .

Table 412 28 vlole] AGNE olZex 5 ArhPEAISLAH(MAE)E 73 AH o/ % 2wl
4 (35)9) B4 AALRY o8 o) Zo] THE Piel at St S5 Uehuth e 4
(35)9) B4 AAARY) A5 Kol met §4A AZLA7h 2A Aol b Aoz Uk,
Table 4.2 28 Hlole AdWEe F7AAANECHMAPE)E 78 AT o1& a7}
AYAE AT AALS] B BoA AALRH] &8 ol Zo] the Piol oJe o Zrrh e
Uehdeh 38 AGAs A9 A9 AAAOR o Z ot AnAoR Agw §4H AALRY
A 21 o2l 712 33 vz e

Lo o
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AR =23 5 FAAEVEL AREHE dEANA A5H AZHSE AAS T AZRAAE
= st drh webA 19 4 AT JEs] dSsitid 24 52 AZ2ZAEE g 5
gt oJAIZA ARWETL YEAE ARIMARFOR 933 & X-11WHS A8t oS5t
aRE ARAFE AEe] HFHIA WL BS ES AFPHOE IS vl Al ek
ARRSO) B4H AL ABE AZAES F4A AALE ADHL o8 F5H AAIRFOR
ASshe A Al=s] & a7ttt & AFolXs 54 AAGR IS o835t 8719 4 AA|
AALY FE 197 AZ-FTS oS5k o] 7129 Sl o3 A5 vact. vu 23
A AALGRYG g o Fo] 7|29 oS vls] A2 5HA ettt

B AT §4d o5 AYRRL BE U ZANALRL 0w 348 5 gk ARxES T
AZHFlE BEWE, d9LTHTo] 2 o] QIoRE o|F Rty 7t I AALRYP R
AEetd AZUTS Bt Auws] FHF  Ark E=3 st FAl AAL S TR duE T o]
£ A AALRRD S B3 24, A5 = Aok
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