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Abstract

We introduce the empirical model decomposition (EMD) to decompose a time series into a set of components
in the time-frequency domain. By using EMD, we also extract cycle and trend components from major
Korean macroeconomic indices and forecast the indices with the components combined. In order to evaluate
their efficiencies, we investigate volatility, autocorrelation, persistence, Granger causality, nonstationarity,
and forecasting performance. They are then compared with those by Hodrick-Prescott filter which is the

most commonly used method.
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1. M2

AALG BEAoAE AL 233 9 52 HsiA dEH oz 283 (decomposition) o] F2] AR
=ol gtk AA AAGL T4, <8F, A 4E 2 B2 AR 47 A 84E o]Foint
il e Eﬂ?ﬁ A= (ChoE‘rS on, 2009), AE A& 19 714 HEo g AFoFy, & A
9 3 < FEoke el tsiA o g
, Beverage-Nelson £33, B #Z QA=
3 (unobserved component model), Hodrlck—Prescott(HP) ZE, Baxter-King(BK) band-pass ZE]
5ol At} (Lee, 2009).
FA RS <BHE S FE3He ol HEL, AIZF Y9 (time domain) 3} FF Y (frequency
domain) 9] Aoz FE5E 4 ot RS BEe] At G900 sigEH, BK 28 e 3
T A9 &3ith JF55 GFolAY EAHE 7 4ES FElol W3S o] &3l Alztel wet WA
2t IAFG A5 7= A7 45 For mdsta Bt olidt 2714 AES BElEe
7|&olu ML 7 Z7hE R Aloldh x|42 Q] Ao QA o] Z2E I Ut} (Hodricke} Prescott,
1997; Marcet2} Ravn, 2003). $2lyete] F$ol= FYEA4H Gross Domestic Product; GDP) A}
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Figure 2.1. Simple harmonic motion vs. instantaneous phase and amplitude (Boashash, 1992)

FolA FAS} EFHEFE FE5 EAlol thete] HP B E k= band-pass ¥ AR&-o] AA 37]<¢
o] AAH 7| = 3FA Tt (Lee, 2009).
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Figure 2.2. Applying Hilbert transform to different signals, their phases and IFs (Huang et al., 1998)
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Figure 2.3. Zero-symetric component, IMF

EREEE mwolu} o S0, Figure 2.2 ()] AA A3} 22, A% AF4E X Al 7]
A7 S5 A, B, C7) 90k a7 7t AADe) 9147 54 YHE Neke

c)<t 7‘01 i??i%r/} OI A8 A=t o] obd AAIE Co] B¢, IHE U

3 2 A AR Hgste] IFE A AsA F517] #5to
EMD7Z} A= At} (Huang 5, 1998). EMD% AL ARE, Y2 ou]oA A2 P oz HosH
=, o3 22 YA 2= &< (intrinsic mode decomposition; IMF)E=& &3)|5l= Wy o|t},

LIMFS] F4 Sg(F405 FHRE A5k 92 B 252 A% Aole & A olste]

2. FFEE oL B A U(upper envelope) ¥} 319 2 (lower envelope)2] =4 g2 00|t}
AP A IMF9] o= Figure 2.39} 2t} w47 g9} D] A7t e} 547t Walke 25
S Mol glow, AF 9| A7) et Waka Itk T FHASS QA AANE BET,
S4AES Aol L BEH, F WS AR ojFolw 1 FL 00] Ht FehE AR Urk
ol9A Az A9 IMFe] WS WAL A5 2B Aokl el BolAu, £eA olulE o
e FRA Ao o) IFE @7 drh. AALE o|21s IMFEE E38sk= EMDY #3-2 ofej 2t
2ol 2opd 4 9l

1 AAQE F4 S Fape 2k

2. =4 FYFS 22219 B 7 (spline interpolation)& F3) AA3le] A2 whEt)

3. BRI Fa Fagl ool S9lhe BED,

4. AldolA 7 2] FEghs W FaL g2 AR (h) ol IMFE] Ao S wEsk=7A] A gt

5. A& hio] IMF] A& vh5e1x] oW hi& MEL AALE FHFstd I 1~4F WHES)

Figure 2.49] (a)+= EMD®] 34 199 IS 53311, (b)) 2~4WHoA A Dﬂs}-— Ar9ut 59 u)
B Ve, (c)& 49 hy, 283 (d)& 1~4¥9 WHE 2] & g Hor 259 IMF] &
o8 MEE Roln ol A IMFE sk FE3k0l, W A¥ol 49Tol} 891 J4ox
FET Igtel S7h He 2AE Bl & U A AL wRAT. olge] AAL EehAL A
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Figure 2.4. Example of the EMD sifting process

A% (sifting) o2} 31ul, A AL FAL AALoNH TAES(high frequency)E 7HA) = ARRE
Moz 22300 AALL BaBh 2 IMFo) thato] AE MBS H 4o HAEH o= AL

)= S asexp (i [ uy0ar)

AS4E AALES Jeife A Adolnz, sh}e ASLE /IXs HJEERZ AAIGS 23
she 212 7189 Aoz & 4 gty HEo] ZF IMFEY Hu4dS X33 o7 4dE0] =9
Ho] QAL (Huang 5, 1998), EMDS] Azl thetodx o]BHQl 2ol o]Folx Uth (Rillings}
Flandrin, 2008; Park 5, 2011). 3t 5o @ uA=E 2Zeldl BB tjiled &3 ~
Z 2}l (smoothing spline)& ©]-83 EMD7} AA=E o] AMEE 4 Qlth. o] BAF HAIR=EE
W (statistical EMD; SEMD)o|g} 3tw, o]of] gt FAAQ] g & =8& Fusly| nfdch

(Kim3} Oh, 2009; Kim 5, 2012).

AE = IMFE ¢35 8135 welert

Bol AL, 2A9 £HUFS Bolshe Pilol et 7 el So] ol 2epaeA sy
L 93 87Nz FUEA4E, AFE A4 (Composite Leading Index; CLI),
A 2R (Index of All Industry Production; TAIP), 333 4HA]4=(Index of Industrial Pro-
duction; IIP), AR JA 424> (Index of Services; 1oS), AnjFu] A 2] (Retail Sales Index; RSI),
AR]FAA] 4> (Index of Equipment Investment; IEI), ¥ AB]XE7FX]4>(Consumer Price Index;
CPI)olt}. o] M52 AA) A oA ‘KOSTAT AAEF S 53l LR} Qe F8 AE 4A A
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Folth ARE B 2IUAE Asjglon, Aue] /e 20008 12717E 20134 32

A2 «8E FE22 8 48 0|85 Y+ HP & FE3} JAHS B8 FAE 1, A5
<} deth B BEAA AR HP«] FE3} AgE= 160022 o] v]=
GDPol A3lsitia AAE o] BE AMEE 31 9= Frolt} (Hodrick?} Prescott, 1997; Marcet2} Ravn,
2003). ¥td EMD+ AASHHE B3l cFHHTES WA J1 G A& M7 51, SEMDolA
AL B3} A4 1003 v gl oA (symmetric) 422 A3t (Kim 5, 2012).
HP e+ FAIE UA AAFEE «fiso] 37 sttt dojx A% EMDE ¢3isS WA
Z3t8 2 2tz wet ZXHE}— oy 71 <=&HFo] dojd 4 At B EAoAE SEMDo] s
AR FEAASE AL Etae BT 1709 IMFE 493 ol& %‘ﬁgﬁi Zﬁ}oﬂ‘:} 278¢] IMF&
42 Hu|EAAe+= 3 IMFE Eﬁ"ﬂ o2, 32 4EEY T& FHE F3te] HP HE QLY vl
g 9

>—'L

HP Bejsh SEMDS] 2 388} ASE BhFg & 93, 1 ol met doiAs £AAFEE 2F tha
G e A7) wel AR EolheA CRUES] Bkl Bebd £% glou), & EElHE A7
WS 149 BY Ase Aol Qolo] td HP BE|gl EMDe] o8 <35 2 34 42 ¥

ol gty

AREAL 5o BAH R 7N ALsGon, HP BEj9} EMDE $5}9] mFilters} EMD 7
71N Z 77} o] 8319 T FAAEY] T2 AAL 95te] CADFtest 7122, A 4R o =2 9
3ol vars®} forecast 37| x| 5 o] &3FA ).

3.1. &8s S Ul

s7he] AALo) hatel, T ol o8 2EH <BWEEL A HT Figure 313} 2T} wnE
f8te] WAFAhu] AolzksS WAl vtlz EASSTE HP Fejo] o8 3L shat A4e
=, EMDo| o8 3 5e B daow BAsr. A4 358 gAsh), <3UE 325 9
ol el ARH o wanEe s thES B 4 9k
ol@A Z2AAA ol wet theA Qo wAAEY HEL o) 8d, /1E BRI 2AAA W
Hol e 7718 E WLH)E ek (Nam, 2007). Tejoh ¢ AES) S 2AAA P wor
oheh, B Al7ko] ZojWol mhe PrMsht 24 A wpgel nherie] Aeish 2L AR S
AT AgalA el 4 A oled ¢ BWE k5] ARA vlie] B3 BAL FT 4F AT
AR TR 4 Qe Adu, B mEAEL 712 BN 22 A8H EAFEL ol&ato] 1)

237 &2 sttt
718 ZdA = <8 E el T2 o3 T2 4714 BAE oste] 1 E4S AT R YTE (Lee,
2009); (1) &3 | A, (2) GDP2Fe] A|XdEAI4 (cross-correlation coefficient) & ©]
23 T84, (3) AR(1) A4E 53 54, (4) 2 A5 AFAge shokely] 93 2 AT}
/3 (Granger- causah ty). o8 BAFES F2 ALY A V@B #HEH FHEAA <3 E
o] 5L 71t A8 ARSE] gtk SATEHeRE & u), ‘GDPLR] AAFEAS 2 ‘GDP L
AF}AA AL Yn)d FEHE S Q
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Cyclical Components for GDP
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Table 3.1. Properties for cyclical components by HP and EMD

Cross-correlation coefficient with GDP

Indices Method S.D. AR(1)
-3 -2 -1 0 1 2 3

GDP HP 0.014 0.659

EMD 0.014 0.651

CLI HP 0.020 0.269 0.549 0.630 0.479 0.100 —0.304 —0.496 0.765

EMD 0.019 0.223 0.502 0.601 0.463 0.120 —0.247 —-0.384 0.755

IAIP HP 0.018 0.004 0.331 0.722 0.904 0.554 0.123 -0.127 0.671

EMD 0.017 0.016 0.306 0.701 0.896 0.538 0.119 —-0.090 0.658

1P HP 0.040 —0.051 0.216 0.583 0.849 0.562 0.090 —0.204 0.674

EMD 0.035 —-0.172 0.086 0.508 0.830 0.535 0.038 —0.203 0.591

IoS HP 0.019 —0.065 0.217 0.466 0.536 0.364 0.191 0.053 0.829

EMD 0.014 0.096 0.413 0.708 0.779 0.514 0.264 0.063 0.736

RSI Hp 0.027 0.208 0.409 0.660 0.637 0.371 0.079 -0.115 0.740

EMD 0.020 0.197 0.411 0.731 0.720 0.368 0.042 -0.138 0.571

B HP 0.069 0.084 0.245 0.523 0.783 0.715 0.373 —0.002 0.713

EMD 0.053 —0.099 0.021 0.328 0.646 0.615 0.279 —0.055 0.570

CPI HP 0.006 —0.451 —-0.605 -0.531 —-0.206 —0.099 0.056 0.190 0.538

EMD 0.006 —0.218 —-0.380 —0.288 0.044 0.129 0.211 0.282 0.566

Note: The names of the indices are abbreviated such as GDP for Gross Ddomestic Product, CLI for
Composite Leading Index, IAIP for Index of All Industry Production, IIP for Index of Industrial Production,
IoS for Index of Service, RSI for Retail Sales Index, IEI for Index of Equipment Investment, and CPI for

Consumer Price Index.
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F(CPL AlAF = 3)8 S F+ 8902 ksl ubd, EMDe] 23k= the 7719

S8 MU|AHGAYAA] = (I0S) 7} AlAF 13}
P ZEof] &sto] HAAABAIAG(TAIP, Al
Y] 2#A7}F auAE 74 (CPLL, AR =

dl

0 {y f
oY,
ool

W ZoAE A 2 29l0] g AoR Vet AuAagaAASe] £44 EMDe] A
7t & o A2 Ao HoZArh AujHujRz 45 (RSI)Y A EMD o Ax7 A8EER



Comparison of EMD and HP Filter for Cycle Extraction 439

Table 3.2. Granger causality for cyclical components by HP and EMD

Lag HP (Hy: X »Y) EMD (Ho : X - Y)
X(-1) Y Y
GDP CLI IAIP IIP IoS RSI IEI CPI GDP CLI IAIP IIP IoS RSI IEI CPI
GDP *okok *okok *okok *okok
ToS Hoex oA
CPI Hokk Rk Rk Rk o o w3k ko o
Y Y
X(=2) GDP CLI IAIP IIP IoS RSI IEI CPI GDP CLI IAIP IIP IoS RSI IEI CPI
GDP * wok ko % kkk
IAIP o o w% ks ok * kkk
IOS *kk *kkk * *kkk *kkk *k
RSI o o *k ok * ok
IET * il
Y Y
X(=3) GDP CLI IAIP IIP IoS RSI IEI CPI GDP CLI IAIP IIP IoS RSI IEI CPI
GDP Hokok Hokok
IIP * Hskok * * o
IOS k% *k3kk kkok kkok *kkk k% i
RSI *% il * *okok ook
1IET
Y Y
X(=4) GDP CLI IAIP IIP IoS RSI IEI CPI GDP CLI IAIP IIP IoS RSI IEI CPI
GDP * Kok KoKk
IOS *k *kkk * ﬁ *k *kkk *
RSI * *k o o o
IEI *

Note: An asterik denotes significance at the 10% level, two at the 5% level and three at the 1% level,
respectively.

(CLL, A& = 1), FFABAF(IP, AR = 2) R ARFEAAF(EL A% = 2)8 d7e F+
Aoz o xdsia , EMD] 237} ghgstrtar Helnk. wpAjete g, AW FAA(IED) 9] 73
HP ZHeo| 2% dal= 2uA=7HA5(CPL AlAF = 3)&, EMDell 93 dils An|2g4EA]

2 off
i

30
2

Ho fo 4y
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Table 3.3. ADF tests for original time series and trend components by HP and EMD

Indices Original HP EMD

lag order test p-value lag order test p-value lag order  test  p-value
GDP 1 —3.07  0.1253 5 —3.26  0.0867 5 1.50 1.0000
CLI 2 —4.58% 0.0034 5 —3.56*  0.0453 4 —0.70  0.9665
IAIP 1 —2.42  0.3623 5 —1.35 0.8619 4 3.52  1.0000
1P 1 —-3.43  0.0607 5 0.20 0.9973 4 0.80 0.9996
ToS 1 —1.86  0.6560 10 1.01  0.9998 7 —0.81 0.9564
RSI 10 —4.24*% 0.0086 3 —3.60* 0.0409 10 —-3.06 0.1277
1IEI 8 —3.82*% 0.0249 4 —0.47  0.9813 3 —0.89 0.9484
CPI 4 —3.48  0.0544 8 1.62  1.0000 4 0.13  0.9967

Note: An asterik denotes significance at the 5% level.
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£(108, A7k = 1) 8 2vjRof A5(RSI, A2 = 2, A% = 3)8 o Fgshe A0 Uehgt
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2o0Y A7/ G pas e Ao] vgAsirin AZHch
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BANAL Aol 3] dAEE A
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o
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Z(unit root) 2 FA] o] UoH YA

@7@51% 83 448 189 5 ok &

2 5ol wet AR = FEF FA 9 Z2H A FA9 A o] AR 7] wfoltt (Tsay, 2005).

2t4, EMD ¥ HP HEE 53t doizl —T—*ﬂ A2l oty 992 fFE A¥EE 2 2 997t
gtk ST

v E 9)3to], 870 AAl AA| A3k FAIA L M T 2 AAES Ayl en, o AL

ADF(Augmented Dickey-Fuller) 47, 223 2713 AEY (AR)Y A+ AIC AR 7|&S ALE

st3ith. GDPE 238 2] AXNAAANRES 544 AR wetx 2 27171 AAEg
AALY] 2 AR dApe] AZbASE Byl Frbetglom, 2 AH o3 FAERE £ 1
gejell el A 2R Frhste] @92 AAS AAISIE ol #8ke] Hamilton (1994,
p.501)& Farstoiel. Table 3.32 XA E3 EMD 3 HP ZEol] osto] A FA] Aol et
D92 AL 938t 214 (lag order), AAREAZF 9 p-ghS VERATEH

o452 5% A A2 w, EMDo 91% A2 BE FA ARNA Dol drkal A= i
wh, HP Ejol] ofsiAs AulFAAsE AlQstile AAA S vt a9 34 234 Hols
Atk 5, AYF A+ AUH%UMXHOH Aol HP ZEof o d 34 A2 AAAL F L5
S 2ol fitke 2eS Tk s ZolAE olf e 992 AAY AT AAE RE sl s
oSl o FFe nA=A AvE Aot

o oft
FLJ =2

3.3. 053] W

2 golA= EMDS} HP Felol o)) $o8 ARES o8
Hstel, EMD % HP e &Jsto] 7Hz} 1
toregressive) 202 F3 R3St}
59 F A2y 28-S B4 GAAEE o

A%z vastus v ol

gzgg_ 3T U A AES 22199 VAR(vector au-

T AR 5 AslA ARE e, o
Eia

AFZ 22Hroot mean squared
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Table 3.4. RMSEs (><103) for comparison of forecasting performances

Indices Original HP EMD
GDP 3.59 4.15 2.28
CLI 4.39 5.66 15.78
IATP 6.28 4.68 8.69
I1P 24.21 32.63 26.52
ToS 6.43 717 5.15
RSI 12.81 19.54 6.17
1IEI 30.43 67.48 51.46
CPI 7.30 32.48 3.69

error; RMSE) & A4FsFA o

& yie BAALS AR, gt 53 G H 1-% 727t |28 3 9 A RS Ye,
m-Z 59 WMEISE Yepdot o9} fAFSHA 2 3510 AAIAEE o =5 w o] B}
o] A& Kim 5 (2008)< #i1ate]e}.

o 22l et 1T S5to, 919 AE BT ANALE Avik ARIMA EHOR o538 Ao}
Wl@alelth. VAR @ ARIMA 2o lo}x) A@% A4t AIC Aue 7% olsiA Asglon,

ZF sl oafiA] BEE FA AR 92 AAES Tt HiAdHeR ddE A9 AHES Weal
o} ST BE Aol AdHew Ade ot

RMSE®] A4ke 913 52 the} 22 ByS Foto] Rbgxe

FE 20129 387] A8E o835t VAR ¥ ARIMA 23S F431lon, o] o83t 2012d
477 A7E AS3L d5eAE Fekdnh tha2 2000 1#7]5E 2012\ 4487] A8 E o83
o] 20139 1+7] Z}E% A5t A5 AE Pkt olef o] 12714 FrHHo® AAGAE
2 °1E E217bd 20139 227] 2 20139 3&7] ARE STt S, T om =49 AR vl o
< AAEIT

Table 3.4-2 & 8719 AAA| 3ol thsto], Z Bhgol gk RMSES] 3hg et Aok &
Foll thete] 7P 22 MSE #e& I BAIH T BE @52 254 oY fEx
el grell 10°& F3te] Festct.

EMD+= GDPE 233to] 4712 AF(MU2FAIA T, amjduj A2, Su A2 7HA] )] of| 5ol
A 7 st on, HPE ARG o So et 918 Bt AAA LGS ARIMA T3
AYFIAATE 278 37HA] AR (FTHA AT, AFAA )Y dSelA P o 2AE B
Ak AWrAo g AAALGe] FAcRE A2 A, AALY ARIMA 29| ool o 95
g 2o HojAth o, BT AT p-3te] 0.06072 YA AL ] v s AdE . A
AAGo] uAAAAY A EMD Eit HP HE|7} £43 o288 RHol= Aoz duidch T3
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Figure 3.2. Bar Chart of RMSEs for comparison of forecasting performances
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