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Eedds AYste Wl A 7 7B AWl ok Burns and
Mitchell (1946) 7F4] A& &&l7k= 3 HAl < (date-then-average approach)
< o] P AAIGREE A, S Sredd S A vy 3848 Vs
A S AAste WRelth H2 g
then-date approach) <& &3 EHAG
oo & 2= otk
Burns and Mitchell (1946) ©]3 77|58kl 3t A-50] 2 A&l &+
= 7103t S o9 dAst=uk sk FA|o|th Burns and Mitchell (1946)
< SHHARE Bl UE sEA R AARA = AAE AREENEH 54 A9
o ZEl~EE sty stk SR eR €l AR A= Bry and
Boschan (1971), &7 #82] 7d-F-l= Harding and Pagan (2002) o] o] 4

2L

A AMEAEES] AT FLS APeke o olgH Utk ST B} el
S 1 AT AL o] ERERUEE olg3lo] olg] FFERA S BT
ik sk Btk

Harding and Pagan (2006) ©] thre] W AAGe] S4add 2N e VEed
215 473l = Burns and Mitchell (1946) ] HWHS LduelEstat A WA
Azl dAFolth. Harding and Pagan (2006) & 7|&w3td SHAET 7 A
AGel A3t A Al SHAE Hislshe WHS ol&sti=t Stock

and Watson (2010) & &2] o] &ue]&L 7|5wstd daollA ARzl A5 E o
Ao thgt ololtjo}z} HREkA] ¢tk Chauvet and Piger (2008) ©] 24| &2l

2] NBER®Q] 71w S 8918k ] Harding and Pagan (2006) 2] B] 242 <&
welEe] B IE AEsta o] 295 T4 891 vkEE A8 (dynamic factor
Markov switching) =3¢l 7|9kt average-then-date 3£} B3t th
Harding and Pagan (2006) ©]v} Chauvet and Piger (2008) & &59] A|AIE A5
£ |83 WA Stock and Watson (2010) 2 2707] AlAIE AA2E3} OLS F44
W 52 &3l Vel S N ASHEY] Hde® AkteAth Stock and
Watson (2014) & F7F 22 H¥< (mode) & U3k (median) = F4 3t A15.9]
EAAdE 2o 24 Stock and Watson (2010) & 2HAAZ Y. Harding and
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Pagan (2016) =3} Harding and Pagan (2006) &] d18]&5E 44 - dAA| AT
Camacho et al. (2022) & Chib(1998) 9] ¥¥®F v W3 2 (univariate
multiple change-point model) & ThH#F T A2 A Z =Y Ash o] £=x}
o GRS g Holl 4 F S BN ol Vel i Al gk ALt
o2y 7|Eedd AAd e B S UK 5 A EATE 2 AT
A& date-then-average B¢l Camacho et al. (2022) ¢] T}= #+ZH3 23S
o] &3l BAA average-then-date HHI 22 7|1E] U] 7|Ecdd 4

Ao GAE Fuekn AEE INE 5T & QA nnag P,

=
&
—-Ll
%

7eweshd e AR AT Ao AAAZEETE F 7R A2HE B9
F29 4 gled, 2 AFolME Chib(1998), Camacho et al. (2022) 5= uheh
deiAA g2 ol IS 7R b 7 2Ns B9 e RN fevet
BAslmA ) o]l e WA BAslnat = 77k 2
= o 499 FATHARERTE FHE 55
2Rl AT AFES] o R o]Fofyl ofEF AAIYE HolH (r= 1, -, 7y)
2wtk 2 A r' B 9 AR oz FEo 9o 5 4715
A FAA & A7IAY] A B w871 2Rt dHe ST EAEE
25 FHE FAYN AR FEEAS S L=<, = =1, -,
N—1) %} o] A5dte o2& FEHTh Camacho et al. (2022) o] W2d 7]
T8 kol A A2 Ae] NEAA e Ht oy, = (uppl) & SEAEE 3,
o) &3} ={r -7 poll ZAFAR SELEE YEidth 7EeSd e
o] U9 Hioly SFcdd S o] Hd T 2o vk B TR
YA A] & Al AA WshH o= A71e8H(k=1,2,-,K) ©] dojvb= 7|3 3
AE AlEstsich

l‘

TERF 0, = (. X)) = 2 dF LellMe 2 vk ggo] Hd we £
B ghol MEta 7Hdske A5 AdH k7 FolRl Al re 2R dE

~—
N

(0,) 7F Th&h o] Folg s W) RYW(T,_ ) 225 FE9ch
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| T 1,0, ~plr | 7756,), k=1, -, K (1)

A7 p(rlr =1 0,)E 7FAA 2X Ny, ¥,)©lth(Camacho, Gadea, and
Gomez-Loscos, 2021). °©] Bz Fx2WHs} 22 #3 WHslE FAlsks Fate
BEEA e JHEL o2 o 8d) AAHCR el 4 Atk s, — ki 77}
plrl7 ™! 6,) 20E =29 omt.

0E A7 "RVRE & dFdAE 7 713ke] AejEEe] o 7|3t =
2ok Aefelnt o) Edtte Akl A R s 7 13 mlE2 2 ARlE et
e o A4 B AW DR ok Folcke 2astelA 87 1014
g3 k2 oled FE2 vy 2tk

ft

_—

PF(S,,‘, = k‘sifl = la Tty Sy :waTiil) = PF(S, :k|8i71 = l) = P <2>

714 Hol|gEL v TS} A

o =4 folEe et ge Aok
1€

t}(Chib, 1998).

. ifk=1=K

Pris;=k |l s,y =1)=py= }7;0”113{::;(_'—1 8)
0 otherwise

of AkEAE & Hol AR (o] 2R ] HE p, S /K o] A B
R 1, BES A AR 141 @tk A2 onld. Be a3
1614 A#eh o] o] el vl @A Kol B2 WA the A @

a 24At (r = (p1ys s Pr—15-1))-

o

1‘
i

|

B g9 Ex p, 22l AdHES SE rlEaEAQl 2HZ 2 (MCMC)

O:
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V. #4743
2 AFoM e Felueke] AA| 229 Camacho et al. (2022) 9] 7178 A
3 RS ol g3l iyl V&l S 43 & o] 7|FEego] n)=e]

[e)
= =
3ok 2ol vt BAI 0l AR TIEwedy dAskeAlE AW EIL Aol

7b gk A% 1 Aole] 99le] TS Asn A dk

B AFele 7Y FATEAT FEAEE o83 7w
2003 24 62 /NES Bal BFTAAREIF 2070l M IR HEE F 20061 2€
72 N AA] SR Eolut 20124 29 83} A o] F tA] TR FoE e §,
9, 102 7HHA = FH A EE AL IR FAE L Atk TAF d

FFAMANTF(F), RGBT (e Ale)), 871789 (B9
Fu A2, WS, FEd (A7), HEHAdAGAE T TR
wlof glom BAA AmE 20039 197E o] rhssith. webd of7]x] 2497
e 2003 195E 2022 12971101 7= 2407H0]th

Figure D& FIFTIAF HIARE AT gty adolA g FE&
EAAR S A75E71E yeE =] 47|72t (Figure 13 (Table 1)°] X
T uke} o] 4¥o] Ar|eF7]9 A71874717F vebdth. 53] A1l A
HE A12587] AR7A A&7 86D R F7)9f 57171 ZH2t 5471 L=
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(Figure 1) Composite Coincident Index and its Components
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Notes: 1) CCI, IPI, IS, VCC, RSI, PSI, and NEP indicate Composite Coincident Index,
Industrial Production Index, Index of Services, Value of Construction Completed,
Retail Sale Index, Producer’s Shipment Index for Domestic Market, and Number of
Employed Persons, respectively.
2) The thin and thick vertical lines mark the troughs and peaks of the reference cycles,

respectively.
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(Table 1) Reference Cycle Dates

Peaks Troughs Peaks
Cycle 1 1972. 03 1974. 02 1975. 06
Cycle 2 1975. 06 1979. 02 1980. 09
Cycle 3 1980. 09 1984. 02 1985. 09
Cycle 4 1985.0 1988. 01 1989. 07
Cycle 5 1989. 07 1992. 01 1993. 01
Cycle 6 1993. 01 1996. 03 1998. 08
Cycle 7 1998. 08 2000. 08 2001. 07
Cycle 8 2001. 07 2002.12 2005. 04
Cycle 9 2005. 04 2008. 01 2009. 02
Cycle 10 2009. 02 2011.08 2013. 03
Cycle 11 2013.03 2017.09 2020. 05
Cycle 12 2020. 05

Source: Statistics Korea Press Release (March 2, 2023).

3 A

S E Al AT 2

aelEE AEs) 2 eth

(Table 2)%= Watson (1994) 2} Camacho et al. (2022) Soll4] A% Bry-Boschan
9 Olﬁﬂip* el g TN FRTEAE A4 R A eRE HoE
ok 4 o] daE]Ee 2 Bl 50| dolo}h M Fo| gk vhefek Aok uhet
TN TR E Aol sl wA 4] HAag Higts el 2003 1€ 5
2022\ 12974419 A 7138t B FAAAIT, AR 2GR F, 3871489,

AR AR R, WeeEshAle, s, HleddHdA T2 A4 4, 1, 6,

1

Ao A= Maximo Camacho B°] Sd|o]R|o| A | Fd= GAUSSS MATLAB ZEE
% F FH ol A8tk

=
o rf
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(Table 2) Specific Turning Point Dates (Components of Composite Coincident Index)

Industrial
Production
Index
(All)

Index of
Services
(Excluding
Wholesale
and Retail
Sale)

Value of
Construction
Completed
(Real)

Retail
Sale
Index

Producer’s
Shipment
Index for
Domestic
Market

Imports

Number of
Employed
Persons
(Excluding
Agriculture,
Forestry and
Fishing

2003.09

T

2004. 03

2004. 06

2004. 07

2004. 12

2005. 02

2005. 04

2008. 02

2008. 03

2008. 05

2008. 06

2008. 08

2008. 11

2009. 01

2009. 02

2009. 03

2009. 05

2009. 06

2009. 08

2011.10

2012. 08

2013. 06

2014.01

2014.02

2014.12

2015. 12

2016. 05

2017.09

2018.01

2018.02

2018. 08

2018. 10

2019.01

2019. 04

2019. 08

2020. 02

2020. 07

2021. 04

2021. 09

2022.02

2022. 04

P

Note: 1)

P and T indicate the peak and trough of the business cycle, respectively.
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Figure 2= 54 FA7 AH o] oi® 2o izt A U FHXE &
ZEeto] tlolelE vl A E 4 J=E itk (Figure 2)& AgHe] Bx7} o
T REE BoFn BAA | ATk 4T 5 V1 frAkekAl A Hg
HEo| FExHHshs ke RES Uehdth. 54 33 A4 4o Ad de
REE AR vE S 2EC] AR 7t 7oAl 671 Atel7E 2 S 9l
= AR Hdigkel FE S HAFET

r

(Figure 2) Kernel Density Estimate of Bivariate Distribution of Specific
Turning Point Dates
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A
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3. 7|E=#

1714+ WA Koop and Potter (2007) 2] ¥old ASH AIHES AH88) 7l
Fdo Aps AHE AL ok dellA g A dlolE el o] HTHE 285
= AS FY2H 9 A HEFL 5. 86/E AL =47k 6710]t) (Figure 2>
oA olm] 4w uie} o] MR thE S 2Ee] A AR 7t 2010 o 7]
ol 27hdS B whd 20109 o] Folle 270ellA 47] Abel7} 2 Sle<=
HolFrh

52 2% Camacho et al. (2022) 7} AHE-SF Wo] = WIE| & ALE3] 7|Ewdhdo
R NJIA AR E A} gk A 22 K-13 K49 BE FE2aEH FE 7R T
2o vluE gl 7esddo] A
Hlgl 2k Zel2~EE 7 23 tigh A5 5 FSATIA e A WA K i

B_ﬂ

AL WA 2x22S Y3 Hlo|=

-

—_

= WHE -23.3022 & (-) 9 #%
o= vHH ol K=4E 7k R vlal AiAer k=55 7} 2¥ 9 7k
S AT ol 2003 1€5H 202293 129744 $elyete] A-$ Feigk 7
71e2ke] 7t (Table 1)9] ARl AlFdte 7ewehdo] HoFe npe} o]
Pheks Ao AFH o2 A gtk

I "% (Table 3)& WG3HAISE, AIC®t BIC BAH 55
(Table 3)2] In L& F22E 7} K=10lA K=4Z Z7Fgol wet el =
7} -40. 3170 A&H o2 Fssithrh k=591 ZA-olle -42. 8322 sletg-s Ko
T AT EE 28 A9 A 250 5 nEskA| §7] widd S8 2HY F
£ A 4 7FsAol vk BE Addd sidgE Eiishke 2 eI #d
slod (Table 3)°llAl A7C, BIC, &R <& BFH BIC A K=44
247} 126. 62, 150.65, 150. 652 H2ghs el ole
715523k 427} Koop and Potter (2007) 2] 74-$-¢} =2 47lek= A

=
G 70l S2E7t sle & B9 dERYE (00]H o]& o] BYo] V&
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FdS e AlEsiite As Holeth

(Table 3) Model Selection

| Baves Factor InL AIC BIC Entropy BIC"
K-1/K Entropy

1 21238 434.76 439. 99

9 269. 88 -68.31 158.61 170.10 0.07 170. 25

3 11. 69 -53.33 140. 65 158. 41 0.01 158. 43

4 7.76 ~40.31 126. 62 150. 65 0.00 150. 65

5 -93.30 42.83 143. 66 173.95 0.00 173.95

Notes: 1) The first column shows twice the log of the Bayes factor for A—1 versus K clusters
with (K=2,...,5).
2) In L indicates the marginal log likelihoods.
3) BIC-Entropy refers to the BIC corrected for misclassification.

= o B
Aztgletazl gtk Figure DS (uf, S0 (wl, Sy 0 el disl 281zl
MCMC] 2219 A =S Yepfl et A =S B A Wx] g3 Fat uy) 9 A
Mol Bt pl o 329 TREo] v 4l o} 4l Hle] WA Exe] glon] &
Ao A= fAlsith Eak Al AR AR Hit )/ Bk PR B uf2 2
29 FESo| W/ Bxuo] glth (Figure 4= Al WA A7} AP oz 74
A0l del BxEo] 9led o9 e Anke (Figure 2914 olv] 29l

{Figure 3)3} <{Figure 4>} "7 2 <Figure 5)%€ <{Figure 8§ z}7}2]
=4 FH=EEA el i, wl, og(S)), prpt ppps o 2AF BEIZRE &
2,500 9] AlE# oS Ball 4 ATe XS 5007ME HEla b e A 2,000

~

5) Camacho et al. (2022) ¢ Koop and Potter (2007) &] HZHE 083+ =4 Ay} w2 1)
o] A BA7|7HESH ZEedd e R =] Ao g Bdsith
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(Figure 3) Scatter Plots of the MCMC Draws for (4, Xy,,) and (s, 2y ,)
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(Figure 5) MCMC Draws for . for Each of the &=4 Clusters
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(Figure 7) MCMC Draws for log(IX,|) for Each of the K=4 Clusters
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(Table & BAA ] AH3 7Ecddn £ v 20 285 53 +
= Ve S vlastn vk 44 HEES £ 2 tig AT s
AZe duE|ES ARl AMF Ex iy FgEr £ U5 rxuE 2
o] A% MCMC gxE 2475 o] 83 73 &9 5%l dd== AL 2E
x| gro] B3 gtol] FAEO] Utk BAAY F2USE Y] VEedide]
S| YX|sh= 7d-$+= (Table 4ellA T HA| #1421 2009 29t o] 7%
A= 95% Al F7re] 2008'd 9L F-E 20099 82 Alo] 2 ¥ Aoz Yehith
53] Al Aot v WA 71Eesde] A BART &3 ve 2w mEo 2
b T ilA 7Esde] A9 vl 34 than FxRRgl 23] 95% Al
= g HE Ao Yelyth w=e] Z$- NBERY FxWst B3] 7|Eedt
do| 3] dAsla Uvke AMdT AA AdukEle dolth nl=e] ASoe

NBERQ] AgHH Exr} 203l 23 9] 95% AlFGtd 2% Esty]o] o)

(Table 4) Reference Cycle Date Estimation

Statistics Korea Mixture Multiple Change-Point Model
Peaks Troughs Peaks Troughs
2004. 03 (+15 2005. 02 (-2
! 2002. 12 200504 (2003. 02, 2(304?12] (2004. 04, 2(506? 03))
2008. 04 (+3 2009. 02 (0
2 2008. 01 2009.02 (2007. 11, 2E)+O; 10) (2008. 09, 2(§O>9. 08)
B L I R s e
2018. 09 (+12 2019.11(-6
4 2017. 09 2020.05 (2017. 08, 2(;19? 09) (2018. 09, 2<02(§.11]

Notes: 1) Values in () indicate the difference in months between the Statistics Korea turning
points and those estimated by the model.
2) Values in [ ) show the 95% range of values of the posterior probability distribution.

o

i
>
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MCMC FEE25H AR 27 &8 Pr(s; = kl6) (k=1,-.4

et Figure 9 (Table 5)& Z+ S22 sl 38 E7F &S EA8
A Al AR} v iAo Ve A5 A AdE 3 i
ZE B o et #F gE 3 @ 03 1o A5 fethe s BoE
. ole FElvEte] g = 2] A2 B0 Veedd A AdE A

She 4ol wl$ olele P HolFth

o & 2

(Table b) Classification Probabilities

N p T X

1 2 3 4
1 2004. 03 2005. 02 1 0 0 0
2 2004. 06 2004. 12 1 0 0 0
3 2004. 07 2005. 04 1 0 0 0
4 2008. 02 2009. 02 0.0010 0. 9990 0 0
5 2008. 03 2009. 03 0 1 0 0
6 2008. 05 2009. 01 0 1 0 0
7 2008. 05 2009. 08 0 1 0 0
8 2008. 08 2009. 05 0 1 0 0
9 2008. 11 2009. 06 0 0. 9985 00015 0
10 2009. 08 2012. 08 0 0. 0205 0.9795 0
11 2011.10 2013. 06 0 0 0. 9950 0. 0050
12 2014.01 2014.12 0 0 0. 9860 0.0140
13 2014. 02 2014.12 0 0 0. 9830 0.0170
14 2015.12 2016. 05 0 0 0. 8835 0.1165
15 2017.09 2020. 07 0 0 0.0045 0. 9955
16 2018.01 2019. 01 0 0 0.0010 0. 9990
17 2018.02 2018.10 0 0 0. 0005 0. 9995
18 2018. 08 2019.04 0 0 0 1
19 2019. 08 2021. 09 0 0 0 1
20 2020. 02 2020. 07 0 0 0 1
21 2020. 02 2020. 07 0 0 0 1

Note: 1) P and T denote the peak and trough of the business cycle, respectively.
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(Figure 9) Classification Probabiities
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WA] (Figure 1ellA] Ao uie} o] FPFHA R 7T FARTE 7147
doo] thE AFEET} 201090 o] o FA g WstE Holu 7] wiiEe] 53
TRAE TMT 54 AZE Aste 45 7Iecdd F4477) ofF
=7t Ay Eaat vl (Table 6)°] FH234E
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(Table 7) Estimated Reference Cycle Date of Components of Composite
Coincident Index Subdivided into 35

K 1 5
2003. 09 2003. 09
Peaks
1 2002. 11-2004. 08 2003. 011-2004. 09
2005. 02 2005. 03
Troughs
2003. 12-2006. 04 2004. 02-2006. 04
2008. 03 2008. 03
Peaks
, 2007. 11-2008. 06 2007. 12-2008. 06
2009. 07 2009. 07
Troughs
2008. 11-2010. 04 2008.10-2010. 04
beale 2013. 01 2011. 05
; s 2012. 06-2013. 07 2010. 12-2011. 09
o 2014. 06 201212
rousns 2013.12-2014. 12 2012. 08-2013. 03
2018.03 2014. 03
Peaks .
\ 2017.09-2018. 10 2013.12-2014. 06
2019, 12 2015. 07
Troughs
2019. 05-2020. 06 2015.03-2015. 12
el B 2018.02
: cans 2017. 08-2018. 09
) Troushs B 2019.11
TOUshs 2019. 05-2020. 05

Notes:

1) The periods below the peaks and troughs show the 95% range of values of the

posterior probability distribution.
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(Figure 10> Kernel Density Estimate of Bivariate Distribution of Specific Turning Point Dates
(Components of Composite Coincident Index subdivided into 35)
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(Figure 11) Business Cycle Inferences(Composite Coincident Index)
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The solid line in Figure A indicates the logarithmic composite coincident index.
The solid lines in Figures B and C show the cyclical fluctuations of the composite
coincident index calculated using 50-month and 100-month moving averages,
respectively.

The solid line in Figure D indicates the cyclical change in the composite coincident
index of Statistics Korea.

The green area in each figure represents the recession period obtained by the
Bry-Boschan method. In case A, unlike the other cases, I do not impose the
constraint of removing recession periods when the phase period is shorter than 5
months.

The bar graphs in each figure refer to the recession periods of Statistics Korea.
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(Figure 12) Kernel Density Estimate of Bivariate Distribution of Specific Turning Point Dates
(100-Month Moving Average)
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(Figure 13) Kernel Density Estimate of Bivariate Distribution of Specific Turning Point Dates
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(Figure A) Business Cycle Inferences (GDP)
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Notes: 1) The solid line in Figure a indicates the logarithmic GDP.

2) The solid lines in Figures b and ¢ show the cyclical fluctuations of GDP calculated
using 50-month and 100-month moving averages, respectively.

3) The green area in each figure represents the recession period obtained by the
Bry-Boschan method. In case a, unlike the other cases, I do not impose the
constraint of removing recession periods when the phase period is shorter than 2
quarters.

4) The bar graphs in each figure refer to the recession periods of Statistics Korea
converted to quarterly periods.
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A Study on Dating the Reference Cycle Using

Components of Composite Coincident Index*

Keun Yeong Lee™*

Abstract

This study estimates the peaks and troughs of the reference cycle dates in
Korea from January 2003 to December 2022 using the seven components of the
coincident index and the multiple change-point model of Camacho et al.
(2002). The estimation results show that the number of reference cycle dates
estimated using the multiple change-point model (date-then-average approach)
during the analysis period is four, which is the same as the number of reference
cycle dates announced by Statistics Korea (average-then-date approach).
However, when comparing the coincidence of the peaks and troughs, it is found
that the peaks and troughs of the second cycle of the analysis period are
similar, while the peaks and troughs of the third and fourth cycles are different.
This large discrepancy in the timing of the turning points is likely due to
differences in the two approaches, anomalous variables such as value of
construction completed, and differences in trend estimation methods.
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