The Korean Journal of Applied Statistics DOI: https://doi.org/10.5351/KJAS.2024.37.2.119
2024, Vol. 37, No. 2, 119-138 Print ISSN1225-066X / Online ISSN 2383-5818

Using noise filtering and sufficient dimension reduction
method on unstructured economic data

Jae Keun Yoo, Yujin Park?, Beomseok Seo!-”

“Department of Statistics, Ewha Womans University;
bOffice of Economic Modeling and Policy Analysis, Bank of Korea

Abstract

Text indicators are increasingly valuable in economic forecasting, but are often hindered by noise and high
dimensionality. This study aims to explore post-processing techniques, specifically noise filtering and dimen-
sionality reduction, to normalize text indicators and enhance their utility through empirical analysis. Predictive
target variables for the empirical analysis include monthly leading index cyclical variations, BSI (business survey
index) All industry sales performance, BSI All industry sales outlook, as well as quarterly real GDP SA (sea-
sonally adjusted) growth rate and real GDP YoY (year-on-year) growth rate. This study explores the Hodrick
and Prescott filter, which is widely used in econometrics for noise filtering, and employs sufficient dimension
reduction, a nonparametric dimensionality reduction methodology, in conjunction with unstructured text data.
The analysis results reveal that noise filtering of text indicators significantly improves predictive accuracy for
both monthly and quarterly variables, particularly when the dataset is large. Moreover, this study demonstrated
that applying dimensionality reduction further enhances predictive performance. These findings imply that post-
processing techniques, such as noise filtering and dimensionality reduction, are crucial for enhancing the utility
of text indicators and can contribute to improving the accuracy of economic forecasts.
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Ao P ol 27t EFEAG FHI TEHOE AHTEA RS THsAol UgE AATIE T
B A7 ol = W 59| 7] HT 852 5O HPES olgste] dAE o] PAstol sl HEsH
1 5AE e AFEAS o) GAE A £ B Fol 1 sk 5] Hodricksl Prescot

(1997) 5 5& o]-&ste] HAE 89| Lo|=2E A AT FLE H] 24 B o]l SuE
A Xt gross domestic product; GDP), 7] 74 7] A}2] 4=(business survey index; BSI) % AA| A & of| =] B}t
_n_a St 7342 7¢]]_:_o].t ]% /U_%_%/ﬁ‘% EOH 7415._01-0“‘E]- u:o]- Eﬂ/\El— HH:HO]- [¢) 4 7@_@_% Eﬂa}ng
chere A ARE AT 4 ol B Tl AT ARES AU F48 T ARE PHekE A4S
AA 2| 7 o Zof B} 885t A2 A5 =25 2B 2}FY =4 (sufficient dimension reduction; SDR) 5-&
Sl AZeHck ETF Seo (202307} BT AL W2 dlolelel A AH BAE AR ARG
B ah B AE O A 23 WY Hlo|elS AARAC SHEahE Bere ) A,

GAE A HE B RHo] B AL AES EEHE BEAT A1 F 21 el 4T
7t =2 78 ARE AEshs o] Fastth ol & ol 2 AFelA+ A Aot Belo] =2 AHE=
A 0]'?‘1*1 120 AR E AAHE Y] A e E MSch=s AFLSA YHES T 51 AESHI
& "ol o] E4-& Actsto] 9|IAE PRI AA] AA| ol HEG = o] ‘)rE}‘Jr— AAE e
Al ARE 123 AeEA PHES AAISHATE E7F o] = FE P 7H2 ALE5LE AT
o2 Qe ol 2 Meldut A U54 PHE Azolel LASGCH, 4] o152
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B @7 A2 Thopehl A7H I Qs HAE dolH o We w4954 52 Fake] 1A Holy
o F 75 AE ol WS el A FETHS FolA] o]o)7} Sk EgH Aol A A A B =
RO AAE TG A DHL SO YRS GAE o] 9]0 thopgh 1] 5 E A o]z ul s 28

24 dtts oA &% B Aol 7o 4 e Aoz ZdiE

B =1 bt o] TAST. 2ol 4 el Aa ATt A7u el ) 4T olo] 2| 34
A AZ A 5 dole1 8 ASHTE 4RI 28 FUEE A4S Aot SN A AFEA
Ake A AT PhA o 2 63el A 2 7o) AP I S Rl star.

2. 2 MO 2|50t b

2.1, Mol

Ui 0] §840] e A7 H2 Frs] AW ek Seo Q023 MHE Fri HAEY A
Fote Fol AAAES 2] S5 AR SAE vho g WHES AASHL Qe 53] thakek Hope)
BANL S BAlo] e AL B7F T8, F7h 56 714 5 157 Lofel s Agshe HAE A%

& A A5l 52 QAR ¥ (dynamic factor model)_q- SHA]F £33 41 A (convolution recurrent neural network;
CRNN)Z o]-5}o] el 2E 2|70] 47]6]22S B7 ). Seo (20230)9] A AT o] h2H gAE 7|

59t BA BAES W Agotel 37 oI5 BHS THY B9 GDPS B el SHTEA PYHE Ao
HE S AP 4 ANT 157 GAE A B AL HE90
E Seo (0230)E FRA 7AW RIAY BAE A2E BEotol AE, A A BAL A

Zsteirh. sl AAATAAE 201995 o]F 52 } 719} W7k B3A oF 1382 Whlo]H 2 T8k
o2 HE AT GBAL, AT YEYDL AR 5 Jste SAE ABES stk S UL o2
AE BRI HAE AR A AR F AADe] WEA, AL Be) 52 Tefste] Bz 4E
odek. A el e BIA Y BAL BAS 9I5) AY GAEHRE FEoke AAG AX e Tt
g o] thshAL Seo 2023b)9] 382 AT RS vleth i HYAT B4 A T2E 4
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Gk ke Tl san A A% 9 AN AAAESE 15 iEE Bolx, 18] vele] Hane
e Aoz Rt B3 5 SAE XSS Pl 320 498 A4o] GelAE 05-099] L Al
BAIE BT o] obd T ¢lofe] ElAE BAjv} T o9 ATARE Seo (2023b)9] 120] 245
e B!

W EAE dolele] ol = Y 5 FAT] e AT ob2) A vk g gtk (Chen 5,
2021). ol A B4 BAE Holel7t B/ AAA L Qs e W ifEO 2 ARt HAE
dlole] o]9] o] thaFel F-§73A Hlolelo] thal o= He|Y A7 A, g4 T A Hodrick
3} Prescott (1997)¢] 20| 713 Ye] 2853 Qlek. HP el 74| M40] FAME £FFS 18
3171 15 AN B A B0 2 theo] A4S o] ko] ATk

T T-1
mTin Z (e Tt)2 +4 Z [t —7) = (7, = "'t—l)]2
t=1 =2

o1y BEUSE Uehlel y F4 84 v 234 94 o D AR 24 0] FOR EAHE
Ul by BFo] o) BB o714 A LA AAL] FA1H SHAS ehfo], 84
fat FASH BR0] gl AV ML Teln 1A b FAG S84 248 49T 4 g

2kt M5 YERdATE HPEE oA 24 47k A(lambda)= FA] 849] HEAdS A ot= Zui7is
Z>(hyperparameter) 2 5 24 Rgho] A & uj118]-&(smooth) 4] 4 E 42 4 9Jtt. Hodrickd}
Prescott (1997)¥} Ravn®} Uhli (2002)= %z}faﬂl i3l 129,6002] A2 18] H7] A=) tis) 1,6009] 12
738 ¥ Z(heuristics) © 2 A A} T}

SE EAE AEe] WEAo] ofeh 2§ A a7 Uehin, Ee 1 7] 220 £84 84
£ 7] Hrhes ol= A A QUth= HollA HP BHE |8 4-¢ M=% lambda & FAst= o]
g Qstzio 2 ozt HP T o] 2]of Kalman © €|, Hamilton (2018) T E] S o] HIHEL AA |z Eo] T
g o de] &8E 1 qlerl, 4ol HP T of Hls| E4s5ta H{E Alxte] e AejBg 2
A
A Amol| A BHE 7hEohs A C 2= TE Y Qo] A4 0 T Ve 4 vk 2k &
= 75101 3 A NA Al &5 S Eol= tl O]H}Z] &4 e AR deA Utk Yoo (2019)+= —LJJ}
Z}E«l th3el mfo] 3= ofeflo] Ao et AEEA oA FHA A E ALFAE Soto] FA-HE B
2 ke v I8 S(hazard ratio) T AZAE £ 4 ULS HAZT ek 73999) A s
S8 FAE RAS Bojol 47|12 YA R A9 Z4E alglch £ Aol ofe BEo| 571 1607]
o]7]of] oA 3E] 407]¢] M4 A 2] kL W-0] f-o|t}. o] & t}A| fused sliced inverse regression-2 -85}

ol 1IAFA o7 ZAste], HFH O R 7399240 A AmE 1AL AR E F45150 o|FA FF
SaH ARE o8t AE ZHNA 7P RHA g Wol ARG FA-H e R ol A9k sho] AA|
dEo] 7|EHT ot H2& A ARE Foto] RAFU A 47t AhmsAe Hot s o
= 7 S ol2et oA FoRERE ofy et B}st ZoF (Lee 5, 2019), A& £oF (Kim -5, 2017) -5 ot
wofoll A AFHL Qlet. o2 g FEALFA WHES & AFolAs HAT ZA tlolH HAE o]

Elof| g3}t 5] & ¢dLof| A= sliced inverse regression (Li, 1991), directional regression (Li2} Wang,
2007)7} seeded method (Cook =, 2007)S 1185} A} ottt

2.2. A+81E

COVID-19, #9414 5 S AA] o[ EL 4H]. £2} 5 3AFA

- ul7ic}. 19]
77 dlolE g 7o g 8 A% BAS SaAE 44 o|fE o] 43

318 metst o] 47 gt



122 Jae Keun Yoo, Yujin Park, Beomseok Seo

oli= AR 4 GaFo] 2 oMEY 55 o] fARE AFIE B o] o] F7) whRolch webA A7 3
R A17190e 1 5 A2 B7HE Mok WA Holele) A7} 2 S, st 2 dae
A20) A9 ANZEOR S 24 Fol AR A E, AR} BE 52 WStz Juo) ot A
woflAl 4] o] B35GB S A FeThn & 4 k.

Sl A 7] e 915 374 A 5, BSI W GDP 59| o] 52 918 v 44 dAE RS ol 43t
B2 oz gho] A4 e Qe et v Y SAE A2 A Rty g 1o w
SRS 1ele ) 14 ol 2 57 nyo] wrgstel BN Bage SRt

olele Fs S HH%‘BE # AN ML H71 4%, BSI, GDP 59| B W] s A2 gFe
Aol ALE o] AT Q= w2 710 A4 BEY GAE AR, oI AE HZE ) HAE AR
Je)3m of e AE P EE N YEYD AR 5 F7He 2]
2 Faa gk AR o MY BAE o] W HS §
FA To] A BAelA o2 =S £ 4 A 4
4iE A E0| B 7Fs S Awstagt gk

3. 242 A
3.1, EHAE 2HE
3.1.1. A 78 AA] RREY HAE &

20054 o] % FA 7|6 AA| B2 8l AE 2] E(theme frequency indices; TFI)= Table A.17} ZHo] £Q 7] A]
2~ 1l olH3 X

s
5 2 A1l B ) W ool 157) R0 F A SIek ¥ Rl A AL TR A
Seo (2023a)°1] 7] ¥Hek At o| ok TFI 412 ] 4 98 A o] 1, 2718 4.2 S1sl s 1~39:E 147,46
08227),7-98% 371, 10-1298 48712 TAstel @ Aol BRAG 2 271 o2 el

3.1.2. o da] AE 2] ZE 7]d}l HIAE 93} 2}

20194 o]Z ofjd YA E R E 7|HEAIAYH A E 2] 7 0] 3} E A (market analysis; MA) A= 2 Table A.2
o} o] 417] F-20 2 PAF|] 9leh. MA AFa 94l 9IFE A1) <1 Seo (20230)] 7]¥Het Aol ek,
MA 9] 29 9, 28 Au2 Tl I

3.1.3. Y EQZ A&

2019\ o] F o d 2 AE 2L E 7|9k A g oA ST A FAHE UIEQIA 25 & Table A.3 ¥} o] 39
| BREOo g AR 0] 911, o] MA & o] (I 1-39H 3} FAs}th MA ZF& AW 0] 40-41H-2 A=2]7}
toksiA tehd 5 2t= 24 ol A= Al 9= 9t

32.0|5 s Hy

A Aol tigt oS B Hes AR &2 HW5 A, BSI AN milE&4 4], BSI A4t viE gl
278 A= O] o5 2 W= GDP A SAT7|H| 9 GDP 2 ¢AE 4 5714 oltt

4. 2tR0| 22l &

2 QoA A EE WS TR ZHESH MA 22918  2bR.0] W4o] S 24
WE Y SO TR A 2] 3% 15/19] Mae] S 197 e A eloleh & 25 gAlw, 20194
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ir
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] 27192 A48 MA AR0] 9 AR 5ol Hla] 41719] B w24 g Wolth. o] g A
BAo| A W50 21 24 B35S Bt ek o7 517] Yo Fa 7 e o 4 9l-go] o|u] thef
St FEf o] A AR R oA AAE| L it o] & {5l B Aol A E SEAES A (sufficient dimension
reduction) 2] ALH-& A}&5t12} itk

F 22 A (sufficient dimension reduction)Zt 3] 24 o A 1219 B0 E] o] AU Fol7] $laf AHEE=
TAA ot FEALFAE T2 AR A AHREE Ao Ao s F

Q Ao, ¥hg W 4=o] plo] MAHA]] B9 g W4o] A HAE T HAof A} 5
ZRE 2 Ao A 2hede] ¥ WE Dol B R ghg W4o] A Sa4of oA AaotA] b
Aoltt. ofst f-go A o] A HAE 3| FRAolA AT W) A4 Fao] gk AAS WA Y

2 714 B0 g AL HolElE ALESE A A Yk WS WAE ekt o Pegol
322 522 A} e Aol of2lgo] AU 4 Atk FRAUSAS] BEL S|ARAS ot Gota] of
7] 91 e AT W ARE fASHA, U Y Mol A7) 49 Ae Fel2 AL Faot
U Eolnh ol & Bt A Ao g dystd defl pAdel 4% ¥ X € RY7F FolA& o o] & 379
HAQ 2R Hx YXof thaf] 1 o] &4 glo] defjo] A W5 2 2kl o] A eI C'X=E thA|oh=
A ougltt. 97|14 C px g2Fd 9] o)1, o]= b33t Zo] AL 4= Ut
YLX|CTX
A7 L= 5AA 58-E& T3k T g < pAdHRTHA, A pAtd o] A ¥4 X = 3] 7o gk A 9
£4lglo] g o] CTXE A= 4= Ut 9] 48 wE5He P& Co dofl o8| YAAHE T2 A4Y 4
2B 27} dimension reduction subspace)©|2t1l gict.
st 3124 ZANA 919 A& ot CE of 2] ) EAE & itk I8 o H 23 F49] 54
A Ha BE TS 2 Aol Hig sttt of g 7)o Ak H4 BB o] itk A 5t A9 A
5S4 HE FHE o5 ndES Tl wEC A 4 Ak &, Ve RE Y S4 FE FEY o]
A H4 BE F7ho] Hobd, &dd] Ha P Butofyel U FRE 4= ot o] wyEe] A
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4 B F7HE S48 Hcentral subspace)o| 2kl SHH, Syx = A OJjtth. FRAMAEFA 0] 8 FA 2
FHT] o] FAFEFT= FHot= AUth FHFEETY AL et FAE Ao, F2] 7]#] WE
25 e R0z Uepd Aol TS 2] 21919 Ad A9t el A pf XS FE =4S4 (sufficient
predictor)2t1l & Z o]t}
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Z =31 (X - EX)).

Z 7= Qo] A W22 o] o] THEA o] 27| 3 (identity matrix)o] =2 HsI5t A
Hapolnh. 1P oA YIX O F4 F-2 37 YIZ9] 4 Fi& 33t Atololl= th&ol d- gtk

Syx =2 2 Sygz.
RZFRE A M ZE T 2jots F9 olf 40l o] IAsh= A4 AHE Eof Kt A&etA] S4
BB 378 AT Ak o)F Sy,0l FAREENC Bt A 14 ALL p2kn Bl olF
ANEE FEAYEA PHES BT YHEHY AWE YIZIAE elote] ozt ghok A 20 d7
4 B2 BT AR T B ESe] AT YA, B AT theo] tEAel 374 e
2 Aol

(1) Sliced Inverse Regression (SIR) (Li, 1991).
(2) Directional Regression (DR) (Li2} Wang, 2007).
(3) Seeded Method (seed) (Cook 5, 2007).

A A 7 S-S o Al Foll 24 a7fskaat o

4.1.1. Sliced inverse regression

Sliced inverse regression (SIR) HI'H-& 5 2} 4 HH = 7P o @5 JAE Ad W = shvo)ch

19919 Lic] o]ste] 402 A7Iw5l0n], 1 o] 2 hakeh 5§ Hopol A A w1 glek. de erelzl %
Y =4 vl = Skl FAE 2 A (principal component analysis; PCA) B 719] 2}0] -2 PCA HHH-2 214

542 AT O WS W7 FATPPN A AL H A GEARE SIR M- 9HS W47k AL HTh o] SRV
Hhg B0k P Ol A WMAE APt o 83 5 9L, PCARTE 8R4 A9l 542 Bt
Ao R £ 4 9e-S PAsk gt
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SIR7} 541 B8 27+ A1) SIsAE the ol A94 o] W s|ofof gitt
E(2| 'Z)= n/zel) ste] o]t

910] 271 A w% Zo] AT g 22
no SHSHAIEE st Bk o]91o] ThE 32 A9l
910] AL o9 e £A0E 1Y 4 ek

ARz SR A o] LEA B8 o]o] Wash thopet 24
iz o 2 B H A AL AT Aol sl HrkE 2 )
Slof thPie] A9 A M4} chis A2 ES T2 RS Box 3
3 739 thas A EIE o] 2ol o) YXE R EES w2 €1, 47 8
% 917] ol

_]44 A—]oJ/H 1740 F;]
i

o dHT Eﬂ% %ii}. U}EW

g, o ot 1o

o Aol A4EE T HYY

W W 29] Bt el A A B E (elliptically contoured distribution) S w2} H
BE QYRS gl Zo| o At o2 BFA YRR 5 shr} thisk AR ol L, flofA] =old
Hpe} Zro] A W4-0f thAs At P2 AA S| AEA ol B HA o2 7P R 1 Qlrt. 3T Halli}
Li (1993)0] W2 H|= Z7} et 225 W=7 FSx]2te A W9 Apglo] FolA|H o] A4
202 S HT= S skt weF A4 22 WEAIZ| 1A ftvhA AW AT b s Ad
ZE MELS Hy HES 5k Zlo] dyb]oltt. o] = A4 7o 270 A7t REE 7Hdsh= AAH
ok Fow, o] hEohA] et AP A QI Higko] Qlrh=

Q A 7232 Bk Li 191)0] w2
o] gz 70] EE T, k2] Ao] Ak

FUREIN Swpd] +73 15)919) EZY)E FAFOEH Hssteh PuRels 2E7
S 5t gkalv] o] o FAL HEAAY S uhe] GlTk E@Y)E W whg WAk ol iagoletu
Ahao|ch. whg W47} oA A9 E@IV)E T8 WG W5e] Mol sjgsl o) BE BRoR
F8 4 9ok WG 94T A5Y A Y WWE oo Wik Bl EBYE #7
3 % 9l oItk Li (1991)0] A ol efgt A4 uhg 50| 155HE Zebol Hslicing)oleha BRI,
Seol 42 o AR AX A FEF D2A ek RS SR Ao FAHL 91 Fashet.

SIRE: 99t 0 2 AG2FAE Holt 87114 BAl0A 2 25 ok 202 orelA gk g e
A48 @A 12502 JeIshE Algorithm 13} 2.

ROFSIA, SIRE 47 W40} uhg W% Aol o] B et 7 B ARE E2sHe Gl ool
AN 7P FRE HFS AESHE f 2 45 el wolth Ay MAS o3 Yo
B2, G 85 of P P20 YR8 HEGE 49 Wepol AU HALE A 5 90 SIRE
Ate] EEAOR Q18] WA7} ok R B A HloEE Mel 4 ek Fo] glov, Hlol B
dhat 7Hgol Q&) grong thaket Hlolelo] gl FHsat wpolck. shAIR SIRY] gl Letoly
Aol Mgshehe Folul, F41 H2 g1to] BeehA) AMHES SR 0] FFS sk Hlo] T2

4.1.2. Directional regression

SIR= H A 0 g o] ALG-E = FRAA S A W o] 2|9t oA A8 W24 gHA| 7} gl 5] EAf gtch.
£5] 257 9k Bigeh Ay Wi4o] A ot 2y = o I 22 o TAIE 7P o SIRE o] 2§
THA S 245 4= glrt o] A A= second-order polynomial 3] & A A AFREA o] A5 AFREHE= A

219 wg % shpolct.
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Algorithm 1 : Sliced inverse regression
L Ao 21 Pt 225242 AL

A=E,X), ¥=cov,(X).

Z.=5PX;-p), i=1,...,n
3G A4 FA A YE WA BT i, 2 D, 2 BB o] BESHE A
o] g ot
E,[Z1|Y € J)]
E,Z|YeJ)=—2 ~ =0 |=1,...,h
@I e =F ¥ e

SIR7} 7P E E O el S FARRERE 976 2904 Falk Aolt. o2
(2005)2 contour regressions A|QFsF$] ). Contour regression= &1 SAFEZIHE AT
1] 1715 B comours) 4 Al B340 99l 45 A3

q0] 9lth. Contour regression®] o] 2|3t A ALz EA4-S 1 Q15)7] ¢9]51o] 7]uhH directional regression
of Wang, 007)8 17l Aok ek DRE o 1719 % LA AL A foiel 39
& FAels o R Whe Mol AT W 7he] TR sl W B £0) Uehe
o g, DR A9195) S AEE TS0 SR st egtesiont) . A HH8
st ™, SIR7E 71 = HIAY 3| Ao A 9] BAIEE 25l 4~ Qi T35 DR SIR7} 7}HA]+= slicing
RI7keto] ZFISkhs 7o) 9ltk. DR SIRw o] of = male] Y & 44|71 7] 913t 42 T
2 A48 4 9lon, DRE he AHel S 71ysch o4 9 tolze] ° Wzl ARt B4l e
wrioR el A ol

DRE AR5 Q1A= SIROA st g 27 ofof tao] 24t 215 WEsfof Tk

o) "{E
o rr M

ﬁ&"m&oﬂ’e n>4 oﬁo{n
o oo r:i

A 22 AP AT R 2 AT wlont s = 2 o)t ShA T A 2 AT= o2 A
et B oA AF -SR] AT, oheisF R o A= ThE Rt
Li%} Wang 2007)e]l w29 M@ 42A7 524 2700] BEH e, oo Alo] s, ofefo] 42
FsHe Ao] WHlEH 0 % DRo] 7HAE 71 1414 <) RRolth:
~ ~\\2
(21, - E[(2-Z)(Y.Y)]) € Svz.
7| M Z9} Y= 242t 291 YO| =9 A EA} W5-Eolt}.

=7t
A2 o5 (2l EIZ- DY, TI)E] £4-2 SIRT} 20| 1A 53 18 WMog Safol 4.2 Fafod
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Algorithm 2 : Directional regression
L Ao 21 Pt 225242 AL

i =E,X), =cov,(X).

Z.=S1X;-p), i=1,....n
3.7 AEF A A YE Y FLE3 i, .- n = WL, ZE B o A 9] 358 A
4-9] & 3tk

MU:E,,(ZlYeJ,);Mz,:E,,(ZZT|YGJ,), I=1,....h

oA71A prE h A S A F542] vlES o]ttt
5. 4R A Adtd FEE o8t thE2] LS At
Apr = 2A1 +2A5 + 2A5 — 21p

6. Apr®] IHHE F 7t & 2] d7fel gt LHHEE Dy, ..., 0 o2 HOlSHA, i1, = (Pr,..., P0)

E1ES
o], i = £12(hy,..., 9y)0] Hrh
<)

et ot 5 7f g Awao] Bty 3EAt LS Ao 24 THs eIt DRE o] 89t TATE
7] -8 Algorithm 29} Zro] 2] gt

4.1.3. Seeded method

QoA AW F 7hx) Fmat b} ] FEAUEA FREL PHEH R Y W] Y B
B RE4 Y| Sd Ato] B-Holut. SHIR AR0| SR H15-9] At B < p) B Gl TR
R4 Peo] AGYo] ASHA R o AL FEANZL0] B2 DG ofol gt Zlolt}. o]
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o714 S () vl Gol] A Y B2 ulgiet.
QoA Qe HBA 7o) BHESHE FROIA seed W v2 AHED 4 G AL

O O (e}
2k
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—{Oll
rr

EX]|Y): ot {EX|Y)-EX)}eSyx © S{EX]|Y)-EX)} CZSyx;
cov(X,Y): 2 'cov(X,Y) € Syx © S{cov(X|Y)} CESyx.
919] seed®d FH 2 TEXY) - EX)V= SIRZF ZA5E27-2 2457] 919 AHs]s Ado]n,
lcov(X, V)= FHAAlE FHFoIth 2 AF = cov(X, Y)E seedE 2 ARGttt 81 FARET
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Algorithm 3 : Seeded method
LvE A8 4 gt $5 49 5 shto] AY P82 Atk £ ATIAE covX, Y)E seed YL
AHgiet.

2./47 W40 BE FEAL P Lo} seed B 15 Al

il
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theFet 24 R ae(lambda, 4) 2 217 5te] HP filterS TFISF MAZFR O 285131t oo 24 =4 g
sfAlo] H== A& 0] F7](frequency, p) A BE 2| g5to] AMESHGITE 719 24 4 Abo]ofl= T3 9]
Alo] AJ2lstt} (Hodrick} Prescott, 1997):

1 =6.25p"

A AmoA AREE 7] 2 0.5, 1, 1.59} 2014, £71H A= =
o|@A AZxo]| s @ E7F S HP filtering S 3+ TFIS MAY| tha] 2}
e A gt
4 o5 53 159 APA 4 &8 HE A, BSI A4ty wiEA 4, BSI A4 v Aol tisiA TFI

o 7, 2005ARE o] A7} glo] A2 2 go]7] wZel &efe] A9 & 102 = 5}of SIR
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Table 1: Performance of monthly variable predictions using only TFI

Model
Target - - -
HP A Data Dimension reduction Model MAE
Cycle of Composite Leading Ind. 0.5 Offi. Stat. + TFI Directional Regression LR /Lasso 0.112
BSI All Industry Sales 2.0 Offi. Stat. + TFI Not applied LR 2.285
BSI All Industry Future Sales 0.5 Offi. Stat. + TFI Directional Regression Lasso 2.241

Table 2: Performance of monthly variable predictions using MA exclusively and in combination with TFI

Model
Target : - -
HP 2 Data Dimension reduction ~ Model = MAE
Cycle of Composite Leading Ind. 2.0 Offi. Stat. + MA seeded method Lasso  0.164
BSI All Industry Sales Not applied ~ Offi. Stat. + TFI + MA Not applied Lasso  2.111
BSI All Industry Future Sales Not applied Offi. Stat. Not applied AR 1.772

Table 3: Performance of quarterly variable predictions using only TFI

Model
Target - . -
HP A Data Dimension reduction Model MAE
Real GDP SA QoQ 0.25/0.5 Offi. Stat. + TFI SIR Lasso 0.404
Real GDP YoY 0.25 Offi. Stat. + TFI Not applied Lasso 0.922

2404 GDP 47 SAZ17]1]8t GDP A4 AAE 4 7)o thal SRS o] §5}o] TFIS| A% A
%A lags= Z42F 03 191 ¥, DR o]-8-51 03} 00] e

A& R oA e AAGRA NN 7P 114 07 Fe] ARgE = 2H7] 2] 7 (autoregressive regression;
AR)R & Z g5l BIC (Bayesian information criterion)E 7]& 0 2 71 AATH p& EA519t) o] & vt
Bog ARRPS 7|20 8 ARRFY Y 24H HAE A48 127 ARRF| 4L 24 Ao 4 HAE
ARE Do A A 65 29 Heetelch ARLY] HAE ARE Sl BT )% REOR A9l
Z4H AL 422 o147 Aol AT DAL ASIAT, 2] GAE A2 E ol 8T Fgole
Lasso 3| AE 25ttt 3o o =38 v sH7] 5}e], rolling windowS 2H25t one-step ahead cross-
validation& F}o] E|AE 2429 o2lE 2elakelrt. ofo] tja) ohga ol Hele 4 Ark. W A=)
7= 2020 129742) 0] A RS S5 HolHACR, 0] 2021 195 ¥ 20224 1297}2] 2@ 4] =&
A2 Yol Ao AFgakeT W] A2 0] £ Qo) 718 2HEY AL 20013 4277 9] A2
514 HolElAL0 2, o5 20224 0) 487\ 2HEE 1% Hlo| g Ao 2 ALgahelr

HIEAA 2z o] E4 ¢ thsfiAl= o] 2] AoflA AJAls] drstr] = it

5.2 Y EHAE 2T £
A A2 0| )5 BE WS HYA S 2T BEA), BSIAALY 0244, BSI A4 o) 2ol e grelA
QI B4 WPES 4 goto] MABS Astehelct

WA TRIGHS o] 8¢ R4S A, 2t o2 B8 W5 229 2ot Table 19 A4 w0} 9,
ApARE AT Table 5 ] =] ik

Table 1 AL B, 41 AVEA T AL§3H7] Brke TRIO) 428 AL§5H o] o222 el %1 9]
c}. ¢ HP filtering & 0§31 W54 QPH8L} 128 Bk JatabA) shiech Lol 3 AR S8 HEA o}

BSI 21419} th& A%l At A UFAE sHe Aol AREE A§He Zrt 52 kol T
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Table 4: Performance comparisons in MAE for monthly variables

Model
Target Hp AR Full MA Dim. reduced MA
1 Linear Lasso Seed-Linear Seed-Lasso
Reg. Reg. Reg. Reg.
NA 1.186 0.242 0.185 0.186
0.5 4.270 0.176 0.198 0.213
Cycle of Composite Leading Ind. 1.0 0.167 1.457 0.180 0.191 0.186
1.5 6.303 0.189 0.180 0.173
2.0 1.454 0.185 0.174 0.164
NA 73.228 2.959 5.172 5.166
0.5 235.864 3.134 4.047 4.153
BSI All Industry Sales 1.0 2.642 40.759 2.375 3.73 3.766
1.5 416.203 2.396 3.613 3.779
2.0 77.485 2.444 3.613 3.619
NA 141.230 2915 3.244 3.404
0.5 42.587 3.586 3.552 3.674
BSI All Industry Future Sales 1.0 1.772 45.885 2215 2.348 2.458
1.5 64.845 2.141 2.447 2.491
2.0 60.346 2.111 2.575 2.502
Model
TFI + MA Dinf1. reduced TFI
Target HP + Dim. reduced MA
1 AR Linear Lasso Seed-Linear Seed-Lasso
Reg. Reg. Reg. Reg.
NA 1.845 0.189 0.185 0.186
0.5 4.551 0.146 0.198 0.214
Cycle of Composite Leading Ind. 1.0 0.167 2.001 0.190 0.192 0.186
1.5 2.990 0.199 0.181 0.180
2.0 7.710 0.193 0.174 0.168
NA 135.319 2.111 5.173 5.167
BSI All Industry Sales 0.5 329.866 2.270 4.041 4.145
1.0 2.642 191.953 2.559 3.807 3.847
1.5 23.694 2.784 3.641 3.813
2.0 32.270 3.328 3.631 3.639
NA 38.651 2.159 3.247 3.406
0.5 63.975 2.336 3.547 3.669
BSI All Industry Future Sales 10 1.772 33.757 2.536 2.498 2.563
1.5 237.391 2.705 2.459 2.501
2.0 84.724 2.502 2.590 2.651

BSI 241¢] WiE A AAE FAHLE 54 e AFRE A§ohe Zo] 4 B 5L BTy
At

MAZ} AFE 5= g Zha 24 ol tigt 2]2] A= Table 20]] 18] 31 Ko} AFA|RE A 7= Table 40] 7 2]
o] ot

Table 25 45| H 9, HP filtering& ©]-8-3F ¥-5/3 SHot= AP~
=AML k. e Al FlAE Az o] o 53 et SRl A = Al o il
om} ABA| % 28 W52 Wb MATH ARg5Hs Aol, BSI wao% el

R CRLEEEEEE
of| sl A a7k AA = AL
L TFI9} MAS 25 A}
o] =g ettt
W} AP 26 77 AT Tave 531 4ol A4 510] 91k AAS SEAFAL A9 2 MA B
ZFAZ= 4T MAE AFE-5= 79, 18] 11 linear regression BE-= Lasso regression2 Al 6= 42 9] o| =A%



132 Jae Keun Yoo, Yujin Park, Beomseok Seo

Table 5: Performance comparisons in MAE for monthly variables

Model
TFI One dimensional TFI Two dimensional TFI

Target AP R SIR SIR DR DR SIR SIR DR DR
1 LR Lasso LR Lasso LR Lasso LR Lasso LR Lasso
Cycle of NA 0.124  0.124  0.126 0127  0.119 0119 0.122 0121  0.124  0.124
Composite 0.5 0.122 0121  0.23 0123 0.112 0112 0.128 0127 0.116 0.115
Leading 1.0 0124 0139 0134 0130 0129 0.114 0113 0.124 0123 0.117 0.115
Ind. 1.5 0.155  0.145 0.134 0133 0114 0.113 0117 0.118  0.141  0.142
2.0 0.151 0142 0.129 0130 0.127 0.27 0116 0.116 0.141  0.142

NA 2689 2462 2517 2523 3029 3.040 2586 2591 2696 2701
BA?II 0.5 2.678 2.44 2708 2717  3.008 3017 2898 2908 2741 2752
Industry 1.0 2618 2567 2446 2826 2825 2782 2784  3.085  3.083 2841 2838
Sales 1.5 2571 2463 2646 2650 2746 2749 2906 2888  3.151  3.133
2.0 2285 2328 2685 2665 2723 2723 2765 2742 3640  3.590

BSI NA 2845 2564 2561 2571 2546 2574 2443 2474 2468 2453
All 0.5 2900 2436 2565 2566 2568 2581 2540 2561 2271 2241
Industry 1.0 2554 2765 2487 2724 2729 2623 2639 3144 3125 2949 2897
Future 1.5 2582 2446 2542 2571 2611 2618 3120 3.088  3.869  3.800
Sales 2.0 2381 2301 2566 2589 2598 2595 284 2732 4187  4.097

Aol 2] b uhel, ¥E4 9795} lambda k] Wslol B 6] 245 Aol A o2 2 vehdet,
St A TFIQ} ¥ MAE linear regression©. 2 BA51= A9 A9 A F2 Jﬁﬂ o ZQ 217} A A HolA|=
A< G 4 ot ?HE BSIAANY oA A 9 Ad)o] A Qo= 2y W A5 4 QHY 3} lambda gt Hato] whE
q& JsAtol7t A2 =A UehvE Ao 2 EAF I
28 2pER 0] glo] 0|27 Aol 7t Lhehbe b 2 ol §2 AR Y 718 5 4 9lrk. TRIT AFgahe
790l 200550 U A28 AFET 5 9l HHE, MAS TeJo}7l 2010 o] A= A8} Hek,
o]}t k= 0] A7)+ AT9| Zfolof 1‘7‘”—1‘3 FEFS E 7 Utk 59 AFA R A= 1 Azt
B2 245} 91 1 L wab e S 18 4 G AR 9 A B4 B B ARelA e} aahael
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Figure 2: Schematic illustration of integrating network data from analyst reports with MA text data.

Table 6: Correlation between network data and dimension reduced MA data

Dimension reduction Network data Corr. Coef.
Real GDP SA QoQ Quarterly (QN) -0.625
dim. red. w/ seeded method Annual (AN) —0.648
Real GDP YoY Quarterly (QN) -0.619
dim. red. w/ seeded method Annual (AN) —0.619

rterl N .1

15t PCA of MA Quarterly (QN) 0.156
Annual (AN) —0.443

Qfoll Al 3t If HE S [ & Foto], Z ([Tl 22 8532 BT ol A At B53k& oN; 2t
5}t

olot FUslA 8 HEYA P& 4] speciral decompositionS o]-g5to] TGHE S T3 F g ¢
ol SEE TIo] 2718 BE3LS Foto] ® oh2 B2 Ao o] BELS AN 614 2]
HET MA B2 ON;o A ME YT MA BELE AN, £ B4 7Hs e Fejo] Aroltt. o] 5 2=
of ok A4t 74 Figure 25 F 5 vhet.

ON; FAN; 7} AA 2 MA 9| 4= oF of g BA A& 7HA] AL Qlut ohetstr] 91sf 2718 MA Zt=-5 GDP
47 SA717]8]9} GDP 42 9041 Y 57]5]0] o seeded methodS 2 §-5}0] 24 431 229} 17]
B MA 220 deh 2 P40l tha 4TS XSGk AT R4S 915to] Tole] 4TSS
AAFSFAAL, ©]+= Table 69 A 2] & of it

Table 65 41T 171 QNTHANE o] 5 S W45 o5 9 MAS) 21 ) FHRETIE o5 B3
WS Algste] S4H HaET 455 2 AUWAE A S-S e 4 Atk ER QNI AN
2% seeded method2 A H MA A5 9} =2 ATTAE 2H1 Q17] wiEo], QNI AN
EA O AMEE = YleS Thole 4= Qlol, HE A A= o] AAIA {84 tiet 7Hs & 1 4= Ao
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6. 22 L A

2 A7 ol 2 W /W %A 5o S o] §ote] HAE 2| me] At sl AEstn A
FHAS So BlAE 28| TE7Hs A S ol A shelrk. ko] = B @ ] ¥ 0 2 Hodricky} Prescott
(1997)0] AlGHeE W2 o] §ato] 4 % fde] A2 BIA Jte] A 2| Hof chopeh 28 B HES
4§70.2H 1wo| 25 ST o] % We|Y B A EE ol §oto] W A5 L8 WEA), BSI A4
w2414, BSI 4T} w2 A% 2] 2718 GDP 42 SAZY|Hl GDP 43 A A9 F718] o

25 5] o] SARANA MRSHoR AAS Fashs FRANEAE PUE FoI4 sliced inverse
regression (Li, 1991), directional regression (Li2} Wang, 2007), seeded method (Cook &, 2007)-2 - 5}t
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ol BE Y3t 249l H49] T 7|thok B wElser. olglo] AlAbeh Hh ARA SRS B
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Appendix A:
Table A.1: TFI text indices
No. Sector No. Sector No. Sector
1 Construction 6 Production 11 Automobiles
2 Job Search 7 Shipbuilding 12 Gov. Expenditure
3 Retail & Wholesale 8 Facility Inv. 13 Stock Price
4 Price Expectation 9 World Trade 14 House Price
5 Semiconductor 10 Unemployment 15 Recruitment
Table A.2: MA text indices
No. Sector No. Sector No. Sector
1 Primary Metals 15 Real Estate 29 Printing/Recorded Media
2 Furniture 16 Non-Metallic Minerals 30 Automobiles
3 Leather/Goods/Shoes 17 Business Support/Lease 31 Electricity/Gas/Steam
4 Construction 18 Petroleum/Coke 32 Electrical Equipment
5 Rubber/Plastics 19 Textiles 33 Scientific/Technical
. . . Communication Equipment,
6 Education Services 20 Accommodations 34 et
7 Metal Processing 21 Food 35 Information Services
8 Finance 22 Fisheries 36 Shipbuilding
9 Other Personal Serv. 23 Arts/Sports/Leisure 37 Pulp/Paper
10 Other Machine./Equip. 24 Transport./Warehousing 38 Sewage/Waste Management
11 Other Manufact. 25 Beverages 39 Chemicals/Products
12 Agriculture 26 Medical/Precision Equip. 40 Computers
13 Wholesale/Retail 27 Medical/Pharma. 41 Other Transportation
14 ‘Wood/Forestry 28 Clothing/Fur
Table A.3: Network indices
No. Sector No. Sector No. Sector
1 Primary Metals 14 Wood/Forestry 27 Medical/Pharma.
2 Furniture 15 Real Estate 28 Clothing/Fur
3 Leather/Goods/Shoes 16 Non-Metallic Minerals 29 Printing/Recorded Media
4 Construction 17 Business Support/Lease 30 Automobiles
5 Rubber/Plastics 18 Petroleum/Coke 31 Electricity/Gas/Steam
6 Education Services 19 Textiles 32 Electrical Equipment
7 Metal Processing 20 Accommodations 33 Scientific/Technical
8 Finance 21 Food 34 Communication Equipment
9 Other Personal Serv. 22 Fisheries 35 Information Services
10 Other Machine./Equip. 23 Arts/Sports/Leisure 36 Shipbuilding
11 Other Manufact. 24 Transport./Warehousing 37 Pulp/Paper
12 Agriculture 25 Beverages 38 Sewage/Waste Management
13 Wholesale/Retail 26 Medical/Precision Equip. 39 Chemicals/Products
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Table A.4: Performance comparisons in MAE for quarterly variables

Model
TFI One dimensional TFI Two dimensional TFI

Target PEIP AR SIR SIR DR DR SIR SIR DR DR
LR Lasso LR Lasso LR Lasso LR Lasso LR Lasso
NA 1.348 1.344 0.682 0.453 0.650 0.614 0.832 0.434 0.631 0.579
gf)afl) 0.5 1.373 1.346 0.646 0.464 0.637 0.597 0.796 0.404 0.604 0.572
SA 1.0 0.523 1.442 1.396 0.536 0.495 0.627 0.578 0.734 0.404 0.588 0.543
QoQ 1.5 1.455 1.433 0.502 0.508 0.624 0.577 0.723 0.626 0.570 0.539
2.0 1.464 1.440 0.479 0.519 0.607 0.565 0.719 0.630 0.554 0.559
NA 1.259 0.938 1.375 1.292 1.106 1.066 1.431 1.323 1.043 1.047
gf)a;{ 0.5 1.225 0.922 1.349 1.273 1.104 1.072 1.412 1.297 0.965 0.968
NSA 1.0 1.252 1.062 0.925 1.312 1.270 1.393 1.323 1.338 1.308 1.763 1.696
YoY 1.5 1.004 0.949 1.319 1.277 1.390 1.321 1.319 1.277 1.39 1.321

2.0 0.973 0.980 1.332 1.286 1.383 1.315 1.407 1.341 1.799 1.725
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