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Multivariate Prediction of Socio—-Economic Indicators using
Recursive Bayesian Ensemble Model
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Abstract

After the COVID-19 pandemic, there has been an increase in uncertainty in both domestic and international
socio-economic conditions, highlighting the necessity of accurate predictions for socio-economic indicators(SEls).
Historically, equations, timeseries, and machine learning models have been widely used for forecasting SEls, but, their
predictive accuracy has been constrained by the characteristics of SEIs and limitations in prediction models. Thus we
proposed the Recursive Bayesian Ensemble Model(RBEM) to reliably predict SEIs that exhibit high uncertainty over
time. The proposed model probabilistically combines various prediction models with different forecasting principles,
such as timeseries models and machine learning, and sequentially adopts recursive Bayesian update techniques. The
predictive performance and stability of the proposed model have been demonstrated through the prediction of SEIs.

Keywords

socio-economic indicator, ensemble, fitness weight, recursive bayesian update

* gl gelsty AntEAN Eegtsty AR * Received: Dec. 04, 2023, Revised: Jan. 15, 2024, Accepted: Jan. 18, 2024
- ORCID'": https://orcid.org/0000-0002-0212-2741 » Corresponding Author: Jihoon Kang

- ORCID*: https://orcid.org/0009-0007-0573-6630 Dept. of Business Administration, Tech University of Korea

# Gl gttt A Y 2l WAIA A 237, Sangidachak-ro, Siheung-si, Gyeonggi-do, Republic of Korea

- ORCID: https://orcid.org/0000-0003-3784-5958 Tel.: +82-31-8041-0687, Email: jhkang82@tukorea.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2024.22.2.21&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

22 AAA Wol A %

AL3] 74 A A] E(Socio-economic  indicators)= AR,
A A AF SAAE YulsiH, 4 ARSE
AFE], ZA ARl gk A B3l 13
ol E s AHEHUI]. WEACoE AFEAG
(Econometrics)e ARSI AAA R ES E&3td A
e A, mlgol et oS, AA ZAe] A
< FYshe SEoE AR, 7Y AEA A

of #Asitti2]. AT U] BAY EFEA 0
%‘7}?‘5}1’ Ao, oo EAFHA 3= 3 HY

BAVFE] e B UG o Fo] Hag A%
O]E} oo wa} AAA w A&E AFES 3
A A HolHE 4 9 oAFske AFEA A
TE°| ALEI AT 3]5].

A AAA R G WEe A

e}, AA ol24 A&
o) Azt 3t s)4je] 7ttt
Aol , 2o MA AN Axare F
T} A}ZJXV—MI TE Y& st ARl &

2 4:4(Seasonality) &<
g d=3e O‘?jgi’/ﬂ)
ARIMA(Auto-Regressive Integrated Moving Average)
2yo] o9l AAIE REE Y =] Ba%
wopd A AT ol FEHoE Hdo v
5}34% o] WA mdd Hlg JrjHo A
< ARol it ARl F& AAE WM AATE
s ﬂ% HA& WS of atal, WA = 7

T 229 Ag FAo] A, =3 A7

4L R YE o8 e AHAAAR

o T o=

O

Ho] WEHo ou] = mdgo] ofHYAL} o]
Hek AAE mde] EXL
& ANAE dolEQl ARSI AAAZY W oS0l A
EoatA 2-8-3HH10].

FIMH o2 g3} 22 AR AAA R EAL
Z Q&) 43 tSs ozt wA, Rz AH
7kl mE 7199 1§ S7He 2ol AEAAA

£Z 7] AF ABBAT} 2A, o)HF B
g 4881 olasie AL A2 TANA 3o
AL AV ol 2e WAS HAH
B b mEe g oE4%o] Yol
Aok =5 AR Ee] 2 :ﬂfo* A

2} ﬂﬁ}x]— )
mdo] oY At g BN FIHE
0ol HE AAAARE dS3t= o] 11y
okt Wasol Frtetal, HIAEA
upe} 7)Ee WA Z|NE AAE B 7Nk S
o g v 4%s At Jhedste A wf
oje]& do| HATHI12J[14].
o3 E}\_-/F 2 HAaEAs &
sl MAleds &&st] ARBAAANRE oS53t
= 70l E}%k@ e ks A7 ot
[15](16]. ©I5FH] &[5]& F&4F A2 ol E. ujuj
A, A7 F, AAVAA T, Faat AgAs b
olHE &8sty LSTM Ed3 iy zdQl
H XY 2E XGBoost ZE-S Fa 7+ x4 o
F &S THAT A A B4t A5 o
tolge] F7] B4 4o met mAalyd
d3 BELr} Aolde BT olgx,
7IHke] AFEL TR AR Fokell A
& AFAAS A7 THE bl 78 d5A4
AN HAlEY 71uke] AlFEA =
TEHTY B4 9 A2 7bs 7)1t
I HE ﬂ“ﬂ O]Oﬂ wet mAl

= ¥iE 2

2 £

A o

o o N & & rlo o
2 ol &
o

in}
I o
2,
i
N

MO opE ofr N o> b
(0%
JI

&m&—lum
i rlr
= 1= 'ﬂ
rsL_&

O’L I"E]
(o

g o B\
r-\m
>
2
Mo
A

& o
o
e
2 ¥
Iy %
e iz
oo !
il
"
N g
2 g
AN

it

ol > oX

30,
L
e

|
T
a=)
r oo
= r_;;ﬂ
= o
>

-4
il
s
(X
Og{:,"
i
2
o



Journal of KIIT. Vol. 22, No. 2, pp. 21-33, Feb, 28, 2024. pISSN 1598-8619, eISSN 2093-7571 23

QEFHOZ J W. Kim[17]2 A4E 27piA& AR AA R Aol et 98 58 2R
< g Haled 7THES E838ko Skt FHHY, dole7t £ F717F ol ERS
d39 A Al 4 mAled 7IHEY d= zh=tt dolE 7wkl A e A5 Rdde
e gkl Al P& 45 FH8 T8 M Sa(Training)l] B2 Fe o]
o 1 A3, @9 HAEY diH] Ao Ho El7F F s8], sHARE £/ e FHHE A
¢ S B Ur HolH y#Aoz &3 AAANRE oS mdYd &&T A vlolHIL 2
g FAE Eets AFFol dSAe] Eatol 7 Ao BEsite BAMS 2k Qo
Ad= AE 2 o wEbA EAQ mEYS fd), & dTelAs

2 dFdME 71E AFEA 223 AAE B e FHHEE ARY 45, 28 HelHE T
dof gAY MZY FAE FEL B 5 A o sig 271 doleet U gow Byt
Al ABAAARE &S ExE 7E AGEA sto] 711 ARE EARE HESGh
zda ANAE 2de gl Hze IAE =
Batm, vidleld mddA By sbed g ELTER MM AR
(Overfitting) 2AZ WaR o= A5 98] B Table 1. Collected socio-economic indicators

o d2pAe AR AFA geh ZGAA o

237, Rdg A7H O YelolEshs }a9l A

Variable name Scope | Frequency Unit

Total population Nationwide | Quarterly | Persons

A wolAt 3y RS Agtet B =79 1 billion
- GDP Nationwide | Quarterly
T4E e 2ok A 23 ATFErIe SRS KRW
AS A A ol el A dt Al 332 AlQE WY GNP Nationwide | Quarterly 1Kk;II\|/3n
2% 4R A 44 APFUED At W — biion
o] 1A REEFY AIAAAE o= A% vl GDI Nationwide | Quarterly KRW
R AT AR AMG A 5= 2 A7 Household credit | Nationwide | Quarterly 1Kt;|{|/3n
Ao gk A9 s AHES A AR, 1 trillion
Household loan Nationwide | Quarterly KRW
2X| 4l o = illi
Il HlojE 78 % 27 =7 Sales credit Nationwide | Quarterly 12233”
x| Economic growth rate | Nationwide | Quarterly %
2.1 Hlolg & Private consumption L
Nationwide | Quarterly %
growth rate
B AN =3 Au= % 17 2 £ CC;onsumer priofedindex Nationwide | Monthly | Index
A AAA & HolHe BT 3/E HoHZ, 8 onsumier::jgsm PN | Nationwide Monthly Index
doly EX4e 3 2t AFFAARES A< Total savings rate | Nationwide | Quarterly %
4 {https:/fjumin.mois.gokr), 7HAHE} =¥ B#d Gross domestic | - orwide Quarterly %
HolHE e 2 ! investment rate
elEE e Ura} ] (https:/ -index.go.kr) % Unemployment rate | Nationwide | Monthly %
4 HolHe daitsitd FEAEAEEA 2H (
M2 (Seasonall .
(https://www.reb.or.lq/ rone),  AREAR]L A A3 adjusted Averaé}le Nationwide | Monthly ! billon
EL a2 A A A 28 (https://ecos.bok.or.kr) o] balance) KRW
2 3y =2 o
A HOEE Fustck Hold 4 Z1e 201 o T i
d1E ~ 20209 128714, Wpe 370 E AR balance) growth rate afionwide onny KRW
718 71202 F 11418 &9 HoHE 3 Government bonds

Nationwide | Monthly %

stk (3 year treasury)




24 AAA wolA| et HFE A /S o8& ALAA

Government bonds

(5 year treasuny) Nationwide | Monthly %o

Government bonds

Nationwi Monthl %
(10 year treasury) ationwide lonthly

Corporate bonds Nationwide | Monthly %

CD 91 Nationwide | Monthly %
Call rate Nationwide | Monthly %
Base rate Nationwide | Monthly %

Won-Dollar exchange

Nationwide | Monthly KRW
rate

Won-Yen exchange

Nationwide | Monthly KRW
rate

Won-Euro exchange

Nationwide | Monthly KRW
rate

KOSPI Nationwide | Monthly Index

KOSDAQ index Nationwide | Monthly Index

Actual transaction
price index for
apartment houses

Nationwide | Monthly Index

Apartment transaction

Nationwide | Monthly Units
volume

Unsold housing units Seoul Monthly Units

Housing construction

. Seoul Monthly Units
license performance

Housing completion

Seoul Monthly Units
performance

Housing construction

Seoul Monthly Units
performance

1,000

Apartment Sale price | Nationwide | Monthly KRW

Jeonse price rate Nationwide | Monthly %

House sale price index| Nationwide | Monthly Index

22 A7 7|

a8 12 9F ASBARNEE A4eeE A,
TR 71 YelA T ZE RIFE W, /HtE
= g, FRFn)7AA =
;‘(_ ~" 7]_ _8_ }\]-Zijq. *3].8]:
Hdo] FEsh= Hl*ﬁé e, AAE2 4 Ad
[e] E- ST

A]

(o
&
o oY
T ]

o [\
2
oo

&
>,
N
N
4
Lo
)
lo
fl
v it
Cl
F
[-4 {
o

Househeld loam

Date

(@ 7HAItHE
(a) Household loan

House sale price index
\.
!
7
,

Thate
(b) Zatzedofol}2ix 4
(b) House sale price index

H'"Ik“m

Jeonse price rate
T

Date

(©) MM7IE
(c) Jeonse price rate

Unemplovment rate
e
e
-
-

d AHE
(d Unemployment rate
T8 1. ASIEHXE AlZE]
Fig. 1. Visualization of the socio—economic indicators



Journal of KIIT. Vol. 22, No. 2, pp. 21-33, Feb, 28, 2024. pISSN 1598-8619, eISSN 2093-7571 25

AFEe L&t milYd 2
< W, RdEE Mz OE 9%

A9 2dOl SARIMA(Seasonal ARIMA) R =Z 7}
AES AAE HFE o 23 Ayt 17 2004
2489 FEHFE JHdES AYES AL
1, SHHETEE FEHTE AT FQAH, GDP
9 367) WMgTE ARRE ST

O% 204 EfE 4dFo] HEgt 7A=Y
A9 gdFE wAgy 2dEt ge AAY o=
2do] t& 58 & FYPTE E F Aok
o I8 2b)dllA AAEHOR s AP
02 H4Ed A¥3 AAE 2t Jd AAE
o] ¢ o AAY dESEdET gHFE #aly
Y mdo] A7|dE BHAA =] TS Ho
G AE B Ut oY 54 Wy, 54 2d
o w2t 4% Aot EAlske A E F JdoH,
ol= o=/} thekdh oS ndo] At o
245 71 =9 284S Yehdth

= 2

.:% ....r'--.::/--‘r”-‘

1 AW il <

I S

|hlllr
() 7=

(@) Household loan

I, i ol 1,: .

|II | .I':.-"'.I = J.,_ ._I..

i 1;\ [I W o B

E . A | Urs, .II . Y I|
__-_ I . "._ _.'I -.I |1 L] | - I|I |
E" n RN ] * Wa LA | ..."" Ll o

\ I |
el / et

» ¥

Dhile
b) AHE

(b) Unemployment rate
% 2. AE|lEH X Zof ot ciekst ROl of & Znf
Fig. 2. Predictive results of various models for
socio—economic Indicators

Il Hiok SHE: R7IA so|x|ot YAE B

24 AR
Recursive Bayesian Ensemble Model)S Al
RBEM E&2 o= 27} & tdad
%oelx maE ke 944 Ueshe
A% 71| (Fitness weights)& s
ARHOZ o)F 2 JuolES B SR}
Al =] diA 7l <

o e 2
1w g
mo o 18 K =

2 yo
e YN

o
=
o
HJIO >L\,L
rr
iui

e M
_);[_1‘

o

o]zt Aol E 7 ndd

2 © Z(Sequentially) EHF+ 7|HoE, oF
A HlolH, F, AARE AAY Hlo]
5 ARE FEsto] A BHE US

k)
o f

N

A T AEE ZoFTHI9]

1% 3& RBEM R99] AWbAQl o= =24~
£ Yehly, RBEM Ed-S 7=317] 95 A3 3
AL e Zry 31 27 o=2rd AA 32 A
g5 71EA A 33 AE O 34 AAZ W)
°o]Z|Q YH|o|E A&

RBEM Rd& B5:0) o 3nde 2HPE)3
o] ARRStE o ZHPHo R A %7)(Baseline) ©l

vaAedol dEdEe d3ser 28

3 3
g o 2ol= Ay THYAE mE AAG o2
85 = SARIMA 29-& 27] AAsoh



26 AAH HoAt e LdH NS ol ABAAAE

—— Target Indicator —— Linear Prediction === Monlinear Prediction

1. Setup Predictive Model

Linsar Model Nonlinear Model Timeseries Model

4, Implementation of Recursive Bayesian Update

Recursive update

.

o thAg d%

— - Timaeseries Prediction == Ensembla Prediction

2. Fitness Weight Calculation

Frlness weight

1

.,;. e
J'f-.-: I 4 "
.l'! .-lf.-: o
.--"'-.-f I .
/ o~ 0.3

F| | ||||l:' I

Time

O3 3 MAHA Ho[X|eh ehAlE BH ofF ZZ2AM|A
Fig. 3. Overall process of recursive Bayesian ensemble model

Upddated fiess weight .
-E_ dpeElirnm) )
_E__ {Wrrvpd fitoeess woght
E:- Oserved limess n‘u.||_l___ — .'-_.Ill“-.hlh'""
2 in i past {pno |r|/ ,
[ = .-{_,.-' .__.'
* i
S ot
Funess weight
£ ?01]/‘1% o 2de zgM s

Al Fisle =
ANE 4 e

o) ot
RBEME R A= 7H5A= 7 5L o=
A5e 7oz Aikdn, d RBEME’_‘#J% st
FHoEE Z&sto] ARl 4
75 F WEolgE Sl 011—; éﬂrﬁl o g
AHResidual) & AT I F, 2p REOf ZbAb=
ARE 7hSAR AREE] el e dem W
Fat1, A4S 7MEAE 05E A2 A tstst
o FEHORE FHAT AYP= JteA 9 HEL
2 ()& &8 2dd9th

ol oo d

RBEM ®R& 7} mdo} o Sist o5k 7t
o A= 7A Y THeds B AF dSEs A
=3Ith RBEM RH9] HF oS3 4 ()9 2k

= D Wl 2)

AR R} Y e AYE 7}
?X]E ‘JrEWW w,, o g 49
o|Ed|A AAEA TEL 4 & oZrdy o=
ke ofvlgi,



Journal of KIIT. Vol. 22, No. 2, pp. 21-33, Feb, 28, 2024. pISSN 1598-8619, eISSN 2093-7571 27

34 M7H Hlo]x|et AHolE

RBEM EdoA 2= 7}52]= Ho])z|et b
o] E(Bayesian update) 7]'"1< Bl F7]1Ho2 A
Hoh 2 AFoA gt wlo]x|t HulolEE
2 (3% 2k

M
p(rw'm,t‘ym,t7 ym,t> & Hp(wm,t)‘L(wm,Jym,t’ ym,t>
m

G)

p(w, ) E AAFEEPHNZE 279 Aol ¢
¥ wde & 5 QU] Wed 21%e -2 5

U (Uniform)3tAl AT Llw,, v s Yoe) ©
S(Likelihood)Z @AAH H7ivolHe ats
g3t} ARt p(w,, Jy,..) & AH$EEHE(Posterior)
2, AHGETS SR 23S B 2AE Hd=
7VEAE YeRdTh RBEM 299 AT 7hg3=
21 3)9 FAe T3 FUIHOE HAHI, ¢ AF
of AREES AHe] Agunit o] A A

F4EE YulolE Wk

ik o

IV. A ZHX|E o &Y

=S

41 of Zoh &k |

53

A AT 7HANE, Feit AR, AY9ES
THUFE AAei THAdES 7AIFA e w

g 7k 2884 Adel AAH S AN
4 Qlt20]. B84 AEE =) 714, JHAE B
T3 AFoA M 2 S AT 240
o, Feake] E /HARES FEA%Y] A A
s Y 4 A1) =3 APES =5AF
of W& A Wl 7R Ae] dEHoRE
g F IEE =38 F22).

42 o E5d g

B gole oM F4use 443 s
&

2, FUFANNIAAS, AA7HE, AAES AZ

ST dESEdd &85 sk 713 20124 1
2 ~ 20179 12€019 20183 1€ ~ 20208 12€
tolEelE &8s RBEM 2dS Hrlsich =3
A AZAA BT e ASHRA, AT EE EAE
stz JEAA A ARE T A
AAE 2F A5HA 18, FUAES 7 & =
gd8S STt

aE9A s AA PEe FEuse 3

o anA=7RAS7E HE AT 4S9

N EEE

¥ 38 TE9A B A ARG B3
of JF ARIAES WA HolE oIt AAE
3 ogel FMYE, FAFANRAAAF, UE
AZE SUsP TAUA ARBARY BHES
A3l £ 35 go| HolEE 75 F dZm
9ye AR

AAD dF mEPe ARGl wet A% A
7} afold B4 AT dF S9, 19 4= A
g ZorE RS Bl ARE n2d 48
4 B dl=3 Asttt 127)drit F7140]
W AGEY A% AAE T AL W 25
H5e Uit 714 sEo] g

= 1
X
(2
o
=
=

602 H& W Fo] ofHEs

Ak o= BS FE 452 7] HsiAe HA
of ANAE FAskE FAe ads yehd. &
wroAe S 22" AEEE wo)7] S8
ArdE A AR Fel2gsh] BAsslth
4 i Aol fdd AAge HAEh
ANBIBAAE 5 2AAA AFAA A B
B2 T AF AWAAE NI W T 49 et

e JH9 ARE HEte] A5 FUsE

N



28 AAH oAt e EEH /S o1& A

AAAES] el

fand

o

N

E 2 JelN Qb A4F XME Zn oAl (BT TAZkEol e 2Y 21

Table 2. Example of applying the granger causality test (test results for the average rental deposit rate)

Min lag P-value Series 1 Series 2
4 0.002 Call rate
4 0.018 Total population
4 0213 Government bonds (3 year treasury)
5 0.044 Consumer price index - Price rate
3 0.058 Corporate bonds
3 0.105 Sales credit
3 0.110 KOSDAQ index

E 3 N A 4F UHES Sof MEE USHAES s Ho[HAl dA(SEH

g HMIte)

Table 3. Dataset example reflecting the causal relationship derived through the Granger causality test methodology
(dependent variable: average rental deposit rate)

KOSDAQ index

Consumer price index

Date (lag:3) (lagi5) Price rate
2012. 01 NA NA 62.7637
2012. 02 NA NA 62.8431
2020. 11 865.53 104.87 70.7664
2020. 12 832.64 104.86 70.8764
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Fig. 4. Comparison of unemployment rate prediction results by time lag
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Table 4. Optimal time lag for each main socio-ecnomic indicator

(b) Unemployment rate (lag:12)

of% Zxf 8l

Socio-economic indicator

Household loan

House sale price index

Price rate

Unemployment rate

Optimal forecastable period(months)

12

6

12
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V.2 2 o ASAAAEE PHHoR o EFad Bl
wdg 4 S i, 2ES Ao g
B AFAE AAoE 7t ERdst dzr  olEdE WS AL AdATAA A5
do] 722 HA zAsle GE 71Es w0 T o JHAA JAABA AARE T3 A
29k QJuolE 7He B8 72t mde] A= spE HHAZ W93 o= 2dyS AP =
g ANNOE ouolEsk: e gske A% RBEM Rdo] B AAY F& vy =
RBEM E-& Albstitt. AFS7gAIA = W 1t g e A AHE BTk SRR A AR
AR ABWA, AR T AFgBEA EA, A AEE STl gl FAA s T
HEA BAE d20] ofg]$ EAL zh=g wma 20209 Z2Y APz A7 BaAsAE
el dzudel AAY, ey RS oA olE A olgeg REY, ol HolE Ay
Zol det olZ mEe] Aol ol 54 ke Ede A S BA2 AR



Journal of KIIT. Vol. 22, No. 2, pp. 21-33, Feb, 28, 2024. pISSN 1598-8619, eISSN 2093-7571 31

HT FoEoklA AEAE M2k Al Hl

E i} dag v AL A 7hE 22
2 AYE o o] ATHT Yow, AAA

b=

s

);l'

A
T
2
e
m

dErdy e JMNEAE 4 o}—tﬂ £
EAE 7T 24][25). wﬁ o= A
o &8st 9

References

[1] C. Kim, "Economic Phenomena, Economic Analysis,
and Its Statistical Applicability: Focusing on the
Developments of Econometrics and Challenging
Issues", The Korean Journal of Applied Statistics,
Vol. 28, No. 6, pp. 1075-1091, Dec. 2015.
https://doi.org/10.5351/KJAS.2015.28.6.1075.

[2] S. H. Han, K. D. Kim, and J. M. Lee, "A
Research for the Improvement of Regional
Economic Model (KREI-REMO) and Its Linkage
with  Rural Support  System
(KREI-RDSS)", Korea Rural Economic Institute,
pp. 1-103, Nov. 2011.

[3] J. Lee, S.-H. Park, S. Cho, and J.-H. Kim,

"Comparison of Models to Forecast Real Estates

Development

Index Introducing Machine Learning", Journal of
the Architectural Institute of Korea, Vol. 37, No.
1, pp. 191-199, Jan. 2021. https://doi.org/10.5659/
JAIK.2021.37.1.191.

[4] D. H. Joo, "Analysis and forecast of the household
debt policy effect on the real economy using
VARX model," Journal of The Korean Data
Analysis Society, Vol. 24, No. 2, pp. 795-810, Apr.
2022. https://doi.org/10.37727/jkdas.2022.24.2.795.

[5] H. S. Hwang, "Hybrid Machine Learning Model
for Predicting the Direction of KOSPI Securities,"
Journal of the Korea Convergence Society, Vol.
12, No. 6, pp. 9-16, Jun. 2021. https://doi.org/10.1
5207/JKCS.2021.12.6.009.

[6] B. H Ko, G. C. Kang, and Y. S. Kang, "A
Study on the Economic

Jeju-do  Regional

Forecasting Model", Journal of Korean Regional
Development Association, Vol. 24, No. 5, pp.
22-39, Dec. 2012.

[7] K. B. Kim, "Regional housing market prediction
using machine learning and time series model:
Focused on the actual transaction price index",
Master's  Thesis,
School, Feb. 2020.

[8] C. Y. Im and H. C. Kim, "A Study on the
Analysis and Prediction of Housing Mortgage in
Deposit Bank Using ARIMA Model", Journal of

Korea Institute of Information, Electronics, and

Hanyang University Graduate

Communication Technology, Vol. 12, No. 3, pp.
265-272, Jun. 2019. https://doi.org/10.17661/jkiiect.
2019.12.3.265

[9] A. A Ariyo, A. O. Adewumi, and C. K. Ayo,
"Stock price prediction using the ARIMA model",
in 2014 UKSim-AMSS  16th  International
Conference on  Computer ~ Modelling  and
Simulation, pp. 106-112, Mar. 2014. https://doi.org/
10.1109/UKSim.2014.67.

[10] C. Cheng et al.,

nonlinear and non-stationary processes: A review

"Time series forecasting for

and comparative study", IIE Transactions, Vol. 47,
No. 10, pp. 1053-1071, Apr. 2015. https://doi.org/
10.1080/0740817X.2014.999180.

[11] K. H. Nam and N. Y. Secong, "Financial
news-based stock movement prediction using
causality analysis of influence in the Korean stock
market", Decision Support Systems, Vol. 117, pp.
100-112, Feb. 2019. https://doi.org/10.1016/j.dss.
2018.11.004.

[12] U. C. Buyuksahin and S. Ertekin, "Improving
forecasting accuracy of time series data using a
new ARIMA-ANN hybrid method and empirical
mode decomposition”, Neurocomputing, Vol. 361,
pp. 151-163, Oct. 2019. https://doi.org/10.1016/
jne. com.2019.05.099.

[13] S. Hussain et al., "Structural equation model for

evaluating factors affecting quality of social



32 AAA HoAt e REH NS ol ABAAAES] T o

infrastructure projects”, Sustainability, Vol. 10, No.
5, pp. 1415, May 2018. https://doi.org/10.3390/sul
0051415.

[14] C. H. Wu, C. C. Lu, Y. F. Ma, and R. S. Lu,
"A new forecasting framework for bitcoin price
with LSTM", in 2018 IEEE
Conference on Data Mining Workshops (ICDMW),
pp. 168-175, Nov. 2018.

[15] R. Mulaudzi and R. Ajoodha, "Application of

deep learning to forecast the South African

International

unemployment rate: a multivariate approach”, in
2020 IEEE Asia-Pacific Conference on Computer
Science and Data Engineering (CSDE), pp. 1-6,
Dec. 2020. https://doi.org/10.1109/CSDE50874.2020.
9411581.

[16] S. W. Bae and J. S. Yoo, "Predicting the Real
Estate Price Index Using Machine Learning
Methods and Time Series Analysis Model",
Housing Studies Review, Vol. 26, No. 1, pp.
107-133, Feb. 2018. https://doi.org/10.24957/hsr.
20118.26.1.107.

[17] J. W. Kim, "Prediction on the Ratio of Added
Value in Industry Using Forecasting Combination
based on Machine Learning Method", The Journal
of the Korea Contents Association, Vol. 20, No.
12, pp. 49-57, Dec. 2020. https://doi.org/10.5392/
JKCA.2020.20.12.049.

[18] A. Ouattara et al., "Scalable Econometrics on Big
Data--The Logistic Regression on Spark", arXiv
preprint arXiv:2106.10341, Jun. 2021.
https://doi.org/10.48550/arXiv.2106.1034.

[19] C. A. Holt and A. M. Smith, "An update on
Bayesian updating”, Journal of Economic Behavior
& Organization, Vol. 69, No. 2, pp. 125-134, Feb.
2009. https://doi.org/10.1016/.jebo.2007.08.013.

[20] C. Ho. An, "An Empirical Study on Prediction of
Household Debts Using a times Series Model",
The Society of Convergence  Knowledge
Transactions, Vol. 6, No. 1, pp. 91-97, Jan. 2018.

[21] E. Y. Choi, S. S. Koh, and H. D. Hawang, "An

[N

analysis of the effect of change real estate prices
on the bank", Housing Studies Review, Vol. 19,
pp. 101-121, Aug. 2011.

[22] J. H. Na and E. S. Kim, "Forecasting
unemployment  rate  using  social  media
information”, Journal of the Korea Industrial
Information Systems Research, Vol. 18, No. 6, pp.
95-101, Dec. 2013. https://doi.org/10.9723/jksiis.
2013.18.6.095.

[23] A. Seth, "Granger causality", Scholarpedia, Vol.
2, No. 7, pp. 1667, 2007. https://doi.org/10.4249/
scholarpedia. 1667.

[24] T. Amakasu et al, "Conflict-free collective
stochastic decision making by orbital angular

through
interference”, Scientific Reports, Vol. 11, No. 1,
pp. 21117, Oct. 2021. https://doi.org/10.1038/
s41598-02 1-00493-2.

[25] J. Kim et al., "DPM: A novel training method

for  physics-informed  neural

momentum  of  photons quantum

networks  in
extrapolation”, in Proc. of the AAAI Conference
on Artificial Intelligence, Washington, USA, Vol.
35, No. 9, pp 8146-8154, May 202I.
https://doi.org/10.1609/aaai.v3519.16992.



Journal of KIIT. Vol. 22, No. 2, pp. 21-33, Feb, 28, 2024. pISSN 1598-8619, eISSN 2093-7571 33

XMAL2IH

=
MM

$4 (Junhyun Byun)
024 29 : BFES s

| hen B |
2022 3Y ~ dA
Sh=-g- st st

mhes el g3t} 44
B ; A, o83

e
A R BN
ol ; 222 HAHY

Kang)

2009 8¢ : FE3tw
AgE AL
20113 8¢ : 1t
RRAGFHEIAN)
20159 2¢ : 1HUEgw
AFAEI)

1 o015 ~ 20184 ¢ A4 SDS

A E A4 IoT /dHolEEH ‘jilz], Senior
Engineer
2018'd ~ 2019 84 : 43 SDS H¥lHo|lH £AH
Blglo]E £4 T4, Principal Data Scientist
20199 9€ ~ FA : F=F St F I 2n
AR} 2] mdY HAHIOR) 7= TE

2EAZ 3

= 5



	재귀적 베이지안 앙상블 모델링 기법을 이용한 사회경제지표의 다변량 예측
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 데이터 수집 및 연구 동기
	Ⅲ. 제안 방법론: 재귀적 베이지안 앙상블 모델
	Ⅳ. 사회경제지표 예측 실험
	Ⅴ. 결론
	References


