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(Table 1) Key Regional Economic Indicators

Indicators Sectors | Frequency Lagsl) Sources
* Industrial production ..
. ] Output | Monthly |D+ (less than) 1 month| Statistics Korea
index (manufacturing)
* Industrial production D+ (less than) 2 .
. . Output | Quarterly Statistics Korea
index (service) months
Output, D+ (less than) 12 o
* GRDP Annually Statistics Korea
demand months
. . Overall . L
* Regional composite . D+ (less than) 3 Economic Institutions
L. economic | Monthly .
economic index . months by region
conditions

Notes: 1) The lags between the target date of statistical reporting (D-day) and the public
disclosure of the statistics.
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(2014), Bell et al. (2014)

Ao ™ o M ook oI O o Br BB 5 70
- S| S M1 I ) T TR w© Moy o]
S e K s wour o w o = =
\I,ul(Z\ﬂ,I ,‘WOH.lrL ,UFELI T o3l
N . w o= = o WX ﬂX:A

% o= M T R < R SR N
o , oY = ER g TR W
B I N R R B3

‘ull iﬂ.l.W‘LuO O# 1)_A| 1._|0 1r77 o
Tr g ®m oS X B owmEBC T
o gy & F & B = phr 4P s =

S R R R A T
w0 D o T oo B o N e w
8oy Y oop B -~ FEX bt 0w
SEF I+ o T o= BTy -
~ [ K 3 @)
s x =¥ B e 293 avg oz
I T S ® PR owET
T ®® S om o w = S
STy Txew CEhELD 2
A o ™ N o m 1 T
_ o © o Nrm Wow ° ,‘_Lm S 0 N ﬁ Hﬂi W
N RN L R A I e S
8 opf o o ,L_urb. ﬂﬂ%g%%% iy
Do T e K of B R O T N
o, NS - oK 4 oy NE 2
oo S = g T dg@lor HH
B o= = = o Taxe Lo +En 2
W= = Z Kfﬁﬂuﬁ LR AR il o
T o =0 o gaar 3T EL Z

%0 w I 5 & R g X Mo
2\_ \WO ~ an e ,,W ﬂ—.N—A fv.All O#E ﬂo i < ou#o _L ﬂE_
N &) X _ OE)A =0

Mg Loy < W q ® M g o w ™ g Tl
~ e E T N M & T T eonE W
N %oi = I Jlmm Tgr N RS w oo oM
T o T Do X TR~ AT S G W
of X W B @ e fo FoFRETFRESE
sPT S ZHR |\gEasfaiiod

o X o <) b o v "o 7
b qum@m& 7o 3= o uf Mo of B B =
domm v+ T ¥ g X

jud

ﬂaﬂﬂwnwﬂ,_ NN G = @

Al 719t &3S 3319 o,

1

ol
o

9] GRDPo|| W3

}

A
s

(202) & &

Yo

6) ©l



}

k)
y 8l

gl 7]

1

R

2

0

oL
[¢})

olUe} RECI &89
A7 JHE A

A
=

o= 7lgdh

=
o

Al el BHA| oA 2] BAA

2 A A dloly 7+

i

pis

A

W7ol 7hs

7} -

=
T

g fasp

22|

s
& A]
[Sl=t

T

R

gl
97

[€]
p

1

Q.
Ay F27]

°|

L.

=
=
1

HlolE
ol A
S\ RECI A5} GDP F&7] 771

taitk. GRDP

=
i
(<

A BtTh Al A]

AYE

5]
H

&
ol AV Al s 2

af

=

1o} maha

RS

ks]
A9 @9l %714 EE

AA A o

I RECI A|5+5 7H

[

-

eSS

oA A7t 7}
sh 4] el Fol7t glek.

ATk

A

=

}Oﬂ
=

I

328
}ai7] 9
= 4

!

theat 2k 9l AT E 2]
3} RECI #]
Y (PR14= 9], 2023) A
2 e

o

L

\

o] mE A

w74
INE B7) A Ar1Agarg 8 Fe A



128 #EFHEHE A28 A2 5

W) wjge] Bot wEs Fee A7t s SRS 1ad 2
27} 9tk o] & 918 RECI A= A9 5% Hl
F, Mulxg] A e 53 GRDPE] Tx35F =
Rajele 3, T E7]9] GRDPE F33le] A|=3}3}

ZRIPHA Fo] A9 Az GRDPY LASHE= sl GDP B79ke] 33

(Figure 1) Recent Developments of Busan RECI

{Comparison with Industrial Production Index’) {Comparison with GDP)
Busan RECI ----- Mining & Manufacuring  =----- Services ——Busan REC| —GDP
(QoQ, %) (Qoq, %) (Q0Q, %) (QoQ, %)
0 - 410 4 - S 4

Ao 2 L 1 2
N LT Amasa PVA
] 4 { 0 . v| el o

o LAADAA NALANL] "V "N
AV Y R A ;
g \.‘ ’: Loy

-10 b 4 -0 -6 - -4 -6
17.1/4 19.1/4 21.1/4 23.1/4 17.1/4 19.1/4 21.1/4 23.1/4

Notes: 1) All data herein is seasonally adjusted (S.A.). In the instance where S.A. series for
the industrial production index (services) is not available, we compute the series
using the BOKX13. The original data sources are Statistics Korea (https://kosis. kr)
and the Bank of Korea (https://ecos. bok. or. kr).
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5}
gl 717199 2.8 (long short-term model, ©]8} LSTM 53) 2 JE7] A

Fo= ARtk LSTM 28& AAIE A5elM 58 JHE Ad 7
HE g JHI} o] 3 Ao HdE =

9 A
272 Rl AF oz el AT F Al Mg of| S0

Hlwal] 7FHA dESexyt FoERsE genHE  #H A skt (Hochreiter and
5}

At

t AFAe] LSTM gxueg]E 7272 4] (2) 9 22, o 7ATsF 4
&= g24 ¢ A layer AAMIA <1 (cell state) & o] &3t &
7R A et t—1 AREA7A] AabE gz o< ok ¢ A dEE T E
IFrE B3l o7 E AL e B FEE olu AxTF 9eA
Aol= 7texlolH, I, A FEE oJx A=F 798X & =
olth. I, ¢} I'E ol&3to] AA9 FHE Wtgde ="~ & Avtelial, ©]F softmax
ol tlgsle] ¢ Al-oA L] HE &8 d2x9] i~ T2 et o)E =2gst
 olefe] (Figure 2)¢} 2t}
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(Figure 2) The Structure of LSTM"
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A go] %
ohe] HeiH o= 7] WRoleh 9 S Aulagd AL AR T EE
& olelgt SYo= dla $AAYg RECI A9t A2 & JBBAT Hola

SITk. oh2# WAA|%sh RECI A5ste] & B2YL 7ekstel 2449 334
9 A Ay YAAFE AEHTE AUAYAFE A Bl 27h2 0

3t 10

(Figure 3) Key Features of Economic Structures in Busan

{Correlation between RECI and Industrial

Share of Main Industries’
< ? Production Index (Services)?»

Busan(A, Left) Nation-wide (B, Left) 10 - S 10
+ Differences(A-B, Right)
) (%.p)
80 1% o8t 1 08
>
0 L 1.0 06 F 1 06
*>
>
> - 0.4 0.4
40 4 o
02 | 1 02
20 [ - -10
>
00 00
Services Wholesale Transportation Real Estate , n heal
&Retailtrade & Storage Activities
aced
o

Marufactuing  Services  Transpormtion Human Health ReslEstata  Wholesale &
& Storage & Aciities  Retail Trade

Social Work

Actiities

Notes: 1) The share of each industry is computed based on its contribution to the aggregate
value added in Busan as of 2021.
2) For the industrial production index (services) where S.A. series is not provided, we
compute the them by applying the BOKX13 to the data spanning from 2010. Q2 to
2022. Q4. The original data is sourced from Statistics Korea (https://kosis. kr) and
the Bank of Korea (https://ecos. bok. or. kr).
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(Table 2) Data Pool” for the Estimation of the RECI Nowcasting Model
(Busan, 54 Series)

Included in

Variables in the BOK GDP

Categories Variables Sources Region Units Nowcasting model
the model .
Included Alternatives
X
RECI (Busan) Bank of Korea | Busan 0 (newly added)
GDP 0 0 -
National Private consumption % -
account : Bank of Korea ) (real,
6) Construction (national Nation- X QoQ) -
Facilities investment account) wide -
Ex )
xports of 'g,oods and 0 0 B
services
Unemployment rate X -
Employment ) -
mployment rate ( 9%
Labor force participation X X (substituted)
rate
Economicill?' active Sta‘tist,ics K()rea 0 X (substituted)
Labor market population (Economically Busan Number of Jobs
) Economically inactive |active population % subsituted) | PF One Job
population survey) . Seeker
: thousand
Population, 15 years old X X (substituted)
and over
Unemployed persons X X (substituted)
Employed persons 0 -
Export Korea Customs 0 0 )
Service
Import (Trade Statistics) 0 . 0 B
External USD mil.
sector Korea Busan estimated index
o) Capital goods import | International 0 X (substituted) | of equipment
(Trade Association| investment
Busan port container Busan Port X TEU X B
transport Authority ’ (newly added)
Retail sales index X 0
Large retail
non-specialized stores X X B
sales index Statistics Korea (newly added)
C i (volume) (Monthly Service
onsumption : Industry Survey) 2020
and prices Laf%e 'retall ’ Busan -
6) non-specialized stores % =100 X B
sales index : (newly added)
(value)
Consumer price index | Statistics Korea 0 0
CPI for Living (Consumer Price 0 X B
Necessaries Survey) (newly added)
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Ministry of

New motor vehicle Land, ¥ Vehicle X )
registration Infrastructure (newly added)
and Transport
%
Index of all industry | Bank of Korea 0 (mon‘(r]hfon X B
production Estimated ] (newly added)
-month)
Mining and
manufacturing 0 0 -
production index
Minine and Statistics Korea
Output 'g . (Monthly Survey B 2020 . . manufacturing
) manufacturing shipment Y usan 0 X (substituted) | . . ,
J . of Mining and =100 shipment index
index .
Manufacturing)
Mining and manufacturin
manufacturing inventory X X (substituted) |, rng
. inventory index
index
.. Korean
Expressway Traffic in . - X
Expressway X Vehicle -
Busan . (newly added)
Corporation

(Table 2) Data Pool” for the Estimation of the RECI Nowcasting Model (continued)

Included in

Variables in the BOK GDP

Categories Variables Sources Region the model Units Nowcasting model
Included Alternatives
Services 0 0 -
Wholesale and retail 0 X )
trade (newly added)
Transportation and 0 X .
storage (newly added)
L X
Real esstate activities X (ewly added) -
Services Statistics Korea % Wy
@ Professional, scientific |(Monthly Service Busan X (quarter-on X .
and technical activities |Industry Survey) ’ ~quarter) | (newly added)
Business facilities
management and X
business support 0 (n&\\x'ly" added) -
services; rental and )
leasing activies
Human health and social 0 X B
work activities (newly added)
Commencement of N
Construction |Building Construction by] ~Ministry of X (newl added) -
and Real gross floor area Land, . )
Busan 1, 000m2
Estates i i Infrastructure
® Construction permit by | , 1 Transport ¥ X }

gross floor area

(newly added)
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Commencement of !
. . X
dwellings construction X -
(newly added)
by gross floor area
Construction permit of ,
dwellings by gross floor X X -
(newly added)
area
Value of construction Satisties Korea X
o . (Monthly Survey X KRW mil -
orders received . (newly added)
of Construction)
Hosuing sales price ¥ X )
index 2001m6 | (newly added)
Hosuing jeonse price FEZ;? 150 o;l q X =100 X .
index ‘ ’ (newly added)
House sales transaction . X
X No. -
volume (newly added)
Manufacturing sales . . .
growth BSI X X(substituted) | All industries
N - | sales growth
on-manufacturing sales o BSI
growth B 0 X (substituted)
Manufacturing business
condition 0 0 B
BSI
Non-manufacturing All industries
business condition X X (substituted) business
BSI condition BSI
Survey Manufacturing export | Bank of Korea Busan 0 - 0 B
(10) growth BSI (BSI, €SI ¢
Manufacturing 0 0 B
production capacity BSI
Manufacturing new 0 0 _
orders growth BSI
Manufacturing domestic 0 0 )
sales growth BSI
Dom'est1§ econf)mlc X 0 ,
situation CSI
Composite consumer ,
. . X 0 -
sentiment index
Notes : 1) Six data series used for GDP nowcasting (i.e., producer price index, import price,

export price,

petroleum products,

economic sentiment,

included in this data pool.

consumer price excluding agricultural and

and consumer price excluding food and energy) are not
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vl =Y v, )
=(V"+ v+ ) - (v v+ )

= yiqu 22/?{1 + 3y?{2 + Qy%‘s + y?{zx

714 vfe B2 100xlog(RECI?), YME #ZHA 22 9 100x

log(RECI)ZE 2Jm]3lit},

g F4o] ¢rd olFde T 299 d5E<S Friskl e, ol fdl
FHUS 713 FAe] = (%) EA] HolHAlS T53llth. dnbdos myeo] 4
2 53 HrEE AsiMe FHo] el He 7 54 ARl AAl s 7he
4 dHolH= 4% WEA| HolHAeR died A7 B27] 471d%S AAle]
Holof gt} ((Figure 4)). oY Fgol &85 T A37F 54 Y, 4
A 4 8 SR B T YUlEH A 7|E FAEL HAV|HE A5 8ot
@ AP ZA ] A HEA] dlolBle P57 ]E oldoh whebA dA i
7Fedt vlolelz 793 FHEA vlolelE o] oS53 Frtel tiil &-8-s)3l

=

(Figure 4) Example of Vintage Data Construction

Vintage Data Vintage Data Vintage Data
(Time Point ; 22.6.30) (Time Point : 22.7.7) (Time Point : 22.7.14)

| GDP| P [ Prod | oP| Pl [ Prod | [oop| cPI [ Prod |

221 07 10469 108.7 221 07 10469 1087 221 07 10469 108.7

2 2
2 NA 1053 1075 +7 day 2 NA 1053 1075 + day 2 NA 1053 1075
3 NA 10606 1093 - 3 NA 10606 1093 » 3 NA 10606 109.3
4 - 10685 1114 4 08 10685 1114 4 08 10685 1114
5 107.56 5 5
6 6 6

NA 10756 111.8
NA

NA 10756 111.8
NA 108.22
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HAA2z

ghH, A dlolHE gFulolH 2 AR5t HA vlolHe 20%E 28 A5
At HS Aoz HdHsid 1y HSE At 2 EASE B e
LSTM =39] F9 3stoln mtefu|e]e] AF &2 (Table 3)3 #Zth 7z LSTM
2y 7] il BS5a= FH5] f8t sigmoid F4E €43 42 A
3o, 100712 == (hidden 2 cell state) 2 TFAIE o] Sith. E B3 A A ol|A]
= 3,0009] FHE E3lod 500709 LSTM RE&ES k539l om, 5007 239
7} d2Xg 8ol AF 2 E THYC
(Table 3) LSTM Hyperparameters
Categories Hyperparmeters
number of nodes 100
activation function sigmoid
lookback period 21 months
loss function MSE
optimization algorithm Adam optimizer
drop out 0.5
epochs 200
training data All data
validation data 20% of dataset
ensemble 500

(Figure 5) Flow Chart of RECI Nowcasting

Data Pool & Variable Selection

Model Estimation & Forecasting

Data Pool for the
RECI Nowcasting
Model

Regional Variables
newly added (22 series)

I

Variables included in
GDP Nowcasting
(21 series)

Alternative Variables
for GDP Nowecasting
(11 series)

i

. . RECI Forecasting &
Model Estimation | =) { Weekly Update
(ENSEMBLE)
2022 4th Quarter
Dynamic Factor Model 229.9--9.16 - - 23324
o 0—000000>
* E-STEP M-STEP
Final Final
Variables
(25 Series) + =, G o
Long Short-Term T
Memory (LSTM) == .

RSN O ¢
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S

(Figure 6) Process of RECI Nowcasting

(Example: 2022.Q4)

| 224Q RECI Release |

Update

Starting Paint

2023.3.27(Mon)

2023.3.24(Fri)

2022.9.16(Fri)

2022.9.9(Fri)

2022.12.30(Fr))

2022.10.7(Fri)

(

(

{

Final Update

Target Quarter(22.10~12)

2y

I EM (expectation maximization) 8]E 7]9ke] o

3]

#7429

g

DFM B
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SEFYHE o]tk EM dag|Ee A5 Al ZanEeR ued &
Atk AH Gid #2771 23 4o &8<] 511 Ut (Banbura
et al., 2010 Bok et al., 2017 5). ?iﬂagi—é Y] ASAE AHY¥a
(E-step) FoIx 4HALOAN S22 F S
< FEF FAaSUAE FEE WM HhaSkA| ok

o] oA 15d SR 3 =2t ol%<rouing—window> sto] skl g
HulolEsks =23 GDP 7] A71A% a3 2], #3°] RECI B&7]
A7 2ol obF] A vlolE Y] AAIGe] FiEd] ZA %% AL ads
of Hr} Al 4 AFE A7) &l 2010. 1/4-21. 4/4%71] He|H&E 173
(fixed-window) 314 33+ EFgks A FES (out*of*sample) Oﬂé 17kel
2020. 1/4~23. 2/4%71] &

2 ]
B D A T A

I:M
rulo

H
% F712 WESte] RECI A48 A5A1S dulol et o9 A28 #5471
ECI 4748 clSA7F Wese 2+, & #54] Wske RECI 8%

13) &2 o5& BAMFE I WA s The S Ak WA, o 5] 20219 1/4%7]
GDP B&7] 771:% B & 06. 1/4%71-20. 4/48718 WFE AMEste] 3}, 2/4%7]
7] 71" B2 06. 2/4271-21. 1/427] WFE AHgste] FHote W olth (West
and McCracken, 1998; Elliott and Timmermann, 2008 %).

10 239 333 /1€ 98 0 RCI A% Aolelel A% 7], AL 43 FE %7& 7

AC R 7P eith
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(2) 7192y

LSTM 232 2x gt ule} o] DFM 2ol 4 H ZAAMSFE 7k Al

S Fote WA o® FAE ] St o] fl8l AAl SFtlelEE

d tlolE gk AR HlolB 2 Ure], A S debEE A stet

2 o gaME 2L Bk Hek o)A skehilE HARE A7t 47

& slols] shefulg SolA o2 AE H A HUlEE Ho} Lk a0
2 o]olalnt

$HH, RECI 374E 5= feixe old R 713t St ZAATFE o Sl &

&3 ](lookback period) 751?'5]10]: s, EadAs 01% 217Me 2 AR stech

DFM m3%3 2o 4

A HlelH S 01%3}“‘4. aeja JJrE‘rU]H F40l ?J-‘ﬂi o] Fo|x A& a3t

Z & o] RECI A%

& ASAY &= -4%‘*—41943 FE7| A7NAY dSA R o] £33 U (ensemble
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2020. 1/43271~2023. 2/4271 thall A&k F-4F RECI B27] 37147 A3
B9 GE] 77550 UF dlSee] ANH O $55 Ao

urh PAGoRE Bad giy] 7149 Bg0] A9 5798 WES 2]
ARG O, FARYY A1ARY (oo AREE) T LAHL AALR
18 %o} 4 Aew vt 1)

o S (y,) o Fhol g el A Fly, 1y y—p 5 Y—) EC
4) 2o BF y,=a+By— 0ot

= Henzel et al. (2015), Gordon and
714

53@/,5—3"’54%74"‘%9] Je2 FIdTh
gE A BAH 72 AFNHE o= HaS

Mendieta-Munoz (2021) 5 A< ¢9]
e FARGZE AHEH 3 Sk
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(1) oil% 23

WA H2e] A71HE 713t te o 5E S GRI8E] f18) (Figure 7) 3 2o
F21 199] FAC R FAFRECI A4Ee] g¥dd 2020 1/4%71¢} 3/4:271¢]
23 o= 23S Au Rk 2020. 1/42719} 2020. 3/4%7] F4F RECI AFE2
22U A9 glEoz Z W] A, 47 4. 1%p(19. 4/487] 0.5% —
20. 1/4%-7] -3.7%) &F +5.1%p (20. 2/4%7] -3.3% — 20.3/4%7] 1.8%) W33}
ol 7] 7AW REe T AR RFolA e wWskE 4 RECE 2H8 Al
BT} 371 o] o] & Al ZASI e, 2020. 1/4%87]9] 9 RECI #aE
2z o =3 Alo] 2020. 2. 28Y (RECI 2 -185) o|1e™, 20.3/4%7]1& RECI
Z7VE AR =3 A]-o] 2020. 8. 289 (RECI M4 -185F) o]tk ol ¥1.9]
7] A7 BYo] S HHEA SHA BF 840 w5 AXKITH

Tnru =2

(Figure 7) Nowcasting Results for the Quarters after the Outbreak of COVID-19"
(2020.Q1 and 2020.Q3)

= Labor mm— Extemal Sector Price m— |_abor Extemal Sector Price
= Production —Survey — SEIVICes m— Production m— Survey m— SEVIGES
National Accounts DFM National Accounts DFM
LSTM Average ® RECI LSTM Average ¢ RECI
(%6p) (%) (wp) (s6)
2 B r Y
<
—
- S oL
0 —H—A—I—A—A—l—l—l—l— 0 10
—
0 - ﬁ
o+
<
-4 g 4L s
191213 20/1/31 3/20 5/8 6/26 20/6/12 7/31 918 11/6 12/25

Notes: 1) Each bar (left axis) represents the contribution of the individual variable in each
group to the variations in the DFM nowcasting results. Each line (right axis) denotes
the DFM (navy) and LSTM (dark vellow) nowcasting results, respectively, and the
ensemble of the the two results (dashed grey).

2o 2 dA) (2023, 287)) 715 H 3E7IEC e 2Ee] o= Ayw Ay
Hokth (Figure 8)°llA] Yehd ule} 7ol 2022. 4/4%719} 2023. 2/4%-712] RECI
ARAEL A2 FEaA Agsr vbd, 2023, 1/457]d= +0. 6%p 7}9] =2



(Figure 8) Nowcasting Results for Recent Periods

(2022. Q4 (2023.QL
m— Labor Extemal Sector Price m— Labor Extemal Sector Price
= Production — Survey — SEIVICES = Production —Survey — SEIVIGES.
National Accounts ——DFM National Accounts ——DFM
LSTM Average ® RECI LSTM H5a ® RECI
(vep) (36} (&P} (56}
2 - 52 2 52
—
<
[ ]
-
0 W 0 0 0
| | 9

22/9/9 10/28 12/16 23/2/3 3/24 22/12/9 23//27 37 o/5 6/23

{2023.Q2)
(%D) (%)
2 2
1 1
A
R_,_,_J
<
0 0
-1 1
23/3/10 4/28 6/16 6/30  8/4 8/25

Notes: 1) Each bar (left axis) represents the contribution of the individual variable in each
group to the variations in the DFM nowcasting results. Each line (right axis) denotes
the DFM (navy) and LSTM (dark yellow) nowcasting results, respectively, and the
ensemble of the the two results (dashed grey).



144 FEFHEBHE A 7278 A2 5

HEEY 0% AR Y W7t Alshs WE S-S (Table 4) ¢} 2] vlus] Bt
th 16) 7 Aog A Ed, A9 WG] Y| ot A W] vla] g
o7 & Zoz yehgth o7 2020. 1/4%7] RECI A3-E2] 7% RECI A3&
o] DFM dl&A& 3 A (2019.12.13Y) 715 0.61% 2 oS¢ v npx]9
T (2020. 6. 269) ofl= -0.92% = <& -1.53%pe] MEEE 7|53,
3 ol SA] o] Wsk= -0.38%pe] A= 2913, -1.16%pe] FAHAY 28lof 7]
shdnk mEgh, AW oA 1470 B7) 3 470 87120, 474871, 21.1/4%7), 21.4/4%

7] &
71, 22.1/4871) & AQStane 5 FARY Wl d= W gQlo] Awsle
] 3k

5

l

i

RECI 2] ME%e] Wgo] TUT s &A% ¢ ol ol dase 7
8150 A2 AR e s FA Y A7 J3F= nAAR A9 89)
o) g@Fo] dider o A L%:}‘ﬂr% A& At ole 2908 9] (2023)

(Table 4) Variations in the Nowcasting (DFM) Results and Contribution of
Busan Variables

(%p)
2020 2021
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Total Variations” -1.53  -2.67 1.52 1.35 0.16  0.15  -0.31 0.02
(Contribution)”
Busan -1.15 -2.67  1.33 1.40 0.32  0.07 -0.30 -0.20
Nation-wide -0.38  0.00 0.19 -0.05 -0.16  0.08  -0.01 0.22
2022 2023
Q1 Q2 Q3 Q4 Q1 Q2
Total Variations” 0.04 011 -0.27 -0.57 -0.34  0.39
(Contribution)”
Busan 0.17 0.06 -0.16 -0.53 -0.33  0.34
Nation-wide -0.13  0.05 -0.11 -0.04 -0.01  0.05

Notes: 1) Total variations denote the differences in the values between the last and the first
nowcasting estimations (DFM).
2) Contributions represent the proportions of total variations accounted for by Busan and
nation-wide variables.

16) #F A8E 26708) M5 F GDP F7] A/ E FEH O 29 AT W T
At A%, WA, AsGE S GDP AR ALY 3oln, RECIE 88 vl
A

A 237) e BF RS Weget



AR S 27| 771 AAY] a9 RIS 58S HaAlEZ At Root
Mean Squared Error, ©]3} RMSE) &+ HAt) 22} (Mean Absolute error, ©]3}
MAE) & 71F02 #7283 v]wsle] v BoIr) 17 (Figure 9 H2ld ule}

B30 AR() B3PS AT #AIgle] AR =2 d5exE B vt
M 2&2 A Al 2A oS5t 2 Yelsith. 53], DFM 232
MEE BAAZZE F71 wet St mEA fdidte REgs Bt
LSTM ®3e] A= AARAZ} F7HHA dSeat Zoles BES 5YUst
Reut DEM 23 Hsie AHA oz dSFexrt 24 velsth ol GDP
GE7] A7|A%elA LSTM 23] DFM 23 Ht} dZ9x} ZHox e By
HAW old 9] (2022) oF @] RECI G#7] A71A%e] 49 28 4 &
J& dolE 471 AL ¥ wE ez dActHo
E AIFEE Bo) 2] AR, £ HolEEe] v YE] AlReke
RECI &% < 1854 DFM 2g3} LSTM 239] d|Z9x7} 37 Zo]E3th
Z, RECI 3% 18F o|dol& DFM 2&3 LSTM 2&o| RMSE 7|&o& 747}
1.47%p% 1.81%p &=, MAE 7|F2 2% 717+ 0. 95%p¥ 1. 22%p 59 o=
222 BEd), o|F T 23 RMSE 7% 242 1.3%pd 1. 64%p %, MAE

71222 0.88%p¥ 1. 12%p FEl2 oS5} stesisith o] % ol iy
o] Y= RECI A5+ 3% o 97T e F 63 BF oSt 4
AN FAEE BEs Bolw, 3% 1574 HAF A% A= RMSE 7+ 47

1.18%p¥ 1.58%p 4=, MAE 7|F2o2 (. 79(%pﬂr 1.1%p =% 71=3150th

n

Z(y y)? i|3§*y|

17) RMSE= || ——— MAE:T. 3, B o 2H| s 293 EAE

)

< o] 8-t Diebold and Mariano (1995) 737%, Clark and West (2006) 7% So] d2] &5
3 glont, EaelMe AHBA AAILGe] F o= Qlal dSHd 7I3te AejA o7 A
2ol Agol AL Tk o7t dAlE AHTA ElolE 7t A E o] el whet s
Zoltt.

%%oﬁi

x0 o
o
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(Figure 9) Comparison of Forecasting Errors Throughout the Horizon"
(DFM, LSTM versus AR(4))

(RMSE”» (MAE”Y

— DFM LST™M AR(4) — DFM LSTM AR(4)

0 0 0 0
-29 -25 —21 —-17 -13 -9 -5 —1 —29 —25 —21 -17 -13 -9 -5 -1

Notes: 1) x-axis represents the h-weeks (t-h) preceding the release of RECI (1), while y-axis
represents the forecasting errors of the models (DFM, LSTM versus AR(4)).

n

(y—y)?
2) Root mean squared error: RMSE= 2]‘/% i

Mgyl
=

3) Mean absolute error: MAE=

A, HE AYRECI A FE 157Q) & 71E2R 24 2y At 717t
2020. 1/4%71~2023. 2/4%71, F147) £7)) ol gt oS3k FEX % S18) Htrt
Figure 10p). ¥4 A%, F 28 BF oZ3}
(DFM =28: 117] £7], LSTM 28: 97 ¥7)) 3= A2 Yepgth 53], d3d)
& 713be] A2 917] o] F & A9 ArIWFe] AA FE A e, ol=

(
(

N
N
=
2
fru
(@]
N
o)
o
=
B
M
53]

|5t Bl A7171%0] HhE wlet |52 Aol & HolLA® F/12 el
o) wgleh FAHSEIAE (Table 5 M9 2ol LSTM R3] 2§ RECI A%
oA 7] 3] TR HRBAS BT F 99

T

23 ARA F RECI Al Wgo] 1%p vldel o Seate 1%p vl A9
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(Figure 10) Distribution of Absolute Forecasting Errors”

(times) =DFM (times) 12
LST™M
9
6
6
3
3
) L L L L 0
0~0.5 0.5~1.0 1.0~1.5 1.5~2.0 2.0~  (%p)

Notes: 1) x-axis represents the size of forecasting (nowcasting) errors (in percentage points),
computed as the absolute difference between the DFM nowcasting value one week
before the release of RECI and the realized value of RECI.

(Table 5) RECI Growth and Forecasting Errors"”?

RECI growth (percentage change, quarter-over-quarter)
0~1.0 1.0~2.0 2.0~
0.0~0.5 8(4) 0(1) 0(0)
0.5~1.0 1(3) 2(1) 0(0)
Forecasting error L.0~1.5 0(1) 0(0) 0(0)
1.5-2.0 0(0) 0(0) 0(1)
2.0~ 0(1) 0(0) 3(2)

Notes: 1) The ranges represent the absolute differences between the RECI growth rates
(quarter-over-quarter) in the current and the previous quarter and those between the
DFM nowcasting value one week before the release of RECI and the realized value of
RECI, respectively.
2) The numbers in the table denote the frequency of DFM nowcasting results placed in
the range, while the numbers in the parenthesis are that of LSTM nowcasting results.
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7} 283 22 o} RECI BE7] 47149 B8] 2% Wx|w}= DFM 3L
2010. 1/4-21. 4/4%712] dlo|g] 717+ w4 3le] gtelule] 4o AFesl). =
s AAIG S o] &3l FHE DFM R o2 A A

23.2/487) (1A #7) ol el FLaAl A&et] dis XJ?'SE’E?}S&E}. Wk,
Banbura et al. (2010), Bok et al. (2017), ©]@% €] (2018) 5¢] GDP B&7| 74

1A% RPN F2e 2 AALS Saskg] ol uﬁ 7 gt 2
30 ol AALE &4 o] F WA o stetolelg 34 2 AeloEska, A

Este] the BAloxE RECI B3] 7
go| B Es viw7|vitt F48te] #a1e] RECI 971 2471347 239
o]

ST vl o, F8 A quGEo] £t o)F WS A& AlAIE
o] T3] Atia K] o5 €], & FAolAE 2010. 1/4:2715E d 52| A7)
7] AAES FAHH 02 &g (recursive-window) 51t} 18)

2713 A S AL AN Ade (F5 Ol F5sisith wErintet 4

she g olA= 2020. 1/4971, 2/43%71, 2021.2/4327] SolA F80] A= o]

FOIAA| @of, AEE HolE 7} o] —%7}54015 2] dSgke] s G=
Folg Rl ole A AR A MFE] AAE Zol7t oA F#
8 AA| eoF A% 271 @kl wek DFM & %Xé A2} 3ee] s e
o2 Aoz Ao

E3t, (Figure 11)oxeh o] HAUAIHY o) Foake] FoldMz 173t W
2lo] 221717+ ¥4 Hok RMSE, MAE 7]
RMSE 7|02 11373t W& RECI A4 &3 185 o|Hol= 1. 47%p 59|
m, &xjols WAL 1.83%p Fao] d=0xE Hth. MAE 7&FogE
0.9%p? 1.2%p TF9 dFeaE Bed, olF F 232 RMSE 7% 242
1.18%p¥ 1.82%p 5, MAE 71522 0.79%p3} 1. 17%p 522 =24}
7} atgeln] T3 215 ANE BE AYAIHA 1713 o] dEeat o

Sl ekt
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18) 1%, «2bF o, 3 dSHEC gk Boh AAE U8 West and McCracken
(1998), Rossi(2013) 58 F=sir L.
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(Figure 11) Forecasting Errors over the Forecasting Horizons”
(Benchmark (Fixed-window) versus Rolling-window)

(RMSE”» (MAEYY

—Rolling Benchmark —Rolling Benchmark

0 0 0 0
_29 -25 -21 —17 -13 -3 -5 — —29 -25 —21 17 13 -9 -5 -1

Notes: 1) x-axis represents the h-weeks (t-h) preceding the release of RECI (1), while y-axis
represents the forecasting errors of the models based on the benchmark
(fixed-window) and rolling-window.
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Aol Bt BSI 670 £ A71WEd 7P 24 Aos ddE e Al
A%, HAES S BSI - ElolE (% 18] W) ol @A 271 A =
Ei

3 (o]oh 2R P 47109 25) S A

%
_0|L
R
k5

(Figure 12) Forecasting Errors of DFM and LSTM over the Forecasting Horizons'
(Small-scale Model versus Benchmark Model)

(RMSE” (DFM)) (MAE” (DFM)»
——3Small Benchmark —Small Benchmark
3 3 3 3
2 | » 2 2 2
N~ —
1t \——\——’— 1 1 —.—’ \/\/\—_ 11
e
0—29 -25 -21 -7 -13 -9 -5 —1 ° 0—29 -2 -2 17 13 -9 -5 -1 °
(RMSE” (LSTM)) (MAE” (LSTM))
——5mall Benchmark —3Small Benchmark
3 3 3 3
ERS oy 2 2 2
\—-—\_‘—
—~

-29 -25 -21  -17  -13 -9 -5 -1 B e A A -3 -1

Notes: 1) x-axis represents the h-weeks (t-h) preceding the release of RECI (1), while y-axis
represents the forecasting errors of the models based on the small-scale model and
the benchmark model.

(y—y)?
2) Root mean squared error: RMSE= ZT .

n

)y

=yl

3) Mean absolute error: MAE=

AT W) 47100 we AR A7 Ay Ase (RS Dol 23
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(Table A1) Blocks of the Variables Finally Chosen for the RECI Nowcasting Model

. . . Blocks” . 9
Categories Variables Units . Conversion
G| R | S| L
RECI 0 0 raw
- 0,
National GDP % o] o raw
account - - (real,
) Private consumption QoQ) 0 0 raw
Exports of goods and services 0 0 raw
Employment rate % 0 0 chg
Labor market . : ;
, Economically active population 0 0 pca
(3) thousand
Employed persons 0 0 pca
. Export 0 0 log
]:xternzié) Sector Import USD mil. | o 0 log
Capital goods import 0 0 log
Consum})tion Consumer price index 2020 0 chl
and prices o . =
) CPI for Living Necessaries =100 0 chl
Industry production index (all industry)® | % (MoM) | o 0 raw
Ol(li?u‘[ Mining and manufacturing production index| 9020 o | o chg
.
Mining and manufacturing shipment index = 100 0 0 pcl
Services 0 0 raw
Wholesale and retail trade 0 0 raw
Services” Transportation and storage 9% 0 0 raw
(5) Business facilities management and (MoM)
business support services: rental and 0 0 raw
leasing activies
Human health and social work activities 0 0 raw
Non-manufacturing sales growth BSI 0 0 pch
Manufacturing business condition BSI 0 0 pch
Survey Manufacturing export growth BSI . 0 0 pch
(6) Manufacturing production capacity BSI 0 0 pch
Manufacturing new orders growth BSI 0 0 pch
Manufacturing domestic sales growth BSI 0 0 pch
Notes: 1) ‘G, R, ‘S, and L represent the Global, Real, Sentiment, and Labor blocks,

respectively.
2) ‘raw represents the original (not converted) series. ‘chg’ and ‘chl’ indicate the first
difference between the current and the previous period (or year). ‘pch’, ‘pcl’, and
‘pca’ are year-over-year growth (pch), quarter-over-quarter (or month-over-month)
growth, and annualized growth, respectively. log’ denotes the logarithm of the value.
3) Industrial production indices for services and their sub-sectors, originally available
only in a quarterly basis, are transformed into monthly series by applying spline
interpolation to their serially adjusted time-series.



(Figure B1) Nowcasting Results for Recent Quarters in Busan”
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Notes: 1) Each bar (left axis) represents the contribution of the individual variable in each
group to the variations in the DFM nowcasting results. Each line (right axis) denotes
the DFM (navy) and LSTM (dark yellow) nowcasting results, respectively, and the
ensemble of the the two results (dashed grey).
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(Figure C1) Nowcasting Results for Recent Quarters in Busan”
(Recursive-window)
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Notes: 1) Each bar (left axis) represents the contribution of the individual variable in each

group to the variations in the DFM nowcasting results. Each line (right axis) denotes

the DFM (navy) and LSTM (dark yellow) nowcasting results, respectively, and the

ensemble of the the two results (dashed grey).
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(Figure D1) Nowcasting Results for Recent Quarters in Busan"
(Small-scale model)
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ensemble of the the two results (dashed grey).
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Constructing the Nowcasting Model for Regional

Economic Conditions: The Case of Busan*

Kyutae Kim** - Soosung Moon®** - Inhwan So****

Abstract

The need for early identification of regional economic conditions has
substantially grown due to_the diversification of the regional business cycles,
primarily caused by the shifts in economic structure and the uneven impacts of
the COVID-19 crisis across regions. This paper constructs the nowcasting
framework, widely employed to monitor business cycles in real-time, at the
regional level, with a particular focus on Busan. Given that GRDP is available
only in an annual basis, we nowcast the regional economic condition index
(RECI), a quarterly regional indicator developed recently by the Bank of Korea.
Our RECI nowcasting model comprises a dynamic factor model as the primary
sub-model and a long short-term memory model as the secondary one. The
results show that the regional nowcasting models can capture shifts in the local
economic condition at an early stage, typically 18 weeks prior to the RECI
announcement. Furthermore, the forecasting errors are lower than those of the
alternative model (autoregresswe model) indicating their relatively strong
predictive power. Specifically, even in the quarters of sharp economic upheaval
triggered by COVID-19 shocks, our regional nowcasting models exhibit their
strong predictability by capturing the shifts before the release of economic
indicators. In terms of accuracy, the forecasting errors range below one
percentage point throughout the forecasting horizons, further attesting to their
robust predictive power.

Key Words: regional business cycle, nowcasting model, dynamic factor model, long
short-term memory model
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