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EXECUTIVE SUMMARY

A Study on the Advancement of the Non
—container Port Throughput Forecasting
Model(lll)

: A Focused Analysis on Iron Ore, Chemical Industry
Product, Other Ore, Miscellaneous Goods

Na-Young Lee * Jung-Hoon Shin - Young-Hoon Kim - Su-Young Lee
- Ki-Youl Lee

1. Background and Purpose

= Ports are a key infrastructure for the national economy. In
Korea, where approximately 99.5% of import and export
cargo is transported through ports, the appropriate expansion
of port facilities is essential.

- Especially in today’s rapidly changing global supply chain and
trade environment, the timely expansion of port facilities is
crucial, and accurate port throughput forecasting is vital to

support this need.

- Port throughput serves as a critical foundation for government

policy decisions, private sector investments, and the formulation

vii



viii

of international trade strategies, highlighting its high utility and

importance.

To improve the accuracy of port throughput forecasts, it is
essential to thoroughly analyze a wide range of environmental
change factors and incorporate them into the forecasting

model.

Consideration must be given to long-term shifts in port
throughput resulting from industrial restructuring and technological

advancements driven by the growth of carbon-neutral policies.

Additionally, with the advancement of digitalization and
artificial intelligence, diverse research is underway to enhance
prediction accuracy by integrating and utilizing data from
various sources, highlighting the need to refine forecasting

models with cutting-edge technology.

This study aims to advance the port throughput forecasting
model, which is foundational for domestic port development

and policy decision-making.

It focuses on four items out of a total of 14 port throughput
categories: iron ore, chemical industry products, other ores, and

miscellaneous goods.

By identifying variables that reflect changes in industrial
structures and internal and external environments based on each
item’'s characteristics, and by applying the latest demand
forecasting techniques, the study seeks to improve the predictive

power of the model compared to previous versions.
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2. Methodology

1) Review of Previous Studies and Related Industry Trends

= To enhance the forecasting model, a comprehensive review
of prior studies and related industry trends was conducted
for each category to identify additional variables and examine

new models.

- A variety of previous studies, encompassing not only on port
throughput but also demand, supply, and pricing for each item,
were reviewed to identify recent machine learning techniques

frequently used in port throughput forecasting.

- Additionally, reports on recent trends in industries related to
each item were reviewed to identify additional applicable

variables.

2) Diagnosis of Existing Forecasting Models

= The characteristics of port throughput by item and the
limitations of existing forecasting models were analyzed.

- A multi-faceted item-specific analysis was conducted to identify
the characteristics of port throughput and diagnose the

limitations of existing forecasting models.

- Iron ore: Existing models and variables are too simple to reflect
trends related to future carbon-neutral policies, leading to issues

like overestimating blast furnace crude steel production.

ix



- Chemical industry products: Current models lack variables to
address shifts in export structures caused by China’s increasing
self-sufficiency and fail to account for fuel transitions driven

by carbon-neutrality.

- Other ores: The use of a single variable prevents the model from

reflecting the characteristics of various types of ores.

- Miscellaneous goods: Given the diverse industries within this
category, identifying the rapidly evolving factors influencing
throughput is challenging, and no causal forecasting model is

currently in place.

3) Enhancement of the Forecasting Model

= Based on industry trends, diagnosis of existing forecasting
models, and expert opinions, enhancement strategies for

each item were proposed.

- Iron ore: To account for changes in steel production methods
driven by carbon-neutral policies, the model considers adding
the share of electric furnace production as a new variable.
Additionally, it proposes shifting from a top-down to a
bottom-up approach in estimating blast furnace crude steel

production.

- Chemical industry products: To reflect structural changes in
exports, the model proposes incorporating macroeconomic
indicators from China and the United States. Additionally, to
account for the shift in ship fuel due to carbon-neutral policies,

a new demand model for eco-friendly fuel is proposed.
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- Other ores: To consider the diversity within ore types, the model
enhancement strategy proposes dividing the forecasting model
into major categories: limestone, non-ferrous metals, and other

(such as salts and slags).

- Miscellaneous goods: To better capture the characteristics of a
wide range of industries, the enhancement strategy categorizes
16 detailed items into three industry groups—machinery, food,
and textiles—and to identify causal variables and develop

separate forecasting models for each industry group.

3. Result

= The validity of the proposed enhancement strategies was
verified using a k-fold validation methodology and
evaluation metrics (RMSE, MAPE).

- Iron ore forecasting model: Adding the share of electric furnace
production as a variable improved forecast accuracy compared
to the model without it. Changing the method for predicting
blast furnace production reduced the forecast error rate by 3.8%

compared to the previous model.

- Chemical industry products forecasting model: Incorporating
U.S. and Chinese macroeconomic variables improved the
model's predictive performance over the existing model. The
new model considering eco-friendly fuel demand is expected to
serve as foundational data for future bunkering facility

implementation.

Xi



- Other ores: The forecasting model was separated into limestone

and non-ferrous metals, resulting in forecast error rate
improvements of 7.8% and 8.2%, respectively, over the previous

model.

Miscellaneous goods: Enhancing the model by dividing it into
three industry groups led to improvements, with the machinery
category reducing the error rate by 3.3% and the food category
by 2.7% compared to the existing model.

4, Expected Outcomes

1) Policy effects

Xii

= Improved port throughput forecasting is expected to

enhance the timeliness and efficiency of domestic port

policies.

Since future port throughput data serves as foundational
information for analyzing the supply and demand of domestic
port facilities, accurate forecasting is expected to enable timely

provision of port facilities.

- Additionally, as this data will be used as a basis in the

decision-making stages of various port policies, it is anticipated
to improve the accuracy and efficiency of port policy

formulation.
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2) Socio—Economic Outcomes

= Efficient investment in domestic port facilities is expected
to increase the investment efficiency and competitiveness of

Korean ports.

- Accurate port throughput forecasting enables timely and
efficient port infrastructure investments, reducing unnecessary

overinvestment and prioritizing resources for essential facilities.

- Proper investment in port facilities can incentivize global
companies to choose Korean ports, thereby enhancing the

competitiveness of domestic ports.

- Moreover, accurate port throughput forecasting can strengthen
response capabilities in a volatile global supply chain
environment, enabling prompt responses to rapidly changing
external conditions. This adaptability is ultimately expected to

help mitigate shocks to the overall national economy.

xiii






A B 8 Y =X

1. 97 HE ¥ Eey

20239 Y F FETHE 159 51139 E22 Adsiel AR
FES 71551 oY, ey 52 Ad tiv] 4.6% S7Fote] A
Zgx]Ql 3,015% TEUE 7|1EchD FESE Ad 1097 A9
1.3%, ZElolv= 22 717t 2.5% st o, 2 1 37He &
shE|ar Q)= Agolnt. o]+ & Eof ZEUH9 W9, Aop-f-Feto]
U A4 5 22 AA 4GS 2ot sUe] ot WY HvvE 5
AX A0R, ol Y FUETHFS Aot Aol

[o obu

1) SR SRS RYEAAH(AMY: 2024.4.2.)



(23 1-1) 2 FEI25Y 30|

(el H E) (Etel: M TEV)
1,800,000 35,000

30,000

1,400,000 -
25,000
1,200,000
1,000,000 ' 20,000
)
800,000 15,000
600,000
10,000
400,000
5,000
200,000
0 0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Z(rew)

A ot ME SRS R BAIAR(AMYA: 2024.4.2)

I, e Bk A Yo WY QueteA, 3 4= o
99.5%7 ke Bl LHHE Sl PubA o] AT B
wointh Fasht olHa YEE AL YUEEFES DA F45)
Lo gl s A, WA AR, =58 o] EUst 374
Q1 ARIQ B 3] JIRE £ A AT FURFF 5L B
Hole & 4 Stk 20234 71% Yk REY AL 1435 PO 1A
SOC el AATE WIFE Fasfis 34l L2119 W o
F AT A A Bt A Y FYE TE 5L 990 202097

4 210 Sl 6 R FHGKE 224 TR ) B 4o
A FHAEE H710] 2SR Rolurt Faste ol JE §

ol

W PVESF IR VoAU S0 YATEY A 3
59 3 Ud|Ys) £, 2203 2 B9 A Y0 Fad
NAREE BHSH UF 1 B 3040l FOHT T 5 9l



|

2023

o

ez

t2|:

[

C]
249,879

2022
279,683

2021
265,090

2020
231,311

2019

(& 1-1) SOC OfjHollM
197,531

2018
189,916

Oflf

T
&M SOC

dlaoeg.]aoﬂﬁ%ﬁdl
5 Eﬂ%%wcﬁﬁotﬂw%
@~ ~, %0 oo o Ny o B
< 0 O_E 71_.:A| ~ Rt um._ =5 ,._.mf
- o) T 1_,_M <k o .mlrm o) ) ° o or
3mxﬁ%cﬁ_a %ﬂmrﬁ%
88 o oy M oM N gy g B
o]oo/ | o ~ .
5 o wum,m:ﬁourluﬂaﬂ_.o_eﬂldlx]_.
T o T b ST
o) Mo o o opn o
83 Qq.%&]me%mﬂoﬂlﬂeﬂ
83 el R A S C > — 1l
S & £ 5y oo Noo
- = Q®© Mo . ~ Jo @ N — W
T BPENT T F e
. A ™ I T g [
88 S N S IR ¢
N — O«% — I
=e V%?%MMWW%%%
o) & _ﬂ_O o | ) | O_ ;
© = h_nuleaua.aﬂaﬂwo%ﬂw
o © E—Eqﬁi.mﬂmwu.q,ﬂol.lﬂllwr
N ©o ﬂ_m.o ._L.O 7A1_ Jo o — __OL H_E
— = ‘%EJE o R y‘IF’E—OO £Oﬂ~/_”
X o wr o oyl A
g " pp B mham% R LTy
g X a .z__u o Hl W.._ = AT Owo ‘D! o o°
325 Yo LT M Pamc
= T W =R or "’ 7w
o o © o]_.w_ﬂ_.,li
O G 5w o M
W P WML BT RGEFRT o
H__l% w o 00 _:_._l 10° Un_ | ﬂ,._ 0 T
=T % EERTS o o 5o =
00 g To° T oo 7o) N oo N or
=3 B o o H M) T oW ok or g

Stof TRt Azt
teh

5

°

B
Q

o]
=2

ol

=

Yy

=

=



i

% 147 3 8% 7]

Aol
QYNE, 7IERgA, et E5Fe L

SL=
=

Ty A%

=
=

gtk
Al

Ho

2]

Fojo] Fite] &

SERE

O] —

Z~ 0]
T X

ol

A=

ol

ETA

g A

3

=
)

A A]

/1\_]_.
8 S, A7

T
-

Ak

3

A
y4d, g, 74

3L
[e]

)= gh=HA ofst

=
[}

A
S

(g, FEYor

—6&1]01

7let

=
<)

=
T

o, oIRFIA] FHol| ut

or

XO

b

AR} A]

4 8

Zoltt. Hiie] A s

-
L

£4, HA9 SaolZEge 485

v =
=2 ©o

s 7l A

N

oltt. I FZ ATA

24

o
HH
ol
n_No
o
ﬂmo
o

_z__u

—_—

B
o
oM

oj

LN

205 WY



SO

1

.

& 79 ez F/d=o} k. Al17gelA

]

7 Ug ¥

Hi24
. g7t U8

L
T
3}

X T ™

oy 5 o
T T 3w B
T T o mowl._o
T W K oﬁ
o FON mp H
on mo B B
Ao mx <M
jn

oq

o

o

=
o8 A5y 1res}
o
=
o}

Sl ol 8 o
2

X|o

| i ﬂ

) noR T

EEah

il A B oy
PR Lhy
A T N X
53 ENE
<+ 2 R E
o ”.mrﬂ 1y oF mw
Py T
o B W X o
e H o o o~ il
o E R R

By o ;oM =
X S " AR
MO ~ ol

ool ArdAS AA . A2l = A

7}

3%

=

=

2gs AA

o of;

A
S|

mgo] 71 2 o] of
to] 74

H|2-HES

o

A=A 5=

1
.

FI=EA



K
H_zﬂl1
u%fﬂx
-
N ) =
J%ﬂmuuw.,.a %ﬂ,_o
mHlu_.,% 1dr|_1_mc._o:o
i~z N0 wﬁ B, oy B o &+ B o
E__-ER 1y|_u._ i ~ 5
Y < ] il }4/7
.mu,mwomm,.rﬂl. ou%_.rll 7X]u_x_.a‘uw_ﬂ_
ox@dd, __oL_7 utLﬁ.A]}ﬂu
ﬂu.looo du,mu_z_u ﬂ@__oL/TZ__bEn_AI
ELI‘EDq_ﬂ_ ol ,|1: ]H_.IV o =
m_rL,Q il ‘_,ﬂ.w_wo_ze.lL ,m.u,mﬂooﬁlo 1o
Ewi §EE¢ 2 %5 =% <
ﬁﬂme oF Hoﬂuuo _ Euﬁ} S
%Uﬁﬁogo_ %%%@ %anfmmmm
@ﬁez £ @o_e@;o qofmo@xm
wmm,.h_nmm:rlao Q,_H_‘ﬂmﬂ wx%oamw:m_/”ﬂ/r;e
@Hr_muaog_ goafaooe e OﬂL_Lu%zﬂ,
],tdo U._z_l @L._.oo__oo Ht]tﬁi NMXLm_u._._
e BB g s o U
350__0%4_3 ioﬂy H_ﬁm;on#ﬂ;u
emuﬂﬂwmmla@&o% ww__ggo__gqﬁ
Wﬂémﬂj.z_o,wlénﬂq meo_ewm.roll.nﬂ
HO ~ _,A_l —_ L‘a o L_.WO o r o n_uL o |0
w X e & o o
mﬂg_oE._ ﬂﬁﬂ.,_ :ﬁu :ﬁ}ﬁ u:o_aﬂ.]
_L_lﬂaﬂuo"_,c_o_ml oﬂeo u.mlrLﬂ_HJ. ﬂo:q
ﬂo = X mj =8 e o oW = Ho
955‘_3&0 qﬁﬁﬁl ._Lodmmﬂ% o X
Eﬂﬂﬂwxﬁ bR ) © EE_EduﬂL_goé
_ﬂﬂﬁaﬂ . T o L_Luﬁﬂc_o@uﬂme
S x __O_Jmﬂ@mﬂ X ﬂ%ﬁ
_,_mom_m} ?Vﬂ}__a qﬂmedLL: T or
X7 N ~all~a ﬂnﬂ,.rﬂ._,.ml‘lﬂo
o duﬂ@ra_ﬂ_x d|1_7“o,_1_m,|1oroma
Héﬁﬂ Z%MMEXE%E
1::.5”..0 - iy NF
ﬁu__ﬁ :ﬂmgo:wﬂ_o_e@ﬂ_
oeﬂamumo_im.x
_LE .
:oo_ewnm__‘dlév
drhm_nw_.__.,&,mu
s
=

7y
33} A]
‘*‘I_'(' q] -

12

=

=

e

Sho] Emy
——IE_%];(_]
9] o]

l

[e)

=]
|24
X

*—15%_

251

o



Q2 1-2) A7 5%

K
H=
i
o
T K =0
4 00
R0 or ol
K . R
ulr LUE
all "
=t
N T
o ol
: w =r LN
—\ 100 M_.._ =T e
p : 31 U] T
1 T Rl o & 4
e wel oy B R
il =0 100 dH &+ ol P 0 T
s o T ™0 & A o 1y
50 —wmH ® B1flo KIr o
or m_. by o Qi Ok < & R0
. o g +¥m At
=0l ol =3 SET S
K o = _
— Iz 0 far
=2 N B 0 ®
...m_.ﬂ o o > aX W_W oy H
o] : . [N
H 31 a0 <F 0 =%l A
2 100 K =%
() oo uir o Ea w
&l A= - - .
a |5 8503 o | HY R m_“ o
= il zr U Lo ofu to T~ i g0 r = =T
< 71 1 3 ofu I ol Of g =3 KT 780
el 0fr 0l 300 S = o
W %I H0 g o o | =Y BT o B | Wiy
— _ = m — od =
~ 5. Lm B Ofr {0 = 160 0 77y m_ﬂ xtm*.____ = | uo 03
- Fi] 8- = = n [ Ko A o ik
_I_L 0 = B Ju LU o 0 | -
b EL i ~N Yo (] - =z
= 5 or | S o | =
LU J .. 1o ... W

==}
=E

=

k=]
=

1=

28 2 go|

=

=

=

=
2y A M of

T o

INE=RPAIN RS



#at
A% U AL vikow 27149l WeS wEsle] BgS ANT 4 9
L ATl A9 oS WHES Aele] dSuEL At A

Y2010 =T 7Rt 2 vlEe AXske A3 g
HEed AT 53l IF she-2A A7 AdstA st ol
A sVdeede AGop] AT F2 ¥z 2PATT AlAl GDP
€ SHHSE I Wang et al.(2023)2 34 7H4S A5

Sfo YA FHao] e WAL 20l At % olg 1K 891
E29ch o 8912 B 1] FFL X alolAw YA
e A4 20 % T30 Gge vAE 29lo]] ] s a9l

w]
M4E Tste] oluiet 9Ee nALA AT Bay
o) Sietn ek



- 2=, ot
FALR(P-X), &&, olAkg, 2BAE7HS, AUE, GDPE HFRE
ATt

® 7IErEs
Ao R BREE BB N AQE e AgsH, o=
AU BB 2oL AT §u we FoAE A9 wrk olaR

(2013)2 M54, FYE, @A, FH, 74 5 3 57 A2 F
B D 22 5 SREERES BAGAT ol AYBREL OFE A
FHHoR AHE A U A%E A4 S AGHER F) ANSF
5% 9 AME BAwe] 2 gFe Wi Zom R4S
Anderson(2019)& AHIAS] S A F9 shtel Telo] B71E 5
28 Y] 93] 7120] BEI H ANAAXE 2ol 1915 e &
HeRg 27b4Ql B Tefslgi

1-87]-013]-8(2007) BE-ZAFY deFehelE A2 A It
Qloll ARt AAEA] A A7 vlES E-E3Tt ] vl ®



o}

34

ATt 2007

A5

ks
=3

-

L.

}\g/\

Rt

Sl
ol

YT AR BB 5] SYRSE Al

Alofle dReheE Mool o
digolzt satEtt. HAe- A8 (2009)2 LH71A

o

-
T
=

kel

=
o

._ao

~_O_M

00
lHo
FeYl]
<l
ok
<t
Tl

oo
__o____._

MIA GDP

X |e
=
o,
yumy

20 31 I
75 [0 Ki

RHAHE RfoH
4% 7424

ZEA|
3
« AAT| X|&

- 2

AR RICI0| LY | © OEL I 71

(2018)

s SHe=

k

o
=1

f

RERH71240] HAIZER(0l O|%| | * R7HFHIOIR)

]

|

o
2]

[l
o
-ITI'

o
A
A
=~

o):

(HE): Wang et al.(2023)

=
-

o:
5t
o

H

o
LS
3

Based on Multiple Linear Regression | ,

* H1MH: Iron Ore Price Prediction
Model

° XA}

10



7B

A 2 67 2

A1Q10] 312 2RI DIRt= S AR
- =20f 3 F0 5f AeiEeo 43
=
=
 XAIZ(RIE): 0[3#=(2013)
- 3N, DYE, TN, YN, Y SN Y
ATIO HASH

':'Ol TH= o

=23 Determinants of Copper

Demand: An End-Use Informed
l\/lodel

L ]
Rl
>'|
_9
n
>
>
a
@
@
2]
o
2
S
<
©

L
-
m

}
x0]

ra

E
mjo
o
ro
my
ox
o
e
n
]
mjo
do
ro!

e o
o
0 >
-0 0iF
=
=
o
Rl
ito
o XM
e o
3 Ton
2
L)
s
SN
Qv
E

I:I
Hgo BE Y3 NEEEY X

=0
o= o d

'QJEIG'(2009)

AME XS (Input Output

ctural Decom- position Analysis)S
QBT |7 ARO] MET|HQOIS B

ME
8 W 2 MY SE
° OlXt2
o AH|KI2 RS
© Mol
* GDP
* LT S Y 249
=35t

oo

« B AIIE M4 L S5

L]
o
ofl
>
JH
b
o

I}

11



2 714 52 Atsle nygozt mAlay 7|He

9](2020)014 € EFA 7S S5 Aol HAled 2 7k
MLP, RNN, LSTM(Long Short-Term Memory) =& 59 %-&slc] &
A%t A3 LSTM Eg9] 9F apt 7M 22 Zo=E yeith
Farajian, Farajian, & Eghbali(2022)°|4 ¥ &34 7148-& Ags}7]
leiA 4178 2P0 MLPE E85t3on, A+ 2t AA| A Holg %
Aol A L= dlS3t Blust] w2 FSEE UERi

S i L A R e R
_i'_

12



® 7|EtEN

AEH(2009)2 fras § HEAR] 279 F2952 3= AAISH
PERE AlAE ¥

o A D=3 H BYol ool 85 AYd o, E 2|
FES 1T 9lo] FEA EAo] By vrgEA] Zek A Uit
olof] =82} Hof thgh ST AR} AR AYE Bl AIALY kA
W4 710 A1 d FEEAE 1S SRaSe dHeAR R
¥ =519t Halada, Shimada, & Ijima(2008)= 1919 &4 AH]
ZF 4 GDP 7t #A ] gt A8 tAEY HEY(inear decoupling
model)}& 79tO2 2050974 S48 AHHS Aot

Sto] H]AY AAE tﬂOIEM Gﬂé I ﬁS AIE Hol= LSTM e &
&oto] SA AAE cEstgith R SARD, 714833, 7PEEIEE
AAEL BAA SolA 37 Hold § SA AAY 341 dAd o
&3t AAE HlolHE 4 9 B0, 3" HolHER BF 5Y
S AIZHRIE AASEITE SA AA| dlSol 283t g LSTM 232
<5 dolEet £2" 10%2] HAE HolHE Bd A5 Ax, <oF

94.0%9) AES ehyd

13



I
ot
1z

7|Ep

14

L]
=]
=
o
oC
~
&
njo

for

B o

Eﬂ
™

4204 7424 7124

e =2 Forecasting the Global Price
of Iron Ore Using Neural Networks

* MAHE(HE): Farajian, Farajian, &
Eghbali(2022)

- Y DS BRE M2 BYY 7}

e o
2
B
2 02
™ e
2 H

=208 MBI a2 0] £ £50)
S pfery

RXIE(GIT): AEE-UBILH2020)

T, SISERUMAE
24, 24, 0f4/2Y 25US
#x0= 22al0] oln]
=208 20PN A0 SN2 DafEt 3
L Bl 219340 2201528 720 2
3 17

* XAIZ(IE): 2Z21(2009)
-+ 5934 3 20| 209 /120N UL

= 2EYS 2H0I0 HE 05
&S HAl

=23 Forecasting of the
consumption of metals up to 2050
MAIE(HE): Halada, Shimada, &
liima(2008)

BO0ENK| L2 0lE, 12, H, AE S 5
AH|EE HY

e MAlgld 7|#(MLP 23, RNN
2%, LSTM 2%)

- H7Y FHMLP 23)

* VAR B2
* Toda and Yamamoto VAR

o HIE QXIAMAS(VECM 2)

o My OHEY Z&(Liner
decoupling model)



xr
Hr

2 17

PSP

)

o

o 23

/b 4

o

FL

=
=,

)

o

24

A
T

EE
* A% BIOJE] 24

(ARIMA 2
* Didlefd 7[E(LST™M &2

=

2 ujHEoly B8 7}

=

=

TR, s BEF) FFu(

: CHA LSTM Eeid WESIZ

oF A AN

™

o
2
o

34k

Al

* MAHE(EE): 01047 2/(2022)
o

=
q
A

L

A, syt

(¢}

3 He 2 AEAES TRt

[¢]

2. dAHALfO| X1EY

J|J
pra

s

3

% o2} peig
=o] 74, 54,

=5
3T

].

I
g

kel

U

5

1

1

7| Hok

A= BixdE oY F59

Hlo

Ho
i~

15



oeluet A

AN
T

2 g7t 9]
TErY, Rt YR

A

1,

=
=

2 FREEY/FE/AD w2t 5

e

o
o=

o

o

wm

Strhe oM 2AE4S Adt

EYE 75

#.g3to] o

H

FASE o= 74A] &2

]

HolA {4k

ohe

o

(0]
=2

=

o
=

oA AEA

sl
i

sk

o] Bge A

tof 714 3

[

che ol

gF

AA

16



H1-4) 37 XHEY

S| 2y

=] =

* 0|2% 2(2020), YWEX|-H5IE-
ZI21(2022), Wang, Zhao, &
He(2020), Dragan et .

= S S =
al.(2021), Mafakheri, e oS 2
oz siot2=Eakdrt= | Sulaimany, & d=S=SH U= T
S 7t 29 23 = Mohammadi(2023), 282 | &z M
T omoloiz0 sy H18(2013), w2sk018H * Hj7E|0| A Blote s
(2020), Islaml(2023) 0ZE3 N5} Hiot
* AR EMH|A(2023), HIA|
IEA(2018), KIET(2024),
SHIODA(2020)
° _JF_AO}_‘%_ 2I(ZOZO), Ma, ° OE||—TE|' X‘Ii‘" g|.|:|'.o|
Zhu&Wang(2013), Wang, P H|;{§|0|Li|3|n_£
O e EY LB UCH Zhao, & He(2020), Zhang, (;*gw Lﬂamoﬁ@
DA == A Huang, & Zhao(2013), Wei, fc;ﬁm: ‘;gm
Huang, & Huang(2022), ooe e
Dragan et al.(2021) e
o UM LTHERY,
oz | ATHMOZ EX Q| « Farajian, Farajian, & =, 2Ioh) S0 Mg
oio] | BYCI| B0 & Eghbali(2022), Wang, Zhao, & HIE2Y 7&
L = He(2020), KIET(2024) B OJAlS =R | 25
e
* 282(2018), Lee, Chou, & |, rrost A00= bty
Huang(2022), ERI2010), | 2 e sp ey
Ma, Zhu8Wang(2013), Wei, | iy chudatoy 2[xio]
o 37 2%, AAE 2 Huang, & Huang(2022) 23 FA|
apyy | & OB ZY S - 0197 9/(2020), Farajian, < XU RIS E2 £5t
i HY oy Mg Farajian, & Eghbali(2022). =4 i% 7H*._'|L s2 &5t

S 9(2020), 1S Hi=NM .
(1976), Dragan et al.(2021), gi XE_,&I gHH
Sharma(2015) 89 Ml

PNI=WPSINES e

17






Hal Lgrtd o= wo| &g

5

Tt

st

H7HA 2ol d3 A=

=d)
=

HE

1
T

(Regression Model)

= 2

1.

oA 7P 28l AR B 7h

=
|

99 2g2 29

i

G277 AL

oy

~
o°

o] gojelo] S4o] ket 2x28 3, o

-+ ﬁan te

Bo+ 01Xy + By Xy +ooee

y:

93]

-
€E—

= Al

J))

Njo
J))
>

7]

19



o) BEL v Tt 45H4 722 73 o] BuE st
M7k 418 7ol ek ESE R HolEt Folx L o
B 74 % Uk ol dolele] AT L ABAA Y SOz
o7 mPe A, A, ARjSH 5 TRt Hokol A B8ET rt

U

o,
%0,

o
=l
J
£
=

3!

e

[o &
L
)
fin}
o,
o
=2
A=)
2
]

(overfitting)g ¥&o]

CES EYRSE 7io) B ARV} 2ARTE dERAy BA
J =

JdHEo e =75l 3 X2 o ARt g2 484 d7 A5
ol AFES T2 BER oA 2952 5] Wol Z-8H
A e Hgoltt. ool A g 7€ FhEeT A5 3

>
el
R

o
X
tu
s
op
i
=
30,
i)

e

Ao E 7| ROz &gslal 9l
5}
=

2. AN|AIE 23(Time Series Model)

AAY BHE A7 thet HSEkE HolelE 24T o5t
o2 dole|e] 24, ABH, 7714 5L Lefsto] vl

20



1) ARIMA 28

ARIMA % A75IF(AR), XD, ol5HFMA) A 714 848
olol AAL HolEE et mPom, 4412 offel Zo] maEch

ARIVA(p.dg) = (1= 36,01 = L)'y, = (1+ 30,7)e,~ [ 2-2]

o714 L& AR AR, 69k 0% 217 A7 8190t ol 5B R A%, ¢,
£ oxppolct,

ARIVA 232 84449 AAD doleg thg 4 9lo] tert Hot
o] tlolejo] M8l 7Ksln, Wao] Wet e B FAoh AR
AAS] Holele] TEe FetsiA maP 4 ik

v, Hlojg BAel Age wde ksl 7Y, & 4d% p, d,
qahE e TPgo] Bxkste, dlolHE ARt T Bd 1% 1
oNE At Ato] 20 % Itk =G SR P Yolet Ba
5o, dlolElzl 4 A% wdel ko] ol 4 ek

F, =aY,+(1—a)F, e [4] 2-3]

A7|M Foe v+l ARS S, Y= AR AAIRE B tAEe
A5, av BELTE 0% 1A groloh

AR Asto] ek ofsish] 4914 Be 490l K 8ol 7}

21



S Hold

S

T2 w2 sk

-
T

2

°

g o] W

=
=

ofH, 2|2 HlolH

5

1
[e)

ol [y of oo ™ ™ & 5w TN
TR W g A
S Ry ey I N ol
iy TR T W W o o L F T
= _%Eﬁ wlrﬂﬂoro_ew_m T T o
n o R N % EE Bl T T N
N DG o "L = CE
B U R . B
M A e GCw R TE e 7 e g
e T o O o WO s owx N =
X F OB = o = B o B o = ~ B
Hq N HL — ”ﬂmaoﬂLll < a e
o B oo D =S Hx° + = A )
e ik RS op X TNy B H
ot = P E B SR o 10T Moo
~ q_ouﬁm@ﬁ EﬂLmonA_.Lj Gl T o
= o B’ K 2 77 ) T e W
o o) o Dn_Ll [a'd J,l _DI Ll.A_l
= ) 8° 5 Sy ) A =2 o R
Ty B smam_duﬂm._VY o ~
or ox 2 T X = Y < gw T
= 1) rﬂ_._aﬂu,l L fla &o
A o M N &h =N E | T F HA
% bW o — O N M =1 - == m N
o) .. T 3 X e CH S
o S o U= T o o o of o o
Pge B W R 54 g B o LN 7o B
B X e W Aéi%Ti RN
H = =T oA %0 I _,_W_,._H X T LR | e o) W
NS A Jdi 1] 5 LI s i S m o
,UI o x> B X O 15} i . o oS 1 T
o P o| ol ol = O O% e N
oy T of o < op k 3 ~ =~
mmH_ 0 ‘_n._ul O;Lo g 1 M wnn 17MO OM ﬂ .A—l ~ ~ ~ WAA Juwnn_v
Ty gy 2 ZNHMwT R ERE
T " RN ™ of ™ B OFm oy & e

7o) of29A]

1o

}_

| .

°

A
&

H =5 AsE 5l

A S8 ot ol A

<

=

5}

glolg AEZF B8

=
.

L

wigo A B

HzlA
22



2 Aqoae Al 7K AAE B2Y 7hed QoS 3 1Ed 4
= VAR 23S &8sl g 1Estotaat gt

3. mied 7[E &2

ogt

HAlZY 7|9e] B tige] HlojelE &A4I5to] Hiele S5stal, o]
£ HIBoE w9 £8F A5k WRoltt. oj#gt MAled HE
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1) MLP(Multi-Layer Perceptron) 2&

MLP 232 QJAFAETY] 3t FeiE Y=E3(Input Layer), St ol
243Z(Hidden Layers), 33(Output Layer)o.& FAH A7FHO
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(d% 2-1) MLP 2§ 11&

Hidden Layer-1 Hidden Layer-2 Hidden Layer-3

Xt&: Hosseini & Samanipour(2015), p. 59.
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(d% 2-2) RNN 2& &

Xt&: Colah’s blog(ZAMY: 2024.4.20.)
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g HF(Validation) 38 2ol M2 HolHoAE & 25
Sh=A] ERIsk= o g, S 504 a3t 9] sftoldt. 4
T HHES gofot EA45tt 2 dFoAE 7P Wol] E8EI Q=
K-Fold x-4%, E=o(Holdout), FEAE(Bootstrap) B4l o
off A E 1A} g}

Ol

1) K-Fold Wx}#Z

K-Fold 24752 dlol AES kA9 FUst 2719 B=(old)=
Y] 298 Bkt e B4 EAE Yol A
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i
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N
N,

= et & Yot Ulo] 299 5= Bt
Niisy %‘E‘-’ﬂﬂi k%: 5 El:: 100] 7V gol AREHIL lem, kol 2
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3) Statology(ZAi: 2024.4.15.)

26



(d8 2-3) K-Fold WAIAS HE T

Step1. GIO|E| M E& SYL3 37|29 KAF2 R LHELL

‘ Dataset

lSpIit dataset into k folds

Step2. EE 3 OILIE H|IAE HIO|H 2 AM5tD, LHHA| EE= RASHE0 ALSE Z MSEE AlAMStT)

L [ [k [k [ [ k[ o[k [k [k]
\ )
: I
Use k-1 folds to train the model

Calculate test MSE
on observations in
the holdout fold

Step3. Oj%l CHE EEF ME5}0] Step2 THAIE k' HE3ICL

tteration1 | ky | k, | ks | ki | ks | ke | k; | ks | ko | ko |
tteration2 | k, | k» | ks | ki | ks | ke | k; | ks | ke | ke |
iteration3 | k| k| ks | ki | ks | ke | k| ks | ke | ki |
tterationk | ki | k| ks | ks | ks | ke | ko | ks | ke | ki |

Xt2: Statology(ZAI: 2024.4.15.) XAIRE KMAP7F H1HGH0] XHZHA

2) £C0k2(Holdout)

ZEol2 AF WL Holg MES 5% AES} HAE HEZ o]
29 BrIsHe g Z12Ae o]tk Hlolele] oF 70~80%L 81 A

ER ARHI, YA 20~30%= HIAE AEZ AREEH

FEobg WAL o] 2 3 W Bk 9 WS sk o)
wol Ate|go] Ao Holtk. £ ke AES HAE AES EYo|
7] o] bl dAE dolest mdo] G vAA gherkd
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(23 2-4) EE0IR JHEE

DATASET
Training Dataset Testing Dataset
TRAIN
Train Model Evaluate Model

Xz Comet(ZM2:2024.4.15)

3) EEAE#M(Bootstrap)

REAEY A% UL oy AEdA 29
MZ 9 MAS, 7+ /\ﬂéoﬂ ot 2d& 5}%
& HlojElg] TRyt ‘ﬂ%*é% Ridsto] mulo] %8 wr} HotslA £
i © ALgETS)

d Igo] of W RHEREY] wigo] A4 A=t i, "ol &

o Het 7801 glo] Tkt Hlolel Aol Ago] Asoleh, Ee w
w71t e} 419 77k 71 A4 5 TR A4 EAoE 38

o.\i Hil

4) Comet(Z@M:2024.4.15.)
5) Analytics Steps(ZAi2:2024.4.15.)
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Xt&: Educative(ZAi:2024.4.15.)
2 AFoflA= Al 7HA A 8
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B (Accuracy), FUE(Precision), AMA-E&(Recall), F184(F1Score)

rol
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1) #Z +2 =8l

el

ANAE73ES)(WSA: World Steel Association)= 20244 &3f d7 4
85 AW oiH| 1.7% 57K 179 9,310% E2.= AYsialon 2025¢
ol oj&tt 0.5%p R 1.2% S7I5t 189 1,5209F £0.2 ATHHE
3-2) =), AA A= 2o gtolu HAY9] A|&4Q0 JTF, =
JAEYoIA, 7IEad 45 5 JTFoE ofg: Aol Adsta o
SEAE A eIl 120l Etstal AlA| 24 8= A8AI7E oF
Skl Al #1540l B4 fAE AR alidstal it ol AlA A
o] ofEg Qo ZxoAY ARAEZ = SaaRERPAR
(CBAM)1D, 34| B3} 5 T4 o] Soj=HA] 27 8 35S oS
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Aol 9] A7 =8 57171 ZIHEH, EU FA] 2025 EAZQ1 3=
AE BEd Ao= AgH

(I 3-3)2 AA 100 =719] A% =8 AYARZ FW9] 74 =9
£ 202349 Al 7148} E ZEA} A S7F 2AGA 5 59
FFo=E AW tiv] 6.7%= AA S7FHR Y, 2024¥-2 AlA 27 4
10t} =7} 7k Yt HEo] vloluA ARAIE 715 A& AYH
o} 20239 AHAIE olEUE AsA 2 2A 59 28 £5F 9ol 7t
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X

=1

(B 3-2) \g9d 2Y b
x| SQE(HI E) E7+2(%)
a 2023 | 2024(f) 2025(f) 2023 | 2024(f) K 2025(f)
Furepean %‘Ag’ég )& 1368 1407 1481 -0 29 | 53
Other Europe 44.3 479 46.1 13.5 8.1 -3.7
Russia&otherCIS+ 1 g4 534 589 86 41 08
Ukraine
USMCA 131.7 | 1336 | 136.2 -1 1.4 1.9
Conwaland South | 457 = 455 468 09 05 28
merica
Africa 35 36.9 38.5 -1.7 5.4 4.4
Middle East 54.9 57.2 58.7 -0.4 4.1 2.6
Asia and Oceania 1,258,561 1,273.1 11,2819 | -1 1.2 0.7
World 1,763.0  1,793.1 1 1,815.2  -1.1 1.7 1.2
ZF f= MYRIS 0fEt
Kt&: World Steel Association(ZAMY: 2024.5.17.) XAt2E XX+ HHSHH AR
H 3-3) 271E(Top 10) & +2 MY
e QI F) 57+2(%)
2023 | 2024(f) 2025(f) 2023 | 2024(f) K 2025(f)
China 895.7 8957 @ 886.7 | -3.3 0.0 -1.0
India 133.4 | 1443 156 14.8 8.2 8.2
United States 90.5 92.2 94 -4.2 1.8 2.0
South Korea 54.7 54.3 54.4 6.7 -0.8 0.2
Japan 53.3 53.3 53.9 -3.0 -0.1 1.1
Russia 44.6 46.4 46.4 7.0 4.0 0.0
Tarkiye 38.1 415 39.4 17.2 9.0 -5.0
Mexico 28.5 28.8 29.3 14.0 1.2 1.6
Germany 28 28.9 318 | 137 32 10.0
Brazil 23.9 241 24.5 1.5 1.0 1.6

T f= HYRIE o0

Xt2: World Steel Association(ZMY: 2024.5.17.) XI2E KMXF7t HAGI0] XX



ol2fgt A7 =8 AYA| E3h= (O¥ 3-H&} Lol AA B BisS
BOAE SIS 4= ot AlA E7F AFAFEEE 1950004 201097H]+=

3% AW SRS 71SSIl oY, olF 27| AAIE olEXH
AXE SHOE F74lo] A&7lol HolgdA 571 e w5
o}, gh GA] 27| A7HARIE FEFE F7HEA 20108 AR 3.2%
o] AW FFEES 7|55t oH, 2023 20119 2ol & v
= RS 71851 5 =W B AR FAE e RS (O

oJF% Fhe] 7 40 % WAL HT 5 Sof et A E5h4)
2 oigsln] olefat Fpudel Jeros Sy A Sa
% A 2 E0| ZHE VSN e Ao Ay
(O 3-4) MIA HZ iz 0]
ool MU E

2500
GAGR('10~23) : 2.1%

1,962
2,000 18771882 _ 1,8901,892

GAGR('90~10) : 3.2% '

1,675
1653 1624

> 15401563
1,500 1435

GAGR('50~90) : 36%

1,000

0
1se|||

195019551960 1965 1970 1975 1980 1985 1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 201020112012 2013 20142015 20162017 2018 2019 2020 2021 2022 2023

v
S

-

Xt=: World Steel Association(ZA: 2024.5.2.) Xt2E XX+ HABH XHEH
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(2019~2023) 31.1% = 7155kl Lom13) o]gt 7|Ro] wa} =
BRAAE ZFoto] 8 9] FAAA A A= I AY 52 4
Holes 5 A7 P4 S HESE 7197 g A BEEY 52 S
Skal Sk wEbA] o]2fgh ghAF Y FFo] wE HA AL W49 Biske
YA 97 Faol I vF AoE A
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(B 3-4) L F2 7| M7|= AlH St A&
HUUA|

EICAS(ZR) |« ZE A8 ZX9| 7
2HEJAZ(SZF) -« 50|
JFE Steel(d&)  » 12
U.S Steel(0]=) |« 07t
HAT(RE) - YA
SHEEE) - H7H

B
I

2 27|12 M7|2 A 220273 = OIF)
7|22 HR|(20255 &2 o)

|2 2H(2028'F 2= 0N)

T 7|2 1A AHE $H(2024E 243 01 F)
2 A48 AE WH(2026'F 245 01N)

02 £ 70| A M7|2 EXH20293 2+ 0f)

X2 ALH|UR|(HAY : 2024,05,02); HUSSAZ(ZAML 1 2024.05.02.); HZEIUX(ZML :

2025.05.02.); ZAT FAS(AMY 1 2024.05.02.); ZAO|E(ZAMY 1 2024.05.02.) S8 E=E
MAF e
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o
|

o
~
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12) Global Energy Monitor(2023), p. 28.
13) S EZS(AMY: 2024.5.2.)
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H2& XHLUM SOIE2E2t (|E=P3 XIChH

1. UM SHOI2E2F 53 U EX

Ao '6]]-‘%%% IEEE BR 7|E08 HSFL 26018 A& sH=
g O F S usith 9] A HFA uiRe] EEsto] tiR
B FYth = A% 20239 V1€ W HRAH F2 9 A=
SF(71.9%), BE(11.9%), Hotxe]7k33k=(5.0%) woltt.14) 3 =
7he A AA A3 PAFO] oF 54.6%S A5 Qo E3] 9-gut
2to] A% oo "t Y &7 w2 Aol

Flr [UIO

HSZE == =3

2601 YW O HEEER [t (SRS Selda s HESiT
2601.1 YW O YA S S EER HQISHT]
2601.11 SEANZIX k2 A

2601.11.1000 | HF)EHY

2601.11.2000 | RHE)ZEZY

2601.11.9000  7|E}
2601.12 SZMNZ A
2601.12.1000  H(GFR)HZ
2601.12.2000 | RKH)ZHZ
2601.12.9000  7|Et
2601.20.00005 | 4Kk st 2ot
X12: 2024 HREUSEHEAA(PORT-MIS) O[RZEZ, p. 72

14) SRROIHB|(ZMY: 2024.5.22.)



(F 3-6) ZN Y L HAZH(202241 7I5)

v 2 e,
Z (L) =7t ) (ot =) M HRE(%)
1 = 51,000 830 35.2
2 EEIES] 34,000 410 16.4
3 z2 29,000 380 15.2
4 ol 20,000 290 11.6
5 2{AI0} 6,500 9 3.6
6 Lolma7lEsE | 6,000 76 3.0
7 ofgt 5,500 75 3.0
8 TR AEL 3,000 66 2.6
9 Lt 2,700 58 2.3
10 2320L} 2,600 76 3.0
A 180,000 2,500 100.0

A& USGS(2023), p.99; Investing News Network(ZAQ: 2024.4.15.) XAtRE Z11610 KX} AR

YN P BAT Ih2RE Sl et By Yuresyel
A 53T % 99207k 59 BEFOE ;wzaoi ; u}. i

&gt ’34_70* *3*& Ho“i! Oﬂ/‘i ==
g ;”%Eﬂ, %‘HQ 7&‘—‘% AT FJFA AL, ZFAEL, AA]

2 SFFE T4 AL T 43S



5, 234 PAETTE Y 25T vlsol 99% °
AABIAL lom ot ¢+ E5F A 54 dite
o] dfF Fute ol8sle VY TF 55 TeF
2nge 240 A% Zart gtk

(B 3-7) BB 01252 31
Bz +9 +5 et

2013 63,374 207 1,242

2014 73,423 148 993

2015 78,507 37 1,127

2016 76,932 24 929

2017 77,075 87 723

2018 78,512 127 886

2019 79,439 0 557

2020 74,429 182 695

2021 79,196 191 476

2022 70,635 201 324

2023 70,772 509 67

RIS

(19-99) 99.2% 0.3% 0.6%
F: U0 2, 2E0= EEH0| TeE A7
R QAT YRR HEAALZM: 2024.5.2)
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AN 0, =Y.,/ Z; = iR 7] 2PN iR 9 =l @

o9, v, T2 A A iwﬂ 7] 9 85, 7,8 iG]
) B2 27, ne o158 ATl F) B2 ZREE
SR LAY A4 S0 5 BT govt, YRS
HE LHESIE 7|E0] RAl] 12 2PYNFS A AR A

St 12 27PRAe] T 4] W B AL-A2Y GDPE B
2 ¢ 271 JARHS 59 FASHL AoH, ol AE AA9] F=
M A9, FHEAHELE) Bl TGtk & 1 2SS 3
s wiEshs WA ol8sta it

InZ, =ryg+rInX, e [4] 3-2]

49



YVigi=w, Y, Fw, Y, FoFw, Yo e [/:1
3-3]
owtw ety =1

(328 3-6) 23H YUSIY 0= Z2MA

I E3Y £ 4 +SEM 3 ULE BOTTOM-UP 1Y

- - .- L]
AN 12 MAE HY ), @ g0y =0 AOISh THOLS Pr—
TH'E dug Y &0 9 A0I5H Tokst LEH.CHRIS mast
=9 { (12 ALY A2 ) ! (FUESE Iz EN (F2 U 29T, YH.ITE, x9¥
e ‘ BiE | o | wmEnAMEE osEEdey 1 @EY) UMY, 508 ‘
=25 TS -3
.
o HEM AU N | g5y b A 24 M2 EH7Y (Horeh) BE, =2, 39558,
oot EEY] HE ‘ gord oA =M HE (@aE #0)) 7|epe

zaug | op3mgEs | oeww | OMMad
LT I D2 TZYHF i Hu|&s Hg (R A4-HZY 6DP) i

A=

ror

=o=LIHYRI(2023), p. 58.
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d AA 273l die ©@7] Aol ZA AL Qv =y ' 24T
goll digt F7] A=A7F gagel w2t AAHoz Sy Ad-AH2Y
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INE=HP SRS

1.8 R 2

o2t

Cidsk + =52 HE2Y

YA BEFL 0% ool £ BEOR FHEo] o] 49 B
% ojzugel nEsht Fastch B F 1 2PN 4
5 719 UU9IE =550 BRI k. FYAo] R 1=
ARE FYs] o] JuHow oF PHEL A510] A
chal, GARI) 447 9ol W B Akt Eoh @ 8 4 st
of 2 Belx] 71& AR BAAE Aste] Herks, s 5 B
8), AIY A8 FY) YL 1T 2PN 5 BYH BEY
ZF ABAL A9 AP 250l Algjo] tepsrge ulgt
o} olo] YA 59 BEF NZEFL LS| I8 WA HA]
w2 ARg] 3 WSS U9T 4 ik W4 F/boR Te B
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1) 2MC0|E

A 9 B5F o2 LS 99 BaFY] 42 AR W
e 27 Wz Bgal A Fitt [EAE 20509 B4%Y AU eo]
ue H712 BlEo] 20508 53%7HA] g Holeka ALk 19 2024
9 49 71% A A A7 AOIA A7)Z A HlEe] 31.8%2) He
e W 22 SAEQ0199~20231) S 87 AAkere] A7) AL
HIBL 311%2 AA BT SARE SEolng g 1w g uE
e g o] A8k Zo 2 Relvh girky waEc Hojy B
H 7Rke BH 59 BEFe] 4710 AU 109435 H 202397}
A0 dol5g BT

(B 3-9) &M 24 25T HEZY W 7| 2SHZH(1994~2023)

oM E %

T A543t A3t BF BEHF
U 0= RZAE 48,716 21,610 34,638 10,441

HIS 47 30 39 5
XpR: BHREAHS|(HAMY 1 2024.5.2))
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15) Global Energy Monitor(2023), p. 28.
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golojg Aophe 7FE durEQl Keras REe 89t wf7]A
‘tensorflow.keras’& & O, RNN 29| glo|oj9] +& 4= 100
o2 Aok, dense Holojol= 50709 wHS XAt oH, HE T

e

& HHE Sl 10002 A B3 HEYS B3 3RS RES
SIEAIE 1 RAE £017] A8l ARgshe AARHIE dalElEolME 7t
2

b de] AMBEL Qe obd(adam)elzhs W ARESIA XIS
MLP ®239] 3% dlo|5 9] HAdFd= & E&ksh] sl + 719 2495
= ARgskeler, ZF 293olA= 50719 wRls AARH. 448 o

ol dajdo] dukygoz o] AREEl= ReLU(Rectified Linear Unit)
£ F83t £ FAPIHOoZE RNN ZLgoAet Zo] ofghS ARE-
ot upxEto 2 X ¥iE Sl= 5002082 A 2gE AN

Q.

l

H
ol
N

A5 vHlIE oA K-Fold WS &-8ot9oH, ojnf kgt
102 AHEZ. oldf, AAIE HolE Y %}0}3}04 HolHE AlZHe] A
2 §h53t1l ASoR= ‘TimeSeriesSplit &4 &3}

27} WigQl 7128 B3 A9 5 Al 7 BEo] 2 5 B5
o& A7} RNN 232 20179~20184 7]7toA B5 W3lE whas)
A BPon, &3 2P} MLP 2F-& AiFos AR SASH

o
e ol & 23 g4 20224 o] ¥ St FgA Y B W
She WHgsH] 3tk 571 MSE e{skA] o2 739 RNN Hgo] At
Aoz AAYS Adl= HHgsHA] ot em, MLP 232 3-foll= AA
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A yehd Ae gl 4= AT 71 ¥l A7) = HSS et

3@011 et 24 0.8%00A 5.7%7H4] oS @3k&o] A Uehd Zo=
I IFME 53 2P MLP 2P9] MAPE Fro] ZHzt

5-9%, 0.1%% tF3lH 2] & eA&o] 7P RA Hehkth

H3-10) 234 s S5 HI5e Bl

L‘-r0| x-l E
St H(H7| 2 HIF) I FIt H4(H7| 2 HIF) 0]
A MR Oz RNN MLP T334  RNN MLP
o3 [=F [=E =6 [=F [=E

2014 73,423 75,403 78,079 77,329 | 75,827 | 54,443 | 75,221
2015 (78,597 | 77,267 79,733 79,212 | 77,579 | 75,569 | 75,221
2016 (76,932 | 75,746 76,051 77,614 | 76,094 | 59,511 | 74,882
2017 |77,075| 75,936 65,154 77,868 | 76,328 | 67,249 | 74,882
2018 | 78,512 76,860 65,142 78,856 | 77,246 | 64,599 | 74,882
2019 (79,439 | 77,569 76,832 78,856 | 77,906 @ 75,838 | 75,812
2020 | 74,429 73,787 76,832 75,554 | 74,180 | 60,329 | 74,474
2021 (79,196 | 76,504 79,448 78,441 76,861 | 67,574 | 74,474
2022 170,635 71,992 74,753 73,670 | 72,429 | 62,094 | 72,346

2023 70,772 74,966 = 77,184 = 76,761 | 75302 @ 60,728 = 75,401
INERP STV

2 L5l 28 RNN 2% MLP 2%
ESITES RMSE 35.9 4.4 37.5
(M712 HIE) 8 | MAPE 5.9 8.2 6.1
ESITEN RMSE 39.2 86.9 44.0
(M7|2 HF) 0|28 | MAPE 6.6 14.0 7.8

INE=RPA N RS
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AAFR|4(Production
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Index, Manufacturing),

(Production



o] 7 T AR ATole AARELES(World Steel Association),
HMIRIEFo|A ArFEH| 28 HlolH 2 Hlo|E 9] A=, A, 43 5
< st AR

(B 3-12) 12 ZZM4E 1Y 2y EMGH0|H

T2 EX Z71HTR| o2
= A4 -HEY GDP S&P Global 0
=L & GDP S&P Global 0
MA £ GDP S&P Global 0
oL T MK S&P Global 0
MA T ALK S&P Global 0
L HAY ditK|a= S&P Global 0
M It FRED(St.Louis) X
MA HY e WSA X
A2: EME 05t XA Y2

A 71 U A4 AxY GDPE Egste] F714 02 =3t HlofE
oF I 27A8ANE 7H] A B4 o 23 A3 71 (Iron ore
price) W45 A|Qotile 5 Z7AARFT 80% 0149 =2 ATAS:

£ UETE ABAS7E 90% ool Al %‘%ﬂ T 1 esAEE A
Ao g wiA|st7] sl Mg Aol FARE IFHE Uro] 7MY w2 A
THAE Yetd= 85 25 A93ith GDP t]r% W FolAds Ul
A4 A=Y GDP0.91)7F = F GDP(0.90)2+ AlAl & GDP(0.88)Eth
AAG7E =4 el Wk GDP HoAs 2 A4-AZY GDP
£ AR AR B oM Sl A AL
(0.9412)7} =i A=A /%*/&Z]—r(O 941)%F /\ﬂ A A *}%ﬂ*ﬂ*&x]—r(O.SS)H

F

A 0.930% %st FuBAE UrE}%*Oﬂ ‘I]rf'Jr T7} A JJ* A5t
ow 11 Azt A AL-AZRY GDP, FU A AR, A B A



Aol 2% 24 dlolHz AR (& 3-13)2 3id HlolE 2] 7]

Agoltt. o, Sz A Al 7HA] H 72 AlA| 27 A

o 79 7] AYAZL SAG] wek FARAES B 2040974 o

sfol 83k

(aE 3-8) =

KZEAA}

ZZMARTE 27} 4 714

Correlation Matrix (Upper Triangle Masked)

steel production -

con&man ||

world_gdp - 0

korea_gdp

Pro_index_world

Pro_index_korea

Pro_index_korea_manufacturing

o e
BHH : :

world steel production -

o
<5
=

Iron ore price

M
&
E
3
€
8

steel production 4-

Pro_index_korea -

Pro_index_korea_manufacturing -

S

g
3

world steel production -

Iron ore price -

7 (2000~2023)

095

-0.90

-085

070

065

3|(ZA: 2024.5.2.); S&P Global(ZAt: 2024.8.2.); World Steel Association(Z

Mol 2024.8.2) NEE BR0] KK 24
(B 3-13) 245 MHE AU FZUMZ HY B8 Bia 7| ZSH(2000-2023)
Er9] :100] 22, wiot £
75 3152t TN uZ F0iR}
20 244 HxY GDP 753 336 566 129
U B AR S 109 46 82 20
A 2425 et 1,962 850 1465 354

Kt&E: S&P Global(AAH: 2024.8.2.); World Steel Association(ZAY: 2024.8.2.)
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Sy % ZE AT § A7) WS S AYees 48d ue
9712 HES Fusle] AFHOE TE FAPFS WSt dick

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ooooooooooooooooooooooooooooooooooooooooo
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

7120232 0|2 IEAS| 7|2 HIE S AlL2|RE ot XAt &
Na: ehEEUS(HMY: 2024.5.2.)

2) 2 &4

141 A4-A%Y GDPE &85 21 :6‘4%4—1%*-1 HJ

rE

LSTM —'f%— 6}04 A= L s dﬂ**—'i%«] @Q’EE 7H/d3}511}
g} o, By B4 ZETHo 2= mo|iS &Eollon VAR 2y
& ‘statsmodels’ 71 AE &-&5te] | AR}z p=2F Jr2sto] AR
ot RNN 22 &350 =2 dojojE #oprl= 7Y detAQl Keras &
g8 283t 917]#] ‘tensorflow.keras & 83 2™, RNN ZF9] Fo]
019] Fd = 10022 Ao, dense Hlolojoll&= 50709 FHS AF
styom, HF thy HHE Sle= 10022 A5kt E3 HdE &
3 1A BES 5A1E I ’AE Eol7] Al ARgst= HARHH
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AEEoA= 7P ] ARRE AL Q1 obgolEle WS ARESlA R
A}t LSTM Z3S RNN# UP{WWE = o &3 Ye] dFog
22 fi7]A] 9 g% duEEE E8al%on, fuel == 5071, HiA]

F71= 32702 dolEE AR

& 2 Al
A vk oA 7 dlSol H

oM E

IERH = = = = =
W= XL (CH2317) CiE3H 2 VAREY RNN 2 LSTM 23
2014 | 47,345 41,094 44,114 51,8156 | 43,367 36,856
2015 | 48,500 42,027 44,928 49,896 =~ 45520 | 38,758
2016 | 47,521 43,952 44,243 51,270 | 45,762 38,830
2017 | 47,676 45,835 44,274 50,877 | 45,268 38,111
2018 | 48,281 46,821 44,832 35,461 45,535 38,162
2019 | 48,716 47,120 46,418 47,970 | 46,798 39,187
2020 | 46,259 46,530 47,888 51,319 | 47,246 39,566
2021 48,028 49,716 50,472 58,294 | 48,322 39,892
2022 | 45,105 50,719 50,228 52,485 | 48,487 40,028
2023 | 46,999 51,355 49,695 56,900 | 49,633 41,138

Rz KA A
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(O 3-10) 1= R M 2 2t =4t Hlaw
ool H E
60,000
~

50,000

40,000

30,000

20,000

10,000

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

— A —e—7IEeY 7 —e—VAR —e—RNN —e—LsTM

A= MAF AR

139 452 Hrishy| 2 387 RMSESF MAPES] B4 H|wat
A3} RNN Z3of|A RMSE®F MAPE grol 7H @A Yehd ZAo& yet
@oll @2t RNN 2go] ol & Byt 71 =l & 4= Qlth. 9] 712
T3 tjd] MAPE 3+ H|wsHH RNN 2go] 28-S 3.8%p g4AlXl
A0 E Uelth o|24 FFA 9 25T dSsh] Al M 8
St ¥i40l 7 24 A BgS vrslsigon dg Rgow
A&t 12 2P AYAE SEote] AFA 9] E5F 8 HP
=2 28 5 g A= "

H 3-15) 12 ZZA 0503 7015 Hal H|n

7IE 2 ~=ia Oa - _ .

o= ('.:_f-i-ilﬁ) O3 28 VAREY RNNEYH LSTM 2Y
RMSE 42.2 36.3 92.7 24.8 64.9
MAPE 8.4 7.4 19.6 4.6 13.6

NEEPSONEE
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HE et ol $5 2 Aok BEFS FESTON A ulE
o] 1% vlgko 2 o] 23 WEAo] 2 o] SAolch. wehy 7|0

S BES AIZRYS P NG £ B5F 7] g
2 Abgstol AT 5WZe] AB9l Bk H8stel AL ek, o)
ara 2B 7] delelst BApslel, ol Ff A4-A2Y GDP

w o
]
oo
ok
8
%
20
o
g,
21'4
=
pac)
i
4
e
A=)
re
[-'O
S rlo
&
0
ox,
fo
rO
o
ﬂ
L
QL
N,

oh 3, AeelNe Bat] uet ozny o
oh @Yol M A WAl YRE T8
= Aash aolglon), H 32 A HhAlo) st o JE oS

I W7t AEA] o RE AED Aozt ddtE =4
A =y A2 Az GDPE &8st Aol met dfistA o=

64



Sl H83te] T W7IR HFS F7b WSE BT F7b Ao
s

E817] 98] 27} W45 TR 490t TesiA g

oM,
o
i
-
=h
ol
i)
u!
ol
o
o,
N
o)
=
[
i)
i
=
N
)
!
ol
9

A37t A Uehdh, 2B0IAE tHEel7] 299) MAPEge] 5.9%:
b W et Al B4 49 SEYS B8] g A

A= A3FA A5 8 Wl A2 2 AT Bye T4
Sh= Aoz 7]1E Ul A4-A%xY GDP B ¥4E o83 Agstal 3
© 23oA iz 2B JdisH diSse 2AE 7L AT
ol& 7] Pl F7HARl Mg sl dSE S Hdeerit
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Ueleg Austel, S & ZAANTFE WA ST ke A
shf Alute Qo) e maeh HY|R 27

At 7t wes Ve S AL AZY GDPE Zste]
A QAR AA 87 Aakero] Hatwolct Z7bE WS 285t
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< HAsiA HiEele e EEokAt St ojd, Sy & =S
A By e =l d4-AZxY GDP, Wl A AAPAIA S, AlA 2
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CP= PP+ E e [/}_] 4_1]

o714 P+ SFhEAAAHE(Chemical Product) $9%°|H, PP=
29 5}5kA| &(Petrochemical Product), F= 1 9 FARE-AH|A A&
(ETC) 8ot} o 22 sheeF &5 =°| ofyH, o= A &t
FEE 59 AF0 & 2ot

ShehEAPAES] —r& wﬂol A2 S '}1'3% ]ﬂ‘f%‘% T

D=S e [4] 4-7]
D= DD+ EX e, [ 4-3]
S= P IM e [ 4-4]
IM=DD+EX—P  eeverereann, [4] 4-5]

o714 DE $8%(Demand), S= FFHSupply), DDE U
(Domestic Demand), EX+ &% (Export), P= *”*}%(Productlon)
ML 5% (Import)o]t}.
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(B 4-5) MRttty 2 2 He MY
T2 £ Y71HY%| o YA
=L 42 GDP S&P Global 0 0.98
Ol= 4% GDP S&P Global 0 0.96
F= 4ZGDP S&P Global 0 0.97
0| LAY S&P Global 0 -0.30
F3 UGYLUR| S S&P Global 0 -0.60

INESPSW RSS!

(13 4-15) 71292 458 Y F23 GDP 50|
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6,000
15,000
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10,000
3,000

2,000 5,000
1,000
0 0
FELLSEL LTSS LTSI TS E S OSSP
| EFE+EY —e—Citl=cpp —e=0/=cDP —8=CGDP
A= st Q35 S, MESH(AAY: 2024.5.15.); S&P Global(ZAQ: 2024.9.3.) &11510{ Xt
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91



(H 4-6) MQalshie) & I g
ol M £ R

2 pIEI=T! GDP(real, harmonized) AHAAK| 4

= +2Y sz 0= == 0| ==
1996 1,930 658 12,318 2,013 4.5 13.2
1997 2,052 698 12,866 = 2,199 7.2 11.1
1998 2,284 662 13,443 2,372 5.9 8.5
1999 2,290 738 14,087 | 2,554 4.4 8.9
2000 3,024 805 14,661 2,771 3.9 115
2001 2,633 844 14,801 3,001 -3.0 9.6
2002 2,708 910 15,053 3,275 0.3 12.7
2003 2,966 938 15,474 3,603 1.3 16.7
2004 3,009 987 16,069 3,967 2.7 16.5
2005 3,254 1,029 | 16,629 = 4419 3.4 16.3
2006 3,554 1,084 17,092 = 4,981 2.3 16.5
2007 4,779 1,146 17434 = 5690 2.6 18.0
2008 4,386 1,181 | 17,454 6,236 -3.5 13.0
2009 5,104 1,190 = 17,004 6,825 -11.4 10.8
2010 4,794 1,271 17,463 | 7,550 5.6 15.7
2011 5,560 1,318 17,736 = 8,271 3.1 13.7
2012 6,329 1,350 = 18,142 = 8920 3.0 10.0
2013 6,076 1,393 18,526 9,613 2.0 9.7
2014 6,274 1,437 18,994 10,324 3.0 8.3
2015 6,275 1,478 | 19,553 11,048 -1.4 6.1
2016 6,259 1,521 | 19,909 = 11,805 -2.1 6.0
2017 6,979 1,569 = 20,398 | 12,622 13 6.6
2018 6,826 1,615 21,003 = 13,472 3.2 6.2
2019 7,204 1,651 | 21521 14,278 -0.7 5.7
2020 6,508 1,639 | 21,045 = 14,594 -7.1 2.8
2021 6,941 1,710 = 22,266 = 15,828 4.4 9.6
2022 7,710 1,755 | 22,697 16,295 3.4 3.6
2023 8,273 1,778 | 23274 @ 17,149 0.2 4.6

Rtz BHAQB1IEE|, HIZE(ZMY: 2024.5.15.); S&P Global(ZAHY!:
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X2 MR8 3|, MESH(ZAMY: 2024.5.15.); S&P Global(AM: 2024.9.3.)2 &&3510]
stA
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MR} 053 ZoiRtE

o[fl Aolx= SAA AAE 4 71HQ VAR 29, "2 759
RNN 29, LSTM 23, MLP 29 5= &&sI3lth. oyl 7|&o= Al
7ol RES BHHs Brge ARR51917] wliEo] RMSE, MAPE 52
ot H|15}7] ot E}EW 71& B0l ARBESRIA FHF V12 AR =
I fARE 23S =& HRAE Aldste] AT 7He] HuE Skl
7} B mo|iS EEoto] Ky %‘_J&i%}%‘; , BE Eou %?i E
(Train set)= 1996~20209, HAEAE
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Col A E
w0 =]
o . VAR
:: RMSE
. 1,340
- MAPE
- 0.1633

1995 2000 2005 2010 2015 2020

INE=RPA N RS

(2) RNN 2%

RNN 2E2 Keras9 ‘tensorflow.keras’ & &85ttt AlAE glo]
B9 miglS <55k= RNN #o]o] 7% <= 507H, Dense #loJo] wH
= IS A5k g5 BHE Sl4= 5032 A4t st 4
2 Z09] olFS ARRSIT) (1¥ 4-18)0] B4 Ao},

(2 4-18) RNN 2§ 2A Z1} ol 1 =
- 7 o3
e RNN
” RMSE
377
000 MAPE
o 0.0414

1995 2000 2005 2010 2015 2020

INE=RPAIN RS

94



Q) LSTM 2

LSTM E¥%E Keras9 ‘tensorflow.keras s &&JoH, Fd $=
A WA LSTM #lojof 1007H, F HA| LSTM #lojof 507, &2 &lo]oiof
+ Dense 74 170& AU ok vHE Sl= 10032 AAsta
RNN 2@} v R| 2 opg-& ARESIATE (19 4-19)7) 24 Ziloltt.

(A% 4-19) LSTM 28 &M Z1t

Tl M E
: P —

LSTM

RMSE

862

- MAPE

0.1103

1995 2000 2005 2010 2015 2020

INE=RPAIN RS

(4) MLP 23

MLP E&2 MLPRegressors AR&slal 24Y%(hidden layer) & 7§<]
o = 47 5070E A5t A3t garE|Eo® o ARSSIGS.
™, 8k5 HHE Sl= 50022 Asiltt. (1™ 4-20)°] &4 Axtolct.

(O3 4-20) MLP 28 2M A1}

crof: M £
8000 Eéi
A
MLP
RMSE
N 448
MAPE
0.0537

1995 2000 2005 2010 015 2020

PP IEY
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(5) CtE MAS|IY 23

71 T AFSH 2P vwsth] f5f o Aol &85t v
24 GDPE} F=9] A4 GDPE F7F 42 Htgsto] B4t (1
4-21)0] £4 ZAylolr},
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(J™ 4-21) Ck5 M33|7| 2% 24 A

oo (=3
s

CH5 A3

RMSE

465

MAPE

0.0535

1995 2000 2005 2010 2015 020

R M R

(6) Tt MY 2H

A BEA B3 vlwstr| 93 BygolH, 7|& B3 7 FAE
5t gejolt}, 2@utale] A& GDPYRE W sl o AE 37 =Y
olt}. (Y 4-22)7} ¥4 ZAzjo|t}.

(O 4-22) S M| B 2 At
ol M E

A T
Ch M3
RMSE
395
MAPE
0.0431
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Oﬂ LSTM EO&% Xﬂﬂﬁ} % Z‘iix—.ﬂi dlSo] AAIGES WA Y3t

dhol 20214 AlAo]| Ao 2 X ZE

056 R M S P
7b Aol whet AA e e R E4S Al

(I 4-7)2 2P| &4 235 Qo8 #Holth 39| FL=E Hrist
7] 918l ZF ®3g9] RMSEQF MAPEE H|usf £ Z3}, RNN X304 RMSE
9} MAPE Ztol 7% 2| Ugith. RNN 2§ 2] RMSEZ} Ztks AL 93}
7} Arh= AS YulshH, MAPEZF Atk A2 ARl eAks0] Y32
oujgtct. wEba] RNN 20| 7|29 9<3l7] 13 tfH] 535 Zlog
et 71 9 MLP 23} th5:3]# 232 RMSEQ} MAPEE: At o
2 UA Y2 Holu, 7|2 By oiy] ¢ JfAE ZFolgtal Br)E FETh
2 AoflAs vt AReteitgdl & 9= PR vl= S
< F7F R vEsiglon, b4 ByE gioto] Blus) Hokth
T 23} RNN 239 A& 5ol 7€ B3 dH] JdES E&5t9oH
RNNZ Ao B BEgE AT 4= & Zos dodnh

H4-7) B3 7t 05 ST HlZ MY

ool M E
7 VAR | RNN | LSTM  MLP CIEs Seald | Amzt
2021 - | 7837 | 8125 7429 7346 7464 | 6941

o=
HAE 2022 1 6,669 | 7,760 | 8,454 | 7,553 | 7,656 | 7,705 | 7,710

2023 | 6,691 8,010 | 8799 | 7,690 & 7,59 @ 7,832 | 8,273
RMSE 1,340 377 862 448 465 395 -

MAPE | 0.1633 | 0.0414 | 0.1103  0.0537 0.0535 = 0.0431 -
Rz KA A
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1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

R

-0 = © o &~ o ~|30NuE o
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o o ol -
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SARGEEN)

—\ol\)—\ovcocnoor\)oooo-\ba

SAFHEZS(

28
3,880
4,513
6,195
5,027
3,821
3,984
3,830
3,844
3,270
3,506
4,027
3,622
2,914
2,885
2,676
2,520
2,599
2,172
3,138
3,009
3,320
2,647
3,448
4,512
5,658
7,096
5,338

Z4AHO1 -

H 4-8) U o2 HZE =2

2

Ede)
STT

802
777
1,166
1,140
747
704
722
755
832
1,072
1,115
926
996
1,042
1,179
1,041
851
723
939
1,069
973
952
950
707
608
485
454

(= =N

7
335
325
271
197
187
229
229
207
231
238
254
247
242
260
240
186
247
243
247
242
216
204
115
42
16
21
17

H7C

23,826
23,081
23,629
23,921
22,960
23,525
23,955
21,671
21,936
23,673
21,928
19,457
17,262
16,982
17,591
16,476
11,980
11,754
14,659
17,188
18,173
16,600
12,534
14,812
14,440
15,965
13,042

O O O O 000000 o o0 o o|l— — — —

LPG

13
4
35
5
6
15
10

7
20
5
20
22
9
10
10
10
10
10
10

2024.8.30.) Z10610] MKt =i

7|Et
M=

=
2

A=z

o
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HEO|
kol
pal=3

£19): A b2

e

28,874
28,752
31,329
30,314
27,748
28,506
28,767
26,497
26,278
28,495
27,330
24,288
21,420
21,173
21,692
20,254
15,697
14,922
19,039
21,595
22,793
20,507
17,120
20,125
20,662
23,605
18,905
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(H 4-9) =H| g7 =2

SN

= 8% B2 SR H7{C HIO|Q Az e |

1997 7,153 573 32,548 - 40,274
1998 7,943 761 33,110 - 41,814
1999 7,906 678 36,734 - 45,318
2000 5,638 843 35,714 - 42,195
2001 5,701 327 35,379 - 41,407
2002 5,775 243 33,499 - 39,517
2003 6,307 146 37,644 - 44,097
2004 6,303 295 41,911 - 48,509
2005 5,501 325 42,612 - 48,438
2006 4,990 367 40,800 - 46,157
2007 4,287 428 37,333 - 42,048
2008 3,955 472 37,771 - 42,198
2009 3,354 364 35,009 - 38,727
2010 3,493 513 37,401 - 41,407
2011 2,861 539 36,582 - 39,982
2012 2,512 507 36,447 - 39,466
2013 2,859 270 38,065 - 41,194
2014 3,582 223 38,425 - 42,230
2015 5,761 171 39,729 - 45,661
2016 5,258 42 44,787 - 50,087
2017 5,655 66 40,650 - 46,371
2018 5,550 62 38,899 - 44,511
2019 6,737 27 33,149 - 39,913
2020 6,715 5 41,094 - 47,814
2021 8,435 1 43,807 - 52,243
2022 9,672 2 47,296 - 56,970
2023 10,110 - 46,166 5 56,281

X2 S=RMRIA HEZSU(ZAMY: 2024.8.30.) EUIGH KA 2y
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@ = 5 =3 F M g AN

T 2 E5F A4 A dF AFL SRR Gtk
FEFUNEFHEAIA(PORT-MIS)2 TAE &8sttt 552 9
T AXS dEolon, Y AA2 B4 JAA-HYG AlFo] L&t Ao]
sto] FAIE HFAIZ = o] A st g QP et tfEste
Aol 59 SVl Hee B 9 AF FHAAE Holal glov A
Hho] 2E3(Gross Tonnage)= S7HIE EQlth o] ZL2 A= (Od™
4-23)004 1S 4= glom AR AXL (A 4-10)°] FotATt. E3t
A A ALE Aol 20234 EEE JUEST ASEIA'Y 9F
5% AYAE £35190H, (F 4-1DF 7R Yeri At

(08 4-23) g =50t M gt AX FA|

1,600,000 90,000
80,000

1,400,000

1,200,000 70,000
60,000
1,000,000

800,000
600,000
400,000
200,000

0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

50,000
40,000
30,000
20,000
10,000

0

— O 2SN E) —e—QTH YA(H)

1,600,000 2,500,000

1,400,000
00000 2,000,000
1,200,

y = 518981In(x) + 245068

A0 R?=0.9476

1,500,000

800,000 ]
600,000 1,000,000
400,000

500,000

200,000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

— Y SEYHE) e SUHYUEE) 20 (AL YHEHE)

Nz ol SRS R HEAIAR(ZMY: 2024.8.30.) FUSH0Y MAF 24
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T 4-10) QI8 252+ U Q|5IM Ql5t AlX

A QBHUY | FHABMYY | A=H AN U
M | 25+ | max | A2 | M | aes
2001 | 610,910 39,956 447,203 110,841 64,581 29,115 | 382,622
2002 | 635,545 52,744 619,601 15,506 113,029 |37,238 | 506,572
2003 | 667,608 | 70,766 858,575 18,374 125,652 |52,392 | 732,923
2004 | 733,377 | 74,779 922,142 | 19,846 135,230 54,933 786,911
2005 | 754,936 | 77,287 1,001,654 21,618 151,741 | 55,669 | 849,913
2006 | 809,830 | 78,631 1,044,366 22,137 155,476 |56,494 | 888,890
2007 | 862,523 | 82,702 1,117,041 23,289 165,228 59,413 951,813
2008 | 894,693 182,853 1,172,581 23,475 173,594 |59,378 | 998,988
2009 | 848,299 77,670 1,188,326 22,669 168,494 55,001 | 1,019,832
2010 | 966,193 82,235 1,347,328 22,257 | 155,815 59,978 | 1,191,513
2011 1,069,566 83,439 1,469,262 22,817 | 159,312 | 60,622 | 1,309,951
2012 |1,108,510 84,531 1,547,696 23,108 139,380 61,423 | 1,408,316
2013 11,123,172 83,182 /1,611,815 22,977 ' 140,061 60,205 | 1,471,754
2014 1,184,641 80,640 1,645,384 21,617 | 142,692 | 59,023 | 1,502,691
2015 |1,216,782 1 83,133 /1,771,398 21,293 | 152,367 | 61,840 | 1,619,031
2016 | 1,242,597 85,040 1,849,903 | 21,774 | 155,105 | 63,266 | 1,694,798
2017 11,312,489 84,015 1,817,429 21,597 | 159,569 | 62,418 | 1,657,860
2018 |1,405,912 80,971 1,812,411 20,622 | 148,169 | 60,349 | 1,664,241
2019 1,429,150 80,217 1,836,375 19,849 | 165,509 | 60,368 | 1,680,866
2020 1,276,228 75,049 1,803,257 | 17,540 | 161,571 | 57,509 | 1,641,686
2021 |1,352,575 73,156 1,804,767 17,550 174,326 | 55,606 | 1,630,441
2022 11,307,642 | 72,469 1,823,707 16,190 176,051 56,279 | 1,647,656
2023 1,320,142 74,949 1,907,236 | 16,772 | 206,468 | 58,177 | 1,700,768

R A SHO BB RHDAIAE(ZM: 2024.8.30,) AT5I01 A1} K

=2 A =3E

H 4-11) 2 132 $010| 9/3 S A% U MY

cHol: et %
Al &y HEZ 5712
2022 2025 = 2030 | 2040 | 2050 @'22~'25 ’'25~'30 '30~'40 '40~'50
1,308 | 1,453 = 1,688 | 1,831 | 2,024 3.6 1.8 1.4 1.0

Riz: SIS AL R(2023), p. 164 HT510] KXt ZHA]
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® =N7I+e ¢z

A1doflA AFet Bk}
Roadmap 2023 Update) EIAE &
W7kA] o | A

(2% 4-24 Mot

1==¥e)
T

(o] e
35

Shipping energy consumption

Zo] [FA=

A s A2 94

A=Y ZIEWM(Net Zero
sko] (I 4-24)2F o] 2050
ofFt ARE ANSAT.

tﬂ—

FE WX A2 HIS HY(EA)

Aviation energy consumption

-16%

8%

Q Q Q
2015 20202022

2015 20202022 2030 2040 2050 2030 2040 2050
@ Fossil fuels @ Biofuels @ Hydrogen Ammonia @ Methanol
® Synthetic kerosene Electricity e Avoided consumption from behavioural measures (right axis)

Milestones 2022 2030 2035 2050
Shipping
International shipping activity (trillion tonne-kilometres) 125 145 165 265
Share in final energy consumption

Biofuels 0% 8% 13% 19%

Hydrogen 0% 4% 7% 19%

Ammonia 0% 6% 15% 44%

Methanol 0% 1% 1% 3%
Aviation
International and domestic aviation activity (trillion passenger-kilometres) 6.0 10.9 na 16.5
Avoided demand from behavioural measures 0% 9% 14% 20%
Share in final energy consumption

Biofuels 0% 10% 22% 33%

Synthetic hydrogen-based fuels 0% 1% 4% 37%

Technologies are being developed to enable the use
of low-emissions fuels in shipping and aviation

Ammonia engines
for vessels

Hyd bunk
forvestere o IUNEI

Batter
electric aircraft

Synthetic
aviation fuels

NZE

@ Small prototype or concept @ Large prototype Market uptake

K= IEA(2023a), p. 94.

CO, emissions from shipping and aviation decrease
more rapidly in advanced economies

o
h’D/a//,Q

2022 2050

+e+++ Emerging market and developing economies
== Advanced economies
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5

HuA BEA Axo] wE2W, TE(ransport) HFE F LS
(maritime shipping)®] 4%, d=a+= Hlo|Q A=, 4, Yryo}, dE
== %] F 7o g HoIth 203049} 205092 7|ECE HI0|Q A=

= Z7ZF 8%, 19%, 4= 22 4%, 19%, Yy ots 242k 6%, 44%, ™
2.0 717} 19, 3% AWt thet e WES HEE BsHA
QIorom, AR HMFS FESIA Pot AR $H L FHgsto] B

i
Jau
Q |

‘AA FA] AHWorld Energy Outlook 2023) Rl AoAE =71
T A gt AR AU=] 2(STEPS: Stated Policies Scenario)’,
=7PE IR 3oF @S AARE o B9 AUZ|(APS: Announced
Pledges Scenario), 20509714] <= &S 022 WEE & W& A
2 2 AY2](NZE: Net Zero Emissions) & T~ AlUz|e¥ o
g H3E dYstal ok (O 4-25)= WE=oF olyA| =8 AH¢Z |
Efe, IEAS] 9= S7E A 379 88 BYsto (7 4-12)°01 4
ottt 22 #he] Adxd HIlE (¥ 4-20)0] #ASISITH

(d8 4-25) AL2|2E WSRO0 0| X| =L HLU(2022~2025'H)

Road

m Oil
MNatural gas
Bioenergy
M Electricity
M Hydrogen

2030

2050

Hydrogen-based

Non-road fuels

2050 2030

50 75 100

A= IEA2023Db), p. 113.
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=2 %
o sty o= Siq g
T dole | 44 omuor MEtE 44 ING | 49 | A
2020 0.0 - - - 0.0 2.9 97.1 100.0

2030 | 80 4.0 6.0 1.0 19.0 6.0 75.0 81.0

2040 | 15.0 11.0 24.7 1.7 52.3 4.0 43.7 47.7

2050 | 19.0 19.0 44.0 3.0 85.0 - 15.0 15.0
Z LNGE APS AlL2|29] 6%E 7Hgot0] HEoI MRE TIetd X LNGE Mgt 3t B
Xt2: IEA(2023a, p. 94; 2023b, p. 115)

(28 4-26) EHE &8 A FY(BAV) HIS

50
E)
750
40
6 @ 0
29
0%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

mH0l2 m44 mADLO} mO|EHS minG mHFC

X2 IEAQ2023a, 2023b) N2 E 501 KA 24 Ly

2) 23 HA
@ O|& TZAA AA
&g = ¥AH] A ZHHE FA(BAU: Business As Usual)

Be A90) FY WAY S5 WHES AT JEEY F719
A Ao B4 31 mefslel A AP R AYSA. The
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(O™ 4-27) A= YA 2 ML Hi}
- U WA U TAlG2 o S, A
SR A2 ZM(KNOC) HEZU(Petronet)

- =259 A J MUEsa gussT asEad 28) TA
QA HSURISE T AU(PORT-MIS), AR (M)

- ikl X AL — Aa] 0| S(es vy 28) — YE HY

SHYFAE SHRSIBIE R HEAIAY(PORT-MIS)
- S HAY MH . X S5 9 2@ 2y 4g])
— H7|2l HoKBusiness As Usual Z2)

- HaE FE HIF Y TA - KR HY B2
HHLIX7|TEA), ZHIBIAL | (IMO)
- 2 A Mikpav x2) — XA @y Apig ag 22)
— WAHE FErg MEHEE aug 3 uE Y £9)

- TgkE s U 20 4

- 7|E HUiRo| Al WHE +Q LEgR/asE HEos b
- FlE ad | WHE £Q ME(ESIR e /M w)

INE=MPRINESE]
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@ 2 HHY HUBAU)

T 4T AP FESL O BEFS USE S 8RN 1Y
3} 20 FARFE BEstel AP, T YurBEYF ALy AGe
A (E 4-10)7 (I 4-11)0] AXSIGOM, 25 SFFS ULz 3]
JPH Y FESS FHoH HAARY AT (E 4-13)7 2ok [
4-61e o7 BRI 2 FALYS FEE O BEF AP, 2
1 2AEFAL (4 4-3710] HIEo] e,

(& 4-13) R2[L2} 2 Yo ZE HEM 21t 2
i A BER +AY  sAY oz R’ YR
o -272867.5 87788.4 -3.1 39019 | 0.9741 0.9465
Q25 16034 81.1 19.8%x* ‘ ' '
= *= p-value (.05, **= p-value { .01, ***= p-value ( .001& 203}
A= KA A
1 .
ZLOGT: 5 [(%_'_alXLOT)_,_(bU_i_blln(XL%m,XoYear)) .................. [4] 4-6]

oA71M Z29TZ 17]19] R} U7 AEtY] FESoIH, X, t7]9] &fF
=5goIt

Pt AutY] A= o8] S5 HIS= 47 24 AT =4 9
Ko= F-Esto] §FgstA 2023 1,1469F 134 E Q.
20409 1,488 5% &, 2050¢ 1,620%F 3H Eog ZU1H Ao
THtt (I¥ 4-28)2 HAY AR} A HolFn

AR FAE H83 FolBHE PACH 5 AT 97.1%=
o}t B3 ARaAte] BAE &8cte] LNGE B3t A% A4

of gl

it
(e @ e ook
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(2 4-28) H7HZ AX A HY(BAV)

18,000

m
0
{24
rim

16,203
16,000 15,601

14,885
14,061
14,000 13,220
12,257
11,461
12,000 10,356
9,863

10000 9540
8,000
6,000
4,000
2,000

0

X

D D> O © g
ARSI
S e,@

D o N o & o © @ 9 &

S AN §¢ &
s @@@@@@q;&@&@@@m@@&m
o

LR ERSCaN Lo
K2: SHQULALE SHQEIDIZE M A|ABZAY: 2024.5.15); SIEAQTAF HE2Y
(4M9:2024.8.30.); IEA(2023a, 2023b) AHRE H1510 XA+ A &

o]0l Aoz Fpgstel WACKE Bk 2
At #ACH %, 8 Aue AVEE S0 A, (18 4-29)
9 (G 4-14)9 2L At dett

(2% 4-29) Et H2 20| H7{2 Mt

18,000
T HE
16,000

14,000
12,000
10,000
8
6,
4,
2
0

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

8
8

8
g

8
8

8
8

B0l mEFcyrA mEAHSYDLOF mEAHSHTE  mEHcsing mEACRA
N SRl SPUOISSHIAAY(@MYU: 2024.5.15.); SIANSBA HERY

AMA: 2024.8.30.); IEA(2023a, 2023b) At2E AIIGH0] XA 24 2 24
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SEIZUMLE ST IE2Y 13t 04

HY M E

. 2817 (22 HMSIOR ZHAGH: £Q(HHCR—HY =) SpENe)
TE hole | 44 om0l MEE (NG MR A HHCS
2024 126 - - 18 531 676 11,973
2025 280 - - 37 582 899 12,032
2026 438 - 158 56 631 1,283 11,864
2027 601 - 320 76 681 1,678 11,671
2028 768 - 488 97 732 2,084 11,466
2029 940 - 660 118 784 2,502 11,251

2030 | 1,116 558 837 139 837 3,487 10,460
2031 | 1,272 650 1,102 141 848 4,013 10,116
2032 | 1,431 744 1,374 143 859 4,551 9,760
2033 | 1,594 840 1,652 145 869 5,100 9,388
2034 | 1,760 939 1,936 147 880 5,662 9,007
2035 | 1,928 1,038 2,225 148 890 6,230 8,604
2036 | 2,011 1,171 2,541 170 840 6,733 8,274
2037 | 2,095 1,306 2,864 192 789 7,247 7,935
2038 | 2,181 1,444 3,194 215 737 7,771 7,586
2039 | 2,268 1,584 3,531 238 683 8,304 7,227
2040 | 2,355 1,727 3,873 262 628 8,846 6,857
2041 | 2,434 1,865 4,204 284 569 9,356 6,448
2042 | 2,529 2,017 4,568 309 512 9,936 6,073
2043 | 2,618 2,165 4,923 334 452 10,493 5,667
2044 | 2,707 2,316 5,284 359 391 11,058 5,252
2045 | 2,798 2,469 5,651 384 329 11,631 4,828
2046 | 2,885 2,620 6,013 409 265 12,192 4,388
2047 | 2,974 2,774 6,383 434 201 12,767 3,944
2048 | 3,065 2,930 6,758 460 135 13,348 3,491

2049 | 3,156 3,088 7,137 486 68 13,936 3,031

2050 | 3,248 3,248 7,521 513 - 14,529 2,564

RIR: QAR SHRSDISEHBAIA(HMYU: 2024.5,15.); SHEAQBA HIERY
(ZAY: 2024.8.30.); IEA(2023a, 2023b) Xt22 RTI510 KX 24 U Kby
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4=

7t e FIFo| Aol7t o Z2 AL U7l fsf A= gl 2
o7} om, F8 AutAg o] YAF (& 4-15% skt dlE &
of, YACHY AALEFZ 9,793kcal/kgolH, 4= 28,662kcal/kg,
QFRUORE 4, 443keal kgol B2 28 oF9] WACHI kst Fuioz
deE ), eae 1/3 A= S, dRYoks 7 H ol EASHA
e, W] AEEE BACHS] o] A AIALS lelo] 1
Aok Aukdol B Wsle wloksl & 9t

=
= HIO| | & A QtaL|Of | EF=2 LNG HICR
O| ’idzf
el 22 8,885 28,662 4,443 4,753 11,727 9,793
(kcal/kg)
HHCR
oh| bl 0.91 2.93 0.48 0.49 1.20 1.00

RF2: QIY&(2023), p. 13. RAFEE ATI5H0] KAt M

Az g A& wIFo] 7|E A= HiH| Hol A& Ag] e
71& AR50 FAFHT g AR 9] ~7}94:01 o uke Aoz AA Y
o (IH 4-30)2 $715ke A=t dadshs dve St d& vludt
dizold, A& S g WAY F2e <£ 4-16)°1 =I5kt

(1 4-30) MureIRE 7 XY

mHO|Q ma4 wADLOl mO|EhE mING mHZc
Kz oAt SHRRE R HHA|AR(ZMA: 2024.5.15.); S=MRSA HERU
Al 2024.8.30.); IEA(2023a, 2023b) At2S A06H0] KA 241 21 XM
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Izst 04

H4-16) 98 Z2 Mo ¢
HY M E

. AT A Q(HFHCR—FT ) SpENe)
TE hole | 44 omUol MEE (NG MR A #HCS
2024 139 - - 37 444 620 11,973
2025 309 - - 76 486 871 12,032
2026 483 - 348 116 527 1,474 11,864
2027 662 - 706 157 568 2,094 11,671
2028 846 - 1,075 199 611 2,732 11,466
2029 1,036 - 1,455 243 655 3,388 11,251
2030 1,230 191 1,845 287 699 4,251 10,460
2031 1,401 222 2,429 291 708 5,052 10,116
2032 1,577 254 3,028 295 717 5,872 9,760
2033 1,757 287 3,641 299 726 6,709 9,388
2034 | 1,940 321 4,268 302 735 7,566 9,007
2035 | 2,125 3bb 4,905 306 743 8,434 8,604
2036 | 2,216 400 5,601 350 702 9,270 8,274
2037 | 2,309 446 6,314 396 659 10,124 7,935
2038 | 2,403 493 7,041 443 616 10,996 7,586
2039 2,499 541 7,783 491 571 11,885 7,227
2040 | 2,596 590 8,538 539 525 12,788 6,857
2041 2,682 637 9,266 586 475 13,647 6,448
2042 | 2,788 689 10,069 638 428 14,611 6,073
2043 | 2,885 740 10,852 688 378 15,543 5,667
2044 | 2,984 791 11,648 739 327 16,490 5,252
2045 3,084 844 12,456 791 275 17,450 4,828
2046 | 3,180 895 13,255 843 222 18,394 4,388
2047 3,278 948 14,071 895 167 19,359 3,944
2048 3,378 1,001 14,897 948 112 20,337 3,491
2049 @ 3,478 1,055 15,733 1,002 57 21,325 3,031
2050 | 3,580 1,110 16,579 1,057 - 22,324 2,564

(Y

K2 YAt SHREIIS 2R HA| A (ZAM: 2024.5.15.);
ni

(ZAQ: 2024.8.30.); IEA(2023a, 2023b) Xt=2E &5}

ol
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oo H E
S i
2030 4,207 3,487 721

2035 8,354 6,230 2,124

2040 12,684 8,846 3,838

2045 17,320 11,631 5,689

2050 22,168 14,529 7,639

X2 UL SHRBIRISREBAAR(ZMY: 2024,5.15.); BHZHRBA HEZU
2M: 2024.8.30.); IEA(2023a, 2023b) X2 E ZTI5H0] XA EA U ALY

JZusleld vEE Tagy 4 7o

43t vfjriele] &

3t Alh e A=
25 APgsithe Aol Aot it A& S AP 22 B
A = A AL AR B8] 7hs
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g A5t AGAE ‘41—51 ‘21‘:} = CH-TLOM /\Véﬁi ﬂi% A= A
A APge] Weto] Sh= - EHeo] 2|&H o= o]fofxof & Aoltt

H4E 22 I AAFE

Hoststalel e Sajue} 7| 7RI O 2 A 7} AJALY] & RS 214
B ol 20 42 EZow dux A Ao 17 et
7} FA(trend) ol 710 & S7do] THEEE AlEd(seasonality)
ZHA3L USiEk. ohak, 9P AbslE s} o] M.qatet Alge] HubAel 7
z7t WepA E Zog oiHd. Ut diE ARds £ F8
E5L /)20H ofgdo|glot, 7Y AP 5274 A %
AESE 98] WEAEA AE AL 95 Aulo] Exsia 9tk o] 2

o F2AQ Mol eBF EL BRA SRIBYNNE 2L 42T

o ofN mok

Ao At HAFAYNE BEF SIS ojefet WatS
NRIE 4 gl Jjdo] Wt

ohee HAEY BEYO] B A= DAt HAFY A48
) AUAES FEEF FR R B AFAE ol
th HSILE 71202 AR, Fekd oux|i §o] o2 $ag X3

o}xl 7] 7o SHEEE ERA} A28%F FUISREE o gt 4
L 280410, Y Uok= F40tujolr} 281410, Uo7} 281420
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AR, $RHLE, 49714, ARHADE FRRFAA & EBoz 2
5ol ZIEHAE AN EER T |EROR BRI
R F9 Q T=EAE G @& 5-D3I} 2k

QA AFG3t vie} o] 7|ERgAS tiEEO] JEXYS ZototH, A
34 EI} v)ES BER FRT 5 A AR B4 BES 34
o] FAERI FES 9ulstH, HFHS ALt &, 2, &, |, °ofd, W1t
74, ER 5 vlagLo] A, 34 FEE) 49 24 F2o] of
O Uoin] B2E welo, tiidos Mo, wed 4, 24, 3 5
o] mghect

(B 5-1) 7|EFEMO HSZEE
7= HSZE o= =94
5 A3, g EAR M- M3 AHIE
*2505(MAHZEY), 2523(AHIE) H|2|

o= 26 Z-&2473-2|(Ores, Slag and Ash)

=4 *2601(Z2M) M2l

MAE X

o )
27 *2705:2709-2710-2711-2712-2713(}42, 42,
75, 270111-270112(FAE, RAE S HEH A

A2 aiY-At2(2023b), p.9 01F LHSS E1ISH0] KXt KA.

19) BUL HBOR o{KI= 52 B0 YB2 (20| 9 HRAAR T= BYURE HFASH
2I2 Y2 ZOH0KT BAS OlD[3 L2 BMOIN HZE 0)5 HLS L5610 SX5K= 34
420/ 3280| =2 Y| IR IR F0 HEE
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ElEts

A= siYaAt2(2023b), p.66 0|1F LIBS

J|E[ZA FREEY 052 urst 05

= HSZL 2o
7|EFEN 2603 == T s
SIS EUMME | 282550 Atal1a| 9t 2ALE 2
3t 745 22t 1 HE
7|EF 2604 LAz 7 My
SIS UMME | 282540 ASH| 2Tt AL S|
= 720260 2L
&3t 758 LiZat T S
7IEFEN 2605 IYELW I WY
SISITUMAE | 282200 | ASITUE HFAMSTYUE MUSAO| MBITUE
tat 8105 | —ZESIHES i:gé MR MAME T Yo &
ZHiAtE, AYES I HE
7|EFEA 2606 TR =l [ Sy
SlelEPMME | 2818 AsltEn|s, AAERI20E
et 765 Y20|E0 I NS
7|EFN 2607 o g Ny
SIIESYYME 2824 At AT QEIX|H
et 78% =fL (=
7|EF 2608 ofiZm 1 MZ
SIStZHMME | 281700 AtSlOF Tt TRALSHOFA
3t 79% orist I MiE
7|EFEN 2609 ZNEW 0 ¥
T3t 80% =M HE
7|E+EN 2611 AN T HE
SIS MAE 284180 B ARIA
= 720280 HZ2EAHID} HZA2|3 EAE
et 8101 EAHID O HE
7|EFEA 2614 E|ENsZT 7 =gt
SISISYUMAE | 282300 AISIE|ENs
=W 720291 H2E|ElEY H2 42| TEEE
s} 8108 EElsd O HE

FI5HH XA 1z
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7IeRg Al st Tt BF S IHllAE A4S HI5oto]
2], U, otd, & 5°] ol &gt ols JF2 AZE, AHE At
il

otd & g At 5 diFE A8 AlgE AREH. 53] &, of

Ag AR AGHE o, B 5 HEIS B A9 BHED)
Felz Sstel A A P AH gt Fejo] 2} S

—_L
=
& AE2 AR olnf FE2 ¥Fol obd HFe FHIE diF-E s
bl

52 S UL Sl FAtlM A=d FAol A TES AR
78 FEo] =5 B2 A Hed, ol FHoR sk 55 da

W

£ 237 5 A4 BES B9 Yot Su0) e B Feow ob
2 Agoleta RET. SET UAY, ILEY 5L ol
9 24L AA e By gel LSl AU, PaE
o AE, B ANESS BERE AAL St

o

o
)
p

Rl
I
m

f
l

’

o
b

SHE, 22 2050 ©25 244S At AA F8 =7He0l ovA A
= A53og S48k 7Rt AoUA 3 a4t Sl 7, YA
5 HEES FES0] 752 T Sk 3 VAP HiEekE7] AR
St A Z2940] S =T 9lrh20 sHH, 17t HjEEE 7|ASL Al
£ 388 &7 290] =7Hs) 744 olvAF Betey, 2 Mg
A 71s A, A71AE eEE A2 Aol AEthe § TRt 2
= &3 =4 Adaz ojuA] MAlE Al=skL .

¢

20) MIEXIXI LS 0|5|(ZAM: 2024.5.17.)
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ZERRAL S RO FROt TR 9 AnHE AdFE o
et Holck. 7]Elg Aol i BER F thEAQ HFEYRe 49
He AZAzE 2ol AUE A4S ot AR g, AX, 9
ORE Sol= Qe AE 1, TYPEY 9ol Fol, FFYE YR F

2t 34989 Yadle] 9ol B4 FHF4S dusH
WEL o) due AgHR, AVER, A7, P4 7] ARAE U
=4 Bag FEolt.

2 HoAE 7] 28 ABHE Tefstel A A9 B
w5} B gk

=

BAT A0 AFH2) o] Aekh oA RO AT ouix] A
wl ohet BB AROIE 2 G q
RS AAER B Sehe AR 4S9

o>
it}
Nu)
=
0%,
oid
ol
IJE o

s7] Thizolet. [FA7} 2021e] WS Az2de] of w2

o B 587k 71 AT 4B ol ], YFY TR 1%

210] o} wlo] Feh FEAUS Waw Wt @F, UA, U, vk
(o]

s, &9 52 xR 9] e 3 ol ARl o

ok
tlo
_O|L
ol

o)
e
e

21) ZERS-2HX|21(2021), p. 4.
22) IEA(2021), p. b.
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o, JEF= LA gYl, A7x Bg 4 B2 T A4 AR
U409l AAolc), FE|9} dFulge AT AL A] B2 o] dQ
k= 5 AR R ARA| AAH] S 5] FEAEL] 4|7} of
Z Solg Aog AFEt AAZE 20104 o] AF ExJo|A] Aol
A19] vlgo| F715to]| wet Al Ay 85 " Qa3 FEHS oF
50% ©JAF =713ttt TSt [FAE 2050 €459 24 Y3l 20409 7HA]

W20 4:27} 20209 TH] oF 49, 205087 oF ofAL ] o)A}
7K Aow st

£3] A7|A5A0] BF Sejol wE oXA, WA 5o 24
}%ﬂ—t— e 297t 27 27K Aow AYE A7A5AE oA
2 Seluet AR Ax RS AT 7] T
e R P
CokeE BV 9 HiEe] A% Bl B Sat 7lEm of 308 ol
e Ao AYEE 5 Sdelw 7)u ulrch BHoA AAH 7

-
=2 50 g2 ¥ st A Aom Add.

S~

R
o~ 19

3

oo L

2 B 2715 Aol
2 BAtsH] 91 AR, 4
FOIME Hehg o83t 312

ShePAs WATEolA A7) SE12AS FAIEE00E TR
H1Z Fof AASHeE, A5 of DAY AGHE ALEAT,
AWA A AH AN BB WP ABlLH It s
AolAE 2RAZ ASEL. FUAPLE 29 FA AYARL FRT
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kl
H—|
for
o
($]

TEY HIZEY 053

A3to] PEERS E5) ABIHLE i 79 E o] BajsieH
SRR AZT ot 9Ith2) SR ALEE SHL HAFHL 4
go] EdE Tk seaao] ool whet ho) Ei Jiteo] 591
T} 24)

A QB LR A 107 AT/ R A (2022~2036) °] 5
%o} glom], L% WY W, NG AR A% L] BE 7ke
22, Hebibd ARk 5 Alulgakal wATe SAsks 5, A A4
ol ehjer 4 Edlco] w} Sl vl XS0 R BAsl 24
2 8Y Aow A} olo] wet sleLAd A AREL A3l 5
FerRaRe] 4o 747t AgET,

AL Bkl A2 4, 5 ABOWL ol 85H A& ok,
e Aol BAOR S B4 A ESIE Folt MY AW
th 72, ofd, Ud 5 wAIEE BB Ao A2 Aol
2ol WA TG Jehy EAS Folt AAL iy, o|F 4%
olela stel, A T AL oFehe FEL HPolztn Fi}

ot oleha sefehe Waw sk ARo] 100% 291 At ok
7 o] Be g HES & W o A o] A olck. Z, 4
o

FEH O vEes Fee2 AldAEe 8l Ee AES B AR g

AEs|(AMY: 2024.5.15.)
2R AT 2(2021), p. 167.
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HT A AA 7 SHE AUTEAEY A 3T T
%3171 9ol AFGlE AAo] 2 BoHAl HojA| L ]

% A7IRA, 47128 wiEE] Aol AMgElE £8 IAGES 4 o
Fo £YYELT} 80~90%°] 0|2 T HAGEAY gt 3FY
A37F A vl ol siasty] {8 Ad 20234 29 AF4SA
AR WA E SEAY S S oH, F 3359 HB=ETH 10
o A=k IAFES AFota, AR FFT 152 Aol Al 7 Eof
of g 79 FAAR1 Action plans AASHTE. 1 A=k] shrt SAF
£ HS A-AE A9 gEE WEoE s dMTE 35 S

ol

IHGE gHEAHY F2 Y-S duEY, 100 A IHF=E=
& YA, FLE, Y7 59, SER 5THE, dE, Heds, qians
&, B2 AL, a7l 382 fsl Adds Rsdss @A 54
UolM 100282 Sfistlet. B3 HFE vIS7|A AdS F450, 1
-~ d o
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J|EEN SRtEsY ois2y 1wst 05

H2E J|EtEY SUSIT IS TH

1. J[ErRN SUISSY HY U £X

TebgAe) GUBEES 49, %, Aok BEFOR FHs 9o
(2 5-DolA 2 4 9ol 20234 7IEHAY] FRESFE 5,766% 3
A ES 1SS 7 g 2 uEe A5 dd BERS
31378 84 EOR AA B5% F 59.6%2 A, 2L Kk $5Y
M3 217} 34.8%(2,320% 238 B)9t 5.6%(3078 87 E)elek. Lt
e AUNFOEH JUG AZE AGHL FRL BRE S0 g
s 9.
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MR oY sl Re R EAA(HMY: 2024.5.15.) FI50] XX} 2y

7EREA % 7P 2 52 ARk 4181419 A9 FfjolA PAtEs
F2olth. AL ZAANA HZsto] SajgolA AFe] et
B3 Adart AR BFF, EIF, P FAGo] stk f
2 7L Ytk B S0l 25, A%, AHT SoAE AHE
JAhe o3t YEe EYHT ek
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TEEE T oRIYGS ofdAAA AL FURE FAlofA A= otdd
A2 AsH] E4fiste] A-ARAFE-FAE)S AA Gl E 7HU
1, oFd TS 50~60% FER E2l FAE It Huf ot 89
T8 A= ot AR HALL T AxA| AL 0, BEE GHW, H
£, "=, AR S|4 st} ARESEIL Sitk. 20234 71E =Wl
Al =gt of ARG 1775 74 Eolw, 202195E 20239714 FE
370 B9t Wt oF 1769 24 ES $YUsHRict.20

TGO A% AT FYUSL glom, 20239 V1% 2197 84 ES 4
sttt F8 4 F7H= AE7 20.7%2 7P 2 H1ES AR5k Q)
om, I Hpo] =HIAIeK19.2%), HR(14.0%), T313.9%), 7Huch
(7.7%) 5ol ct.27)

2. 71 JIEHEA 2o EF H o

1) SR He H

im
)]

ZIERRA L %A AslGRo] OB RY SRER BE 7124 HST
£ 25, 26, 2790 SFBkE VIEFA L PAE O ERE sjekyA
o PREEFE 49, 43, Ao TR, PR B UL F
g HF FEo] Jolsp] NEA BEF o= Py 5T 5 A
SH

JlEkgAe] BEe dlEe b B4 nestel BEUSES T
8} 7|EEAL Thoret S RSt 9lo] et ARl5o] Thars)

25) KDI(2012), p. 25.
26) S X1 Cﬂ—_rloJ

3 |UEH TS EHDB(OIIZ)(ZA: 2023.5.15.)
27) SRR TR

FESAHLZE, SHDB(SZ)N(EMY: 2023.5.15.)
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o 7|ebRAY BEF oL 7R
S1aL Slek. AA4R7t QI el A Qo] e APxe 1=
NS 0|83 UTSIS Agate, 1L S

A UWSHAHGRDPIS BE3to] olEdh thit, GRDPS %9 4 7]
ute] AAYG Hlolelg v R Seuet GDP AES o183 A ol
A2 WeE BEIAIL Yk B 5E D Ak BEFE A0 5
et £U% oS S 85 Ut VB PURES oS
S g kARl TRAAL (1Y 5-2)9) P

(d8 5-2) 7|EtEM G|IE Z2MA

______________________________ >
([ mi=s) ave Ns@u/z2eNT) | Zz9
s | (A= IENNESASA HEXHGROPES | &% 58
| (NIWE % 7IEhmEA% GROP X 0|5 W ) #% 057
O Y
Cleh AxY, W LT, A BuY, B
+E { jFX|% GRDP % 0|5T7 J HEr7), 0SB gu =g sUR oiR g ¥
H¥'s
\ L )
( T R) YTH| Abg (A H| T /=2 AL AN ] 2icre AF (" B
L (IEs) 409 HE@ue/ 3y HEH & (3 VY, TR, WAYNY S S
2 = o ) OIHE ¥ 358, dHzy
et | [ (2T8) AT HE2H B AY) ) gme 47 o s B ]
AR
( (7IEh BH2X|% GROP % 0|5 BZ | s, ws YR oITES
N— -
zaug | EZMARY 2yupR A Bt il )
A o X2 [ © ZZANFAE) @ SHHYHLE YHY [ ® Bi=X|% GRDP i

N2 Rt E#(2023), p. 67

o] EAtIE ZJAAE U GRDPE 7|WHo R BEFS Audth 7
ot ARG UEE AME GUURE, S 2EFL ofd, FFH 5
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5-3)2 1 Wol A o % 7p Tt ete] B mEdzol 3,
PR 2 250 49 A BEY 3 o 5%0] $EO the )y
3 Bl ARl et wEe] sk e Sush 912 At

~~~~~

RMSE, MAPE
S8 ol Zn
i

4
.......

- 3

RMSE, MAPE
S8 0|8 2t

sl

\\\\\

7EFHA O R EREe FER T AN HiER A E5ToE A
51 et 34 A AR FYoA A5]Ho] Lagt AHA &
S A QI PHto R AQt XL Qe Fxolth wEbA A3lA
AESEFTFo SHup At BE5EFo g AYslo], A35|4 ot B5TF
9] 9 FaAQA AH4 ¢ SEIAA T HPE SHHSLE TEsta
AL gt} o]F fIs8f 2000~20239 % =Y 1= 27PAARET SheEb A
A HlolEE F3stH o, F Beet At B 7HY Al
4 AT BE 80% oV E EA UEhon 7|2 AR (# 5-4) 4
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(E 5-5)% 2. o, 7 W K 7| AGA7E FAsY, bl A3
oAl T4 d21y FE5lo = A Ao R 18 ZX7PPAREF o=
29g jug vt Qlek. webd 22 gael A9 A3 A3Ee) By
2 AYR|E &85, o] AL S=A|EAL £33 2040E7H4
olZ3to] AFEHTE ol SHETe A U3 A o] wet £
2A1E Tefste] Ay

S8 Z7hE 1sl] 98l 20008 olF &

(B 5-4) 7|EtEA oot 25 b
4 hERUN R oot 252
2 e 1.000 N -
EEFIeSE 0.854 1.000 -
olot 252 0.958 0.842 1.000
R YA SR TRIBR LAY ZML: 2024.9.9); BRELHSIZMLYL: 2024.9.9); H24S
HEBAIA B2 2024.9.9)
(B 5-5) 7|EtEA 1ot S5 OIS EY W 7| =S ZH(2000~2023)
Cigl: H £, GWh
o A543t B2 7 | BEEA
ERUNE. 48,716 24,666 37,463 10,018
CEEAE, 231,887 99,427 176,006 | 39,313
K2 QYA SI2BIRIS R YR AR(ZM: 2024.9.9.); SHREZES|(HMY: 2024.9.9.); H2iS
AEZAAR(ZML: 2024.9.9)

2) 2 24

71E 715}4“ At B5F E2r P} o= vwshy] Ysf A A
S5 HPgoR 37124, RNN 23, MLP X3-& E-8sa4}
gt} ol Y BA mg WL mlo|fde eFrh

4 57
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E3 B 7t ASHIREE 98] K-Fold B4ls &8sttt oyt 712
At EEF ASEIY 47 FE= A o %Aﬂ-ﬁr*—i s 95 9
== 89 Adoke A4S A8okL 3ol K-Fold W42=2= vl
3o offrh. wWEAM 7€ EYo| disiis K-Fold 2ol ofd

2000~20139EE TUHE, 20149~202392 HAEMER | Hsto]
RMSEQ} MAPES T&dlo] 28 7t d&zhS Hla-AZFch

2
(=1

3)

Ao Z1}

ol
ag
oA

A2l &2yl B4 A (E 5-6)3} Zo] uiiE & Y= 4
ol el glot 53] 71& B30l I A= Aol AsHA
Efgth 9, AE S7HE Al RS BE HZog AR AAE ou
e FARHA §Egsta e Aow YT

(B 5-6) A 23T MY 2 ZHHIZZ HIW
LM E
A 2HY JIERY OESHEE RNNEZY MLP 2%
2014 32,307 29,388 33,434 33,131 33,540
2015 33,033 29,903 34,090 33,617 34,111
2016 33,687 30,172 33,599 32,843 33,711
2017 36,929 33,443 33,983 32,930 34,583
2018 35,811 33,409 34,299 34,700 34,721
2019 35,923 31,596 34,360 34,067 34,536
2020 33,495 27,019 32,644 31,517 31,742
2021 34,820 27,245 33,596 33,144 32,338
2022 31,675 26,934 32,028 32,438 31,582
2023 31,378 25,865 32,926 31,721 31,800

X2 MY
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23 7F AsH s 98 K-Fold #H4]S &-83lo] RMSESH MAPES
AESH 23} (F 5-7)F Zo] RMSEE MLP Egof|A 7 WL gk
Elou, MAPEE: 3 REolA 7MY 22 3= YeRilth RMSES] 4
§ AdA o A715 FF5ke WHAEE & A5 &0l Aol F

il £ 18T & Qlth MAPES] 39 WiE&Z 7]
Hro 2 H&AQl 9aF I7|& wetels ARZ AA QI HER AE T
2ol Zo] F8%F A% olF st B 4 Qlry. & AolA=
& eAE = AAHRI HEE A ot Ao 8ottt st
o] MAPE xum 7P 2 3 HES HF A% B I PR

A 7IE 2Y LEslH 23 RNN 2§ MLP 2
RMSE 46.9 16.4 18.3 15.9
MAPE 13.1 5.2 6.3 53

INE=RPAIN RS

2. HEES HSEE 1=
1) HOJE 7 A Ha 1Y

VEH R EREE FET
ol ', YA 5ol ZgHH 3
38.5%(2019~202349 B+t) HIS= olth. ol=3t mEILEL =
2 44, Azx, A7, AsAF A % A Aol sgxiefeA 8L 9o
o OiFE ol oEstaL k. o] 22 HldES 8 Ao 542
HEgstr] fsh & AFelMe =W & GDP, =i AR BAAlS, =d

) ol 345 A Sl 7,
7 49 BBl o

==

° ot ofN
o
s

2
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Stc}, TSt o] gt &2 AR AFA 2 HEAES 7L /1o
o 22 PR A= 7] gEe] 8 359 TE wEo] dY 25
of -] FFE vA 4= o] & A F8 ¥R aefstaA} gtk
F712 A9 et 71eRgA Y E5F 19 AU 4 41
(E 5-8)3 o] &g HFE Astales 5 70% o3 ATAAE
ehdo] wet s MeE 71 MR A8otaat itk ohek A 4RAAE
Ao A2 Aol 2gtE]o] glong B AtoA= WA o =
A vehd A AGPARFE HE HeE ARSHES Sith HESHoR

H 5-8) 7|EfEM 2] S ST Ha 7 4EE(1994~2023)

. B34 28 ae | =~

ws T HE Mol | 2l oop | ey
B3 M MR | 1.00 - - - | -
U4 ESMENEYAE 079 | 100 - | -
=L GDP 0.99 0.79 1.00 - -
sh2(H/ =) 0.36 0.01 0.39 1.00 -

=Y =5 0.98 0.81 0.96 0.36 1.00

T Hcht B2t B3 BEHF
S R AR 109 16 82 21
= GDP 1,894 8,43 1,387 328

Kt&: S&P Global(ZAAY: 2024.9.9.)
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2) 2 24

WA ARE F Y 7 HEE efole] Ve Y E5F A5
23S 3AEA, RNN, MLP 23 F85to] 2g 7 &8-S ¥4
ot} gt} 1Y AAl= b A4 ng AAE arsto] 1
T3 B2Y 7 s BlRE s S8 84 & dFolA= K-Fold WA=
Agst=t], 71E 7R3 = &2 A AEE, AHE, 7E 5

= H

|~2022'd AAIRES REGsHA] 3Bkl /1o, 202330 Atelghe] 24
Md 23E verdlt £4 Ade the (# 5-1003% 2t
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JERY oIesY 52y st 05

(B 56-10) ¢ =3 UL 2 2 0I=2tHIL
He M E
il ARz 2 2Y O=3HZY RNNEH MLP 2%
2014 21,937 25,328 21,794 20,629 21,276
2015 22,352 25,950 21,432 20,880 21,249
2016 24,041 25,468 21,640 22,062 22,493
2017 23,480 25,576 22,170 22,548 22,002
2018 22,364 25,917 22,283 22,343 22,284
2019 22,227 26,163 22,019 23,765 22,361
2020 21,437 24,884 22,059 23,234 22,290
2021 22,340 25,842 23,953 24,462 24,201
2022 22,518 24,352 23,943 24,523 23,588
2023 23,202 25,348 23,020 24,704 23,316

Af=: MA AR

tlo Xt oY

2y 7} ALu|nE 98] K-Fold HH)S &83to] RMSESF MAPES
B3t A3} (3 5-11)7 o] 39 oA RMSESF MAPEZF 71 &
UeRgtt 3l 2EL 7|& 2T} Blwslo] oF 8.2%p2] A& A&
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ZVAF7F 9F 24~34%, 71EFR7} 21%~30%E AFA| 5kl ‘21
4 Qlh

H6-11) 325 AIEE MK HIE

= 2019 2020 2021 2022

A= 26.1% 25.2% 23.6% 32.2%
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< ERIT & Q. 3HE ] 71 EE0 = 49 AR ASEEE F
7V & v5S Aok AL 7IARE o 83% B[S Aol it
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2018 6,989 6,640 6,778 6,419
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7= =X H7IHYR| 6F
1919 YR8 SAE 0
1019 SR EeRFesTEES 0
SHEFEYAE, HIAMZES) SAE X
=L GDP S&P Global 0
U MY LR S&P Global 0
ASHIZEY 0= ASHUUSAZE X
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AZHIZY X|=(0H=H 102.1 84.0 94.9 3.38
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H6-23) AEE o= MY 2Y 7H 0S4t Bl
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oz Mgt 1= 29 1457 28 RNN 23

(FMEA) < <
2014 13,009 13,360 13,278 13,125
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2016 13,110 12,908 13,598 13,195
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2018 12,861 12,590 12,986 12,968
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2020 11,496 11,397 11,698 11,597
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