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CAGR(EHHZSZAE) : Compounded Annual Growth Rate
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MAE(ZZEU X} : Mean Absolute Error

MAPE(IZECHH|X}) : Mean Absolute Percentage Error

MLE(ZSREZFH) : Maximum Likelihood Estimation

MSE(HAXH&E2XD : Mean Squared Error

Port-MIS(E2t2 ™M EA|AH]) : Port Management Information System
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EXECUTIVE SUMMARY

A Study on the Advancement of
the Non—container Port Throughput
Forecasting Model (1)

— Focusing on Automobile, Coal, Scrap Metal
and Cement

Seokwoo Choi + Hwaseop Lee * Younghoon Kim - SeongHyun Cho
- Kiyoul Lee

1. Purpose

= It is necessary to advance port throughput forecasting
models in order to discover and continuously reflect internal

and external factors affecting the port throughput.

- Continuous monitoring and improvement in the accuracy of
forecasting models are required due to internal and external
changes in circumstances, including structural and logistical

changes in related industries by item.

- Accordingly, it is urgent to revisit port throughput forecasting
models, develop a new model and prepare a system to compare

/evaluate the performance of the models.
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= Therefore, this study aims to review methodologies for
forecasting port throughput by item and develop a plan for
advancing port throughput forecasting models through
empirical analysis and the comparative review of prediction

power.

- Through the investigation of extensive research methodologies
and preceding studies, this study discovered port throughput
forecasting methods, while conducting an empirical analysis by
applying methodologies differentiated to items (automobile/ coal
/scrap metal/cement) and types (import/export/transshipment /coast).

- With the application of cross-validation, the predictability of
existing and new models were compared and reviewed. Based
on this result, this study prepared measures for advancing port

throughput forecasting models by non-container item.

2. Methodology and Features

1) Methodology

= A broad array of literature was studied to review major demand
forecasting methodologies as well as methods for comparing

and analyzing the goodness of fit of forecasting models.

- With major demand forecasting methodologies divided into
time-series, regression and machine learning models, features
and limitations of existing models and the ones used in

preceding studies were reviewed.



EXECUTIVE SUMMARY

- In order to compare and analyze the goodness of the fit of the
model, this study reviewed indicators for measuring the prediction
accuracy, while employing out-of-sample validation such as k-

Fold cross-validation etc.

= The features and limitations of existing port throughput
forecasting models were analyzed by non-container item, and

improvement measures were developed.

- Diagnosis on existing item-specific port throughput forecasting
models was conducted in the following order: @ analyzing the
trend and major issues of related industries; @ reviewing variables
and methodologies utilized in existing forecasting models; and
® analyzing the features and limitations of existing forecasting

models.

= Based on the diagnosis result of existing forecasting models,
advancement measures were presented to make up for the

limitations.

- The advancement measures proposed by this study were materialized
through an empirical analysis, and the k-Fold cross -validation
method quantitatively measured the improvement effect compared

to existing models.

2) Features

= This study carried out precise diagnosis on existing port
throughput forecasting models and accordingly, presented

measures to advance and upgrade the forecasting models.
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- While major preceding studies were limited to presenting the

possibility of utilizing specific forecasting models targeting
certain items and ports, this study conducted precise diagnosis
on existing models for major items of all ports across the country

and developed a new model.

In addition, this study carried out comparison as well as
validation for a variety of forecasting models by applying
methodologies differentiated by items and employing cross-

validation.

Specifically, it solved the problems of overfitting in in-sample
validation while presenting an optimized model under given
condition by carrying out comparison and review befitting a

variety of models.

3. Result

1) Summary

xii

= Review on major demand forecasting methodologies as well

as comparison and analysis methodologies for goodness of

fit of a model

- The demand forecasting study mainly utilized time-series models

such as SARIMA and VAR in that time-series data were employed.
In recent days, machine learning models which are well evaluated

in terms of prediction performance are highly suggested.
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- On the other hand, regression models are easy to use and readily

allow intuitive interpretation of analysis results.

- In developing new models, it is necessary to prepare the criteria
which allow comparison and evaluation between existing models
and new models, which, in turn, will help secure the excellence

and reliability of the models.

{Major demand forecasting methodologies and features)

Classification Major features Remarks

° Important to secure long—term time—-series data

* Showing great performance in short-term
forecasting in general and able to improve the AR, MA, ARIMA,

Time-series | predictability through the combination of SARIMA, VAR,
model models Bayesian VAR,
* Posing limitations in developing a model QAR etc.

available for logical explanation with a variety of
input variables

* Easy to interpret and highly applicable by

utilizing a wide array of variables SLR, MLR,

Rergnrsgz;on * Need to solve the problem of multicollinearity in LTO%I?% Protb||t,
utilizing a variety of variables ool ‘etcuan e
* A relatively low predictability ’
, * Able to apply a broad array of variables SVM, Decision
Machine * A relatively high predictabilit Tree, Random
learning— yhighp Y Forest, ANN,

based model | © Input variables have low intuitive explanation | XGBoost, ANFIS
power due to complex algorithms etc.

Source: Prepared by the authors
- MSE, RMSE, MAE, MAPE, etc. were used as indicators for measuring
prediction accuracy.

- For measuring the performance of models, out-of-sample testing,
rather than in-sample testing, is suitable while precise validation

through cross-validation is required.
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In this study, the k-Fold and Monte Carlo cross-validation methods

were reviewed.

Diagnosis on existing non-container port throughput forecasting

models

Existing item-specific port throughput forecasting models were
diagnosed in the following order: @ analyzing the trend and major
issues of related industries; @ reviewing variables and methodologies
utilized in existing forecasting models; and ® analyzing the features

and limitations of existing forecasting models.

(Automobile) As unfavorable conditions such as a series of supply
chain disruptions have continued, the supply and demand of
domestic automobiles are changing and hence, it is necessary
to develop a model which can reflect internal and external changes

from a methodological perspective.

(Coal) The source of demand is clearer than other items and the
annual demand is relatively constant unless facilities are expanded
and reduced. However, it is required to develop a model in case
domestic and overseas policies for energy conversion would be

accelerated in the future.

(Scrap metal) Since the demand for scrap metal has been rapidly
increasing with strengthened regulations on the steel industry,
it is necessary to improve the accuracy of forecasting scrap metal
import throughput through a thorough analysis on the supply

and demand of scrap metal reflecting its self-sufficiency rate.

(Cement) For forecasting the nationwide throughput based on

cement demand, it is required to discover additional explanatory
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variables, and calculate the share of coastal shipment by reflecting
seasonal changes and trends. In addition, a regional demand-
based calculation method should be improved in distributing

incoming throughput.

(Diagnosis results and improvement directions of forecasting models per item)

[tem Diagnosis result Improvement direction

* Improving the forecasting
accuracy by developing a model
that reflects internal and external
environmental changes

e Utilizing simple linear regression
models in forecasting the demand of
automobiles

Automobile
* Developing a forecasting model
¢ Insufficient to reflect recent trends in |  that reflects recent trends
forecasting import throughput through cross-check with
time—series models

* Discovering input variables

Lack of diversity in input variables through correlation analysis

Coal * Improving the accuracy of
* Relying on unit load method and trend |  forecasting, comparison and
analysis verification by adopting a variety
of analysis methodologies
* Declining prediction accuracy of * Discovering additional
existing scrap metal demand explanatory variables and
forecasting models developing a forecasting model
Scrap metal * Improving the accuracy of
* Need to reflect domestic self- forecasting import throughput
sufficiency rate of scrap metal through analysis on the supply

and demand of scrap metal

* Selecting variables based on

* Selecting experience—based variables . )
correlation analysis

* Long-term forecasts largely varies * Forecasting the short-term
Cement depending on short-term forecasting | throughput based on machine
results learning

¢ Using the figure of previous year when | ® Distributing regional demand
distributing incoming throughput —based incoming throughput
Source: Prepared by the authors
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Measures for advancing non-container port throughput

forecasting models

This study presented advancement measures to make up for the
limitations of existing forecasting models based on the diagnosis
results, and quantitatively measured improvement effects compared
to existing models through empirical analysis and cross-

validation.

(Automobile) Demand forecasting models for domestic and
imported automobile were improved with machine learning and

time-series analysis methodologies.

(Coal) In preparation for an increase in the volatility of coal
throughput, new explanatory variables were discovered through
correlation analysis. The accuracy of the forecasting model for
bituminous coal import throughput for steelmaking was

improved with MLR model.

(Scrap metal) The supply and demand analysis model was
developed by reflecting the increasing domestic self-sufficiency
rate of scrap metal, which in turn improved the accuracy of

import throughput forecasting model for scrap metal.

(Cement) After discovering new explanatory variables affecting
the cement demand, this study used them to forecast short-term
throughput by major port of shipment and improve incoming

throughput distribution rules.
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{Measures for advancing forecasting models per item and improvement effects)

ltem Advancement measures

* Improving the accuracy of domestic
automobile demand

Automobile

* Developing a demand forecasting
model of imported automobile

* Discovering new variables for
forecasting coal demand

Coal o )
* Diversifying the forecasting model

of bituminous coal import
throughput

* Developing a forecasting model
for the demand of domestic scrap
metal

* Developing a forecasting model
for the supply of domestic scrap
metal

Scrap
metal

* Developing a forecasting model
for the import of scrap metal that
reflects the demand and supply
analysis

* Discovering new variables for
forecasting the demand of cement

* Refining the accuracy of short-
term throughput of major ports of

Cement shipment

* Improving the distribution rules of
regional indicator-based incoming
throughput

Source: Prepared by the authors

Improvement effect

* The forecasting accuracy can be
improved by 2.7%p compare to
existing models when introducing
an ANFIS model

* The forecasting accuracy can be
improved by 5.5%p compare to
existing models when introducing a
VAR model

* Discovering new variables such as
the central bank policy rate and the
real exchange rate

* The forecasting accuracy can be
improved by 1.3%p compare to
existing models with the adoption of
a MLR model

* Developing the forecasting model
for the demand of domestic scrap
metal with log-linear trend model

* Developing the forecasting model
for the supply of domestic scrap
metal specialized in accordance with
scrap metal development

* The forecasting accuracy can be
improved by 4.9%p by developing a
model reflecting the demand and
supply analysis

* The forecasting accuracy can be
improved by 5.4%p compared to
existing models by discovering new
variables

* The forecasting accuracy can be
improved by 1.1%p compare to
existing models when introducing
an XGBoost model

* The forecasting accuracy can be
improved by 14.5%p compare to
existing models when reflecting
population by region and refining
SMA

xvii



2) Policy suggestions and policy-making activities

xviii

Establishing a regular advancement system for port throughput

forecasting models

This study suggested the establishment of a system which can
carry out a project to advance demand forecasting in a regular

as well as a professional manner.

The content scope of the advancement project includes the
validation of the existing forecasting models and development
of a new model. To this end, it is necessary to secure a system
that can efficiently collect and analyze a vast amount of data,

statistical analysis tools and professionals.

Supporting the development of data-based policies through

the expansion of forecasting models

In addition to the advancement of existing mid-and long-term
throughput forecasting models, it is required to develop a model
for forecasting throughput from a short-term perspective and

estimating the effect of external shocks.
Machine learning-based forecasting models are expected to be
highly utilized for short-term throughput forecasting which uses

monthly or quarterly data.

Formulating a data-sharing system between the government
and research institutions
It is necessary to improve the utilization of high-frequency, massive

data through the establishment of a data-sharing system between
Port-MIS and the Port Demand Analysis Center.
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- If the Port Demand Analysis Center carries out continuous monitoring
on shared data and provide the government with their analysis
results in a timely manner, it would improve the utilization of

public data and the quality of policy studies.

3) Expected benefits including policy contribution

= This study can be used to improve the accuracy of port
throughput forecasting and establish a regular forecasting

system.

- This study can be used to improve the accuracy of port throughput
forecasting models by discovering a variety of forecasting models
and influence factors while establishing a regular forecasting

system.

= The short-, mid-, to long-term port throughput forecasting
data can be provided on a regular basis.

- Highly reliable port throughput forecasting data can be provided to
those in charge of developing ports and strengthening operating

efficiency including policymakers, port authorities and port

operators.

xXix
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E1-2) A7 ZHEy

IR0 Rp2Y

-1
HI

29t

SOISE OF A| JHE B
A | 9 &8 Jtsd MAl0 1A
SE M OSAAL BES 93t
Yot HMAl= 0I5t
om UF ESE BEYEEA
S EEns oz ass
CHAL L
AR
HUNHO2 B2 AAE RS
o7 €83
HY | SH7| HSL2CH= ©Y| o=
XI=3}
HS o
AT AAE 2Y, 31 2,

U Y 2% S HY 0

X M A

aﬂ%@
HHS - £70/(2007),

E’._H_w‘ 9|(2014), 213
- oFH(2014), A
J§(201 S
SkEa(2021), i
2|(2017), Fiskin &
Cerit(2019)

otEs 21(2021), 21E
& - olel74(2014), Z '
T8t - 01212020 )%

KMI(2016), ol&
(2021), ’839!(2010),
Lee & Sohn(2015) &

Mz 01

HIZIEO1H
2 TSt O*J% HIAlE

osw
2 i
of
il
=2
Ih

S22t FA BBt F2 B
22 TR Mt
23| 0|5, w2, 28
Mg rpztdoz AgEs| o
7\/EE7| o5 e 2
== I1|A|6+

H
7“‘*° EoH |4°| 2Ys
AI%*
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29, 39 29, HAEY 7HE g AmEen, oSKEY It Bl
e A3l gty o= E85e AFsATH Bl - 44 Y2 S4

HhE 2 0= U482
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HEHT} 72 WEH(Smoothing) T SAESH(Time series decomposition)

o] A Z&Hth AAE Azl HREEo] gl Y-S Dokt &

E4Ql o g Rysiol= B BA7HI g, 52X E47HS

A TSI ZpolRl LS SEHSE 71gsto] A3t o]t

54 BA7¥o= ARMA, ARIMA, SARIMA, VAR, VECM, GARCH

o] ZAgitt. £ AoAe oSt 1Y F FUEFF &5y Tt
=4

¢

EA7]H Fo| A= tkeolzH ot BT 7150l 5 H o e tiel A
11, She2 BA7)8 Zo]4%= ARIMA, SARIMA, VAR Sof tis] 7|&

o
s o5 F WRUS AAG B4 Te H NAY AR A
Foto] XS AFSHE Z]Role) ol Sol, R4SIIA She (A4
AAL ARE y ki AL W), 1+ 14182 JSAZ e 412

yt+1:(yt+yt—1+'“+yt—N+1)/N (H‘l)

2) 0|X4Z(2017), pp. 89-95.
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At og N9| Flo] E45 AAL ARY dESAESS T 1EA &
Z5PH, No| AS5E ASAY F HlolEof s MEE= Fol &
A g}, oluf Hlojele] B/ wht 71} oﬂéé | =2 N9 32 AE9]
oF 5tal, o|& 9l MSE, MAPE 59 al& A%t A #E &8 5 Stk
Sr A 3o oist A2 A2 1 &3

(2) 7= 0|= I TEH(Weighted Moving Average Smoothing)

2
AN
oX

s ol 5B WL 1482 olagtel el 3 NAEY BEAL
0% U 70| JYAG I AUt Tt QO A
9 ofzo] QloiA A9 BEe] W HA BEPHT} o 2 YL

[e)
NARS #AZA|of| ZH2t9] 715§ Fofshs WO R siadlth 7k o]
FHE BLRS 5ol ¢+ 14099 SN2 WSk S4L Thet Lol
®2Ed 5 Qo
Yi+1— (wtyt twy Y +"'+wt7N+1yt7N+l)/N (H‘Z)

7|4 7FEA] U/t‘lf_‘ wytw ottt w oy = 1< YHEofjof gt

AAG A= IEA7 BE W 1 ASA7 EAT i g ERoA

2% o2l 7PgShH, ofdt WEAEY] [

process)°|2tal EASITE 12|11 A AAE A= y, 2 FEFy,)
off taliA A9 ZAAg sofl tisl {y 1<t {y, ., J7F 22 2

7 7% o] dEIH L HA (stationarity)S 7HITHL St} ST

ly7h 88S 7AW ohgat 22 xS WERi.
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E(yt):E(st) (H‘?))
Var(yt) = Var(st)

Cov (Y, y, 4 ,) =(s)

&, A AAE At 710 E4to] dAsH, T 719 AAE A=
7 T4l 19F FastA T Al 7He] Zfol’l soflgk ojEgith E3E o]
ZAE UESI= AAE AAmE ks A (weakly stationary) A
Folghar gttt 18l FAHAo] gl AAIE ARE v AIAIE AR
Zhal gt ARt o s AIA|E Atm 7t 2SN EEEE fofths A2 T
5 ofg71o0 AIAIG A oA S R oFRt A4S rlgith

L
m;ﬁ"a

(1) ARMA 2

ARMA 2 &(Autoregressive Moving-Average model, X7]13]H°|&
BHEY)2 A Ze 9 WS AAE ARE 245k BRHAQI
HHo g AR R ¥(Autoregressive model, A7 HEE)I MA =Y
(Moving Average model; o582 3)o] T2 Fefjo|tt. WA AR 2
F2 E AEY AAE ARE A AIE TSR ]——4 Agdstos 49
a oial 73S ojof| mel AR B SEHS ¢, 5 AYHse
Yi-1Yr—2 "'7yf*[)i Htﬂé]'l: ﬂ—ﬂ/\]g] E—%‘% 7]'X E]’ O]EH, AR(D Ay
P2 SEHE ¢, B T A A BA AR g, 2 A e, T ARES
of Ast= HPoE vt Zo| HET 4 Ut

o)

2

Yy = Py, _ 1 t ey e ~idid. (0,0'z) (I1-4)

t

o1& ¢ ‘E‘Jsﬂr ot AR(p) HF2 Z’—T% y= p7He] A HlolEE &9l

Y = Ol — 1 T Doy +"'+¢pyt—p+etv e, ~ ii.d. (O’Uz) (H_S)
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T, MA RS 54 A9 AAD RS A A7 BAE A
‘%g—@‘—(—)—i }étg@":]' é, MA E‘é‘é% %‘é—LT efE Cr—1Ct—2 "€y

2 distke 9949 BYgS 7RI o A A9 ArdE AR
S o

y, =e,+0e,_,, e, ~i.i.d(0,07) (II-6)

yy=e, +0ie,_ 1 +tbse, o+t 0pe,_ e~ z‘.z‘.d.((),ag) (I-7)
ARMA 232 o] &+ B3 At BP0z EA A|F9 AALE A=w
g A AR #BSA 9 AAGE BF Eote] Ayttt S&5HS
)& T A A A ARy 9 T A WG o, B 4

o= EEQl ARMA(L,1) 239 4] gt 2.
Y =y, te, Tle s e ~i.i.d.(0,a§) (H_8)

o2 UBIBI} ARMA(,q) ZBE p719] T 20 (7o) A 43t
& ARSI RPow the Aln} Zo] HA:

Y = (blyt*l +”'+¢pyt*p+ €y +916t*1 +'”+9(1et*q (H_9)

= i@ytﬂ:"' i}ejetfj—"_eﬁ e, ~ ivi.d-(0,07)
i=1 j=1
(2) ARIMA 2%

ARMA Eg9| % A4 AAIE A=E 7HdskaL A
Sohe A A A el ot B, S, A1
Sh w4 A Aot ool oleig WA A Ao

[‘_‘E



ARMA E3Z F8st7] Yofixle A AAERS] HEt

o] & t#AQl 7|*HQ Box-Jenkins W'HS HIFAF AJAE A7 3
2~
T

(1i]' i]"]‘fr_‘) Ay, =Y —Yp—y (H‘lO)
(a2 AE) Ay, = Ay, — Ay, (-11)

HZd AAIE Akmol| d3} AE-& 283t A7t e 7HAl | B¢
ARMA HES 283} 4= glom o] ARIMA X ¥(Autoregressive Integrated
Moving Average model)°]2k1l Stth. d&} AHE-S Z-835F FAF A|AG A2
TRIANGLE"y, 9] ARMA(p,q) 2¥<& 283t 39 ARIMA(p,d,q)2ta
RS, ARtH o R AR AAYE ARE thE o Y A= 3S 23
SHA] =Tt

ARIMA 233 A0 =& ZhdstA o] sl HA A7 m?l 3
AARHbackward shift operator) B™& Aolgttl. T3F SEHS ¢, 9]
mAlE A BA A=l oy, By, E AT olF ©]&5}o]
By, =y, 5, =By, =y, —y,_, & T2 TA7} FH€cta 7Hgs
H, ARIMA(p,d,q) 2F& tha 43} Zo] 23T & 3ot

(1—¢,B— ¢,B*—-—¢,B")(1— B)", (I-12)
=(1—0,B—0,B*——0,B%,, e ~i.id.(0,0°)

A Aol (1= ¢, B— 6,B°= = §,B)y, = BB W] AR H-E-& e
(1-6,B—0,B°~—0,B%,& MA #8& Uedith. 121 (1-B)",
E 5,9 A ARG omjgte. ojw] ARTF MAY] A4 BEL 747t they
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e Axxtz s 4 Qch
¢,(B)=1—¢,B— ¢yB*~---— ¢,B" (II-13)
0,(B)=1-0,B—0,B°——0,B" (I-14)

9lo] QARHE AL A (11-12)°] hUSHE ARIMAG,d. ) Thaat 2
o] Z¥EHEHA] kel % itk

¢,(B)(1—B)%, =0,(B)e,, e, ~1i.i.d.(0,07) (I1-15)

q

sk 902DE FAR o FRE A3t 5% HlolHE &l
ARIMA HZ 2850} 42U X ©@7] 89452 AL, g ZFo]
HAGAQ 5% 559 AA 9 th3o] 82 5 AU Hel v k.
(3) SARIMA 2%

AlG Aol A 59 717 BEEE 9ol AdARE-Z 48510
AQl H54Z AAR AAE A== #gsto] 4%t 71 ARMA
of AERRE7HA] 113 H 2P SARMA 2§ (Seasonal Autoregressive
Moving Average model)°]g}al 3t} A& 0] &4 i AAE A=

7t GEE 37170 yepdohd AEF7E 128 A5k, SARMA 232
A ARMA 2gE Z7F atgfsto] n|g| A& APgSitt. ofuf 2+ AlE
ARMA 2H9| AR MA A5 Z12F P9} QL thd, AJAIE A=
=7][9] EAL thegt zro] Uy 2 9lo}

I

2p(B )y, = 0o (B e, (II-16)
q714 &p(B)} 0,(B)E 22 thedt o] FojHrh

&,(B?)=1-0,B*—&,B*—---— d,B"*" (I-17)
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0,(B"%)=1-06,B"-06,B*"—---—0,B"? (I-18)

71E ARMAQp,q) B33} 9 3718 B4 F3f 7717} s AAL &
29| A4 9 uAES A Tejsto] QU SARMAG, o)(P, Q)s
wge ey} o] mHH,

¢,(B)®p(B%)y, = 6,(B)O (B¢, (II-19)

ESH B A AAE ARE A5 HeiAe FAIRRER AEAE
ES ¥ 13et SARIMA 23 (Seasonal Autoregressive Integrated
Moving Average model)& &3ttt AAE A= {y, 2] v|AEX}=7}
p, d, ¢°12L AEX7L P, D, Qo™ AEF7|7F sl & o, SARIMA
(p,d,)(P,D,Q)s BB th3t Zo] yehd 4= it

¢,(B)®,(B°)(1 - B)'(1— B*)"y, = 0,(B)O,(B*)e, (I1-20)

SARIMA ®@Z &85l FHEsTS A5 APgdTtols 14% -
6}34—?(2014) Farhan & Ong(2018) S°| 3t} ®A3% -
2718 U AA 35t AElo]Y S5 SARIMA 232 &3
I 55T @] 8 A5 SlojA 7]E ARIMA Z@Eo A
sttt ALY Farhan & Ong(2018)2 AlA 2091E AH|olw
A7t E25HHolEE O SARIMA 2¥E Z85191l, thHEe] g
oA #2 dS BT UESZ HAih

;%' rl

A AT AAIE RS BT ST AAG RPoEN 24 i
A AAE A=E Aot At MR IAY ofig AAYE A=mTE A
&3t 12ju AAE ARE EA45H] sl 71 AHsE AR
of & AS thF AAE 2YS E8F 4 AUt 115 VAR HB(Vector
Autoregressive model) 5+ 7} °o]49] AAE A=7t A 29 FHe A

{
[o
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She FA(simultaneity)S 7H o 88 4= St} & S0

AAE, 259 $E 59 AAE Azt F ¥SE o] AT o o w2
AAREE A

2ge st
oA =24l

= gl ik

F %= 9IT}. oA VAR RRL ztzke] Wil ojahA A
__li_

VAR B3 A2 d3io] 9 19 AAL ARy, (=189l o
o 2 AEoE A7) A4k JEe] A Aze] s 49 4 gk

PRI 4, 7F M) 3A dlole] p7iE $3) AFEE VARG) B3L
SN0z m@sHE thedt 2o

y=ct Ay, Ay ot T Ay, te (II-21)

A7y vy e = C1FOIR k-HEo]H, c= HO] HHRI k-
e A = Al (time-invariant) k< k-, e, = k-HE xgo|t}.

VAR 2¥& Z-83 995 ¥ APAFolk= Gao, Luo, & Zou(2010),
Zhang et al.(2017) 5°] At Gao, Luo, & Zou(2016)< A& A9l
U= AR TFF9 € el B85S AdSsH] Y8 VAR 23
= Z&5I8ith ol& B9l AAY E5F S7He] T3l vA= IF
Hoh 337 59 S7H°] AAE U];q °c}°] o Ath= A

mlo
o _1}101

2
§
=
tlo
S~
2,
oo
ﬂod
_\',L
los)
=1
o
oL
4>
_E
~
c
99
5
ok
E
1o
4n
Jo
T-:JL'
4
HooAz

& A1 A5 TR ohle, 251 A, A9 A, B
U 744 A%, 20 AR 7, A5H 744, Baidu B4 A% 5 69
SWPESE VAR B0l T A 83lel W11, WD) R FIG, A2
oo Tt

W
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2. 2l 2

39 B2 st BARAN 1Y FoA 4 5ol Holdut ot
A, &8 2ol HEey Fog 7Y Uy €8s Eyo|rt, 7|E¥o=Z
TEHUeL A 719 A (F)E 7HYota AgHsrt S50
X FFEE T<o Al 2434 299 AeE o8t EF
A g &5 SHHFY 32 5T 4= o, k3 F He
9] BAof tigt 7HdS A5t A= HlolHE Bolo] o|& AT & 3
o} gukx o2 FEHS0l S0 IAE AY(linear) 2.2 7HYok=
Ao AR BldF (non-linear) 2 & 7Pgst= BHIAE IHEACRE

L, 2ol I3 =iRiae] 4of) wet S (Simple Regression)}
53] A4 (Multiple Regression)2&2 F-EE T,

ZQa)& I AgAToA 7 Bz o 2 825 clEAd 3] (Multiple
Linear Regression, MLR) 2§92 Uutile tf2u} Zth

Yy = B+ Brzy + Boxiy +ooo+ Boay, + €5y €~ i.i.d-N(0,07) (I-22)

9 A2 no) 29} T Fo] 4 prle] EYRSE A 9
o ES gyl Bese] AR BEA), o A S v B
23)0]n, p= ook & A, = A QoI

319 B2H9] Al FAofl= dukd o FARSH(Least Squares method,
LS)o] AR, 1 Qo= FEFH(Maximum Likelihood Estimation,
MLE), A4 #HAHLeast Absolute Deviation, LAD) & TF43t 4
o] AREHT. 3|9 ZEo] Tt HopojlA &Ry e R Y &
Aoll= F4Ro] A o= ZhHsh, 479 RXE 7HERE 544
£0] ZB2}= ] Slof =y A= 9 7P A o] Golsit= Fo] AA ZHE-

S} S 5] dFE vE 5 e TR SHHsE 28519

e

l
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o} 3] Ax o%%oﬂx% 94?4 2BE T
4o Fg3k7 girk. 53] AZEH| QlolA] BP| SLyuris o

= Ayt e AAskE Hl lojA vl
o] g%z B9 BES gk Fol

990102 2AY 71 d5e A8 AddHez shdEsTdolA

 HSE AAloh= A3A 9 AR E593 Z‘_”o stlom, ol sk
| GDP, AlA EAF 52 SHHSE sk AFI AR

A& AAIBFAT $HH Dragan et al.(2021)2 o= E]O}B‘H FH(Koper)

ol 54 ‘%{%%%% ARIMAX 2302 d&st9on, ng9| o=

t Axke} vl —‘?—5101-9&13}. E3 Lam et al.

ol A8 HPS &8s

Rom, 3 BPS St Ak H]Iﬂ. ?El St vp

Mitchell & Mitchell(1997)2 UV‘]H d= “AFE Z2TIo] ZHo
A AHE 2ol A& ke A 2E HoF ‘3}. 9 =841 EA
HAl2YE AE5hs HA2 BA £ HolE oA EA(feature)S 2
sto] wjg £Q20f gt S-S Pt Aotk HAlR YL A=shs
(Supervised learning), H]A|&=85(Unsupervised learning) & 7ZsFsks

27



(Reinforcement learning) 0.2 FE38F &= QI A Esk52 Ho] o=
ob_X} Sk= Z3tgk(label)o] EeiA Qlom, BHIX|Eals2 AIkgho] YA
Zo] EAolt}. 7Folels2 AHl(state)oll W Fa(action)ollA]

O
LoL_ N
FE 5 e EAreward)S B9l 229 5 AEol= A+ Eofoltt

22 oA 79 P Se0)Zo] et A7k RS WBE ek
et S Q0lE ASIAAA Mot 2 o4k ol U] Bk
Gt 2e ASYWAY) HoleS A8ttt £A 2 4] L 2y A
Aol wet Awslgat W Ess BE Ago] 7Rssht GA o Hlx]
Eots BAlR gotth 2 gt e Sads £AS Ads] ¢
o 488 oAleld PHEo] AYS dustn £ AATES 54 viAl
e1d Ezel S8l e 71t

1) ol3MZak(Artificial Neural Network, ANN)

ANNS] 7d-2 9] sls5(Hebb, 1949)2 AAIZE =2](McCulloch & Pitts,
1943)0f| 7|4k}l Qlom, o]% HAEZ(Rosenblatt, 1958)1} FAu} &1
2]Z(Rumelhart, Hinton, & Williams, 1986) 7H&= Q18] @S] ANN
HPo = ZIotEQlom thefdt FHooflA de] ARE L Q= HAled B

HEoI

(" 2-1)2 AFAEGY 7182 F=olh. ANNZ J=5(input layer),
24Y%(hidden layer)¥@ &383(output layer)Z #4450 Q. E=
74, ol Y&=8E 9ulsiy A AAS(fully connected layer) 2.2
/=] itk w2 dedt E 7]‘6‘;(](711 )2} # °J(b)—4 &= Fotal 24
RE(f)E B9l S 289ts =& BYE 0k 7Y A,
249359 75, S5 52 stol# wetmlE (hyper parameter)?b—
st A9 %’\31—} ALt BE&dol 9HA g AARTE A dAR




(2% 2-1) ANNS| X

Input Layer Hidden Layer Output Layer

=
8 9sY

Xt=: Rumelhart, Hinton & Williams(1986), p. 535. XX} XHEHS

=
S

il

3

Lapedes & Farber(1987)+= ANN©] B]AE A|AE EA0]
T U= HojErh AXQ - $51(2007)= 1071 E59 &5
{3l AAEA T ANNS A8t = BgS 2, A=A, 7
oA vl &2 A= YEEE S ZAI0l ANNS| &8 7Fs4
S AA G AFE 9](2008)% ARIMASF ANNS Zgst slojHe|= 2

2 AAstRlen Fib X, FY, A H ke ZEolY &9

oo
o it

o, HT

|

oY, o
[N J
fH o

o
[ oo
o 4

=

E592 ARIMA, ANN Y slojHE|E B0 7 ofZolal H]|ul - 5}
At AT Q(2020)= FFFY Aet U AFH EFHF S Al &
A Ed

14 3] AEAT ANN 23S A8s1%ew 11 275 v 2430

& 9(2021)= hSA1FY(Multi Layer Perceptron, MLP)S 283t
o] FAE oY R4S BHPE Ajtetlon thsAddd]AHEA T
7] 8 &= vluch

o

° g

Gosassng et al.(2011, 2018)2 AA|GA A&} ot $=9°] HA 2k
22 B3 v HlolE|(nonstationary data)E A2jshke 22 AE4

EA WPHEHT ANNo| o A3lelttal XAt Fradinate et al.(2014)=
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ZUHAIoF Aceh A AHE whfisfa} i =85 o|&5H7] 9|9
ANNZ} ARIMAE &5t dﬂé‘ﬂ 3= At 227149 HolH = @74
2271Y)9] AHME oZ&3kaL ANN, ARIMASF MA9] cfl&3 & H
¥t Fradinate, Suthummanon & Suntiamorntut(2015)= 371 A
TE Bl A=A GDP % Q1 59 WSS L83 ANN 23
< &9 ¥4 E5%Y IS RQADE A5

2) SVM(Support Vector Machine)

lo

SVM=2 Boser, Guyon, & Vapnik(1992)°] 9Js] A|Qt= it SVM
oA el WollA AEZEHE(support vector) 1t Azl BRI
(margin)2 22 s= 2YH(hyperplane)S &= s dig|Eo=w
o]Z EF(binary classification) w44 ol Ao 2 ARSHTH(
g 2-2) 1), =99& BAIE Zdst7] YollAl= SVR(Support Vector
Regression)°]t} ANN ¥ X3t mga} Akt SVMo| Z-&Fch

T

Ding et al.(2019)= 2002‘53151 2014971A19] JHETH} 9A2-5}H9]
AgolY =Y 557 A5 A5 A9 ANN-SVMe| 2% 32 Al
otsly Ast Hg9] £ /‘ég HE99}. Ruiz-Aguilar et al.(2020)
A7 ZASIA = (Self-Organizing Map, SOM), SARIMA ¥ SVMS &3t
AT 718 AAE EARYS Ajbstal @Rt HHolY &5 dlSst
Aok A’k 43} 719 Al AE FA RS SOM= &5f HlolE X<
4 3 #Hsleta] 247] g Ao SARIMAQ} SVRE &3 9 2
NE =S5t 1Y 2 799 AHolH 5% 5= 9% 2271 9
Tgoltt. Li et al.(2017) 7F-284E ﬁ%c& Gauss-vSVMZ A<t
I S F8 ARFAA dYHTE ARl Afstolda} '] FH
85 &3t E5 ARIMA € ANN 5 71& d|& W23t Bl
&9 2P S ASAH

|t _ll)ll

[¢]
- -

mu
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(d& 2-2) SYMQ| 7<=

|
u [ | | B ,  Hyperplane
| ~

Support vector ,~
7

I ® o

Xt&: Boser, Guyon, & Vapnik.(1992), p. 146. XXt XHEH

3) LSTM(Long Short-Term Memory)

LSTMZ =2H4 HlolE|(sequential data)E ehotal A2 4= U=
RNN(Recurrent Neural Network)o|A] 7RA%E 7igo]7] wj&o] z}of

A (natural language processor), AlAIE £4 5o F&2 29It}

oy

LSTMO] 7] @il A9 #2+= (" 2-3)7 Zth. LSTM A2 Cell
state, Forget gate, Input gate®} Output gateZ T2 4= Qltt. Cell
statet= Th2 Allo] AHE Hdsl= ZACZ Forget gate, Input gate, _L
2)31 Output gateo|X Z2HH HlolEE of2 A& A3ttt Cell state
= RNNoj|A = Ao} 7|7t soldaE W5 412 7127 24 9 &
YHgradient vanishing and exploding) ¥AIS 32517 Yo H-L= A
t}. Forget gate= YA AEE 7] 213t A, Input gate= M= FJH
£ 45| gt AolH Output gates= oJH FJRE & TA] ZA 5=
Zoltt. LSTMO] FAIAQl darg]&of gt AAIRE W82 Hochreiter &
Schrridhuber(1997)0l 71 o] Utk
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AT - o]73Hi(2020)= LSTM 23 %}%5}04 FAre] g
Z2RS A&7k 2004W~20164 7|79 Ak}
Sh5sto] 20169~201899] 5= STt E—%‘% Td5k= stolm
el (Fe] Jlg, Flolo] 4, HiA] Alo]=, oEA, EFoky, &A%}
)= B AU B9l 233 s B7FE AsiA SARIMA 2
P} MAPE(Mean Absolute Percentage Error)2} RMSE(Root Mean
Squared Erron)& E3f &8 2 H et 2 A= LSTMY o=
Aste7} SARIMA RPHTh 22 Aog yehyith

_

u =

(O3 2-3) LSTM Ao £

Yi
Forget Gate A
' LSTM Cell N
Ci—1 \—t\ﬂ | ’ Ce
r N 3 tanh
iy g 0:
tanh
hi-y I W, »
xt Input Gate Qutput Gate
Neural Network Pointwise Vector

Layer Operation Transfer Concatenate Copy

Kiz: gt - 013H(2022), p. 57, Olah(2015). p. 1.

4) XGEAE(Extreme Gradient Boosting)

XGRAEL thao] oFt oHARUES Aste] At £EoHs 7]
solu] MAled 71 F S 2y Sgattt XGRAEE o o4t
AR BEF 23S £3H 0= HPshs P49l A (Boosting)
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71 A3t ole o] SAbAAUE: B URE AeE AT A

Hj7d(Bagging) 71¥< AHESte WHEHAERN = FAE WA Zpol7t
Uth XGHRAEE 57 9 oS TAo] 2-80] 7hsshH T AIAE &4
or &3t A5 HoJF1 JtHChen & Guestrin, 2016). XGEAE
24, Q% AA Hole § Tk A HolE of5g 9ig Aol
FEEOL, off WA U BEF oSS 93t A7) PREAE
oFaict
(2 2-4) XGREAER} SHEHIHAE
DATA XGBOOST
! Y
o .
Al Ol
: IV .
TREE#1 TREE#2 TREE#3
| | I RANDOM FOREST

RESU LT / oA \

o!tb il:‘b 0-¢>
00000000 00000000 60000000
TREE#1 TREE#2 TREE#3

v

VOTING

v
RESULT

Atz Singh(2020), p. 1. XAt JZHS

5) ANFIS(Adaptive Neuro Fuzzy Inference System)

ANFIS= W] o] 23} IS4G TANN)o] 22t FHjol Al &2
Folth(Jang et al, 1993). AFAIHGS EFuFALL Zola Lol Sy
3to] &3t AT it =e]F Hgo] ofFil, WA o]&L [F-THEN F

Zlof 7|4kt A&38(membership function)& 731—}5%@] gt =214
Argo] 7hsSHATE 449t A8} o). ANFIS= F o9 <
HsE] o) s RP o= JIFAEYe] o5 H}%‘*o— Bl &Y
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24 TetEE 18 4 YT Wl 494 e HojsiA Fobe ]
M dlzo] aztael myolth, ANFISE W, ofuiAan] o §37] %
25 T AAYD oS BAY] HREAA Fuee D BEF oS
2 9ot AT obx KAEA eore

Of

ANFIS= ANNY 593t Y=352 AlQlsta v 7Hx] E4=3t Fojoj=
/=] Aot 4&S(membership layer) &&gheet HA| oi7f
HPE B0l ddolg7t HAHl &5k HE Els] HAHet W
&&-5H(membership grade)2 2PlFsto] 2ot} MRS (fuzzification
layer)Z &&3pIolA 299 BE A55HES 29 S8tk B+
3}&(normalization layer)2 HA|S}E0 2 HE AE HEE H51A4
Ak A5 &3t} upA|9to g2 A1 R|S5(defuzzification layer)
Brtekd Aot Ay e B9 FHAeE WAAARIT. ANFIS=

FAAYY B PAL Fo BFL TG Y ohpEsE A5

(2% 2-5) ANFIS X

Input Layer Membership Fuzzification Normalization Defuzzification Output Layer
Layer Layer Layer Layer

Mf

XtZ: Pae et al. (2018), p. 6. XXt KZH
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AM2E MS2HO| T Hu - BA W

st

H XE

ik
I

WA A1EANA AEE AAE 2, 37 2, HAlHY 7N By
TRt IS oS AykE H|wsh| 93t 7o ® E-EE= ti#AQl
A EZE= MSE(Mean Squared Error), RMSE(Root Mean Squared Error),
MAE(Mean Absolute Error), MAPE(Mean Absolute Percentage Error)
ol AU

7t 2 717E e QAHAAZT ISk 7
oDE B w7k 7t A9 Qukajel 547} £
W wEe 8 % 2-1)3} 2}
2 0% MEiE 2N X
e =3 =
OFE MTY UOZM oz 10t crop (12
MSE 0= 7[7t Firje] Oxf | Ei HHTHS
e = ojArx|0] DIztap Bt
MSES| S KO0 T2 | _ o o o
RMSE 6HA_.|‘9| O_ia:‘oo EQ|_°|. E_)Ik_ —l—):o-1 A| ]1|_<2>FA0'1§7|-§
OPAION S261, BE | L 21101 2 1 [
MAE Qxl0] BUst JERIE o120 = e MO
S0ft Ot

M0 02 3R A =

_ o | mIpREZ g2 S0l =
100 VY, - Y, So = — = Tt
stoau XITEO| 0
MAPE | = 3 | — DEM RERRL Oy 2 sya0) ojny 91 20y
=1l T 1Phee ot &20] 7t

INE=RPRIN RS S|
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2. F2 HWHAF LHE

tlefl diEny 5 249] B3 Aefshs ol REAE(Bootstrap),
#=(Wrappers), ZAHSH 5 2 7H] W] EAZH. o] T B
Zwo 1go] dl=go] i3t 7|Hhigre] B4 24 E A

K

S 5 eth= Aol
A o2 WHEY Blaste] E8 Tt Eh3) ARl wAHSHS B2
2 33E M|E(training set)@r A28 A E(test set)2 T-EGIHC}E o] A
AL Aol B¢ HEO| B2 247t F8Fo R AEJL ASHoR 74
Fojof gtk
WAHSHY] dHbARl BA= ot 2ok AR, E8 AIEE o]&
Sto] HEs SR B4, F8E 2P ol&ste] hAlE 49l aEA
£ ARttt miReto g AIERE A58 /\1]—15—9] A} vl asto] HYg
9] 52 BRI B7F ARE= A (FE 2-DolA] AT of2] oIS
A= S AR F SHHE AEsto %}%ﬂ‘ﬂr otH WAESHE &4
& AES A58 NEE F&05k= Aol whet of2 7HA] FHEI7F EAst
H, & dFolAE o4 APAFolM E-8F k-Fold nAHSHY =4
7FEE wAESH s Eo AlsHA 71&tttt

k-Fold A5 HE WA &2 DE ke ¥E1Y D, Dy, D=
23ttt o] FEZTES A% wiEFd (mutually exclusive)]™, #9]

FU% 2712 THEY. ofF BFL i MEHoE FYuw AFH
ol ol BRS D= A DE ol§3lel BFS ek, 39

3) Fonseca-Delgado & Gomez-Gil(2013), pp. 2-3.
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AAG A2 AT 7]E Yals oA} A|AYolgs z}go] E
Jo= 2l D& ?‘éﬁ}%tﬂ A5 2po|7h ATt (19 2-6)2 AlA
}2o] 3t k-Fold XAAZHo] A= Qoksly it WA 2y
Hot7] 91et v WSHE AAokaL, WHE 245 QIRE k- 1709 Kb
28 452 AT h S RS o7 i E 23S 9 28
e R 0] 271 AR 7Hse AA TEERL el A r3 noll &
%% "E—’F— ALJgt golH, k—1709] FEOZ WHH ZF FEL 7
=g 7—.L HHE Aol 0] 2 BEho] EHE]H, o]
A& AREoto] 7 kH HHE AJEE Bl
BAE Bt ghol siF 2P| k-Fold wA}

Q.

HOI' e >
N

[
¥

(d8 2-6) k-Fold WXIAZ T=MA

Validation time serics
v

I I |
r dd d, h
k-1
training  test ~unused
L. - j
roh
_ traming  fesl unused
2. | I !
r d h
training test
k-1
k| N Y I

r dad d h

Xt&: Fonseca-Delgado & Gomez-Gil (2013), p. 3.
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2) SHIFIEE WXHSH

EH|7IEZ(Monte-Carlo) WAFEEHS b4 &7t k-Fold WAMES
Wit del= Yo wAHFTE At VS F305k=tl dr(random
number)E E83TH= FHolA Afol7L itk (¥ 2-7)<2 =H7IERE
AA5HY AAE ZASkEL Qo k-Fold wAdSy wRRb7EA|=
=n—r—holH, n& HAA FEpolrh ki WHE A Bl S|t

SX|9] ztol7} 7} ARE &3l B7HELL, k7S] B7F AR A9
ol did Y9 EEFIER wAES 232 YERdT

<

(O3 2-7) SH7IEE UXES TEMA

r v r ;I 1
lterates k |- training ) wm.unusg d
times | r Lmrf" h l'
At2: Fonseca-Delgado & Gomez-Gil (2013), p. 3.
H3E A2 ¥ AME
o[l FollA= FitraoSel 282 4 e 1 A5 HHER 9
SEYO AYLE WY ¢ Qe AR 9 45He AHET. I
57 oS A7 B HolHE 83t vjHE AYshe Hor 24
Ao AAQE AmE B3t HolA B2 AP AFoIA SARIMA 5
AAD 2ol EEEUY. ESF A7 AFoME AABAE wfE +
U= L
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ks
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SA AR S8

LSS
L

SHAL L AABA A
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S 9 Q7 Ut (3 2-2)

4) Dorsser et al.(2012), pp. 88-110.
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ik

20219 229 A4}
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tiH] 3.4% 571t 2,608%t HE 7|55 1915 FAISHIAL, o]ofA] ml=o]
915%F o (+3.8%)Z 29], YEo] 7857 th(-2.7%=Z 3HE 71Z5ALt.
A= HEHH] 29.6% S7Ht 4407 HE 71=5tH 202049 6HNA]
20214 4992 £97F A5 uhd, 20208 49198 =242 2021 8.8%
7} 243t 3457 T‘HE 7155t 691= WE ekttt ghd 20219 3465t
2 Adhiu] 1.3% 4t $2uzh= 202099 o]o] 5915 F-A3ES

Ao AEA WAL FolE Auiny] e 20109} 202019] |
QS uTe A, 20209 TEVHO GFOE AAko] I L
Fetsleiah ofAlot - e A|oat Bul A2} 22F 10.2%, 9.8% 27
shw Ang 4gAlE BelFch e R —15.4%, ol —49.4%,
FFL 20.3%E 713k AL AR Ex Slbellehe

1-_-[\1

(& 3-1) 20102 202042 MIA| X|F'E XtSK} Yot
(=R HES AN
(1000 Units)

M 2010 I 2020
0,000 B
43,543
39,527
A0,000 ------m o e I oo
30,000 ----mom oo I - - - - - oo
0 (00 S o e
18916
15,999

12,159 13356

1000 wn B
- = S
North America Europe Asia and Pacfic South America Middle East Africa

A2 SFEAISXAES|(2021b), p. 4.

2020L% AA ke 20109 tjv] 7.3% Z715E 7,937% OiE 71=5}

Fom, GHZL KA ~7‘%019}v I3t FEE E Tt ofAlo} - Hj
%OJ A3}t o] z]Ho] Zz} 22.8% S5 ¥, 998 A9, o] XY,
2= 98 7217 -10.1%, -38.9%, -24.0%S 7|=3}9ch7)

5) BHRAISAHIIEE|(2022a), pp. 1-4.
6) RIS FS](2021D), p. 4.



7|E HiZE 0| EREsY 52y 2t 03
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W20 2020
LR ]

North America Europe Asia and Pacfic: South America Middle East Africa
NE: erEASA R EI(2021b), p. 4.

20209 AlA =2 20109 ti®] 7.0% 4% 2,881% HiE 7155
At 202049 71 AGE BHS2 41 Aol 48.8%F AAsHloH, o]
o]A] ofxlo} - EjiH(28.0%), Eu](17.5%) 402 LERdth Hutdoz
20209 $&7Fo] F2eh 7R Fu] Aol 20109 M| 47.5% S7HE
Ho] Y= tiH] 29 F43 ZZAE Herics)

(32 3-3) 201041} 2020H9] M7 K| KEX} 25

TR

(1000 Units)
30,000 T - =]
W00 B 2020
25000 G e
20,000 BEEE T e
15542
18 4917 B m
North America Europe Asia and Pacfic South America Middle East Africa

X2 SFEXFERIAQIE5](2021D), p. 5.

#38|(2021b), p. 4.
#8|(2021b), p. 5.
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FEY EF od g3}, R 4] 915 52 SR B3 AFE
WA 2E 22 AR 20209 §HEA] Q0= st Ao 0101
20210+ 4% 2298 WA 35 A aRlo] . vl NXPA

AU @AY -2 At 29 HARA Fhato] JRFo g AJiteelo] &
g 7k wHow, FEofAor Ayt S 6Hol 219 FAto R
Xﬁl BafiEo] WA BieA] Aito] AH FH= et E5E gt TSMC

£ 3UE8S 2 Aoy BF0 8 AFE WA YA TR vE
o=H TF AL LA

JIN' -IPﬂ

m]I.

3
L

o1 AY FHY 971 5 oM ASHRA 202190l e AV T

of T st WAl FEEXA Uehdth 53, v, 9, Hebdl 5
AV S A, A i B3] 2 1S 20204 s
19 BMA W59 Y3 0, A, P, 5 5 £3 vigel w2
e 32 47 WA, e - P o 502 255%0] AgE)
B ) ASHSI

L. M7|Xt A& &Sy

20219 AlA AsAF wfl= 202089 9] 7| A AT = E5total AUy
4.3% 5715t 8,4559F tof] 1At WhH A7|A} wofj= Q9 AIRe]
THA sl 2k O] A=2AQl X QGR A, ARALS] A7|*}F 5 ETT

9) SI=EASAIAMARS(2022a), pp. 4-6.
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J1E HZIEO|Y PSS oEeE Ho 03

71 Ak AT A% 59 Aoz AT 110.7% 27K 666 it
sl i) Set WS 7\ Rck, WA A5 2 el A
S HiBE 7525] Z71510] 20214 71 A7) BEE 7.9%0] oj2ek10

20219 712 *W—"— ofAlot, F&, tl= & AlA A AHGoM 1=A
BBAIE 7150t e, &3] AA A7IAF mjo] 50% old= ARt F

=9] hf g7t AA| AR A2 Adstltt. S A71AF T A
] 166.6% S71Rt 3339 tiE 7155t oH, S5 A4 A-sAt w
oA AAT= HIFE A 4.9%NA 12.7%2 IA A53Fct o]st
FHL AUy 66.1% S7F3E 2349 off, t]=2 101.3% Z7I1t 674t
s wofstoich 1D
Q) Fo= M
AIA F2=2 2021800 A7|=} ) A B A 5 e 713
HIAPAS F46taL glon, ol B A7|A}F AT & s

ot Qlek. Fa=te) AEAMIY AL thge] (I 3-1Def 8ot

72 aug
* HIO|E HE, 2030E7HX| Al rﬂruH°| 50%S MEEI5Hs WA UH(21.8%)
* EPARHEESS), MAHHIZ|7tA HIES Q7 Z8K('21.128)

0= - 0| RX|2 ¢H| 7|Z2S 2026\7HK| 55mpga ABHEX] 40mpg)

- EPA O] TR0 2} HiE2 24 5140] 2050L471X] 2/C 19991 S2fol &
31 AR} HRHIS 2,10091-4,2009] 22| Hotat 4 I 2402 7|t

B4 20} RIS 30| RT3 B1(21.128)HO2M HASE X

Z_: (i} je o= =Eo
7|x Zt5) Mat
=Y
o M7|R} 4 HHOZ LYAHT | R MFSE SH('35H), ™7|Xt 30ETHK|
1,5002t Off 223 1202t Of &) & =%
10) SFEAISRIAIIES|(2022¢), p. 1.
11) BIEXSRIAIAE5](2022¢), pp. 2-4.
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« F7|XF AE0| A7 |0f ZIQBH 2402 HEHst0] 21 HI |t HAZS FACH

. H] 20% 513 A5t S F7 R HAD T Azt 5%

BT Lo ojpio] ate SR B 01z ARO| T2} (EQIE, AOJLIKIR A4t
O ()EQIES XZ5H= THEEQIE HT X

* ‘Make in India’ H&H USIO 2 X2 MEHIE AMAL RIFHE |5l AAHASQIAM
ol E|Z(PLI) Ml AlSH

© F7|% B 712 Y5 120 HIIR 2T 215t ZE
* 201Ut 43 01 32 HOPiel A0 MUTS 2 IE 52
BIAOF |« AP U SE A3 AR T2t 22 AR A R

7_=
- FI g

S92 2ol &= 10E7H 102 & £ A=(21.88) L&

A2 SFEXFERIARIE5](2022b), pp. 7-10.

10

2) 2UY RIS S5t
(1) 2L XISKH A4+ 2 T

20219 F-=uete) AsAr Ak A
7125}e] 20169 °|F 6W AL 7AYo, 22 WL
%‘ 0210] (©) OPXH —-1-0"/\1 ZH_T_’_J—}E]Q]— g _;f_xo_% %6H 71':]!__/]7\_%_% 25]_4\_@]—6]—@
I 5 o A

*ﬂ A

12) SHEASAHMRES|(2022a), p. 3.
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X2 BERAFERIARIEE(2021b), p. 172.

) F2 Ol

7k A RER K|

2021 = ARSI AlA| AR v 2 2209 7] 5k
g QA Bo] wE itk Apdo] A&EQITh AR HdrhH
1.3% 43k 3465t off, W< Tl 10.6% 34sh 1445 € 7|53t
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Lt HIIRE AZe] 88
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13) S=AISAIM AR E(2021a), pp. 1-7.
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20094 9,586 98,790 108,376
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20114 11,072 119,870 130,942
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20134 10,506 119,078 129,584
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20154 10,5639 124,547 135,086
20164 10,801 118,509 129,310
20174 8,260 131,490 139,750
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20194 7,923 125,084 133,007
2020 7,190 109,382 116,572
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7|E HiZE 0| EREsY 52y 2t 03

o2

o] @@-6‘]—1:4—1 3 4= 9] OU% ad] R2 0. 9214i sy ’é“é‘“aﬂ
02 [HS MarkitollA] AF3dk= GDP 9&A]

B 3-10) 2145 £ 5724 28 Q0
tHp A= HZEQX} t 8% FaE adj.R*
o= -190,962 | 44574186  -4.284"

« — 456.869 0.9214
GDP 754.913 35.318 21.374
1 *= p-value .05, **= p-value € .01, ***= p-value ( .0012 2|0/
X2 KX &

IFS UW% 1 njelsr] sf %?H E4E AR} o]E
22 Q5 EgH4E 28 HIsith B4 dulo) g2, F A3

725(p<.05)F 2o Agdsictay BWtEY adj. R?= 0.2718 tha Fe
29

4. 2
AES Birh vpA|to g I|AHEA By 8 &3 AA S
71208 AHASte] HF £8 F e =STATh
(H 3-20) AIHIE $2 £ 31724 28 Q9
- RS BEZQxt tdd | FEY | adiR®
rae 685184109.7  217518141.2 | 3.150"
£0I74 | -211993550.4 | 69943437.01 -3.031"  4.725° = 0.271

ATl 14039574.38 | 4875418.842 = 2.880"

= *= p-value { .05, **= p-value .01, ***& p-value ( .001Z 2|0[&
INE=MPSINESE]
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ATy BFL AT e ARE 261k £E3}0] HS Markie®] S
Q7 AW o] AME AH|ZES o EsHe wholth Q1 thE] AWE
40| o5 USRIk = 5)2 AJUTh ol5PF BFL 3
7 NHE 209) 41 WGs] Ao B BEF] & = 59 Bl
BFES g3l BT HF AME 20 AP IALY B
Aty 2, olsuF LR e BFsto] A8t
Lt olor iEst by

S 0 4 A Aol AUE S0E el xﬁu e

A WA AME S8 AP ANE vioR e Zotre 2yt
ARLE W 51RE F3517) S S8 4P 2aolA o 2%
2 AQgt. & RPA o2 SU%S £257] Q154 Tl EEEY
(k= 3)2 83tk AME BEHS 3A o, 85, Y= 5o 7
wE T AR Aok SEFS 2] AL B 2NN 6
$0% SUEL SEYTS Teisjo} At uebd Y Pz v
ARE SEFS A WA BEFS TE4L WA s A4 nFS
TEd A%k BEUe 4t

Foloke A7|SAAR) R BAHIE Hgste] EEot %
% galge] 24 A ofdg 2ok 1,k 71E dmoln] B RyoHe
20009€ 71202 HOIHY. 1, ofSAmolh v Aetk vFS Y]
% E5F ] Qo B By /1%L ujstel B BRelA H2 19
of Y4 dlgt viFo] Wab} itk S APgele] ool ARgaknh

YA ESH = —2.8421log(ty—t,,.,) + 13.044 (I-2)
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HIZIE0| SNISSY oE23 N5}

O L.
HiO}
O L.

Al4glNE SEA 38l At F5E o5 AHS Hedt
of Byl & 4 E8EE ALY F Y L= Rk AARIT
7k 50 54 9 7183 dlo[EE 1este] A3t dlEn S AdEsta,
ASEAZ 5ol ASAE Agict. Bt wAdSHE B85t B9 1F
dSss AFHOR vl - HESL, HIHOR B APk, 8=
G874 52 7R HE9 1=af WokE AARIG:

12 xtsxt =S HSEY kst

71& A2 FHETTF SRS T AR Y FEAS 718t
o= gl £EQ] U 34 E5FE Top-down W02 &3l o]
of =l AsA 80 thet AlEE G o] A PRtEET ASEY
1&3ke] dqolgtal E 4= Qltk. & HojA= (1) =W AsA =8 dF
1Y 1=3let (2) SUAAEA 8 SRy 1e3E B9l AR FHE
Y 5L Y9 d& HY=E JfAdst} it



, U AR R0E By TSk oA 2704 AR |
714 2 F SRl ANFIS © 32 #83to] =l A4t 8.9
O] A= A|avf FHolr}. 7|E HPoAe U] Al QS

Y =g Z8ol= X3 (Simple Linear Regression)

2
OL FE:
N3

= Fgst3m, ol g 374 ofF Al diet Ag
29l HELrt Wokth. ANFIS 23S Z-8sto] QI of thofst
52 230 F]Uste] Sk PR oS Heteg F
BAE £ e AR Zddt

Hd

T AR SjEdE $UA5A} 48 dEnY vEdlolt) V& 1Y
2 Euet GDPE ©Y EHHSE R SIR X¥S 831 glont
20009d ofF YA+ =271 F48] S/ 7€ B9 dS P
7F SotA| AL Qitt. ofefl s +UAF 2.5 =l A= GDP ¥ |l7=¢
H4=0ko] AHAAE 123t VAR BP 2 tiA|ole] ol Y=g A1
StalA} Qict.

l-rl

1. U XSxt =2 0S5 He: I

1) HOE 7 A Ha MY

ANFIS 3L Haleid 7]8te] A3 449 250] & $R2 7129 3
7 Zgo] Ss0] T8 B Aofo] Q= At Te] Fuigo] o
g WA Zoz Wao| Hi tlRl WSS A 2g0] XA
% qlom, uAgE AR mokg & Urie FHe] Uk £ ATolE
I AP A8 % B B ARESl B GRS AT IS

Z —1_-7-'5]‘/&1\]:]'-
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HIZIE|O|L SIS s OIS2E nwst ot 04

Vahabi et al.(2016)2 o|&9] Apaat whljs o &2 913l &, <&
ojld&, 1R09 45, UE oA, Y A, U=, A+ 2A5ad
5= MR 851039 Islam et al.(2016)2 EE|o]AJoF AsA} T
Fol JFS nxE= Q9107 AH|R} 714 A4(CPI, Customer Price
Index), GDP, oA, &g, AYE, AEHJHE 55 AAsIoith D
T3 Zhang et al.(2017)2 =9 A7|&} £80& 2o AH|R} 714
A, MR AFA S, AR 7HE A5, AR A 7H, A= 7 59

I

3HH [HS Markit2 AlAl 2009 =712 50070 718ke] QI - AFs] & AA
AR AAA 9 F47) AGAE Ay, B7d, Y88 AFskaL k.39
| AERE 97, UE, 92, B9 A5 AR, 32 2 271 50|

8 =3 i) B B8] 397 15 2
517] gpelae wao] Q18 olI45o] ol JI7k i WEA|S0] T
g, olo] &g gt QlojA IHS Markit A=o] F-&=7} v &=

2 AFoHE 71 BYoIA Teid el 174 o] AT
A AKEE WSS THS Markitol ] W87 2 A9A 94 7154 52
FYH 02 stk 2% 744 A%, ©] o4&, GDP, AYE, ¥
F A% 52 APRSE APSEoN, FHESE AT T T4 2
@) OEMARAY R A% BolS F Gl A R 413
SISt 7t Mt 1996413 E 202197 AEEE BEEov, 7]z
BA%e theo] Gt 4-1>3 2ot

33) Vahabi et al.(2016), p. 27.
34) Islam et al.(2016), pp. 874-876.
35) IHS Markit(ZA4Q: 2022.9.12.)
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B 4-1) 2U XS +2 HE2Y e & 7| 2SAE
e =5 BHEs B BEHR}
AHIRHZFA Rl 2016E=100 26 85.63 16.02
o) olxtE % 26 4.59 3.79
GDP 109 €2 26 1092.76 440.72
HUE % 26 3.75 1.00
EER xS 2015%4=100 26 80.41 24.89
2l et g 26 48.89 2.03
A SAt ot o 26 1526.43 284.29

MR KA 2

2) 2 24

ANFIS 232 Hoj8E 83 A58 1528 Fst &8 1
w9 HlolE kS ARgstel RS Sadtal A58 Iwo® Shud XY
& BRI & AFolAe 24 280 2703t k-Fold RAMISHE
&3to] dE 2ol it A& dstaAt s

ks dACIA = HAFE SR Zadeh T5E &EoIloH, A 5t
A(gradient descent)®] Z7|(step size)= 0.01% AAoFATh E3H A
< A4 K conjunction operator)= YEFAQ] HAgko & A1l om,
o ¥ Slg= 1,00032 §HE S5Sloith. BAole SAZEIH
R(ver.3.6.3)9] ‘frbs’ #7]|A & &-&sI3ATt

10-Fold WAHHFZ 9l A 94 =L Hlole= &5t 16719 A=E
ARgsto] shEolal 1794 AtR9] QAR ASAE 17HA A2t
WS dl&sielt). dlEAl= g AlFe] AAIgkat Hlasted RMSES}
MAPEE AXISIGT o]F E3& HlojelE gt A|AY SdjstHA T
2694 A9 ol=2]9} AAIZEe] RMSEQF MAPES AXbslL, E2og
10712] RMSEQ} MAPES 77t Hafsto] 9] 5= B7Istqirt. £t
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Yy 7t ds-E vlwslr] sl 715 HpA kﬂ SIR 287} AJAY 238 °1 ARIMA

ANFIS 233} ARIMA @ SLR 23O & 2012~2021d 717+ =) A5}

3 Aite 29l (& 4-2)9 Zt} diFR 7171l ANFIS
|53t A7 AAgko] AR 362 Aokl 210111, SLR 23
< Qe W] Aol wt mid FARE 2712 Sk A4S Hol
+ WHA ANFIS 232 AAIRe] Wsdt fARE A1 Haith

(H 4-2) ANFIS 21} SLR 29| 052t Hlw

CHQ|: F Cf
Rz AHZE ANFIS 0=zt ARIMA 0=k SLR GiI=2t
2012 1565.168 1623.648 1449.201 1395.079
2013 1573.232 1594.516 1436.670 1451.995
2014 1712.075 1567.459 1461.250 1502.278
2015 1889.730 1629.215 1546.120 1581.458
2016 1877.164 1743.332 1641.891 1682.985
2017 1839.782 1801.925 1601.505 1745.193
2018 1855.798 1873.561 1631.595 1779.747
2019 1842.112 1809.311 1639.697 1805.693
2020 1932.305 1854.129 1644.285 1815.536
2021 1740.049 1907.784 1727.266 1830.397

INE=RPA N ESGS|

@9 s Bt S AAgY Aeldl eAkE (i 2-1)9] A%
e AHE ARSI, k-Fold WSS E8oto] 7 2EE s}
At (F 4-3)2 ANFIS 2@ ARIMA 2 SLR 2Fof| i) 10-fold I
AAZ0 7 A&3t d& Agy A7E HojZoh ANFIS 239 RMSES}
MAPE7} SLR H@ETt B 24 Uehd ANFIS o] 2g 9] ol& He=
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=
SLIR 2§ ] QA3 2.7%p TAAZ] Ao E Yertth

(B 4-3) ANFIS 231} SLR 2&9| 0f|= Mat: H|w

o3 RMSE MAPE
ANFIS 95.3059 5.3
ARIMA 204.7935 11.3
SLR 141.775 8.0
NERPOESE!

ANFIS 23& -85t g AFsAt 8052 718 Bgo] Q7 Td
Ho oJ&sto] et Ay sks ZAIES Bedto] et W] 9k

< 23 HollA 18t glon, ol Sl et oS ATE AlSIrh
E35] #E2 9 A (out-of-sample validation)O.2 &S v|WT A
ANFIS B39] a& A7} 7]& Bg tiH| 9535] =3t A3 HS
CF. OFF ANFIS 232 g HAlEd 7|He] RSt mRA |2 &

HEE9] S5l gt ¥ FTH o= HYsty] ol @30l
ALt olof A& Aol digt =]l S HHsh] Qs T8

1) HOJE £ % #Ha MY

VAR 22 tEHQ AAE A7 B4 7|HQ ARIMA 239 4
CHgRE O] GRS Eshe 3 BP9 Al BAl L}—“B‘}
Z3o|t}, ARIMA XY ulgjo] AWx]7} 74 BEx]9] EX
et SE 4 Aokl ZHgstal 9lom, 3 BT fAlSHA |
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o

8 3 7ol VAR BEo] 883t Mael 71E ngolq Bed
ot} s GDPe} %A WA LUt AEA 40 ofEmeo)A o

A SR B3 LUt Q748 TS GDPY QTS Mk
Aol

2 9l
Y7y QA w22 ATRAE BHYoH, $£UA}F gk
A0IA =22 o] t-E LMo vlg] 42 A-o] o} ZF W=
199695 20214 7]7¢
o o489 (E 4-4)9} Zrh

(F 4-8) £ KSR 42 OS2 H4 U 7| ZEAY
B EEEE 7 BEUA}
GDP 109 & 26 1092.76 440.72
QI BHOF 26 48.89 2.03
SR O o 26 137.11 127.45
NSRS IS RSS!

2) 2 &4

VAR 239] QLS obd 27 1ol 2Hgt Hlet o, 2 Fo]
SAREA 20 AERBL et Pk

yt:C+A1yt71+A2yt72+'”+‘4pyt71)+et (IV_D

AZIA y, = (y1.0, -y )= k7S] UAHSR o]FolZ] HEolH, &
Tl GDP, 7, YA BuiFez A=
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SHH VAR &40 SbA AAIRE A/ (stationary) HAolA 2t Hips
< S WESHA] X3 o= vl 2 AlAIE At= ol IMF 9
7], F8971 & A Aoz FZo] WAt Aol 23k J7F
o] & Aow WA= =7 H3Klogarithm transformation)d} XM
(differencing) ol A4S SHsHA| Ech ol FAWSE L&
S AAIE AR ASEA oA S5t WYtk AR BP9 &8 5
7FAQl o7t Havks Qju|gitt.

239 A% A5 A5l 10-Fold ZAATHE 8319900, 0|5 3]
g AEg 73N ofF 7 AA4Y

o2 53 AYAE T Al AR} Hlwste] RMSESH MAPES
Axrslgict. Ao 107)9) RMSES MAPES 712 Bt B3]
Ao grlslgon, 2y 71 A% v|7E 98] 7|& vkalol SIR 2E8S
og3te] 10-Fold TAEZL UAISIL. B4l BALLTY Rever.
3.63)9 ‘vars 7145 L9

PO Z 2012~20219 7|7F Ff A=A} 02
q&T At o9 (3 4-5)¢F 2k SLR 232 ol& 71%F W ARk
%S HQl ¥hd, VAR 232 31 Hlolg 9] mfelo]

4

A
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H 4-5) VAR 21t SLR 22| 0=k Hlw!

CH M O
B ARz VAR 0| Z2f SLR =2k
2012 164.407 183.634 102.365
2013 191.068 147.909 125.881
2014 266.431 163.515 157.910
2015 331.858 282.425 179.092
2016 304.378 419.447 214.103
2017 297.238 349.037 259.235
2018 323.607 273.860 291.691
2019 324.580 301.214 278.641
2020 338.135 288.385 282.879
2021 311.480 319.515 335.031

INE=RPA N ESGS|

(X 4-6)2 VAR 233} SLR 2 Fof tj3] 10-Fold ZAHZOZ AH&
3t dl& Aty AnE HojErh VAR 239 RMSEQF MAPE7} SLR 2
FEL} o 2 YeRtoH, ol VAR E¥o] 29| d& FIE F4
1722 guigith. §3] MAPE #E& Blashd VAR 23o] SLR 23 o
H] Q283 5.5%p AAAX] Zo= UEkT

S~

(B 4-6) VAR 281} SLR 29| 0= Mt Hjw

2y RMSE MAPE
VAR 52.240 19.0
SLR 66.346 24.5

INE=RPRIN RS S|

= S8 F YRS 29152 7|E o] U] GDP
9 HEE S8 G BES EE5ol et dAsks EARE
Bt g Ags] 282 #E Y HA(in-sample validation)©]]
A 9t e Bolou, 2000 olF F43] S7Het SURsA
HiE A AR A8t = oz te ABHasy JFS 11y

t
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0.2
p-value ¢ .001
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HEQX}
13964.9
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85.6

5]

[

=
[

[

HlolE(

3] k-Fold XxFEZH(k = 10)
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O]

S| AEA At 0.038

A
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-6635.8
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0.8
p-value ¢ .05, **= p-value ( .01, ***
SE
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1083.4
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3ol
o] 2P ¥l 1.3%p AIS5Hol A=A A
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2ol /A a7t Qle Ao® YEhEt, 3 Ee g £42 YL AF
A 24 FIE SVR o] S Liet HEEEY AREY TENE
Al o B2 S ZoARt gloly gHet B HAl Higt A7t
gElojo} o Ao wekHrh
H4-10) RSEt E0E HE Hw
=2 %
OISAT SLR MLR SVR
2012 25.1 24.8 41.4
2013 10.2 13.8 34.1
2014 11.5 19.8 39.9
2015 21.0 26.0 47.8
2016 20.5 18.1 49.5
2017 17.7 12.8 49.2
2018 14.7 10.3 48.7
2019 12.5 7.0 48.3
2020 9.2 2.7 43.4
2021 14.7 8.3 46.5
s 15.7 14.4 449
INE=MPSINESES]

shH 7]&9] Bottom-up W49 o= A3
H FA% +UEET 5ol 2 asith o] ] Rig:
SLR % MLR 242 H== 4dAsto] 7k 2y 45 A
ot WA FIT FAETTFY BF AT FUAELY 2 EES
283t SIR 23 qﬁﬂ] MLR EO“-J A8 E—ﬂ.# ool ¥ =2 AR Y

o e Ao e
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HIZIEOIL] S9IS52 HZRE w5t Wt 04

LE Hig BZEQA  tAY  FAY  adi.R?
A -3648.5 7382.9 0.4
zoos yaigal  -22035 627.5 -3.6™
- 4497 0830
AR g2 139.5 52.5 2.6
o F252 0.8 0.2 43"

*

*= p-value € .05, **= p-value .01, ***&= p-value € .0012 2|0j&t

=
T

INT=RPSINESUS]

H 4-12) Z3le Qe +U=2EH MLR 2MZ Q9f
Ha A= BEZEQX} t 4H F#Y  adi.R?
o -5081.6 7774.4 -0.6
Yoy yuza -110.7 562.1 -0.1
- 10.17 | 0.503
AEY B 0.8 441 0.0
13 2UsH 1.1 0.4 3.07

Z:*E= p-value .05, **&= p-value (.01, ***&= p-value { .0012 2J0j&t
Atz A2

TUE 4 5 209 T A4S GRS 2 W] A )
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=Rl %
] 2y z53t
o 5ol
SLR MLR S SLR MLR T
2012 7.1 19.7 17.2 7.4 6.7 0.1
2013 12.8 3.5 11.8 2.3 1.9 12.3
2014 1.1 10.2 7.8 1.8 1.2 2.5
2015 1.7 5.1 1.4 2.3 2.2 12.0
2016 15.2 6.4 53 1.4 1.3 4.9
2017 16.3 8.6 7.2 0.2 0.1 4.3
2018 15.7 10.2 7.1 1.2 0.9 7.0
2019 6.8 1.8 4.7 16.1 15.1 6.7
2020 5.0 10.5 6.2 12.8 1.2 1.2
2021 12.6 3.5 8.3 16.9 15.9 5.2
Bt 1.4 7.9 8.7 6.2 5.6 5.6
X'-E I-|X|> pNDS|

- | oA MLR &
Top-down} Bottom-up ¥4 F SHOA BE 7 9431 o=
g2 Bt gyt 459 Xolrt 7|& By thy] Y55 45
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A7 —}Fﬂﬂ TAE " F 20409 oY A7) ASA7L AlsEe A
AZBAHSE GDP, U+, 7A4Y GDP, AR GDP, ARY A=
(Productlon Index; PI) 5°] 9t} WA £37] 18 £8E d)2
St 2y A AJ5f] stepwise HIHOZE WSS A3 37 B3 ofF

3 24 BA7EE 488t st

i
r

o
TRl Hof 22, 2 g, 2015=1.00
= GDP(PPP) 44 GDP M= GDP QI HEH P
2018 2,099.5 91.74 483.53 51.68 1.07
2019 2,146.6 89.37 488.93 51.80 1.06
2020 2,131.4 88.19 483.69 51.84 1.07
2021 2,219.8 85.90 517.02 51.83 1.15
2030 2,668.8 119.55 708.90 51.29 1.36
2040 2,995.4 127.76 799.64 49.32 1.51

A2 IHS Markit(ZA1: 2022.9.12.), M X

FALFE 7|Ho R o 8 4 5 =F A3t ARY AR
T EgHEE Soi7t Byo] AgEr}. W AHE flaliAl= AICS
ZF M40l t AR 7|F0 = S stepwise WHS A8t 19915
E] 20214 Hlo[HE BFFoE APt I AR BFP9 A= (HE 4-15)
o} Zrh. Az WAASE SHHSE T 3N AT AR A
F7h 1 37K o 0 8= B 1,710.5% BV U6k Aoz 2
AEQit. 18 $£9% 202295 2040E7HA] B 0.88%F S71519],
20309°l= 3,603%F &, 2040¢0= 3,859 £of o]& ZOE ASE
Ak,
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H 4-15) 1H £201% 57 23 29

e A= BEQX} t 43 F#Y  adi.R?
A 1274.7 119.6 10.659
—— 117.37 | 0.802
RIZY MALR|4: 17105 157.9 10.831

= *= p-value .05, **= p-value { .01, ***= p-value { .0012 2J0|&
A= A2

FAEY Foll= B FARY0] e FARFHT =3t A3 A
£ H9oH AxY YA eE SHHFE £ JALFYEGE AgEo]
EA JestTE 199195 E 20214 Hlo[EE HIgoE A|gst 2 F4
o] A= (X 4-16)9 L} 271 AL 55 1E £8E5 =
o A3, 20229FH 204097H4] B 0.50%= S7Fske], 203090l
3,226 &, 204040l 3,3725F £ o] ACRE dEHArt

(B 4-16) 1 Q0= 271 FHZ2E Q9

M A= BEEQXt t 44" F#HY | adi.R?
NES 8105 1145 7.079
: 2306 0.888
ERES 654.8 431 15.186

= *= p-value .05, **= p-value { .01, ***= p-value { .0012 /0%t
PNI=MPSIN PSS

AL G 27 ALY 34 © oS Are (1Y 4-3)7 Lot 4]
Aozt slfimgel 21 FARYET o £ 1 £20)5XE e
sk
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(23 4-3) 1H 0= 2 H|W
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Tomoam Ao RfSCccc2d8cE2E2d 048088/ H
AddAAAd3ddRARARAREARAERREEREAEERAR
¢ DHED e A{RE ——E0FHRE

INERPSINE Y

< TS Ao wE AP A, Tk A, ew| aEo) A
=]

=
RS 4 k. AP AEE AL s H A= A

WM Eote A ALt FEer WA wete 7 2
QA ABAEF D BRlo] k. kod 1EL2 WiAs 23 59 ¥9l
oz w7|d AEg SjuRith. AP 183 7k o] A & SA]
AZEHe A% b2, kv ad82 ZA gAlEC] AxE & AF 1
S ud AlZto] EEof WARITE oof wet, v dEe] WAL A%
£, AEl 714 5 FWolA ARSEIL e 7 AR S99 2F =4
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WA, AR A e ARARE AT RS B85
of ZAstelth. 1991~20219 HolEE vigo s AWE HAR =Y

= A2 2N dSAE 80kl it & Aol 24THEE
HlRE A5f V1€ 2 Sl et B

YT dSsid. 7€ = =

o A& 2Pl ") 44 Ul GDPE B Wes 283 =1
Ag9AEge A-gokL Ut

B A= HEEQXt t 44" F a3 adj.R2
A -67.799 30.029 10.659
.. 3234 0.918
AN 0.100 0.006 10.831
= *= p-value .05, **= p-value { .01, ***= p-value { .0012 2J0J&
A= MA 2

7hs A 9] WS MAEZES] A= S ‘Apparent consumption
of finished steel(°]¥, =W AR AHF) FuZ E&sto] A5t
g =2 A, B 5 A GAEY] =W Sl dBS Tist
I pETE W S uRit) &, S AAAAIY Az - 7Hs 340 F
dH A9 FFZ vehli|el 7k 1 I IR S8 &
ULt o] F=9| &A= 7IE 1 pET AT A9 HRHES Tt
1915 =) EA] aH|=F 1919 GDP 7t logistic growth curve 282
8ol d&sttHHatayama et. al, 2010). Logistic growth curve
g9 Fei= (IV-2)2F Zod, APFPCS GDPPCE 22} 1919 =) A
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HIZIEHO|H gt=5E IER

ot
=
1
lo
OII
o
o
D

Avlgt 1919 GDPE 9ulgitt. B 0,89 F8°0= BAZEIH
R(ver.3.6.3)9 ‘stats’ W7]A| nls 5 S8ttt 7HES 71 2
A=R1 1991~20199 Hlolelg &3l BA4% A7, 2y 34 Ad= (E
4-18), (O¥ 4-4)%F 2t}

™

APEPC= (et 8% GDPPC) v-2)
(B 4-18) 1915 WY 2T} A 2YDY 20t 2
2 FHU BEEQX} tdA
™ 1125.59 40.188 28.008™
a -2.17 0.451 -4.816™
3 0.15 0.029 5.178™

Z=: *= p-value (.05, **= p-value (.01, ***= p-value { .0012 2J0|&t
Rz MAH &

(& 4-4) Logistic growth curveS S8t ZLH HX{ AH[Z 0=

N

o

=]
®

o
o
=)

o]
o
=]

600

Apparent consumption of finished steel per capita
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INE=RPRIN RS
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| o) AR Ui A5 SAR) vjEst] ehE R, d=Ed
@slo] T A7 ZAF ARS BeItel At T A FAFL
19914 X E—] 20201;]7]]-;q uHL=] C_q: A4 E 24511\1 o]-x%x%__g ._.7]-0]-J_
o, 3 71710 A FAIAS] ZAASE 0.996°% v =Tt wEkA]
=4 2 FHFY dSAe A% FAAES 85t =Eskit A%
At g 2t

H4-19) 20 2Y FHY FH2Y 21 9

Ha A= HZEQXt t 8" F#Y  adi.R?
o 105092 4628.7 22.705
= = o 6866.1 0.996
| 21064.3 260.7 82.862
Z 1 *= p-value (.05, **= p-value (.01, **= p-value ( .0012 2|0t
Atz KA 2
(B 4-20) 20 27 55z
HRME %
A 2000 2010 2019 2020 2030 2040
Sy EPSEL 311,389 | 535,381 @ 748,322 @ 773,543 | 969,265 | 1,185,308
MUHH| 37+ 1.07 1.03 1.03 1.03 1.02 1.02

INE=MPSINESES|
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Izl

S, AR H N AlSole 1L euEAEE 7 ALEY k|
o] WPk LEEEA] oky Iy Q) FE o g HolA At Utk
StA| o] ZAsic}, o] R7pEkAY o] AZAA A ATt | A
SoIA AMEA oL AAAA ] o3l 2 B W, 7 2En
v AE 775%*%11011 ofsf 3w o] FgAAel TufE7] wiEolt. o]
of W}, B Ao E ZU 1A Lol 2L, A=A 2
HA iﬂl%‘*g SHHeE F SARYS #85t Z450t

o ("

_:

(B 4-21) = 1™ A1 FHEY 21 oY
ik Az BEZQRt tdd | FEd | ad.R?
A -46.0589 87.9389 = -0.5238
HUENY 0.0009 0.0002 3.7976™" | 234.4™ | 0.947
U EX A 0.0216 0.0037 = 5.9034™

= *= p-value { .05, **= p-value .01, ***& p-value ( .001Z 2|0[&
INE=MPSINESE]

HzAHog A/ 14 7 1E, i 739 IF9= BgS &
et Aike (Ad 4-607 Zo] =EHUH.

(13 4-6) 1H B30% 2
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oo N ECREZECDSCELEZEZE SN2 YS 5898 H
3333 IR AAARARRARRREREARERREERRER
s JZUZS z=H=ay

INERPSINE Y

123



3. AZHk
 THTS

mjo

g L]

ro

DH £US5Y of

ogr

M

i
ux

2 "o DAk Sk 1A £F W9 5 JSEIS WA F
AT SR04 BT W AOIE 7 U 5L Aok 2ol
58 BYoEE 1A SR8 AZY PSR AYsts IHug 2
1 FAMS e FAEFY F A FRE gAYt 3F R 4
b 0, 7hg 8, il DAY WP FHNE 429 BFL
ool 1 Al2ghe GAE P FAR of

1o
TH F F AET £ RS 2T BIPoE AYstalat gt

A= Bofs m ek, wojz 9l 7%‘1#% SRy 5 148 £98
A9 BUALE 43T BYE $IAANY. 23 2AEAE B

AA| TEA)2} B w sk RMSES&‘r MAPEE A lﬁbﬂ olF ¥
£ dlolgl9] AXE g AFA £AF 07 57, 1991~20204 A&
£ E3) 20210 tigt RMSESF MAPES AAlSH= d|7hA] WHEsigict
FEH o0& 10719] RMSE ¥ MAPES B3t gto] 7MY B2 < X5
Hgoz Moot

2
ri

71& BY3 7 AsF MR Y9 5-fold XAAS APE A= A=
(I 4-22)9 2t} 1 =87} FAH T7HIE 2012~2014900k= 55
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ARG A BE BYoIA] 1H £ T FAU. 53] 3
Q
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* IRH: Modelling and
forecasting the demand
for coal in china

o ALXKHEE): Chan & Lee
(1997)
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* 1tK|H: Forecasting global
coal consumption: An
artificial neural network
approach

* HAXKHEE): Pablo
Benalcazar et al.(2017)
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* JHH: Forecasting of Coal
Demand in China Based
on Support Vector

Machine Optimized by the

Improved Gravitational
Search Algorithm

* HTLRHEE): Yanbin Li and
Zhen Li(2019)

o L= M HA BMS
8ot 79| MEeQ 0%

* IH|H: Long-term global
scrap availability of steel
scrap

o A7AHEE): Oda et al.
(2013)

o GiTEA: 20508 DH IR
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* IHH: The Steel Scrap
Age

* HLAHAE): Pauliuk et al.
(2013)
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* Material flow analysis
(MFA)

¢ Life-time model

o Mo 24
* Dynamic stock model

* Demand-driven capacity
model

4
S

F2 AL U
o SNE EMI ECMES Af8at
0 =9 MEH0| Ofst =25
DEY S
* Engle-Granger's ECMzt
Hendry's ECM, General-
to-specific H S M 2&
9| g5 HIWE Yol A2 0=
HlW 24
197035 E 2016\AMK|
IMFS| MAl ZHIZL Hl0]E
E0I8, S HHER LAY
DES NI MA ME A
HIZS 05

HiIE2 gt 7S il 510

MEH-Q0| FHS OIRl= 2
Ol U XBHAE 1=
S 2MHS 0188t 3
L UHHAE MY I FE
M o1RIE ARSIE Sof
IGSA-SVM BHS 1= 25
Ljﬂtll EZO| MEt Q5 0f

iy

o

ofm

ol

B[]
il

[

= el 5 17| Ho| mf2
WERES S5t 012 Al
Li2|Q0f I Aa) & Ayptat
S J1si0) A2 1F 7124
S mjot

4 =

32 A Oy D Y
AP, MBS A 124
iof 224 2 423

|&
=

X
(=]
U

159



NO

16

17

18

19

20

160

A =5

* IHK|H: Steel scrap
generation in the EU-28
since 1946 - Sources and
composition

o AAXKHAE): Dworak &
Fellner (2021)

o OITI=X: 1946~2017E
EU-28 1 H MR E=E YA
EEY

* A|H: Global Scrap
Trading Outlook Analysis
for Steel Sustainability

* XK EAE): Lee & Sohn
(2015)
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IFHY: Outlook of the

World Steel Cycle Based

on the Stock and Flow

dynamics

HTLAHEE): Hatayama et

al. (2010)
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IHH: The dynamics of
fleet size and shipping
profitability: the role of
steel-scrap prices

AP ED):
Andrikopoulos et al.(2020)
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IHH|H: Forecast of steel
demand and the
availability of depreciated
steel scrap in China
ATRHHEE): Xuan & Yue
(2016)
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° IHH|H: Forecasting
Domestic Shipping
Demand of Cement:
Comparison of SARIMAX,
ANN and Hybrid SARIMAX
-ANN

AL Fiskin & Cerit (2019)
G AHIE 22 0f
Z3 I3t SARIMA, ANN &
510|E2|= SARIMARANN

9| GiIE= Bl

HH[H: Forecasting
Determinant of Cement
Demand in Indonesia with
Artificial Neural Network
AL Fradinata et al.
(2015)
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ILAIE: ANN, ARIMA and
MA Timeseries Model for
Forecasting in Cement
Manufacturing Industry

AT} Fradinata et al.
(2015)
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IR E: Application of
Artificial Neural Network
and SARIMA in Portland
Cement Supply Chain to
Forecast Demand

HPXE: Liu et al.(2008)
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