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UNCTAD(SI 299 7idt 3]9]): United Nations Conference on Trade and
Development

LCH(®H #AEA): London Clearing House

BDI(EE ASFEA X|#): Baltic Dry Index

FBX(ZHo|EA EH Aol A A|4): Freightos Baltic Index
TC(87] -8-4): Time Charter

iidds =HZolal FUsHA E2=+= A): independently and identically
distributed

MA(°]5 +h): Moving Average

AR(RF7] 3]9): Auto Regression

SURE Model(SURE X-&):Seemingly UnRrelated Bquations Model
OLS(Z]AAR5H): Ordinary Least Squares

MLE(Z]25=7H): Maximum Likelihood Estimation

ADF: Augmented Dickey Fuller

adj R*(ZAZAAA%): Adjusted Determination Coefficient
VLCC(ZHE L5-24HAD): Very Large Crude Oil Carrier
WS(EE 2AIY): World Scale

RMSE(+ A& 24D): Root Mean Squared Error
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EXECUTIVE SUMMARY

Forecasting Shipping Markets
Using Time Series Analysis

Byoung-Wook Ko - Gun-Woo Choi - Young-Gyun Ahn

Soo-Jin Hwang - Byeong-Ju Kim

1. Purpose

» This study analyzes dynamic characteristics of the shipping

markets by applying time series models to a variety of variables

in the shipping markets.

» Furthermore, this study forecasts future freight rates based on
the estimated time series models which have the explanatory

power of analyzing features surrounding the shipping markets.

» These analysis and forecasting will enhance the competency of

scientific management of shipping revenues (for shipping firms)

or shipping costs (for shippers).

» In addition, this study will be an important trigger for the more

advanced research for shipping market analysis and forecast.

» Actually, because this study was requested by the participants

xii



of the ‘shipping market seminars’ which had been held in 2019
and 2020, respectively, the present research output will enhance

their analytical skills on the shipping markets.

2. Methodology and Feature

1) Methodology

» Taking advantage of the researcher’'s experience of regularly

monitoring the shipping markets, this study established several
empirical analysis models, applying available data sets to verify

the researchers’ subjective insights for the shipping markets.

» Especially, this study reviews the recent research trends and

provides a comprehensive research output on analyzing and
forecasting shipping market variables. So, this study will

contribute to the literature of global shipping market research.

2) Feature

» To achieve the purpose, this study was conducted in two parts;

one by reviewing preceding studies and the other by statistical

analysis.

» First, a review of preceding studies was carried out focusing on
papers published in international academic journals. Since
BIFFEX (Baltic International Freight Futures Exchange) was first
introduced in 1985, a number of studies have been carried out

by applying multivariate models, specifically the VAR (Vector

Xiv



EXECUTIVE SUMMARY

Auto Regression) model and the VECM (Vector Error Correction
Model) to analyze the dynamic relationships between futures

freight prices and spot freight rates.

Second, statistical analysis was carried out based on daily,
weekly and yearly data. This study established the VAR model,
the VECM model and State-Space Model which have been
actively utilized in preceding studies, applying these models to
real data in order to analyze the dynamic features of the

shipping markets as well as to predict freight rates.

As the daily and weekly dataset, this study utilizes the spot rates,
FFA prices, and time-charter rates in the dry and wet bulk
shipping markets and, as the yearly dataset, it uses the cargo

volume, fleet, and freight rate variables.

In particular, it should be noted that this study incorporates the

information embedded in time-charter rates, which has rarely

been utilized in the previous literature.

Further, the researchers of this study endeavor to write a report

that is easy for the market players to understand the technical

contents.
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3. Result

1) Summary

(Yearly model)

» Three variables of the shipping markets were applied to the VAR
and VECM models, which included yearly-based demand (cargo
volume), supply (amount of vessels) and price (yearly average

freight rates).

» According to the result of the empirical analysis, there was
statistical significance in the market mechanism of demand and
supply in which fright rates were increased by the impulse of
cargo volume, while there was a decrease from the impulse of
the amount of vessels. Moreover, the impulse of cargo traffic
was found to be the most uncertain factor in the container
market and the dry bulk shipping market, excluding the oil

tanker market in predicting future freight rates.

» When utilizing this model with yearly variables, it was shown
that the Beveridge-Nelson decomposition method of the VAR
model provides the most accurate prediction for the direction

of future freight rates.

{Weekly model)

» Three variables were applied to the VAR model including weekly

spot freight rates, FFA prices and time charter rates.

» The result of the empirical analysis showed that a long-term
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EXECUTIVE SUMMARY

shock on the shipping market will have the largest impact on
spot freight rates, FFA price and time charter rate. In particular,
it has been known that FFA price is difficult to predict through
the VAR model. Such difficulty comes from the fact that

long-term shock is the most important factor of the FFA price.

» When predicting freight rates a week ahead utilizing these three
weekly variables, the accuracy of prediction increased compared
to the predictions made by the models with two variables
including spot freight rates and FFA prices. In particular, in the
case of predicting freight rates with three variables using the
VAR model, if the three variables projected the same direction,

the prediction accuracy turned out to be higher than 80%.

{Daily model)

» The analysis was conducted by applying daily freight rates of

representative shipping routes to a common stochastic trend model.

» In the VECM model, there is an error term, which deviates from
the long-run relationship among the covariates and pulls the
relevant variable into the long-run equilibrium. However, in the
common stochastic trend model, the error term, that deviates
from the stochastic trend, drives the dependent variable towards

the long-run equilibrium.

» In the case of predicting daily freight rates by considering the
error term as an explanatory variable, the direction of freight
rates can be predicted with a higher than 75% accuracy rate in

the shipping markets with a variety of types and sizes of vessels.
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2) Policy suggestions and relevant activities

» KMI held the ‘shipping market seminars in 2019 and 2020,
respectively. The participants of these seminars requested this

kind of research, which analyses and forecasts shipping markets.

» Using the weekly prediction model of freight rates verified by
this study, Korea Maritime Institute has been providing a weekly

service for forecasting the rates since May of 2020.

» KMI plans to provide a forecasting service based on the yearly
prediction model after the end date of this study on November
of 2020, targeting relevant officials participating in the annual

outlook seminar for forecasting freight rates.

» In regards to the daily freight rate prediction model, KMI plans

to implement a project for forecasting freight rates on a daily

basis starting from 2021.

» Further, the multivariate econometric models of this study

played a tentative role for predicting the shipping markets in
the COVID-19 crisis.

3) Expected benefits including policy contribution

» This study contributes to the effective responses against volatile
market risks by enhancing the accuracy of forecasting future

freight rates for shipping companies as well as shippers.

» For example, the information on the price movement direction

of next week can be an essential element in the chartering
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EXECUTIVE SUMMARY

decisions of ship owners and charterers. In addition, the
information on the next year can be important for the design
of annual management strategy. Therefore, this study will be

a kind of guidebook for designing market strategies.

The result of this study will be shared with the international
academic communities by publishing its major contents in
international academic journals. This study suggests a
comprehensive material for the analysis and forecasting of
shipping markets in daily, weekly, and yearly contexts. Further,
according to the literature review, the large part of its contents
has not been studied in the global academic communities. So,
its researchers expect that this study will advance the knowledge

on the shipping markets.

In particular, this study will contribute to the scientific
management of shipping and shipper companies and also may
trigger some subsequent research efforts. For example, the
so-called ‘trading strategy based on the signaling from
econometric models’ may be employed by the shipping firms,

which will use this study.
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A3} Aol Ao] B Aulre HolZT gtk

(2 2-3) HZH Mty F2(20201)
TR 2 DWT

=HEO[4M =HIEM 1 9ZM u7E

o
= DWTE= Met5ZEs2 ME0| 42 £ U= 3122 2HE 20|
XtZ: Clarksons(2020), p. 1199 X=2S ELHZ XAt 2R
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1) ZEOIHM AIE

ol a7 Aeloldd AP 8 FEE HAFL Yrk. £
ek, 3%, 98 59 SRobAlolelA] n)% Sof Ho)z b o
P, FHoHlollH §HOE TH FHol-4Y P, AP B

A7E Ho} A AR, FrlolH §HOE AHe A% FEIE F8
4 /IPRE TG 1 olSol= Bu)/3g7} gol/okm )t
£ 9t BEIEET 9T, obAlol, £ 59 A9 W FET ek

(% 2-4) ZHO|HM 1™ FQ &=

NORTH AMERICA
NORTH AMERICA
WEST COASY usr COAST
soum AMERICA
ocunu\

AFRICA Wil

XIE: Google 0|0|X| ZAH(ZA: 2018, 9. 1)

2) M2 AHE

obfl 12 UokEA A F8 FRE HoFA . 259
AT AehS Ut S5, RCOE 5% TEEBY T
2)9] skzo] 7 wWoh. ooz HEpde dFHe S, Eu
g, & 502 2551 fAF-5ECHFront Haul) FEE E5TF
ol @t} olol= Fu|, "o FE5 FHY otAotR 2&she

20



M2 ch2Argel S8t = e

Y2, gohLesle] BB AU KT oplolE L5 G2 5
o] gitk.

(22 2-5) Zist2d AlRe| 72 82

Londan Dalian Vnncawuro

Hong Kang
Mbm a
Durhnn
Melbourne

o
JAucklond

Xf=: Google O|D|X| ZAH(ZA: 2018. 9. 1)

3) SEM AIE
oFFf 1YL fEA A FR FRE HIxT Ut FF AR

FolA FotAlol, R, v1%
T Wde 2o S9 46 BAAGIA Fa auFOR
she gt Ue
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Kpz: QY 2 X! Google 0|0|X| ZAK(ZAIU: 2018. 9. 1)
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eyl

s
| .

iit:

Clarksons

st

AE

Aedes

HE

1_.m0

R
G
ojn
v

B

—_
o

T

ZHolu Ao B, AlA s dElold E53(E), AElold Axt

ZFH(TEU), &

§j—
=

Clarksons®] A5 &

o
e

AlA AskeEA 253HE),
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ASEA AUFHOWT), BEARTLANSEBD)Y A7 BFS A
th RRAY A9, AA Y AR BFHE-IY), VICC A
FOWT), VICC DY 29 S8/ A7t B3-S AR

=1,
B EE, ety 29
Clarksons Average
World Seaborne Total Containerships = Containership Earnings
ZAEIO|LM  Container Trade Fleet Development - Historical Charter
(unit: ton) (unit: TEV) Market Basket
(unit: $/day)

World Seaborne Dry | Total Bulkcarrier Fleet Baltic Dry Index (BDI)

A=A Bulk Trade Development D
(unit: ton) (unit: DWT) (unit: index)
World Seaborne VLCC Fleet Average VLCC Long Run
VLCC Crude Qil Trade Development Historical Earnings
(unit: ton-mile) (unit: DWT) (unit: $/day)

= TEOIHY, HakEd, R BFO| BE7(|ZH2 1990E~20194, 4= 3071
NP RS

Ego &AL Baltic Exchange)s= 22H &S /HIAZEH
A=A 249 F8 FEo dis] md &7 dEdol A
A B7HAE dol JAARE LHSHL Ut dE =91,
FHEEZMAA 2 HE EA 2o g 29 thFEZHS wo} o]E T

W E = o

&EHH %71 i%%%]xmyi Elgg }L 9lt}. 2020
.1

o
&4
=]

oA He vie} Zo] 249l %ol+= VLCC, Suezmax,
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Aframax 59| gl dis) F5-F= F=o| AL LUYA RS TH
ofal Sty ASHEAIS] 9o+ Capesize, Panamax 52| A4to]
s B F=, AT F=, HAG-HBY T2 4L UA

BE THsty Qo

(H 2-2) 1512 M U XM 20IX}1Z o] M
C|

= i MeF37] =5 33 = a2
1 TV1 VLCC, 270k BDTI TD3C WS | Middle East Gulf - China
2 TV2 VLCC, 280k BDTI TD1 WS | Middle East Gulf — US Gulf
3 TS1  Suezmax, 135k~ BDTI TD6 WS | Black Sea/Mediterranean
4 TS2  Suezmax, 130k = BDTI TD20 WS West Africa — Continent
5 TA1 Aframax, 80k BDTI TD8 WS Kuwait — Singapore
6 TA2  Aframax, 80k BDTITD14 WS SE Asia — EC Australia
7 TA3  Aframax, 80k BDTI TD7 WS North Sea — Continent
8 TA4  Aframax, 70k BDTI TD9 WS Caribbean - US Gulf
9 DC1  Capesize, 180k BCIC10_14 | $/day Trans—Pacific
10 | DC2 Capesize, 180k = BCIC9_14  $/day Front Haul
11 | DC3 Capesize, 180k = BCIC8_14  $/day Trans—Atlantic
12 | DC4  Capesize, 180k BCI C14 $/day China-Brazil Round
13 DP1  Panamax, 74k = BPIP3A_03 @ $/day Trans—Pacific
14 DP2  Panamax, 74k = BPIP2A_03 @ $/day Front Haul
15 | DP3 | Panamax, 74k = BPIP1A_03 @ $/day Trans—Atlantic

= HEI|17F2 2016 HEE 2019 447t & 999712] HER|7H AL

EYdAHLE o] T2 4Y =Y olQox A=A F
8 & o ASEE SAUEA
(FFA)ell oiet B7HA % wi
Assessment)&h1l 8] o] 3t FFAZIES
A ko] AU HAHclearing)oll AR&dkal ATt

W H#353 Qth BFA(Baltic Forward
LCH 59] %4t47} FFA
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3. Ft Egw K=

Clarksonsiit= A=A 4
A7E AZsta ok B4 671, 19, 39 59 A7)
St Clarksons®] AHA| H7HAE AH|AsH= AC2 GHA Ut} 9

Bl

=

=2

=01, A A9 dd AR R AJAH 277 S A
R XX

FAFGE ofgfo] Ao, mhpubA LxetutA Mdutol tfs 67]Y
MRS Ft Gf= AEsiA gHEstal ok
(H 2-3) 18124 AIY0| H2LY, FFAZIH, BME B4 42
22 22 giz B2 BES
oo e S me
ax TR UG s

ISP RS

H3E olfl2AIE H+o HE A UH

off Bl LA 9 AZER FLAY w0 YA PRI
HolZi 9tk O ®AI7} o] 9l Hio] B AdTol4 AEF 2
29| 937} e},

Aoy A AAS] AL ol A7A|E= dd T2 g2z 29
o] HHEI A= ‘B%‘:]r. THIE, FBX(Freightos®t &€ oA 24 3t
2 Aol &AA)7E 2020858 AU S92 TRE T Y.
A, B AT 37 9] BAoR wEHE gAns 9 @
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H3E AAE 249 71= JHgat 2

H1E AAE 242 71= 749

1. E1Pg, Y= 18l AAIE Rtz

ofe] Ty 2L Aol AsHEA A% LU4R(OY 3-1)E
AES) BEE Bt o2 S0l £UL 201449 420 11593 L/
2, 20154 3] 3,793 221/, 20199 9Uo] 38,012 Z/AL
22t ASsleh, o Aol 7t 29 YEE Bl GRS Y,

o st BAHE FOE 1T & Utk F AU AAY X}i‘“
(Y, + =+, Yylohe shte) SBRHEEES V8 A7 4R
A3t )4 S A9 gow s
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(a& 3-1) 70|2 5TC 2
el SR/

40,000
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15,000
10,000

5,000

0

14-2-24 15-2-24 16-2-24 17-2-24 18-2-24 19-2-24 20-2-24

7 AO|ZL 5TC 22 =22 A0AM HO0IZ etz 2 o/ 20| 2YUXEE /IS8t 8t
A= S22 KA AR

o] Z-e Mzt Bzt o 1L A M
ZolA] Agstd, FETHL A7k <Al wket Y
WMo tH(el 7] M= (Y], « » +, VIR H7]3t}). AabEo
3 £4 FERAAN AdE 5 9k, & Yeig
o] mwgoltt 1 FoA AAY RaH AdE EHI FERA
Wiys » » oy » o o ,yoR Uerd S Qlth BAHQ A
FolA Lol EXT AAY ARwe s " = Yo

W =
ﬁ(%xg A o] B2 WSS Bl A S A2 S,

Zol 4 REHE oZ2APL ol ek P, BaY AFL
USA REEAE TS 1ES B AL AE A

F= Y7

7) 291 EIJHA0| QUCH, R2|= SISIFHN| THet SHX FES ol 20 2 AAE A1=2S &t



H3E AAE 249 71= JHgat 2

(23 3-2) AAE X=2| 712 7HE

Y, Y, siam Y, s Y, }——' SHEIH

v! ¥y cee | ¥ e |y A RE

y: y S ] I =

v Vi eee | ¥ eee  |Wm

yare
Ensemble Ensemble Ensemble Ensemble
of \'1 of Y of Y of \"T
2 t

A=: 4ET2002), p. 163

2. g fl2uey

AAG ARLE BB A9, AAD ARZEE YRS £F
37 SIsAE Ag SEIPC] el LI 7S Bohslor St
oZ Sol, A AuE AL £U| ML Yehf off 1
o AEs) B4

r‘-lo

(a3 3-3) 70|12 5TC 22| Hats

15-1-2 15-3-2 15-5-2 15-7-2 15-9-2 15-11-2

F1 1) 2GRN LHSKE H0|T MAQ| YU 6TC HatES LIESH
2) 71012 5TC 22 SE[EH2H2AM A 0|2 713tEH =2 b7l =22 2YUXIHE 75 Yst 4t
Az SEO2 A2 A KA 2
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H3E AAE 249 71= JHgat 2

e
=

o, ool 4 A AR() L MA(D) HHES BF FRARHYHo]
7 Bl e} ol2u=4E 7k

wehA (13 3304 B vig} 2o), 2UusteS gl Yk 3
B3go] Higo] e 2T HL AT BRI ot
PEl USRS HRS ol FEES WY 4 s el

o1y} ol AAY Az Y 719 SR TR olft 1
2ok A9l AAY AEst S
AAEA DY HOR S R, MEeIA AN et 5

A ZA%o] B BERES K] Fobr] wolct. 5 AAY
1

~
—_

X,
o

5
=2
>
2
o,
ox,
o

>
0
i)
>,

8) Ol= BE23717t 526| HXAIH AAE Azo| AlF Bx0| AE Bt uet Z0IEE 2ojsitt.
9) H2UEH2 SELCFEYL SRA0|X|2, SELFEE2 Of
EHE AR fFogt 227t UL, Mot SEMUAEE2 HZTEH BLE0| He A



H2ZE g 2

1. XP718|H2PH(AR process)
17] A9 AHAlQ] ghofat o&she gt e 13 273 ATA
o Az Ea)
yy=ctoXy, te, - [4] 3-2]
& o] <1 olx
e W = Elel =0, Ele] = o,
t = 7 o W3l Elee,] = 0.10

o] < 18 w=ste 4 919 12 A8 ATEL FRARMY
21 Hatol s cl2rEge Mt AE Y + AU ©

Zol e AY=E oli= A #el vAE I¥= HEdE ¢

o] Arizo] 12t} 27| WEof A|7ko] A dAS WA 3to] o] Ab
2}x)7] wEolth. 1T WARGS-S Bo] 0oL LHT BAS A
YA AR THE EAEe ol ARt Qlrks E48 At

3, (17W oA p7] A7Ae) AAle] gEEo] Q&) AR()Z
wAEE QusE pi} A7 AT TeT Ak

yt:C+¢><yt*1+. ° .+¢p><yt*p+ Et o [/'\JI 3_3]

el

10) H7|S Hesfop | flh, & SUMNE =9 BI P = 89 €, & Fra RS AU WAL
202 JpHEI). Ol ~ iidN(0,0°) 2 BAIEEH, ‘HSS-HO0|T 0| 00|10 £Me

o2 9l BTN SUsHH| 2REl= ZF (independently and identically distributed from
Normal distribution) 22 0[5&t 4= QT+,
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2. 0| ™A 1PH(MA process)

Chedt 2o Mg o] We] JETHe 1% oS HFUHS 4

Y, = tet+0Xe_;. e [A] 3-4]
0 2ol 2715 Aglo] ol HEIHY
9% % Aok okeel ¢ 7 WSl

AE(moment)°] tjel =21 =A4S Ad

ke

'I

o - = o
3. EERoliEEl H A4S =4

A B4 (Wold decomposition theorem)= H= Z-EAFHY
0]

4]l P2t 22 FHE 7H F USE HolE:

YR eo] o5 PgHel ARpYE MA SHETHO R Aol
=40 7)z3}o], Seli 34

11) 2E HZ(moments)0fl tigt iZet OIS AJHGIA| 9211, Had| 1At HES B, 24t
S D[Sl BE 4= QU 09 Hiszop| Ot =2 HEO oA FHOIE LHE 4 UCE




69 70| o3t ¥, 9] ¥hgo] uiz ¢ Z7o] Wk, 1 ok

Yyy=pty_,tTe [4] 3-7]
12) ‘o= 0|2k= E%_ﬁ._} ARHQ ZE 0|2 H|WEIC S35 A0 £ES LM 0|F ¢
AIZHOI=0 17?53(' |E =2 ¢, 0| 2ol 280| =1, = Al&ahN 0] 22 %QE‘?’;H% HJ

ol Z=0ilz 1 &afl= E1 Ao BRSI0| O™ Z 40|t 0] 22 Yole
ZAZ10] thoM = = OEBP i MEE 4= ULt & 25 FAVIAR OF|2 A0 2

sliSt 377|242 ¥t 240t SU6ICH= Z0|CHGujarati(2003), p. 798).
13) [& 3-71011M 17t HEZEOIC
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o714 EFFol Y AL, y W Ak pE AR

al
|

22 AoHPIFo] MF A T4 gF Aol o
e YYEPIRFS Mg ®7|staL 13 H2=o] At
I TS 5 QUTE 1) JFARSHA SRRl F WO g B9l oHF
A< 7HE 4 lvhd o= "2AF A EH o] okl ittt dRkF o g
o gEIFo| dHE A oF IS 7HE ¢ A, i Al
AQA T "dAF A2 E o] Yk L TRttt o] o] daf AZ =] 9l
< FEHY ye y, ~ (A= BHRIT

HEFYo] A= AR PP} Ak, JpE HFAH 3 (DSP
Difference-Stationary Process) ¥ SFFA|AA 9+ ZA TA(TSP,
deTrend-Stationary Process)= =& Z 8271 Attt 9 [4] 3-7]
< U3 2ol 29 4 Qltk:

YY1 T DY Tt [ 3-8]

Y= 00 A5 h=(positive) FA1|, <0°]H Sttok=(negative)
FAE HolA Hrt. olgdt FAE FEFH FAg REM [4]
glofl wet Hojd y, 9 EQrgAL 1x AR FHW glojA =

dh 15 XM QYA Ipgolebi gt
Wy, =yt 60y, — = (1— L)y, = €071 LS Az} HHXK(lag
operator)&)0| TZEC, Er°|10|arLR = AJREQRIRIO| CratAlel EE 8)S REBit

= (1— L) = 00lM L=1921c], 047|A] SH}Z0[2}= 207} LI2 Z40|CHGujarati(2003), p.
802).

15) 047|A ‘H20J2t= HS2 0 IEE%E}HI%EIDW L= E0{0|C}. =85 oM MES
E 4= U= Z(undo an integra) ME, L= AH22 Soll AAIE X122 20PYHES MEtoH 2
2 QU= B ol SEE AAE XFEW‘*HEI(H QAT Ut 2= QL= Z0|EKDiebold(2007),
p. 289).
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shelol, ot 2L A F4 L@ neld BAk

Yy = B+ By Xt + ¢ - [4] 3-9]

olo} o] HojH SHEIHS SHEAAA S Tgoleta £
+

B, X ol %7k ool BFakn

AR QYA I DSP) I FAHFAAA HFA (TSP & +
Hoto] Aote olf= AR MY g o] ‘FAHFAAA A
g o7 Hole A7t B7] WEelth 53] #FFo] e
A Tl A%, dE E°1, GDP %= =5 5
AF7 0] 739 AZFEAol mhet ¥ gho] ZUtshHA 3t 4
HolA ==d, o] AF SHRIHFAIE AAsEZE 2
o] ojZ3] FgA AAFo] =R U= o] EAoIt} F AR <t
A 9] HLolle o] PgHo g vHEolA]7] %HH
A FA AARC 2= Bl ot} mEbA g
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M3 L BT Sy

1. HEXP|S2ZHE(VAR 28)

Tt 22 22H9-22F AP 189 (&8) B, 5 2719 gEaTt 17]
oF 27] 9] 2419 gholl oEshe FERY, (xy,7y) = A3 HAk
Ty = Ty Xy gy F Tpgy X Ty g+ Ty X Ty g+ Tipg X Tay_p+ ¢+ €y,
- [A] 3-10]
Top = Mo X Tyy_q T M1 X Loy g Moo X Ty gt TggoX Ty, o+ ot €y
- [4 3-11]
slo] = Ao thedt g BY YH EAY 4 ek

x, = Iz, |+ I, ,+ C+e, - [4] 3-12]

?_}‘, v = [:Clt}’ Hp _ [7711,1)7712,])} (Of|7]/ﬂ p = 1 B 2)’

Loy To1,p T22,p

G €14
oo 2o -2
et 22 22 HWEAT| 7 EF(VAR)O|2HL FEH. o] 2
EQ pAt WEAP|S ALY VARp)Z LRtstAld 5= Sl
g S0, 4BolM= F=2 37 M7t 171389 A4S ol 2
2ol mYe BA% Ut o] Aol 37937 78T &
EIgol=al it
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2. HEHXIH+HRH(VECM 23)1t SHE

[ 3-12228, 083 e PHAe SEE 4 Utk

v, —x,_ = I, = Dz, + Iz, ,+ C+e,

= (I, +1,— Dz, _, — H,(x, |, —x,_,) + C+e,

=Iw,_ = IL(z,  —z,_,) + C+e, - [4] 3-13]

[4] 3-131°01A AlAFSH= BRF o], ¢-2l= VAR(p) 238 o=
22 HE ALY RY(VECMOE #ET 4= lTHo:

p—1
Awy = Iz, |+ ZEA%% + C+ e, - [4] 3-14]
i=1
p P
o I=Y0,-7333 I,=— Y, II.

i=1 j=i+1

NI 9 MEA7IS LR A EA0 e =
o5 gkeleh. A ARIeh SARSH HER 89 (2HE) Bol
£ QR4S AUt 497t et oE Sof thedt 2L 3% B
Heo e B

16) Engle and Granger(1987) 2! Johansen(1988)2 0| Z2 HE{ QX[ S =

]
ot

o
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Ty = My €y, - [4] 3-15]
Tyy =ty T €y, - [4] 3-16]
M =ty —q T €5 - [4] 3-17]

o714 BEHS p Bobgs SEIES Uehdch

wteta] o} Zol HOH (xy,24) &= G HCIA] gt F 7t E
Fol e YRS o7 HEo] 2, (4714 1= 1 B 2%

HHo|x) elet. ghe, ThESAlEe} 2o, orel wlElE 1%} AR
AR WEHE 42 4 Aok ok&d w7t v, 1, Y TEEEF

AEA 71sdeh w2 2,9 % 47149 A2 BAlong-run
relationship)& 7}A|A Et}. ©&s] A3st

of tigt JHE7} [4] 3-14]9] IT HHO ?::Q‘ﬂ At AP Ao A
= W= 7o) 7148 IAVE 26k Baese] 385 A |(cointegrating

relationship)oll 1tk Arg3stct.17)
II = af1902 7}gshd 4] 3-14)F th23} o] ¥Agste] 23

¥ 5 Ak

p—1
Axy, = O‘ﬁlfftfl + ZﬂAl‘t*i + C+e,. - [4] 3-18]

i=1

£,7k 27H101E, R A AL ket o] BEE 4 Uk

17) Watson(1994)0fl 2, (1)) ML DO [}21} 24 1| 71K 8102 B50| JHsaict:
1) WHXEEEY, 2) 0|SHAELEY, 3) SEFAZY, J2|11 4) AZishz o
18) Johansen(1995), p. 490i| 0] Z2 Oéﬁlol ZHSE7 | et Z2740] MIA|E[0] QUL
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p—1
Azy = oy X (@ g+ By X @y 4) + Epl,iA-T’t—i totey.
i=1

- [4 3-19]
MY (1 B 5 A4 1) 4714 BAE e TR

4

Bl (cointegrating vector)2tl HEt} Z o2 Az, 7t
TFNA o QA (2, + By, X3y, )0l HISH 2= &
TRt govern). B, SA & #HEZ} shut Sl A2 oy
= 01?1 0] obd kofl tisf], (k kB, ESE S HE7E 2 & Sl
webd A 257} 9 FH) o7 s k=18 Fo] TZokgch
dE =01, [ 3-15]~[4] 3-17]12 489 EFoA o2 22
&E) g2 AL HAl

4714

K

Zp =Ty T Ty T €y T €y - [24] 3-20]

3. CHAgE 2ol FEUH

oo

4h

ChHEF 2§l VAR 2¥3 VECM Z¥-2 SURE 2 ¥ (Seemingly
UnRrelated Equations Model)ollA] A7t H5LSH F-2of g

%o}, 2 AASH(OLS: Ordinary Least Squares)2 AM2SH 3¢ Ao
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H F74 A (consistent estimates)& =& 4= th TEtA 2 AL
A= VAR E¥3 VECM 29 F4ole LA ARSI
71 o]9Jof| FAWSEA (impulse-response analysis), &2} £

FHE3}|(forecast error variance decomposition)= Al A3 2§
=9 AN =E&EE AAE B AL 5 ot

moe

RMAH MEIZZ BT MU

1. S22
AR TR E S 24 A 0 F (formally) ©]3i5t7] Aof Az A
B2 & dHSEEY BT 9oE dYstaa gt
AR BEEA= FA, BESEHE= #1579 7|AqA o] ¥
5 d4cts HE AHusga ot #E5ste ATAEAS
A= ol AHHS sHd FRE 7HYsta FoX HolHE
ol # 717t vtk AEHHSE FHT 5 Ao AE =01, AA
GDP EA oA AAY JAH ZAFAE 4L W AHEE= &
T

A% A T2E AT AWASE JHASE T3t
w4

2 ATOIAE AN BEEE BANT LAXRI} B
Z2¥7) 53, o]l &AAFI 7|AHo FFAH FA(stochastic
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bl ofefst

(measurement equation)2}t o] ¥4 (transition

equation, T+ AJE]

g3 dis
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HA FH I E S FYoMe eAZE ATET|0] A o0&
o3t o] A ojgith
(B 3-1) Z0F ZHo| 80 8¥F
B3t Kol Ny
I e &gt
Bye—1 = ElB,1 ] t=17| 7K[Q] HE20f 7|=5t 8,9 7|CH3
P t-17| DHX|Q HE0f 7|%3t 5,9
= B8, = By—1) (B =By 2i-Z 2
By = ElB,11] t7] HRIQ] Mol 7|25t 5,9 7|CH3t
Py, t7] THX|2) HEO| 7|x5t 5,9
= El(p, _Bm) (8, _ﬁﬂf), ] SA-ZEA
Y1 = Ely, |7 _,] t=17| IHRIQ] H0f 7|% 3t y, 0l 7|03t
Mit—1 = Y+ — Ygt—1 0= Xt
fip—1 = Elrf, 1] O|E RXto| 2A-BEA

Xt&: Kim and Nelson(1999), p. 22

et 72 #7Ho| 7|23 2 E(Kalman filter)= oh33 &
L &A% (algorithm)ol] 7|23} A H(MLE: Maximum Likelihood
Estimation) & &9 FA¥}. o7|A+= Zqt %HE +5k= dl&
(prediction)®} PHo]|E(update) F TAC] thal 7+eFs| Aot

HAA -1717HA19] JEE ol &) 5, & P, & A5 8y,
of @ty & ASSHA HHE 0y, Fhe S AR A5
LA gy, E ol 8 He-FHHES J8T 5 e ST Fo
L3

2oz 7]of] AMEA FSoHA € HAE, (& n, . )E ©]E9
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ﬁt\tflgl- Pt\t—fg‘ %E"O]_E_ —SH ﬂz\t‘g" Pt\t% ?'—é_j.'tl'
oj7] 4 ABZRHO] F9 T(parametersi= WA ALLE S
=RE Astele goz A9

(O3 3-4) 22U THO FY =Mk

Bgjo: Pojo- InL(8) = 0

¢ .
O

Prediction
Be—1 =R+ FBo_yjpy + TGy,
Py = FPy_1p1F + Q.
Mye—g = ¥¢ = ¥yp—1 = Yo HeByp g — A Xy,
fie—1 = %Pye—1% + R,
O

InL(8) = InL(0) — %m((zn]" [fﬂ,_ID — Ilyes -1 Moy

24

Updating

Brie = Pre—y + Kellgge g

Pee = Pye—y — KeHiPyes.

where K, = Py._qH,'f;; is the Kalman gain.

O
O

InL(6) = =13 In ({2::)"

[t1=t]

1 U 1
fr|r—1|) - Eznrlt—l frje-1 Mije—1-

At2: Kim and Nelson(1999), pp. 19-372 LIS 7|22 XXt &ty

19) Kim and Nelson(1999), pp. 19-37.
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1. Xz 4% A 54

of7|A= HECIYA, A=A, 2AY £8ETD), 355
), 7MY A7t Ar=7E VAR 2@ VECM 2o Z-&3) A
T A sHA A4S 24T

A 2 HoA ARgE Ame thed o AHeUAY 4%,
AA 3 AElolY =5F(E), AE ol ARHTED), €< #4
= FAE AU 29 +E(E/D)9 At BdS AR
o AskEAe] 49, AA dsEAd Es3@), A=A AYE

A

T =25 MHfEF =
Clarksons Average
World Seaborne Total Containerships = Containership Earnings
ZAEIO|LM  Container Trade Fleet Development - Historical Charter
(unit: ton) (unit: TEV) Market Basket
(unit: $/day)
Worl Dry Total Bulkcarrier FI
orld Seaborne Dry ' Total Bulkcarrier Fleet Baltic Dry Index (8DI)

A=A Bulk Trade Development

(unit: ton) (unit: DWT) (unit: index)
World Seaborne VLCC Fleet Average VLCC Long Run
VLCC Crude Qil Trade Development Historical Earnings
(unit: ton-mile) (unit: DWT) (unit: $/day)

FIHOIHY, HatEd, M RO HEY|ZH2 1990E~20194, #E4-= 3071
=PRI RS

48



A7o)| AARIZES

M4 AAE 2

CESCECREEE

= o0 =
(O 4-1) ZHO|HM AEC| E5F, MutE, 2 F0|(232)
12.000
10.000 -—~ e -
- - .- = P ageeereeeeee
- s - ’..:..-.----""'"“ N - ik
8.000 ..
6.000 /___/f
4.000
2.000
’ CQ =H N MO & 1IN ON 0 OO O =" AN M T 1D ON W OO = N M T 1N ON OO
DO OO OO OO OO OO0 O O O O 0 0 O ™ = of o = o = =
Q0O 0000000 OO O OO0 000000 00 0 00 0 0 o0 o o
o e e e e e - - NN N NN NN NN NN NNNGCNNNNNGNNGN
InC +eesee InF = = InR
F InCe S8 AAZTES, InF= MEfZfe| XIAZ2T2) InRS 22| AIAZ I8!
At=: Clarksons(ZAY: 2020. 5. 1)
=1 = o0 =
(O™ 4-2) =8 A™e 25T, MufE, 22 F0/(227h
14.000
12.000 <
rd
~ 7 T TN LI ,
000 SN woe="SSv Sv N - N
8.000
6.000 .
4.000
2.000
i QO H N M T D ON WD O =H AN MM T D OMNOWRODDO = AN MT N ON OO
DO OO OO OO OO0 0 000000 W ™ of f oo
A0 0000000 OO OO0 0 0 0000000000 o0 o0 o0 o o
™o o e e e e = NN NN NN NN NN NNNNNNNNNGN
InC eeeeee InF = = [nR
Z! InCe S5 AARTE, InF= Mol XIAZ T2k InR2 22| AIAZ T8}

Xtﬁ: Clarksons(Z442: 2020. 5. 1)

49 N




, 28 01227

Aldie
o

1

59,

(O 4-3) VLCC A¥ 2

-

8.000
6.000
4.000
2.000

14.000
12.000
10.000

610C
810C
L10T
9102
S10C
10T
€102
[A1114
T10C
010C
6002
800¢
L00T
900C
§00C
002
€002
200t
1002
0002
666T
866T
L66T
966T
S66T
66T
€66T
661
T66T
066T

InF = = [InR

e}

— O eeees

-

°
R

A 37gollA A8

oF
REN

X2 Clarksons(ZAi: 2020. 5. 1)

o

W

o7 9o FE(HIE)

27k 7] o]
t-%o] 453 225

1

) .

SOl Al

°

S|
=

= H7t
o, ADF A%%57

1=

]
s

"

7l o

o}

#, wlto] glt
o

w2

s

771814

Nlo

9] o]
et

Xe)
il

-

ol-&

ARl
g

A

A

1
1

A
= 271

1

by 277
Z}o
2}

50

A



(B 4-2) HRAIHO| SSY, Mury, 290| tiel2 # 21f

(=) 10,
-k -2.49
Se2f
=S o p_a}t O 12
-t -2.25
Tt AMurzk
oo -2t -2.31
ZE|O|L4 il o1
%EEF t- HA _441
oo p_a}}( 000***
- =4t -2.17
= PSEI=
ool -3t -5.81
== p-af 0.00***
-k -0.02
Se2f
=S o p_a}t 094
-t -0.10
Tt Aurzk
ool -3t -2.23
e == p-7%t 0.19
2 Aq
aetad J— -2 -4.95
oo p_a}}( 000***
- ok -2.63
= PSEI=
ool -3t 217
== p-7%t 0.21
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Se2f
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Tt Aurzk
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=8 0%t 0.03**
viee I - 582
oo p_a}}( 000***
- ok -3.47
2IAX=E g He -2t 0.01*
ool -3t -6.22
- p-ak 0.00***

Z5 )%, *%, 0 2421 10%, 5%, 1% SOHES LiEH
2) t-SAZ2 ADF A3 SAZS 20[EHDickey and Fuller, 1979, 1981)
3) 2O} 22| ABUAM 2F A& 7HK| 1 AT 7HY
4) p-2+2 MacKinnon(1996)2] H+=(one-sided) p-2t
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off El 7} HFW 48, FF L 29 I FAR P
A3E molzt, A5 AT B, BE ABA 7 BSE el
FHE WAL A2 1) ol At A 222 T % Uek vt

Ak do] FHE HEE AR Uit 2HE
(E5%) AE=) (4] HES £AZ2 FFRE i FHXE Ho
Zth B3R A4 e o], ZF AFE AN E FU>
5o Z7ksk 5ok, Aol Zvkeh ShEdints AL
& 4
(B 4-3) 382 43
IxE AT ol oW SHE
2= ZxE HE
Trace —value Trace —value
statistics P statistics P
ZAEO|HM 40.06 0.01 21.63 0.03 [(1) (<2.31) (1.79) (-9.12)]
HsEM 4373 0.00 22.64 0.02 [(1) (-4.67) (4.19) (4.88)]
VLCC 48.89 0.00 27.88 0.00 (1) (-4.77) (2.92) (18.00)]
Z:0.01 0[5t == A=t
PNEHPSV RS o]
4. JHX QlAAS

otef T HdHolHAel A JA3AS(Granger causality test)
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IS5, G b1 P12 i3 ey
o oy, = ln"ﬂ‘@}%ﬂ L C= |G, D= |y Opy P3|, € = |€3].
m%%]t ’ Cq P31 P30 P35 €3]
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M4 AAE DS Set sh2AY

VAR ZgoA 74 AFE #3224 49| 7| st of ®e}
2t AA71A HHARRE B9 Bgol 1 &9t FF= vIkTL 7t
JUE2D A 7FR ] F2A FA(eyy, €, €3,) BFOIM VICC A
golA WEsgdol 7 2 A= Uepdth & VICC siAld=2 <4,
5H, =UolEke sheAlde] WA Wl o) A= Hot VAR
2 qre] o2 a1ld o3 9F= 7P Bel et o, e oy
A Aol 29 S42 257 349 oF 3.7401AR, oAl

SHLAPHE 828, VICC SHeAIA-L 11o] 2ok Aow Lhehdeh

ZE|0|H-d i =l VLCC
HZERX %toA HEQXL %toA HERX} %toA
s 54(A) 0.04870  100% | 0.03180  100% | 0.0449%6 = 100%
MElFEA 0.02642 52% 0.01875 59% 0.02942 65%

=% 54 0.18271 = 375% 026193  824% 052934  1,177%

Zol, Hutg Mgk 5y YelAl b g 4T
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=3
Hohs AME 22 A(adjR?)S BZE FAE geldrh
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& 5 ot
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2 HMIABHE B9t C==0ITt.
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She Ao® Rt E3 old A4S EAZOR e fom
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(F 4-9) BEL HElQ| £

R, =c+ﬂ10 + 06, F, + 2,
OIM &= 2000 27, ¢ = 250 273k, 7,

ZH|0|LfM

c By By
=X -9.12 2.31 -1.79
HEQXt 0.75 0.87 0.69
p-ak 0.00 0.01 0.01

=M

c By By
=™K 4.88 4.67 -4.19
HZ=QX} 2.71 0.77 0.60
p-ak 0.04 0.00 0.00

VLCC

c By By
E~PSPN 18.00 4.77 -2.92
HERX} 5.57 0.82 0.60
p-ak 0.00 0.00 0.00
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-0.83(0.23)

4

7
il

VECM model

0.04(0.02)
-0.567 (0.33)
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off ™2 Ml VA AF9] HE AYom speAie] dERd,
FFAZH, 848 S0l HAFaL ot JHollA B Hiel o], Al

) W4t BE 9Es Anslel LAt A2 & 4 Yrk

(2 4-7) THIRAM AZO| #229, FFATH, 84 %0|

Unit: dollar/day
25,000

11-1-7 12-1-7 13-1-7 14-1-7 15-1-7 16-1-7 17-1-7 18-1-7 19-1-7

Panamax Spot ~ ------ Panamax FFA = — Panamax TC

Z: RIS IHLSIAMO| 7 [HZRY), WIS FRATH, ZiMe 842

Xt&: Clarksons; KAt 2

A1 499l BB, VK, SALE 19l AR o
e Ak Al 7HA] A EFolA 0.9 WY =2 oA 7
=

(B 4-12) Z1812M AR 2R, FFA7IZ, 8N 710 AR1ZH

e Aoz DfLfata SOajarA
T HME FFA 8ME2 HE FFA 8M2 $E  FFA 8M2
3= 1 - - 1 - - 1 - -
FFA 085 1 - 090 1 - 087 1 -

M= | 085 0.9 1 089 092 1 0.89 093 1

NP RS
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Holl Lot AR duold AuuAA, Ao 1Y ¥
A LR A W4 219 RS JBBAL 32 0|5 AP 2
Bt 7150l 71905k Ao A

Bghe ALgaT

(B 4-13) U2 AI-Q| $ER2Y, FFAZH, 84=0| HolZ 2F 2t

simoo) t-value -2.72
mEwe p-value 0.07*
=97r FFAT}ZA t-value -2.50
p-value 0.11
t-value -2.38
gM=
0|z p-value 0.14
B sz ool t-value -11.06
=T
cEwe p-value 0.00%*
295127 FFAT}A t-value -1.92
p-value 0.05**
t-value -13.80
g4z
p-value 0.00%**
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TTELITN
2R3
2%t
ESatTHITN
2R3

t-value
p-value
t-value
p-value
t-value
p-value
t-value
p-value
t-value
p-value
t-value
p-value
t-value
p-value
t-value
p-value
t-value
p-value
t-value
p-value
t-value
p-value
t-value

p-value

-3.06
0.03**
-2.50
0.1
-2.71
0.07*
-11.45
0.00***
-19.36
0.00***
-15.91
0.00***
-3.06
0.03**
-2.59
0.09*
-2.50
0.11
-6.14
0.00***
-10.53
0.00***
-9.51
0.00***

D) K Rx e ZEZE10%, 5%, 1% RASES LIERY

2) t-SA 22 ADF &3 SHZS 20|&(Dickey and Fuller, 1979, 1981)

3) 2343 2TIRKERC HB0IM &2

K= MR 2R
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(#H01=]

FFAZIA 22Xt 24bE0l S22 HIERA 2aEcd Sz HEAF 245

" w m
) FI— Ed

ron

® ! ?
G - 0
i o E)

“ “ ©
E El »
n Ry T S A 2
B U ,' »
0 [ ]
12 3 4 5 6 7 8 3 X 1z 3 4 5 6 T 8 9 10 121 03 4 s 5 7 8 3
—DCTFOEIOS] aeeens VOUFaens2 = = RofFios3 — DO @IS e DASCRTOS = = RoFS0S —Co WS e WoTHENS = = RoiTios
(T tapA]
FFA7Z OISRt SME5 220 SR SM2H SHR KSR AL
10 1 .
£ 0
© o
0 0
@ &
@0 £l
@ @
El E
0 »
1 i alits
4 0
(SRR R R v R e B 1 51 s 6 5 s
—DOFLRTOS] e VDOFOIOS] m m ROFIOSS —D0Thet S erenes DG TdE10S) o m RefTiOS
[J\]IE_|-I:|I'A]
FFA7Z OISRt SM25 220 SR SM2H SHR KSR 2L
0 1w 0
0 @ )
[ 0ot xn
o o i
[ w0 RN
0 w 5 A e PP
) «© “
0 E w -/
0 @ 0
0 1 0

(P T S T R )

VDO FE ST  eiess DOIFGUeTOS2 = = RoiFI0S3 —\D et S e Vol Tdien® = = RoToS

7 P F7| SH0IM 7|QI5Ks IZLXR1Q| HIE, E7HIR AN FSA0|M 7|215k= HELXI2
HIS, M2 4= S20|M 7|25k HIE2Ae| HIS
RPN RS

69




W L2 El
o 2t} Al A A LEolA g715A0] M 2
o oz AP F2o] A3, 271% FABAE F2)]
Vg Akt B3] Aol nY B A71FH 277 sfetact &

mejaao] ws) 2 AR Yehgeh,

( 4-15) 213124 AI0] TEX £749| 37| H|n
Aol TIETN Smajars
HZERX %toA HELX %toA HELX %toA
=A(A 0.38351 100% 0.08803 100% 0.05206 100%
HEX 54 0.13918 36% 0.05413 61% 0.03493 67%
27|12 &4 0.08037 21% 0.03479 40% 0.02757 53%
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= FFASRIAL 229 sl 8M2 sl
AHOo|ZM 0.010 0.360 0.034
THLFRfA 0.001 0.656 0.228
O2pA M 0.020 0.647 0.222
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= sSI= X a2 SIes X =
H3E 38 25X FM TS 8% @xt uH ZAM
1. Xl2 &Y
FaAT AsFA g 2t F2E AY =LY XPE—"% 3%
&% A EF(common stochastic trend model)o] &3} F A]
o] SHjx B4 BA% B o4 A8E Aue thedt g
BZX9 ALo= VLCC, Suezmax, Aframax 59 Aldlo] s
F5-5% Y29 Y LYAES FEtT Ut AsHAe 73
ofi= Capesize, Panamax 52| A4to] tis BB F=, AL
2, ooy F2o UY LYAEES HET Yok
(B 4-17) =28 % R 2= 29
= | A 418k 37| =& M3 £ =
1 TV1 VLCC, 270k BDTI TD3C WS Middle East Gulf - China
2 V2 VLCC, 280k BDTI TD1 WS Middle East Gulf - US Gulf
3 TS1 Suezmax, 135k BDTI TD6 WS Black Sea/Mediterranean
4 TS2 Suezmax, 130k BDTI TD20 WS West Africa — Continent
5 TA1 Aframax, 80k BDTI TD8 WS Kuwait - Singapore
6 TA2 Aframax, 80k BDTITD14 WS SE Asia - EC Australia
7 TA3 Aframax, 80k BDTI TD7 WS North Sea — Continent
8 TA4 Aframax, 70k BDTI TD9 WS Caribbean - US Gulf
9 DC1 Capesize, 180k BCI C10_14 $/day Trans—Pacific
10 DC2 Capesize, 180k BCIC9_14 $/day Front Haul
M DC3 Capesize, 180k BCI C8_14 $/day Trans—Atlantic
12 DC4 Capesize, 180k BCIC14 $/day China-Brazil Round
13 DP1 Panamax, 74k BPI P3A 03 $/day Trans—Pacific
14 DP2 Panamax, 74k BPI P2A 03 $/day Front Haul
15 DP3 Panamax, 74k BPI P1A 03 $/day Trans—Atlantic
Z11) BE27|742 2016HE2H 20194 447F & 99971 BEX|7t At

2) WS= World Scale2| 2EX{0|H,

R KK 5

A o
QAN 20148

LEHH= X=2AM 7IZXl= 100
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N
OH

£ SN 2M DY 2A: UY X2

2 HoM AEEH T8 FEA FA B2 o2 Zoh

Y = % X} Tiy T 254 - [A] 4-3]
Ty = Typq T - [4] 4-4]
AZIA y, = AR 1 FEY FERYY =

2y ~ V0,07 ) 9} v, ~ iidN(0,1)

(H 4-18) 25 SEH M 2o =X KLY Xt5)

= VLCC 20| ZQtA  OfZE{atA Aoz I HaEA
o 0.082 0.086 0.083 0.136 0.116
Y 0.068 0.082 0.082 0.146 0.124
o - - 0.083 0.137 0.117
Y - - 0.084 0.137 -

o 0.000 0.000 0.030 0.029 0.022
o 0.027 0.010 0.029 0.039 0.000
o - - 0.000 0.074 0.062
o’ - - 0.058 0.000 -

2y

R&: RixE R
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ofe) Fi [4] 4-5% o83t MY FAT oI} R 24
AA) AR EATE T2, obE Ao EEAR
ol Tt 7HgsHE ACRA, Foohe RO oAARTA) B
of @4 BYO| AYEE AHr] 93] ARt
VECM B33} S48, BE a7F 240 3S UEhiT 544
SR B Aow Yehith = A7]0] B8 2A0lA Holut
g2, ol8l 7)o FY02 Sobtele o] Yee AT 4 Utk
S, Sherag] A9 adiR® ol 0.7 WelA ol 2FY
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H4-19) B HBX SA| 2HO| OIS 088 QXTI FHH}
(LU X2, B2 OS)

S __ 4 SR adjR’
FER| =2t FEX| =%k

VLee ™1 0.83 36.38 -24,630.10  -32.21 0.69
TV2 0.46 14.24 -0.02 -2.73 0.22

ENVES TS1 0.48 16.30 -524,99823 = -14.52 0.36
2fA TS2 0.42 12.47 -0.05 -3.30 0.17
TA1 0.54 17.57 -0.02 -4.49 0.32

or=zf TA2 0.56 19.10 -0.03 -5.95 0.37
oA TA3 0.60 18.27 -207.67 =-17.12 0.36
TA4 0.39 11.77 -0.04 -5.37 0.18

DC1 0.53 16.51 -0.08 -4.58 0.27

Hoj DC2 0.62 21.30 -0.01 -0.74 0.38
DC3 0.60 20.87 -0.04 -5.01 0.38

DC4 0.64 22.24 -36.61 -9.64 0.41

Tt DP1 0.90 53.67 -0.01 -4.68 0.79
QA DP2 0.86 44.80 -0.18 -0.01 0.73
DP3 0.86 44.30 -0.01 -4.65 0.72

1) 38 522 2016~2019, 0157|7F2 2017~20194
2) B2U GIE2 AN QAAZEEEE= 2| HSAIE 2400 AISE A E20| 0T Aoz 71y
RPN RS
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H4d AAZ Zds Set oA =

H4-20) TS HEX £H DHO| OIS 0|83 QATHDY =

UA A1, 22| 0F)

e é; Q;
- =2Mr o+ EER|
V1 0.50 15.84 -220.40
VLCC
TV2 0.46 14.31 -0.01
POTES TS 0.41 1240  -0.03
grA TS2 0.40 11.95 -179.26
TA1 0.55 17.91 -1.79
ot 2} TA2 0.58 19.56 -0.04
grA TA3 0.36 10.41 -0.03
TA4 0.39 11.87 -0.03
DC1 0.53 16.45 -0.07
DC2 0.62 21.26 -0.01
# 0|
DC3 0.60 20.92 -0.04
DC4 0.59 18.97 -57.04
DP1 0.90 52.67 0.00
mpL}
N DP2 0.87 44 84 0.00
DP3 0.84 43.21 -0.02

=2k
-0.38
-1.72
-3.25
-0.73
-1.19
-3.81
-3.05
-3.92
-4.36
-0.84
-4.83
-0.59
0.17

1.98
-3.28

adjR*

0.25
0.22
0.19
0.16
0.30
0.35
0.13
0.16
0.26
0.38
0.38
0.34
0.79
0.73
0.72

F1) £ H22 2016~20194, 0571742 2017~20194

2) B22| G52 HH QAT eI 20| GISAIKO = 7hset X=2e Argsl oS

IN=MPSINESES|
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H4-21) 35 SEX M 2¥9 Y ZuHF Ki=)

7= VLCC 20 RLEA  OfIZZ{IPA Pal[o]ped THfatA
n 0.186 0.179 0.170 0.254 0.235
% 0.155 0.172 0.169 0.273 0.251
% - - 0.170 0.254 0.237
" - - 0.173 0.254 -
o, 0.000 0.000 0.002 0.023 0.021
7, 0.028 0.009 0.002 0.033 0.000
7, - - 0.024 0.078 0.067
o? - - 0.054 0.000 -

4

Atz MAF 2

of) i 27 ARE AT HEY FH AT} BE o7} &
20) $E YT BAS SO4E ¥ A Yepich e
A2 PRt adjR*7} vrolzit,

H 4-22) 3& SEXN TN 22| XIS 0|88 AW FY FHAL
(Ft Xz, HE2U 03)

= ¢ & 2

= e R T - S
V1 0.54 7.22 -882.77 -7.35 031

viLce V2 0.34 4.54 -0.13 -2.23 0.13
201X TS 040 559  -1121258  -334 021
EIZN TS2 036 439 -0.29 -2.79 0.1
TA1 0.35 451 -0.16 -0.93 0.1

or=2t TA2 0.34 473 -0.77 -5.09 0.22
arA TA3 0.41 4.85 -0.29 -4.21 0.15
TAd 030 3.81 -0.18 -3.98 0.12

DC1 032 3.90 -0.43 -3.48 0.10

Ho|m DC2 031 4.08 -0.02 -0.35 0.09
DC3 035 5.03 -0.28 -4.71 022

DC4 0.38 5.15 -256.79 -4.23 0.18

mL DP1 053 7.28 -0.18 -3.46 0.26
N DP2 045 6.05 -21.91 -0.07 0.19
o= DP3 0.53 7.37 -0.19 -3.96 027

1) 38 522 2016~20194, 0157|7F2 2017~20194
2) B2U GIE2 AN AAZFEE= D] HSAIE0 240 AISE A H20| 0T Rz 71y
Atz KA 2
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H4d AAZ Zds Set oA =

1z

ot = F ARE A&t B2 FHALCIH. 7| AE Al
ojZE ATt thE B AFH AFolA agte] 7IHiet g2 g

(D2 #3597t dehdth adiR’E QY AR 3 AL

T 4-23) ZE si=x ZF_ | 2349| QXI-— OIR?_ LAIWHPS FHA

®; Q;
7= ‘ ' adj R
E=SN| -2t ESHN -t
V1 0.29 3.78 0.03 0.84 0.08
VLCC
W) 0.34 4.40 4.79 0.22 0.10
POTES TS1 0.41 5.52 0.15 0.70 0.16
o E TS2 0.35 4.40 -0.27 -2.14 0.09
TAT 0.34 4.22 165.61 0.28 0.10
ofzat TA2 0.32 4.33 -0.26 -3.14 0.14
B TA3 0.36 4.41 -0.21 -3.65 0.12
TA4 0.29 3.66 -0.16 -3.77 0.12
DC1 0.32 3.82 -0.40 -3.28 0.09
DC2 0.31 3.82 -0.02 -0.47 0.09
A 0|&=
DC3 0.36 5.08 -0.27 -4.55 0.21
DC4 0.30 3.99 -93.15  -0.11 0.08
DP1 0.51 6.77 -1063  -1.87 0.22
IFL
D[ j DP2 0.45 6.14 0.01 0.40 0.19
DP3 0.49 6.85 -0.12 -2.95 0.24

F 1) 28 BE2 2016~20194, 0272+ 2017~20194
2) B29| 052 MH| JAZHSIATI= 20| ISAIT0| YU 7HSTE ARHS AL 05
A Kkt 2
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Hod AAE 2eis St 2Y U=

oA AR ANARBAT LS o2 APl AR B
A7k obd B4 ARAAE] 4z B8/Fsshoka AR,
= X2 o2 HIwere AR

HIE $2-B3-29 PHS HEH O 29 05
1. G HE2 2% 24

olgff 27} = 20109 FH 201997141 109719] oS HEg=E 3
o AlE LAHRMSE: Root Mean Squared Error)E ©]83f] HojFal
S\t RMSE Altt42 a3t At

1 < .
RMSE = ?Ze%, oJ7]A] el dZQato] AF
t=1
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A7) Aol st AHE &2 VECM ZFHTt VAR Bgo] o= 4

H5-1) 22-33-29 VAR 20| 29 0I5 HET bz
e 20| aEER EE
RMSE 0.694786 0.393361 0.578721

PNE=MPSINESES|

H 5-2) £2-23-29% VECM 20| 29! 0= T H|

o= Zig|0| LM ZelEM QXM
RMSE 0.77368 0.399138 0.668513
R KK 5

2. VAR 239 0l Y& ot

ol 37} 1YL VAR RFE o83t 45 29 =9 Aot
3 sfehe AR wstel Rolxi ot 37) HE @ AFE(9A/
ARZHE FET k. o5 HmolA 27 3714 9] mjelo] Ko
A,

=

A, 2GS ol §T FH2Y 3
Zrol s o Sk ot AL o] HEUSF MEEo]
AAL B4 Holt A EF A%l E Bast Aok B4, Fen
skgre] Bol AHEAY S 2 YR Y

webd JiEoR Bo] He Bhe JHE o3
o H2Y 0% perE A4, 389 Az
3t QAR Arigh Wo] 25~45%z WS Ack,
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Hod AAE 2eis St 2Y U=

(22 5-1) VAR 22 0133 H|0|HM 2 &5t X 515t 6IZ(90% L=l-7h)

40,000

35,000 "
'\‘ f \‘
rd
30,000 7 \ " "
’ \ ! \
25,000 ’ \ "\
’ » /
# i A
20,000 ’ Y y: \
# \ Il \

15,000 - 3 v

. ’ (Y ’ -

10,000

5,000 -
0 -’ -
"- -..d- St Eme-————— ,’

-

20008 20119 2012 20139 20148E 20158 20069 2017 2018E 20199

LFZ == B} m—— AFEF

ISP RS

(H5-3) VAR Z&S 0|83 ZH|0|HM 22| 22| 01X Y&k 0|

= AHZL OI=AI R} RikE
2010 8,659 1,237 7,422 86%
20114 10,663 7,116 3,647 33%
20124 6,121 11,091 -4,970 -81%
2013 6,332 10,215 -3,883 -61%
20144 6,805 6,450 354 5%
20154 8,671 6,618 1,953 23%
20164 5,678 6,263 -584 -10%
20174 7,091 10,522 -3,431 -48%
20184 9,171 7,190 1,981 22%
20194 8,215 8,303 -87 1%
2xte Ziig 37.1%

INI=HPSINESEN
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(O3 5-2) VAR 2¥Z 0|85t A

fol
1o
rz
Ho
oo
o
rdi
p L]
ol

Fet 0IZ(90%

)

4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

20108 2011 2012 2003 20140 20158 2006 2017F 2018 2019
—L =TT m——— T
NSRRI ES
H 5-4) VAR 2= 0|88 =M 222 B2 of T 0]
T AR HIEX] Xt xE
20104 2,758 1,172 1,586 58%
20114 1,549 1,780 -231 -15%
20124 920 1,053 -133 -14%
20134 1,206 732 473 39%
20144 1,105 1,135 -30 -3%
20154 718 1,202 -4384 -67%
2016 673 832 -159 -24%
20174 1,145 738 407 36%
20184 1,353 1,181 171 13%
20194 1,353 1,465 -113 -8%
Q= Hilwt B 27.6%

ISP RS
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Hod AAE 2eis St 2Y U=

(J& 5-3) VAR 23S 0|88t VLCC 2 &5 U 55t 015(90% A1=2717H

140,000
120,000
100,000
80,000
60,000

40,000

20,000

-

- - -
e - - il TS

20108 20119 20123 20139 20148 20053 20168 20178 20188 20199

—UFL w15 - A

INEHPSIN RS

(% 5-5) VAR 282 0|23 VLCC 2210 B29| 05 HatE 0|
e R e oFf oxfE
20104 33,797 33,960 -163 0%
2011 18,263 33,628 -15,365 -84%
2012 21,187 18,751 2,436 1%
2013 18,621 17,395 1,225 7%
2014 30,015 17,688 12,327 41%
20154 64,846 22,971 41,875 65%
2016 41,488 50,515 -9,027 -22%
20174 17,794 41,399 -23,606 -133%
2018 15,561 17,592 -2,031 -13%
20194 41,364 16,601 24,762 60%
QXIS Hrhzt B 13.6%

ISP RS
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<= VAR 239 o& a7 & AL AsetiAl A#H A (recursive)
VAR TG0 A AJAFsHE HEel Zo] 7 WA Q1 29 3] F]4]of &
2 7|17t (current period) E5FH AuF Aw7F Foi AS 7
gt 2AF VAR 2P’ dF AYrg vuyc. ol=s =4
VAR 23 9] &g 4402 Jehfd thgat Zrt

Yot = 3101 T G0 Aoy + D311 DY 141 F o1 Aoy F by 1 AYs,
% o< VAR BoA= SR o, o ALl Ay, Ay,
o ol EEE G, 2AF VAR EFoA = 7|9 Ay,
Ay, 7F F7FE AT

ofgff FoJA Hi= Hie} Zo], Aelo|v Ay AEANA= 21
H VAR o] & FLLE Eol= AO=E Yttt

Ay

H 5-6) Tk VARZE 22 VAR OIS HEHT H|w

= Zgo|Hd  HskEd VLCC
Cfa VAR 0.69478 0.39336 0.57872

RMSE
X2 VAR 0.42232 0.31149 0.65843
Ttz VAR 37.1% 27.6% 43.6%
2xtE il o
2 VAR 26.8% 24.6% 62%
(), () BBE 7= X122 2F HUE Foi (D2 US Bes 718t

o]7| A= A44 A1 A ARESH VAR ¥} VECM 29, 181
o5 ot 2§ O] B-N £l ol-gd] A7t U< 20109 5H
201997HA] 10W7HS A=t



i)
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el
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ok
el
O1C_>r‘
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O
AC)
=l
=
0,
;%
i

Transitory gy = ys , — Potential py

17141

J
Potential gy = yy, + lji_)mZE'[Ay&f#jM]
c0j=1

=y, T E[Ayg,mm + ElAys, Q] + o

2 Potential & BGERON et 4,7t 7] o] Fo]

o] girhE r1H o2 EEA B golth 5 4y, W] B
=A2A o] Thsh

o] MolA fimYHlay, ,, 1S theT} o] Axkgct

]—)00]':1

o)

J
IJLmEE[AyJHjM] N AVAN TP o £ VAN T ol VAN /N

* * *

Jufio s P11 P12 b1
0:17]/‘1 f;f;zf;s = ‘p(]*@)_l E‘, D = | Py P Doy .
For oo fa a1 P2 D33

Aol 49 39 VAR =¥ 9] B-N Eajihsio] Hawrt 714 =
ka1, A=A VAR 2E0] 19], VAR 29| B-N &31dHo] 29
€ UEhH. 242 VAR 29| B-N 23] 90% =g
EAet mbA Al 7EA] g4 VAR 2P 2] B-N &sfgiio] vl

H

=9 FEFE dSshe Hor 7MY fesittal wure o Qe

d
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(8 5-7) $2-53-20 D32 B85 20 W o5 At

= ZiH|0|4M Z4sI=M VLCC
_ UX| 6 6 8
VAR 28
% 60% 60% 80%
i} Ux 4 5 7
VECM 28 .
% 40% 50% 70%
VAR 2849| B-N UR| 7 6 9
e % 70% 60% 90%
VECM 29| B-N Right 5 3 7
o % 50% 30% 70%
A 89 10 10 10

PN=MPSINESES|

M2H M2-20-8ME D2 HBS 52 29 oS

ofef i [4] 4-21% o83 AskEA) A 7H HPS] F7 &
AS-AolZe} ok ALE= 20184, 20199 2¥7He]
g, Smeberat 20199 5270 ISl oha) B4

VAR 290] H8] FRA-BE-29-BARE FHE 384 VAR 29o]
A Aol AAH Wt 9% o5 FHEES HolFT gk 53] A
olmAlo] 49 AAgol 21%e] et

H 5-8) FFA-BIE-EM= VARI FFA-YZ VAR 0= F&ix Hlu!

A= Aol L e S o
FFA-SI12-2M2 VAR(A) 0.11953 0.05356 0.05380
FFA-3IZ VAR(B) 0.15149 0.05511 0.05502
J4ME((A-B)/B) -21% —3% 2%

R KK 5
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M5 & AA

(90% L1272h)

=
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AT, WA OS5 HEE2A TFR]7}
H=2| of
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ol
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, 123

“ VAR &3
oM

T

}5
2 5-4) #[0]

a

ofe 37) Z1™olA

sfet/et
s/T1/61
c/ot/fet
s/6/61
s/g/e1
S/LfeT
sfafet
s/s/e1
S/v/61
s/efet
sfz/et
s/t/e1
s/zr/8t
s/Ti/et
sfot/st
5/6/81
5/8/81
s/Lfst
s/a/81
s/s/81
S/w/81
s/e/s1
sfz/st

s/1/81

et

%HIK{ sssass
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(8 5-6) +Z2tUAM A= HEQ| 0IF(90% 121717

18,000
16,000
14,000
12,000 «
10,000
8,000
6,000

4,000
2,000

15-1-4 15-2-4 159-3-4 15-4-4 19-5-4 19-6-4 18-7-4 15-8-4 15-5-4 15-10-4 15-11-4 19-12-4
...... 61,‘?'_} _)éx-"ﬂ ssssss A ‘ol'_l-
> =]
0% A Mz T \ 3.5%

RPN RS

H 5-9) VARZ} VAR B-N 2 7to| 0= Het: H|w

7= HOIZ  mjEA  AH3tapA
i} Q% 70 87 42
FFA-31Z VARA) =4
% 67.3% 83.7% 80.8%
Q% 76 90 38
FFA-312-2M2 VARB) - |
% 73.1% 86.5% 73.1%
FFA-S2-8M2 VARY UX| 78 86 39
B-N 23HE(C) % 75.0% 82.7% 75.0%
= 100 98 51
B&C =
% 96.2% 94.2% 98.1%
Total 104 104 52

RPN RS
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e A9 9% ATES Uehl e 883 oS YR B8
> Qlrka Web), Aojwe} Sxetutat 4] 7hA] A7} B 9
AT A 80% o1 FHEE Hol 4] 38 oS YuE &
£ & vy wodEn
(H5-10) VAR 29| 4150] 275t 2 Y3t 0| 2t
= Ao|= miLfatA  IaforA
Azhy o Z 7N 53 50 27
M| 7R A&7t RS 2X|(B) 43 47 24
UR|oH= AL B/A 81% 94% 89%
N EWIESIN) 41 40 17
= 71X AME 7} UX|(B) 29 33 9
UR[eH= AL B/A 71% 83% 53%
AzEy o 3 74=(A) 10 14 8
3t 74X MB T} 2X|(B) 4 10 5
UR|oH= AL B/A 40% 71% 63%
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o] ATr & HoRr}
2507]o]ct. 9kA] 4

slolg} 2= 9]

olct. Wb Uzt £ )& AREA AHN7E Aty Wt

(B 5-11) 2EH FH 29| B=9| 0= YH=(RMSE) Hlw
TV1 V2 - -
0.06005 0.06084 - -
TS1 TS2 - -
0.03672 0.05026 - -
TA1 TA2 TA3 TA4
0.023931 0.019711 0.055152 0.043911
DC1 DC2 DC3 DC4
0.06586 0.05040 0.05007 0.04026
DP1 DP2 DP3 -
0.01292 0.01041 0.02304 -
INE=HPSINESN
B 5-12) &EX FA| 22| 0% X2 Hihzt B
TV1 V2 - -
2.7% 2.4% - -
TS1 TS2 - -
1.7% 3.1% - -
TA1 TA2 TA3 TA4
1.2% 1.0% 2.5% 2.8%
DC1 DC2 DC3 DC4
4.7% 2.7% 3.0% 2.9%
DP1 DP2 DP3 -
0.9% 0.7% 1.5% -

NP RS
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S s yErih lﬂl 249 VLCC(TV AQ), ol ZHA(TS
AG), AEAL] A|Z(DC A= 75% Wl Fer g Hoj
of, 4} A= F 37H% TS Fgo] dSot= A= YERTH
(B 5-13) &N FN| 20| 2! Wsk o= Zut
T= V1 TV2 - -
Right(A) 196 198 - -
A/B 78% 79% - -
T= TS1 TS2 - -
Right(A) 190 184 - -
A/B 76% 74% - -
= TA1 TA2 TA3 TA4
Right(A) 187 164 156 138
A/B 75% 66% 62% 55%
= DC1 DC2 DC3 DC4
Right(A) 175 197 189 184
A/B 70% 79% 76% 74%
= DP1 DP2 DP3 =
Right(A) 230 230 217 -
A/B 92% 92% 87% -
Number of Total Cases(B) 250
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2% ojzH H-Lapx|

oA eEAE A
SHA] Qo). Wl oleiat BaHUAY fHo] oA B3l
sk, BholEl BUHS PaAYlE el Avvt Wasi

A, & A= AGAEASY 14 ¥ E(classical approach)
of 7lxtste] FRFEAT. 1y ALS]Ete] RpE(data)= HHEAY
o] ofFil, #EO| A7|F &3] A st A ES o]F7] wiwol
143 s 4(interpretation)?] &-&o] A FEA thA TS
of7|5H= AIZE itk wEkA] o] A|Qt ¥ E(bayesian approach)

Agsto] SAA F29 WA Ao AaLsta St oX &
ol&= A TRt mH AFIAI7E E 4= Qlvk yoprt Hlo] x|t ¥y
£9] sfQl FEH S5 T HY(SSVS: Stochastic Search Variable
Selection) 59| A& FeE AaLo] 7ofste Ao= 47l diehA
139 & : 1% 9,2018) E3 F83% v Aol 2
ol

AA, Abouarghoub, Nomikos, and Petropoulos(2018)2} Zo] 3f
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A, AAE B4 Ba diohd WHES] A7t Zasit &
£ AFolA 83 AAE BFY oIS HLEE ik el <
TAs BJ(1AE, H4l#d, Machine Learning) 53 H|W5k=
Zo] e §-83t JEE AFT AR 7). shA|gh, A7k, F
Zr, A7t 5ol AHEEE Q18RS BF 5ol of&2 Jid Fof Qlo] &
AolA= E&8FA Z3th o] IAl= vl AFLTIAR FAE

(O8 6-1) eh=oliLHE F2F 2 6 Al

27201026 ~20.10.30) HSHEM MY'H Y3 2 o5

T AHO|ZM(BTC) IDHISPAMATC)  Z2tofAM
@ IBKs Y st 7y CEEE N5 Q3
§< AAE =Y atat 7|y Ex4| a2t 7|

F-1) ) 7972 90% °1 3 B3 FE. “FSER) 719 = 65%-90% FSC) W, E2A= PSR Gl 50% W)
F-2) agarAle FAE 2yo] GTC, AAd 23] 10TC 48. AFAT 2Fo| 6TCE AMESH: o|f Mad 3o Laslt 10TCo:
325 290 £9& 918 Yad vjoje 7t F5317] &
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Al1. VECM RdE &8st @i wH 2M
A7 A= A4 A3EA ATE TF SEF A LF 3} H|wst
o VECM H%g &85 03 w4 BAo] AFEHATE gt
olf] HEO|A HiE B}} Zo], VLCC. Ao|X, st Ao] A0
A o7t R FHEY. g T35 FEH FA Byl H5
wgo] @A Aol oksirta waHrt
(B A-1) M2 HIE TH0| 7|85 @A HEY FHA0t
(¥ Xt=, E2L 0S)
2 adjR?
ESSH| 2l E=SHY t-2t
™1 0.50 15.72 0.02 1.24 0.25
VLCC
V2 0.46 14.24 -0.04 -2.69 0.22
PES TS1 0.41 12.42 -0.07 -3.18 0.19
2fA TS2 0.42 12.46 -0.10 -3.30 0.17
TA1 0.55 17.94 -0.02 -2.73 0.30
opma} TA2 0.57 19.30 -0.05 -5.65 0.36
oA TA3 0.37 10.46 -0.04 -3.14 0.13
TA4 0.39 11.94 -0.05 -4.56 0.17
DC1 0.52 16.22 -0.06 -3.61 0.26
DC2 0.62 21.65 0.01 1.29 0.38
# 0|
DC3 0.60 20.87 -0.05 -4.82 0.38
DC4 0.58 19.49 0.01 0.35 0.34
DP1 0.90 52.81 -0.01 -1.59 0.79
IIFL
D[ /f DP2 0.87 45.30 0.01 2.91 0.74
DP3 0.85 44.17 -0.02 -4.30 0.72

= 2 HE220169~20194, 0157|742 2017E~20194

>~
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(YU Xtz, H22| 0S)
3 «
% ¢ adjR?
o I o S < TS

% 0.50 15.80 0.01 0.73 0.25

VLCC
V2 0.46 14.30 -0.02 -1.71 0.22
201% TS1 0.41 12.40 -0.07 -3.26 0.19
EES TS2 0.42 12.40 -0.09 -3.06 0.17
TA1 0.55 17.95 -0.02 -2.66 0.30
ofzat TA2 0.57 19.32 -0.05 -5.60 0.36
EIEN TA3 0.37 10.42 -0.04 -3.00 0.13
TA4 0.40 11.93 -0.05 -4.4 0.17
DC1 0.52 16.18 -0.06 -3.46 0.26
DC2 0.62 21.61 0.01 1.1 0.38

70|
DC3 0.60 20.92 -0.05 -4.65 0.38
DC4 0.58 19.50 0.01 0.36 0.34
DP1 0.90 52.79 -0.01 -1.49 0.79

IIFL

D[ )f DP2 0.87 45.06 0.01 2.60 0.73
DP3 0.85 4413 -0.02 -4.17 0.72

R
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H A-3) BHE HE 10| 7|4Het OXt D

FXiE, B2U 0lF)

)

ox
H
o
fy
o
iy
=

3 «
% ¢ adjR?
S I o R~ N o
TV 0.29 3.72 0.15 1.4 0.09
VLCC
V2 0.34 4.54 -0.23 -2.22 0.13
201% TS1 0.41 5.39 -0.02 -0.11 0.16
afA TS2 0.35 4.39 -0.57 -2.79 0.11
TA1 0.35 4.56 -0.13 -2.32 0.13
ofmat TA2 0.30 4.28 -0.36 -5.31 0.23
ofA TA3 0.40 4.64 -0.35 -3.79 0.13
TA4 0.30 3.84 -0.28 -4.42 0.14
DC1 0.28 3.35 -0.28 -2.34 0.06
DC2 0.33 4.39 0.07 1.31 0.10
70|
DC3 0.36 5.06 -0.36 -4.64 0.21
DC4 0.29 3.86 0.12 0.81 0.09
DP1 0.48 6.52 -0.07 -1.11 0.21
IIFL
D[ )f DP2 0.50 6.70 0.13 2.44 0.22
DP3 0.51 7.15 -0.25 -3.63 0.26
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H A-4) 3N HE FHO| 7|8kt @XtwHEY FHE0
FXE, B2 0F)
¢ % adjR?
FER| =2t FEX| =2k

™1 0.29 3.78 0.07 0.82 0.08

viee V2 0.34 4.54 -0.11 -1.29 0.11
201% TS1 0.41 5.36 -0.04 -0.24 0.16
B TS2 0.35 4.29 -0.51 -2.53 0.10
TA1 0.35 4.57 -0.13 -2.26 0.13

ofzat TA2 0.30 4.29 -0.36 -5.28 0.23
A TA3 0.38 4.48 -0.32 -3.56 0.12
™ 0.30 3.82 -0.27 -4.28 0.14

DC1 0.27 3.30 -0.26 -2.20 0.06

ol DC2 0.33 4.37 0.06 113 0.10
DC3 0.36 5.10 -0.35 -4.47 0.21

DC4 0.29 3.86 0.12 0.82 0.09

DP1 0.48 6.51 -0.06 -0.97 0.21

;1[5[ DP2 0.50 6.57 0.11 2.10 0.21
DP3 0.51 7.13 -0.24 -3.47 0.25
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A2. VECM 2S5 O|Z2t S8 a7t 29 oS Fek
A71ME F8 A5E Y& VECM B3P o83 ol &3t 490l
Eg HolFL 9ot

(13 A-1y VECM 282 02

20,000

25,000

20,000

15,000

10,000

5,000

201013 20111 2012 2013 20148 2015 2016 2007E 20181 z2o1old
HHIE ———FE ——— T
ISP RS

H A-5) VECM Y2 0|85t ZiH|0|4M 20| HE2| oS HYE F0|
7= XL OI=X| 2R} 2xE
20104 8,659 905 7,754 90%
20114 10,663 7,758 2,905 27%
20124 6,121 9,458 -3,337 -55%
20134 6,332 5,588 744 12%
20144 6,805 8,666 -1,861 -27%
20154 8,571 8,295 276 3%
20164 5,678 9,069 -3,391 -60%
20174 7,091 4,642 2,449 35%
20184 9171 10,077 -907 -10%
20194 8,215 11,458 -3,243 -39%
QAts gt 35.7%

NEERPSWRSCE!
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Ju

(J2 A-2) VECM 2¥S 0|28t Zist2M 21 Alst 4 515t 0115(90% 2127

8,000
7,000
6,000 N
5,000 N 2,
4,000 LA Y (B Y ’ A\
3,000 ’ \ ’ \ -

2,000

1,000

=
- - .-

20109 20119 20128 2013 20148 20159 20169 201798 20188 20199

— AT m——bE ——— A

INEHPSIN RS

(B A-6) VECM BHS 083t 15124 29J0| E=9| 05 HEiT 50|

= AR OI=X| 2Rt RikE
2010 2,758 1,379 1,379 50%
20114 1,549 2,577 -1,028 -66%
20124 920 1,086 -166 -18%
20134 1,206 777 429 36%
20144 1,105 1,745 -640 -58%
2015 718 1,105 -387 -54%
20164 673 872 -199 -30%
20174 1,145 1,011 134 12%
20184 1,363 1,988 -635 -47%
2019 1,363 1,470 -117 9%
2xte Fiia o 37.9%

ISP RS
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(OJ% A-3) VECM B2HE 0|25t VLCC 2 Alst 3l 515t 0|=(90% 2121 77H

600,000

500,000

400,000

300,000

200,000

100,000

20108 20119 20129 2013W 2014F 20159 20168 20179 2018E 20199

—UE - 0 - AR

Atz KA 2

(B A-7) VECM EYE 0|85 VLCC 22| B2 0F He: 0|

= AHZL OI=A] R} RitE
20104 33,797 18,202 15,594 46%
2011 18,263 87,355 -69,092 -378%
2012 21,187 28,884 -7,696 -36%
20134 18,621 39,902 -21,281 -114%
20144 30,015 22,676 7,339 24%
20154 64,846 36,038 28,808 44%
2016 41,488 56,061 -14,572 -356%
20174 17,794 19,167 -1,374 -8%
20184 15,561 11,086 4,474 29%
2019 41,364 23,392 17,972 43%
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