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EXECUTIVE SUMMARY

1. Purpose

= In August 2020, the Korean government announced that it
would establish a professional tonnage provider in order to

prevent recurrence of the shipping crisis.

- By facilitating the business of tonnage providers, it aims to help
shipping companies to easily acquire ship assets and further to

reduce charter rates so as to increase their competitiveness.

= In order to achieve this goal, it is very important for the
tonnage provider to be sustainable in a long-term

perspective through the adoption of its own business models.

- Based on this long-term plan, a number of short-term strategies

should be implemented.

= This study aims to suggest optimal operation methods for

Korean tonnage providers.

- First of all, this study defines the concept of a Korea tonnage

provider, especially in regards to the meaning of the adjective,

ix



“Korean”.
- Second, this study suggests its optimal operation methods in the
perspective of diversified investment.

- Further, this study recommends several promoting measures for

the tonnage provider.

2. Methodology and Feature

1) Methodology

= This study defines the concept of a Korean tonnage provider
through an in-depth review of previous literature. Further,
it reviews literature on the optimal operation methods of
tonnage providers.

- In addition, this study conducts some statistical analyses in order

to suggest recommendations for the practical applications of the

aforementioned optimal operation methods.

- The methodology of this study is summarized in the following

figure.
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[Flowchart of methodology]

Contents

Methodology

Concept of Korean tonnage provider

—..——

Literature study

Optimal operation method of
tonnage provider

Participation in seminar, forum, ete.

Literature study

—...——

Textbook, article, etc.

Characteristics of shipping market

Statistical analysis

—..——

Time series analysis such as VAR

Optimal operation method of
Korean tonnage provider

Statistical analysis

2) Feature

Historical simulation
Bootstrapping

Data generating by VAR model

= In order to derive the optimal operation methods of Korean

tonnage providers, this study conducts a number of statistical

analyses based on mathematical approach.

- As a Korean tonnage provider aims to reduce the burden of

charter rates, the objective function is specified in the following

way.

Xi



Xii

Min Risk,

{Xiaic}

subject to E[TC(i,8)] < a;; X TC,

Where, {21 5#2is the market risk,

TG is the given reference charter rate,

1:+is the link—coefficient,
TC(,1) is the market charter rate

If the reference rate is given, this study regards the optimal
operation method as measures to minimize the market risk
(variation risk or loss risk) based on the expectation of future

market charter rates.

This study considers the three ship types (containership, dry
bulk ship, and tanker) and the corresponding two ship sizes

(large and small) as the investment ship assets.

The number of all possible investment portfolios from these

six-ship assets (3 times 2 = 6) is 63.

Using the 20-years dataset on the charter rates and ship costs
of the six-ship assets, this study computes the distribution

of return rates and analyses the diversification effect.

Furthermore, this study derives the distribution of future
return rates through 1) simple historical simulation, 2)

bootstrapping, and 3) VAR model-based simulation.
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3. Result

1) Summary

= While this study derives the distribution of future return rates
via 1) simple historical simulation, 2) bootstrapping, and 3)
VAR model-based simulation, the distribution from the VAR

model can be represented in the following figure.

[Average and standard deviation of expected return: VAR model]

-0.60 -0.40 -0.20 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40

Footnote: The horizontal axis ((X-axis) is the average of expected return and the vertical axis
(Y-axis) is the standard deviation of expected return.

- The red points in the right-under area of the above figure are

the set of efficient portfolios.

- That is, if the charter rate is given, we can select the portfolio

with the minimum variation risk.
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2) Policy suggestions and relevant activities

Xiv

Suggesting the algorithm that minimizes the market risk
(variation risk or loss risk) given the strategically-determined
charter rate, this study analyses the win-win effect of the

so-called index-linked charter party.

That is, this study shows that the index-linked contract yields

benefits to both ship operators and ship owners.

Moreover, this study suggests the three policy measures to

promote tonnage providers in Korea.

First, it is necessary to introduce tax benefits such as the tax
lease, tax exemption of dividend, and reduction of capital gain
(transfer income) tax.

Second, instead of seeking the function of a tonnage bank for
restructuring or financial improvement, it is necessary to search
for measures to enhance the competitiveness of shipping
companies by using the proposed Korean tonnage provider as
suggested in this report.

Third, because it is very difficult to precisely forecast over
2-year spot rates, charter rates, and ship prices, we should

develop alternative strategies not based on these forecasts.

The researchers of this study have participated in several
seminars, forums, etc., and recommended that the
diversification effect should be considered as a powerful

element in the risk management of tonnage providers.



EXECUTIVE SUMMARY

- For example, a researcher of this study participated in the
“Ship-Build-Finance-Law” forum three times and reported on
the diversification effect.

- In addition, the researchers of this study participated in the bid
for the introduction of Korean tonnage provider by the Korea
Ocean Business Corporation (KOBC) and thus presented the
long-term vision and short-term strategies of Korean tonnage
provider.

- Further, by inviting the related government officials and KOBC
executive as referees for this study, we share the information

derived from the research process.

3) Expected benefits including policy contributions

= If a Korean tonnage provider is established as the form
which is recommended in this study incorporating the
diversification effect, it is expected to contribute in a large
extent to the development of the shipping industry, just as
financial institutes contribute to the national economy

through market risk management and information production.

- The following figure shows these expected benefits in a

schematic way.
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[Economic contribution of financial institute versus tonnage provider]

Function of financial institute Function of tonnage provider

‘ » Risk pooling

Management of » Risk pooling horizontally and dynamically |

markelinisk ‘ » Resolving the mismatch of maturity

‘ » Attraction of short-term funds ‘

» Screening of sound shipping firms ‘

» Prevention of adverse selection — Screening ‘

Provision of

information > Prevention of moral hazard — Monitering > Prevention of speculative risky investment ‘
Expected . s . 5 s . . . o :

B cht # Attraction of private funds into shipping. Reduction of risk premium (spread) of shipping companies

= A Korean tonnage provider is able to order a number of new
ships even during shipping-shipbuilding recession periods

as a risk management strategy.

- This counter-cyclical ship ordering will help shipbuilders

acquire stable shipbuilding demand.
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59 Tsakos Group 95 UEXMTIE)

A= ZHEY(2020)

o7|Ae A AFAF AEIE Bt 7ol B3] Haf 19 AFARI
ASGLE Ht}t FAFo R HES] HiA} gt}

ASGLL 194740] A¥=9l, Angelicoussis7t AES 100% H-8-3}
I 9t (E 2-5)°] RE Hiel Zo|, AFEE AAJRES Yy 7+t

HehaReirel Aupeang T2 ok

28



siael M

Rl

Ato] JHEDt £ JisN HE 02

T 2-5) ASGLO| MZH MEIAS Ol JF|5|A}

HE HEARS|AL HEFEE| 3|A

SAM ACOL Tankers Limited Maran Tankers Management Inc.
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NN EX SFuol0] T3t FLHL| A7
- 31X EEZ2|Q 7Y FHO=

ZEEFQ (port+folio)= folioghe= “UAHAANA gt Fo'E port,
& VI 7y ek go] EAA Aotk g8-EoklA= o7 H Fd
(securities) 7Pdol ol Zo] 7FA 1L thdthe RoflA] “EAREARE A
AP olgks ou|Z ARSHE3D Sty AFANAoAE B4 Adkapit
o AFH FAE dllof sh=A], o ¥ theFeh Aukpite] BARREAE 9
of IXE AET WVt Qltt. & =g AFAKIY Y "REZE QS
- AET 987} Q= Aot

£ o= WA 24 ZEEDQ Ado] 33t =95 Markowitz(1952)2F
19| o]2& Ao A&E3SH AR Cullinane(1995)9] W& 410
& ARSI 183 32 S87138 solA FHSsH EEH s Al
A YA EQ] VaRol| oA Ao,

a3t AP o] A 544 24, AFHEEHd 24, sheAl

31) QUHY LI22|7|(FA4  2021. 11. 26)
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1 = REZZQ0 CHSH s

rr

O

B HojlA= WA, Markowitz(1952)7F AlAIgH A ZEZ& Q. o]29]
8 NI AHHEI, Markowitz(1952)9] =25 A=A Aol A&
Ely Cullinane(1995)-‘ﬂ F8 U&Z HEI 183 A%
(variance) T HFHAKstandard deviation)Z 74354 &=, VaR
(Value-at-Risk) 7@11——_“%]' Hof| ofsf At

4o
el
fifo
Eha
i

1. Markowitz(1952)2] 2ALEX} 0|2

o

Markowitz(1952)32= @Hl ZEEZ|Q |29 7|25 ARt =&l
= g7HET33) o] =wolM e FARRRSC] FAY| 7]ttt %
M GRS SHA] Y2 AR 19 A =2l 7Ideev
=tislehs FARd RS dAd#<l —?—Z}XPQ-O] SA] F5taL, yoprt °]
02T AR FRtths Zlold g2 EHSHY, 7|diae] SHist FA

0 F A9l —E,—X]-X] o2 BEAERdiversified investment)2] H
388 AHE AWsrlol A il oA ers FAREC] 7l
At s A ASBA FolM AEA she Ae YA 3t

_IZi mlo

A 9]

32) Markowitze= Sharpe, Miller2t 874 S8ZM|E} 0120 7|0{5t 22 199001 = HAMSYS =
AFUCHRIES LIRR7|, 248+ 2021. 11. 25)

33) 30 ZEZ2|Q 0|22 7|2XO2 B8 (uncertainty)0i|A] 2AFZH9| 2X|0|CH E5| 7|CH7}X]
o| 23t} 7| HE R 2| 2OHZIE HI WSt AR 2= XK - A5HE(1995)2] pp.186~2057+ ULt OJA|Z
H&to] oM ATNEH AR & &ta xrﬁi— Varian(1993)2| pp. 212-2427}+ 11, TS Ai2 =2
£ Varian(1992)2] pp.172-197 & pp. 368-3860| QICt.

34) AUS| LHH, FXpQ| 7|0l 2 AEO| SHEHA0|C TN 2 A0ME FA ZEZ2|29] 7|0
01t 7|ti4-0l0] Wirts AAD| FENM =2l A0|Th CHEt SAXO Z(formally) 7102t 1
B

5
S ook | Fol= 7|t O Fds o B 2Tt
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olggt EAISJA] £o)lA Markowitz(1952) 7|Hi<=el3 HE-H & o
A g&afof sh=AE EAFEAKdiversified investment)2] I OfA]
A AESE )t} 35)

HH: ol

Markowitz(1952= ZEZE| .5 Adst= Y-S 34 F A= -
=3th A H1A dA oA FAR = TEI H ol 7k €8 7T &
AA}AS] mlef AAo] thgt W2 7HAA "ot F A dA A FAA}

o] Z2 u|g| AAof tigt W0 7|xs AHilo] Yoh= REETRE
gttt AHA19] =0l= F WA TA ol gt Aojw, o] 7| x8 A3t

32 P45k A HA @A tiet =2= AESHA] Eotil U=
5] 9JTh30)

HA Markowitz(1952)9] BAREAL] T3l o] 23 A0 & AT H7|
of St EXAFAS oxt HHE of 7HA] FAARI(formal) F9
(definitions)?} ¥7]H(notations)S ForEr}.37)

N7 ExRpilo] QAN = 1, -+, V), ofF FARKI] 7Iti4=(anticipated
or expected return)< R,2 HHSHAL 18|11 i HA EXPRPAO] tigt &

-

o rov o il

A HES X(X, > 02 B8 z oleta AR =

EAAAL WGl FAhe ool

web] A7) EAAEESE 0)S MR FAAe] S RS

35) 0|2 Z0| EXRFSO0| 7|th=2] Q] Bt HE LY 7o S UAIE 12fal ALIQ 82 Z|tHafetth=
Al Bt 24 §8(mean-variance utility) 0l A E2{HTHET 24 SO0 tishMe X1 &st
A(1995)2] pp.195~201 2 Varian(1992)2] pp.189-1902 Z=x)

36) & A0l = Sike SAKRM ) O]2 AX0)| st US2 4ok HEFH WHOZ A0 Y| &8
£ QU= 1) G RolAd, 2) REAEH(bootstrap) W, 3) VAR B0 25 Xtz My
HoMY S5 8o

37) ¥M i Hit 20|, Beksh HOE AEfGh= 07 |MEE= 7|Chit 1 Bt 25| 761
ARSI,

ox
fujo
ofm n
ol
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et Zo] EAEE X E NHEAE Bl

=
N
oly
o,
=t
)
)
Ko

N
R=Y,(X,xR,).

=1
RO BT& p 2 H1@ & ER] = ol

ozt ZEEZE| 29| 7|t
(R)H FAHV(R)E th&a} .

M=

R= (X X ul)
i=1
N N
st
N N N
SDINC. AR IDICEP T
i=1 i= 17;}

S} Adst ZEE oy, )] tet |gaolat o) Ha
9 Hilo] WsiITh QAo F|theolo] W Hehslsh Ado] vt
TAl FA S FA HEHP)LE o]ofR A= gttt 2358 B4k
A F<ofl G SHAA 7|t Y] HeZ | HigtetAL 71“41—?9194 B
< 94 5ol IHsHAA AR A4Stk X, 9] 23S Ad"ste A
EA7te) Qubd B4 oo R B % Atk & (u,0,)7h FOIAE, £
AL A4419] A (preference)oll @t rIF V(R)9 27 2FHEZH

EEEQ), & x9 HY 272 AT Zolck

TR Gl FAAAES] 19 B4 et Bt v(R)9] 2ol o
& (17 3-2)9 2o Foltkyl 7Pgekd. = Skl EAAE
o] A8 753 B3t V(R)) 23S He] Erh. o FoIA] S kol
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7 g, Fidele] Bol A 2 2 BEH (7, V(R) ZHEIE
‘G824 $9-98 2 (efficient portfolios F+= efficient frontier)°]
S olein FeiETIIe /Y 9 2E-ok) Wk 24D,

olE Sof, EARHALY uma ) dfat ) s
0,)2] 8], EAALL olBA WA, EARe] A5v} WsshE 24
EAEL ofE] WX, 7h8T EApMlo] WSRIT(e]E SO, &
AApdo] ot Vol A B9), EAMEL ofEA] WS 52 BA

=

(12 3-2) MEKSE EE HEX 40-9I3 3
V(R)
SRR
(R, V(R)
g
agy
(R, V(R))
=g
R
N E% DEZ2(Q0| 7|th42]Q] Wi, V(R)2 7|42 of 24t
Kt&: Markowitz(1952), p. 82
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HZA EA SUol] TR 2| (7 - AN HEZAQ Mg ZHoz 03

AF7HA] =ofet W82 7122 ofd, FARREo| 24 ZEEZ|E Al
7] fsiMe FEERA (0500 HiRE FEE Zhofof qict. = oA
t AR g AR A A e oS AR A
b

i

i Eu)
(LSl

O

|77} ©th. Markowitz(1952)= ©]2} I AL HES
st Stk = (w0000 iRt §84 8 &3 & dAE AP A
drskt A HAR SARRI AKX HH:H(S'[EIUSUCEII computational techniques)
= B (1,001 et FAHAR] FAHAE 23413839 F WA=, T2}
AF=o0] B85l QARG ZAA Q] ]*P(formal computation) ol
ol &3 (1,0,,)00 et FF2QA FAHAE 2Ask=

2. Cullinane(1995)Q| Z=IEM AIZ0IM2 2L4HFXL 0|2

Cullinane(1995)= %Al =93t Markowitz(1952)2] ZEEZZ|Q F4¢
ol2& A=A AlFo| A5t Qltk. £3] Cullinane(1995)= AA| &
LU AT AR A2 AT 3 A ABEAAS 1kel T
EZa|Q AElS Hi 6]— k= o] ZEEC}40) 07|41 Cullinane(1995)
9] =9] oA, & AFY AFAF A LFUt HHH ol =3tsh

38) (14,00l TSt ZEHRI FHRIS AN YHOZ AHilot= A & otlhs YUY 7Rk S e X2E

SEX02 BN 11,9 o :
39) M gt Hiet 7*0| —_r‘01|A1 (p4;,0,;)00 THe! HEHRI FHXIS =55k Ml 71X FEH U,
== AE(bootstrap) i, 3) VAR 2E0| ©

1) 9N [StAIE s S5t 2ol
2 MABICE

40) Alexandridis et a/.(2018) 5t $18 AIM ME AEE B5 Islol= LEEDQE B4 o=
)\}'j O||:_|>
El AN .
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Cullinane(1995)= Markowitz(1952)%] ZEE&Q AEo]ZofA]
=0l 9] Hatit HEAFEADS 574, 121 FARS] HE Aol o
HEE oA &F4l9] BAS gt g2 EdsHY, 7|t &
(B HEAEADE Z2ok= AskEA ARe] 2=(market conditions)
T A FARDY] A HEE et Biert FojAH XA ZEE
22 A=9] AL AP &= Slrk= Aolrh4D

Cullinane(1995)= WA A=A A9 ArRE0l U= o= thadtt
22 Al 7HA9] ti#A AloF 8= &8l AT ARE EA
ARt 1) 7178 A(period time charter), 2) Ta&4l(single voyage
charter), 3) &Y E(freight futures). 7|4 SYXE A= EAFG
(spot market)®] HEHY oI ZHozq H2EE= Aoz 7Pt
ojg|gt Al 712 FUWEE H-83 A=A A FE= HAl Al 7HA
2 ARKIA(FE, A A4 gi =), ols F2of ol ARgEHE &
A A&(ship size, 3% 5.59F 109 DWT AEhH 7Fd 3Tt

N

n

>~

L

2A0]
I =A AolE Hol= A2 e (return)oll HiZt A SJ(definition) 4ol
At A3EofA HER] et Ay A HEOJA Exo], tiREo] 5
SBAE AR WSS A He oS 7HgHeY] HilkeR
golsta tt42 =y Cullinane(1995)= o3 Zo] W& ¢
(revenue)ollA] H-&(cost)= ¥l A o2 A Aok ArkEo] Holeole

o] Zus) Sole Fofska Sl

41) & Cullinane(1995)= Markowitz(1952)0|Af HZE EXtEC| & HA REE =0|9| LMo =2 A
UL,
42) J2{LE MEITE EXACR ZE80hk= M2R9| =2|0l|A= M| SH27 (0| MHQ 2R E A &
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o71M ofd F=-AdHre] 54 Y FFE HEHE o Hs)

re= $£9E(return), R+ W& $9Y(revenue), C= H|E

Cullinane(1995)«= ©] &2 $=Qlof gt o] 7]%s} 1985 E
1988717 47/1d=9] 4870 €7t AmE B3l (1;,0,)= AR Lot
7} o1& (i, 0,) AA=ol| 71238 Al 7HA] F=2-A4t ZHzto] tsf FAAFAK7
A, FoieA, FAAE)0 et BlEE 10%2] Hi5(0%, 10%,
100%)= F1L & 66714 2] F4F REET|QE 45}, olg FA ZEE
2]9.9] 71 =9l (expected return)433} H(risk, oJ7|A= EAF-variance
2 7P e (O" 3-3)3 Zo] =E5kal A4S

kA AGSt Markowitz(1952)2] 284 49-Y& %33} Zo] Cullinane
(1995)9] A=A (YDFA ZEED QY] A&4 £9-9F R3ho| Z+
13«1 9% (S 9 tiH] @2 (EADYR)ol HAleta Qlrk= A
< % 4= Stk 0|9} o] &7 $9-9H o] Fo|xH FARL]
A3 (preference)ol| Wt F& ZEELQE & 4 A Hrt

43) AUIM =25 7|oh==2l Q| B0 SHFSHC.
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(Q& 3-3) Cullinane(1995)2| 2 £X} REZ2|Q0| 7|TH42lE-

=l
%IT'__

VS|
21

a

[Z= E=-30 DWT 48]

Risk (Variance)
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1000 .

-16 -10
Expected Return

Fig. 6. Representation of portfolios for 30,000 Dwt. USGC-JAP (grain) in risk/return space.
[AMEH 312559 DWT At]

Risk (Variance)
2600
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1000

500 &

4] 10 3o
Expected Return

Fig. 7. Representation of portfolios for 55,000 Dwt. HR-JAP (coal) in risk/return space.
=19 =
[H2A &2-1202 DWT AHf]

Risk (Variance)
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1000

800

10 20

[ 5
Expected Return

Fig. 8. Representation of portfolios for 120,000 Dwt. BRZ-NWE (iron ore) in risk/return space.

Xt&: Cullinane(1995), p. 193
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3. VaR(Value—at-Risk) 0|25t SAIEX}l 0|2

o7]4E Hull(2010)9] A3 viog S87]% EE ofet 7|59
A FEH €851 = 98 7Y F SfUE VaR(Value-at-
Risk)ol sl A},

VaR2 Y& Risk)ell ¥ e 7H(Value)2he W€ A'dtt. VaRe]
o] ARgE AVl 22 |58718R1 JP 249 CEO7F AHl o] 230
HES HE A ZEETRERE FF 244K U AT Qe B
+ 99 =ZE(exposure)e HHFe Hil(report)E 277 Zlof| Aot A+
52 o]ggt 830l o35 A A2 Markowitz(1952)2] ZEE]

(0]

Q o]2& HEs7|2 kAl VaR gl uigst A& 7HES sl
=

VaR< “ojg 9] T7]7F 59t VEH(EE ¢) o]Af £48 HX| 92 Zo]
gl X% At o o, Ve B &4 S22 ouldith g &
dold, (100-X)%% VEY oAt &4 & 4 Itk Aol VaR 7H

ds Hoh A ofsfistz] sl offl (C1¥™ 3-4)F J=E5HAL o] 1A
j11ee T4 0]9(gain) T SAH(loss)o] AT FES Yehdth

= He} Zol, 7P IAT 7hsAdo] & $%F Fole= B (mean E=
average) °|(E= £A)0] 1o, 7t thAQ BEOE Fo)(Ee &
A)o] WA 7s/do] Ut AZ: shdo]l H2 B JY(area)> X%
S BAIRITE & vEd o] &4o] AT FE(7sAd)ol X%t
= Aoltt. dl& £°1, ol IAPt Fo= 174E 71 59 2 ol &4S
Aol2tal 95% FAlsk= B-HF 5% FEE 59 E2 o|4Y
T sh= A9, “170€¥ 95% VaR’o] 59 227} &
A AEQAFY] Ao AREE 4= UL,

19
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H Lol o
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98"0lgh= @S B 2B ECl VaRe 9 AR_FFE sk A

(3 3-4) VaR9| &H

Loss -V Gain
AtZ: Hull(2010), p.173

JE VaRS AF9IEES BTl ol A AR .
o2 Sol, 99% Vare] 109} Z&jel 490 0.9%°] FEE 509 Lo
&40] Wy 15T, o] %99 99% Varal 109] 2ol ¢4
aw7Rit Bk 4 ek

A=

o] 22 FAXE sllasty] A3t tijte g 5%t Aigel “7d v &
Al”(expected shortfall, ES)°|t}. ES+= “ZZAF VaR’(conditional VaR),
‘ZAF 18] 7| A" (conditional tail expectation)Z% &Y} VaR<
‘Aupt sl 4= Ql=TH ke ARl 71ESHAE, ESe AAIE ok
CHA, drte] 4o TS 4= Q=71 & &40 7|9igho] eIz E
Eeth S ESe T7IXF 5% A4 &40] &4 29 X¥iA £915E |
o7t AJolA 71t E4H(expected loss)e UEHAT

SHH, Artzner er al(1999)+ AFHES S4otk= X (measure of
risk)7} TEESflof k= vl2Ist 4712 A4S A Aok, olF TSk &
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MEAR AR 2ol Bet BLjel 47 - AX HEZ20 7S FMoz 03

T2 ‘9IS TEESIE (coherent)X FA3SHCE olSof wEH EAMA
Q1 VaRo| Y] H4 k5 2791 &9 “sh9] 7FH4d" (sub-additivity, ZE
E2 7t FAXH FAHZ REEF Q9] 9 A SHAVE 7 A H=
SAA9] dET AXAE ¢ F)E WSAFIA FS5H] diizoll EA17F L
ohal AAStL, ESE Y 7HA] 27& BF BEITL #o] HrRRith

Z7F VaR(E E9)Q A 23slel d9E 58 J1 Eo=Es
Rockafellar and Uryasev(2000), Uryasev(2000), Rockafellar and Uryasev
(2002), Szegt(2002) S°] Utt.

4, 2Y ZEZCQ 0|22 AARY

Markowitz(1952)25-€ AJZtH dt] ZEZZ|Q 0|22 & ZTEZF

Q9] Meo] thsf 7]tf=] 9] 7| X|(Bh) HAEAICE S =
¥ = VaR=E zﬂﬂh Atz &4 AE)E S0 B3 =95 A7
gt 71ti=ele] =20l Hah)o] =1 Yol Yo EXRE0] ol
REEYQE AS3th= Aol

ojfet X REEZTQ MY o]2& =Y AFAle] HEotr] HsiA
£ Y AFAR £ HEFY-H18)S sk, olE o] H]# ]
7P SERILE Pofof gitk. wiek, W] f:9)o] het FEREE FHA
= & It theo g =g AAe] A3 (preference)ol wht 7t
9] £2(: Bt AF(WT 9 B &4 AR e A =2
ZEEZZ| QS A9 & gk
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Ko and Chang(2021)2 +%2 HWER|3]H 2F(Structural Vector
Autoregression Model)2 7ASFEA Aol A-&3] FEfA EAAS EAFCH
Ao|Z, shfafs, A A| 71A] AdP(ship size)®] F=2%, FFA 714,
A718470] 7 A2 E Z8Fr) 0|52 123 VAR HFo] Aol &
EH’“ e B4k WS R85t e SARES 74, digeAt a1l

njE 29 oS 52 B9l A5 A ARISkL itk & ALY A5l
Q’Z_} A0 Apm A4 B2 o5 ATolA AQHE VAR H@FE ARESt

Kavussanos and Alizadeh(ZOOZ)h A A Al 714 ABA
o| mhjulA BMTIAJO|R)OA] AlRA 2 274 7lHo] g0
FE=AE TRt 344 AS5HHE AHSSl AEYH WA F5Yx
A7EA 7 AR BAVE EATE Edo=EN dEARl AE
(rational bubble)d] 7FsAS uiAIg49) 202 Campbell and
Shiller(19882)2] W& s2AIol AgstA g4-2-8sto] A= 9
FA Aol a&Aolgt= 7HdS 7145 "ot £3] Campbell and
Shiller(1988a)2] WHEL A9 tefet ¥4 7|HAE ALFE o
VAR EE-& ARE3It) whAeto 2 Kavussanos and Alizadeh(2002)=
B A 7Ho] SlAPdolA 714 ERE A2 Alztel wet HalskE 99
Tu|A(risk premium) wWEolgk FAsH, olE 49 GARCH-M
(Generalized Autoregressive Conditional Heteroskedasticity in the
Mean) 23Z &5 AF5H o2 HFsHL Qi

=

L (il

44) 2 AF0ME 88E £0] MEZHA0) DXl FEe SHR BAS FEE MIABI.
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Moutzouris and Nomikos(2019)= $341 714, €45 £, 19 &
1 4Y(holding period return) 7+ TAE EA5tal It} ols0] &
o AtmE AskEA ARY] Ale| &, shpdrAs, YA, itAte] 2 &
I Aol ek 24 27671 o4e] A7t Aol 7|¥kstal Qlrt. o]&0] £
o g3t A3 ATHHELS Campbell and  Shiller(1988a)%}
Campbell and Shiller(1988b)eltt. HAk= VAR HHES] 28-S 93,
SR BABEGE 93] -2t oS0 Bao) wpzd, 3AAo)A
9] $29]E(earning yields)Z Ao)H AHE(EAR/AE7IEHES o]&3t #]
)7} ulF AT Y49 AFES YePHA T BhjHleko & (negatively)
Ai&st= Ao=E yeidth voprt A 72 ml ARG 270 of
S w7t ASAHA sk AoE EAHH

N

Lee and Yun(2021)2 AsFEA A9 mhjutrs A3go] A7t S04
73 19 845 AE(20039 395E 20199 4€97HA)E €84 51
A 71A0] 47 907 3H(mean revers1on)%k§ Hol1 Qlt}. o]
7o el e MulylA /847 Hgo] Yolx|H k5 AulrlZo] ARl 7}

5790 Atk AR olojXit). wEhA] o] T2 AFEA A AdE
AE AFY o e 783 FEE E8E 5 AUtk

Greenwood and Hanson(2015)2 312719 E9] & 714 & 9
3l AskEA AlelA Y= 2737](boom)?t £771(bust)E A
I Qiek A ¥A oS PEl= sl EST $4)Y X]*i.—’\éé AR E
IFEA S Aolth. & E5Fol 75k 5401 21, ol#gt
8 37PL #E ZeE W Ao] Utk Aol F HWH Oﬂé Rl
OE s719e9 AMEAE 24 25 Ao ' Aagrisks Zold. o]
23 7199 RS Hagrbtle AS AR FAI(competition
neglect)2tal Hsl=t, fEAGOIAE o] 2 AR FA7} LARITH=
Zolt}. o|#gt & 7HA] A& Pz o719 Hegt FARE o]ofA|aL
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°© WEge Ashs
2h3 2ot ohge] oleiat WS LAY FAAME S0lg0] &

2 271508 ojolxltka Wk,

Moutzouris and Nomikos(2020)= tA|& 7|25 zk& e & ApAE
7t AREGS A=A AP dTAte|= Aol A-&5) 7HH AR
ofyz} A &s= 45t Qlt}. °]&2 Greenwood and Hanson
(2015)9] Hef& B4l(behavioral mechanism)S 2o BFgstal itk
= AollA FARHAIRE, AR Aol ofd A AE THFIL =
A A S5 7199 A5 A AL AUrk= HollAl 284
< Helt}. §3] ol Bolk= she7]de] B4 FA R Hconservatives) T
+ F84 FARHextrapolators) & FEH. o]F FAAEE BF 1|
dle719e] de Ue F=E(extrapolation)& Fl A5t SH
Mz SYsHAIRE, AR 9] s GuetE oA vl 2ol ARt
o] Qlo] ApolE HAlth F24 FARA N B2 FApA] v A
o] S Ht ZsHA mlF oSof BhgRlt). o529 F4o] WEH, o]
22 old4 7 E WIS Al Yol 5E4 7HE WHde 1Yol

1A

d
sk Foks FIA A Ad BE B4 S-83tckn B

Su er al(201912 Supremum Augmented Dickey-Fuller ¥H¥} Generalized
Supremum Augmented Dickey-Fuller W< AREo|A S2EH of2A]
ol A9l AZbubble)Z Adstaat et 19884 1095E 20184 2
7149] BDI(Baltic Dry Index) A&E Z83l, oI5 2003, 2004
|, 20074, 2008¥e] 27+ AZFo] EAF = AE Hiska Sl &
5] o]2|gt AZol gt A2 Bl A HojAbEe] ARl 27| FH
A &Hl(early warning mechanism)& 7+5¢ A& Fskyl ot ok

2 B WEHL Ms] FaAE sledelo]l R 7193 o &
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& g Adgslor tal Fstal Qi

Merika et al(2019)2 1998WHE 2016E7HA] Clarksonsol 55
559179 S wim| FHE ol-&sf T 7HA9 AHARIS £4
g}, o]So] BASE 1A /1AL AYsk= Q018 T4 Autol EAQ

Ql7} AJRFO] EAJQoloa JHEh Aulo] EXQole Muko] 7] Aut
o] Yo](Ad), Auto] AREH A4 Foltt AR EAQRIL AF2Y
Hl-8-S qj#Eosk= Liborgd], 848, A Adte] 34%F, A9 ojA7}
A, AR 74 ot} o2 1A 7H 24 1S ASHeE &
Aol7] 8l v|Z44 =4 (non-parametric estimation)& ARE-9}aL,
Au7lA9] AEE B 98 B3] A (quantile regression)S &
Skal Qlth. o]59] 4] At A ofAke} sREoA 1A 7140
oj@A FFE=Ao gt F83 JHE A Fot= A= HridEoh

=4
_"
A

H3E s2AIE 2 B2 AZR gt A ——

Alexandridis e a/(2018)& Markowitz(1952)9] @t ZEEZTQ 0]
22 dHo|vA, A=A, 24 Al A @7 U T ol=of 4
S0k UYAETHES BT A8 deo AP de e =25t
At Z A 2AAES AF SlA(direct hedge)Ztal skar, A 2t
BEAER= WA} 8| A (cross hedge)gkal 514, Markowitz(1952)9] o=

ue} ol2et Ay ALt wAl A HEE e o] AIdET

of tigt A7t ol AHilo] HEE Aksh= Aol BRI ol&
AL S| A B0l 48%2] AFAHTaIIE HAY St
AR SRS B8l SR 8% A AA R WA jHE, o]

ko M 2
re
-
=
)
=
_EL
it
=
El
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(coherence)= THESHA] FRtth= ©@yo] Uty mekA Yu, Yip and
Choy(2019)= 2% VaRE A HL & ARERIT o]&o] AAIg
A arElgo] wet =EE -9 HH 232 AEHQ ZE

L o|2F FioHA, APHEe] AdeE VY 'R AR HEHE
AYe Aoz YEH: 3, ool Aot +dER 292 Hake=

2483 ek FelA £ Aol ol

)
&

AlS 25 ek, oI5 G A 67) 42 1998EHE 2006
W F 2,03509) U LUAE ARE AGIAL k. TH, oSE

5982 299 WakeE S5 Ukt P4 £ et

] =
A BRI AA] ot FF FEAAA o] 2 bk HHES St

s
A9 EAYte wet ASHow PR ast ok
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Yang, Zhang and Ge(2021)= VaRE o]-&3l A=A A, v+
”A]ﬂ A A 719 AAAE Q] MolaTH(spillover effect)S H4l5}
QJrt. ol=o| ARSSH Al S-S Multivariate Multi-quantile Conditional
Autoregressive Value-at-Risk ¥ O 2 s5}}9] VAR Egolt}t. 19994d
11¢¥ 195 H 20199 39 4974 274 7| F 2,540719] 47t A=
£ Z83tE 20099 AF9] SEH S871E 7IHCE XES F =
Lol 243 o]59] E4l0] WEH, A=A AT AR A 71
+ Ao|gaprt AX, A=A AT vls F4] AR 7ol Holawt
7h AR 2 AeE "}E}”‘jr S, o]=0] FoSt FoEE Y E=
7129l Hiskgs 45t QIthes HollA £ A+ek= Zol7t St

Angelidis and Skiadopoulos(2008)2 A=A 424 FAA=EE
&5l VaR AR S5k ol s ®4staL Slth. ol&°] &
15._'?‘1' VaR &7 B2 BB A85H= GARCH(Generalized Autoregressive
Conditional Heteroskedasticity) 2@, 24S AFESHA] P= Ay 1t
Y, O8] IR W (extreme value method) 5°Jt}. o]&2 A+
"]EO] AER VaR ST 2AA=AZH(FFA) 5 A-8&2 3¢ vt
AZ(margin call)$d) 5o AMGE 4= Aol AFeIoh. T2y A 2
}‘4-4 Aloko g FAAE=AH L] 7HEoll= A4S HHE A-go] ozt
= A& Aot ot 3HH, o]Ex oES 299 HIkeR &7gotal

Ath= oA & A5ek= Abol7t Sl

15271248 OF £41(clearing)Bt 252, C18 Jf2H0] s 2k 240 S5/ e
2 QK= %S LB
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Rousos and Lee(2012)+= %At o] 7| H7FFHS AHP
(Analytic Hierarchical Process)E %3l AAIStaL . o2 7|&9]
=559 Il (discounted cash flow, HEHCZ FA7}AH1; W
F4olEHo] 9130l AF4 HHTE WP sfFA JAHEA e

1 17| 9] S FA SAMA & A S| AESHA] ERtrtal Blmeith 11
eto g A A FA FRE oz} HFH HYHE HF REYsh= 51t

%X—q,(hohstlc) t7|& QAMAA "o g A AHPE AlAlSEL Ut

Lo

[¢)

Yin, Wu and Lu(2019)= A=A Ao AE3A 0|2 FAF

o HPEo 2 AT S HAska ot ole2 AHkE %

A Yk 27] 34(abandonment option)#} AR AAZ 0 &2 25

A5t A AL 7Idele XA LH(deferrable option)S 7129 &

Z5E9] doldo] 7|x3}F EA} Hr) UPHE Hr} 2253 Ao g Brlslal
gQ

12

UL 0|59 A& 7|25 FAF B7F THES & Aol A
AL X g HE0 2 AL HAESH

M ox
s
5
F—E
Oﬂ.’;
401'
S_-Eo[:
oft
o
—lN

Pires(2019)= A% Zoizxzt A E] disfl AU+ 5]-8-/3(tolerance)
o] =7t 717k8A R0l AAof t|A]E= JFS A 40| 01351 AFefjof
A 245t Qi o] o %Xé
Vel 1, 8489 &4

Aokl S0 ZukA

oo
° rlo rfr
o,
EN
tolr
=
8
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o
5
-
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<
o
=
5
©
ol
ol
rlr
>i
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A ZreqRke] ARl et Aeg
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Lee and Pak(2018)2 Lo =4 Ad 23=0] 3

SHA| 1est= 821 AHPE ol 243t o|&9 4 ZAylo] m=H
ATA(CR, corporate recourse)®] 74 $93% & Q90| t}20]
AR A3 S E(asset cash flow) 22 YT AEHCE 585

A od7]= AR 71 (asset value)7t 7MY W2 7FSAIE 7= A
o Tajyth ofgt At o SRR e 4% dE8L
2 HEA Q2 Yehfia, Aubpite] 7 U @552 st BE
A A%S o= A= olsfHrt.

Maniati, Sambracos and Nikolaidis(2020)= ASHE sf-2-A1A 0419

<5 diE 27400 tiet AFEAE T ol d3=A Al 88
7l W42 5H principal component analysis(PCA)E 53l 8719 2
HEE EESHL, olF 871 WgEo] /i 299 tiE 240 nR IF=

S ol &4 2, F= GDP ﬁoxﬂ’“ﬂe o] 7M FaT 81le

o Eo =
G BAA0E U AT, ~EAOE o ANE FET & ek
1

zo xg R°1g 2

Yin e 220202 F39) F2 1YY 918 Beletk 719 Ak Y
AR AR08 AT, ol5e) A7 ke AT, 2Y9Y, A

5913, ZEAAEAAE 5 shevIgo] AAsk 1o 493He A%
we] A Aeste 1 71990] Aut trekdehs Zolth. 16099 thet
3719, A9 59 1Y FAAREE SHE ol o5 Fb e

7190o] 159] fA43 B 27 T2E ol o] RN B
4 5 gtk R,
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HoZE H4 714HS0| et SRt A

Girgin, Karlis and Duru(2020)= ASFEA AR} 24 AJA9]
M=o} et 59 HpE E83 EXl-q o|22E IAZ FAo|&
SAol F-E&RtAE B4 ol59 40 WEH, ERl-q o|&9
718k 7] AddE 7HA] A= v A4 L] oS0 =2o] H= A
02 Uk}, 53] o] =RolA 2T I 91 £ shis
M (reflexibility)e]2h= §4do] ol#fgt T AR(FE)9] IF
(sharing)ll 482 7-fol= FA A29 FEA] ARHt= ot
2 ofefat 54 A5} vl H 0 A SAREIA LA A
B2 7 Qe A Hol,

o

o

b
)

A2 (buy-and-hold strategy)oll Hls| =2/do] Eoh= AME HojF1
Ut E9] o2 &AEY Ad7HA Y] A7|(TAR) +F8A(long-run
cointegrating relationship)°ll 7|23t FAPJHE 7} AA Q] F31A ofjuid
gog [§-8%Z Holul qirh

Chou and Chen(2019)= AsHEA A1A9] 47] Ao Auto] tis] &
TA 714 83 71&2 B4 (technical analysis)2 £3F At ufjufj A
=Z At et o529 EA0] MEH, A4S0l AljKet ¥ 714 &

2 A0 7]arek v ekl mfd-E-f A=K(buy-and-hold
o

)
15
<,
o 5
=

strategy)°] Hlo] A& = ot
Ao st AEE =y AFARS] vlRYA A o] Qlo] HET}
43t Aot

>~
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Alizadeh and Nomikos(2012)= FFA AZE o]&3f F14 7149
H5HS A (hedging)ot= WS 4511 ot A& 91, Alo|=
A Al }9] % FFA AHE ol&df 514 7122 HEd 5 86.5%=

4% % 9 Holn ek

el

yol7l Adland, Ameln and Bgrnes(2020)+= FFA AZE &85t 5
1A 71A 9] AR FEA s HlE AREH (R aAks |, OLS o-8)x
SHA slYHl& AFEH(GARCH 23 o]-§) 0 & FEsto] AAlsta ek

o|59] &4 Aol WEH, Ago| H2 Aol tjgt R axrt Aol

2 AdtET 231, FEA s Wol FE A S e At &
o= et

Andriosopoulos et al(2013)2 & 7FA19] Z5Hy daE|ES &89
=24 & AAE AHEA A dE A5 E}E}aﬂ(index tracking)
EAE HAESIL ot o7|A F 7R sk g “differential
evolution”(DE)¥} “genetic algorithm”(GA)& &3t ‘3} ] RITAS =
A4E A5 EoKcomputational intelligence literature)olAl= @o] &
|HI Q= Ao R, GEA A3} ERAS Al & of=e HA £
EEYQ S 9t FEF A3 ERALS & AFolA AR e
AFALY] A PRl 48d & eHl o2t FAle 35 4

A=A 27t 2 Aol

o
Ae=

-+

HeHE AARE

A3 ZE @ WAL 2 Soele] et e ATREH £
S AT B ATl BNt the (& 3-1)3 Pt
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(H3-1) e a7 2319 FQ HE
=2

= LA
FH AN ZEZ2|Q0] 3 s =0
ZQ 28 | Markowitz(1952), Cullinane(1995), Hull(2010)
A2 by | HiRO1] BaI ATRIB(HERI T UL (i EXIK)
%%HTW /X MEfO] T3t 0|22 F2

ST B0 HHEOR M R
A SHRAIE 2 M| SEIN E4 G172
Ko and Chang(2021), Kavussanos 2/(2002), Moutzouris 2/(2019),

ﬂ Q2 28 | Lee 2/(2021), Greenwood 2/(2015), Moutzouris 2/(2020), Su 2| 3

A2 21(2019), Merika 2| 321(2019)

AAFE/ | o SHRAI™S 2(E8NE &)1 71 HaE2 SEIE

SEYCH | o B HT0|M K17 AN DO Z XiE

ESS) SHRAIE 2 B0l AYIF0| Cist &7

Alexandridis 2| 321(2018), Yu 2/(2019), Kavussanos 2/(2011),

Yang 2/(2021), Angelidis 2/(2008)

HI3E ° SHRAIHO| (R E= M) AT S5t SEIE E4Y, A

Mot 12|15 S HA

sieuiop | * 2 ST0IM 1) FFA 724E ZEZ2| Q01 U, 2) 25t 212|Z0]
02 &8N EAREEDR TF, 3) SV AR F4, 4) A&

M0l gt S NS ER

X SHRAIE &OAY Ms 5 AEE A4

Rousos 2/(2012), Yin 2/(2019), Pires(2019), Lee 2/(2018),

C

m
1o
HIr
1z

=Q 235 508 .
M4z T T Maniati 21(2020), Yin /(2020)
NARE/ e 0|1 o1, ASSNS 0125 WIIY, EXIA MSO| HAIX 118,
U0t | SHRAIRCS HEZt MAL| O|X|= g SOl thet =7+ 7 HQ

| MEF7HAHSO| CHet HSHer St
=0 o3 Girgin 2/(2020), Alizadeh 2/(2007), Chou 2/(2019), Alizadeh 2
HEE| T TS [(2012), Adland 2/(2020), Andriosopoulos 2] 321(2013)
AAFE/ e BEl-q0|2/2% 2 7|&X 2M0| EX} AMS0H| 7|LrsH Mt 0oy T2k,
2290t | FFA AHE 0|Z8H M7 oI, Tletd L112|E2 £l & F7H AT ER
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(O™ 4-2) Crst GHA| T ¢1A X

HA F7

A |

sH271%2| Cash In—Flow

| MBS |
| MBI AFR A 2H
B2t |} Jicjacier oy
|- s 71| shary | SHE7|EL
: P R= )
HE | Meto] Aol 71 74|
i . AOI 13
E7| i AMEMTL : E|EH EE]
HEQIII} skt
KAHEXE 8 mvee—— N 5 Ly A RPN

[ 7 ¢ a1 Posiiondl w2l Time charter 22, H47132 Cash Oul-Flow ololgt 4 2 |

A= 1HS(2013), p. 3

2. 24 MHIA W 8M NF : €3N Al B

M UL AL S (e 8AQD) 7ol HolRle % AHIA A
or8)9] FRol wet thadt Zo] ol 7R 2T 4= QUnh : FoieAl
(voyage charter)#A|F, EFAFE|(trip-charter)AIF, 717F8-A(time-charter)
Ak A7 &5A %K contracts of affreightment, COA),49) AAl8-4(bareboat
T+ demise charter)A|eF.

b

48) B4 SH2E00M = sHated HUdS charter party2 £2LC
49) L= EMMOZ A2 M(consecutive voyage charter) | 2F0|2F 1T STt

88



SRAY Ttzisae] SHN SY 24 04

7o gAke £ ol2of
a4 Aol oArE wet
= 211:} :}—_r—n' _Eﬂe £3) Aokezio] ghojud, Aok AHAH

)
)
o)
1=
o,
=
=
R
.|
o
oo
>~
r2
rlo
Lﬁi
N
i
ol ro

O b
f_OPN
o =
Ll
él-ﬂl
%1
_>_l9
I oo
> =
_>io
@3
N
F-EOEL
e ]
ﬁié
In}
1o, i
”
ofx
N
JINE
ﬂj'gg
?Tofl:%
Mo 4
jgmlo
-
Ol']I‘l“lﬁ,
o =
I

k3]
ForFolA FA] st vhAA =, o] Aol mhE A s
o2 Aow Ert. FeAATIME 25 ARlA AsZS Al
sk L HEe AF7E FEoH "o o] Hd2 oS 22 Yl
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50) Aizadeh and Nomikos(2009)2 &ZEZHOM, HE0I 2/(2012)9 ULE 2Lt

51) 28Hvoyage) HI&S S12H), omwszg M|, REIEE S8 BT 2% (operating) HIE2
M@ Qlzit|, HEH|E, RA1-Z| H|E SOICt Ak (capital) HI82 M8} S| AQE XF [[HTOHH*
Mot= HI8S 9J0|sttt. 3H2X2|(cargo-handling) HI&2 MAH|, ¥stH| 52| otH|8S LS.
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ShPAR Tpe0] SHE SN =M 04

6) R&t0 M2 Mo HgRY : F3

X

oSl U= Bz, 25410 I A Bl HEE IEER 4

g2l offe] 1™} gt

(O3 4-3) 2EA A0 T2 HFo| HIZRH

Ho
o
o
Y

FEXIHE

BoigMAY  ETNEAY  JIUSHAY  FIILBAY  HHSMAY

XtZ: Alizadeh and Nomikos(2009)2] p. 44; XX} L& X
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R2E SHRAIR 71HA0| SEiX SN

B QAT AR} AERRRE @ B Solnt 1o mes ue
of 71z AFALe] 24 LAt EESAA Sk wkA Sl ]
8o B w7 Wad o & A7 Clarksonsol A A g s
Aero] Tigt solat AUl Aug BeT

=

A B Aol AdolIA, ASBY, fEA 5 A 7H] AFe] 3
B9 Ao Loete ARt SRl tapge B 99
Th] 7t AFEE AT 2942 TR Hebd B ATeld s
670l o5 67 S dhef -0l 19 Az

=]

(B 4-1) UFA 2F ZoHHS ot Xtz 4Y(H A7)

=1 | TE2 S4=(H2/Y)  SUMTHHEE ) | ARMTHHHEE )

Narrow Beam
Containership 3,500

Containership

Containership 3,500/4.000 TEU

Con_1 TEU gls 6-12 Month o?azggggﬁ?j?wggggrigs (Wide Beam) G'less
10| Timecharter Rate Newbuilding Prices
= Feeder Containership Containership Containership

1,000 TEU grd 6-12 1,000/1,100 TEU FCC,

Con_2 Month Timecharter 1,000/1,100 TEU _5yr G'less Handymax

old Secondhand Prices o .
Rate Newbuilding Prices
1 YRear Timecharter Capesize b Year Old 176-180K DWT
=1 ate Capesize Secondhand Prices . .
=M | Bulk 1 : L Capesize Bulkcarrier
— | Bulkcarrier (Long Run | (Long Run Historical o X
O ; . Newbuilding Prices
Historical Series) Series)

52) BM SXt2 Holdg 2io MEHMME 22 Atz 2l SHO| HIAIS/0] ATt
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ShPAR Tpe0] SHE SN =M 04

=1 | TE2 SH=(H2/Y)  SUHTHHEE ) ARMTHHHEE )

1 Year Timecharter

Rate Panamax Panamax 76K 75-77K DWT
Bulk_2 Bulkcarrier (Long Run Bulkcarrier 5 Year Old | Panamax Bulkcarrier
9 Secondhand Prices Newbuilding Prices

Historical Series)

1 Year Timecharter | VLCC D/H 310K DWT | VLCC Newbuilding
TNK_1 | Rate VLCC (Long Run | 5 Year old Secondhand Prices (Long Run

ox A Historical Series) Prices Historical Series)
e 1 Year Timecharter Aframax D/H 105K 113-115K DWT
TNK_2 | Rate Aframax (Long DWT 5 Year Old Aframax Tanker

Run Historical Series) | Secondhand Prices Newbuilding Prices

7 RIR 7212 1996~202013
Xi=: Clarksons(Z41: 2021. 11. 30)

WA AFT A A= (E 4-1D2 A FEAE AT Aok £ A
ToAe REAE(bootstrap)@ VAR @& 53 AFAt £ ZE
9] g OY(&AR FY)ol et FEEE JHE EEdled|, o
Azol wlsl B HEE BA & ARTE K-8kt w2 AFolA

T Am o] tidol | FLe 6719 AEF ol thof oS (& 4-2)
e U7 ARE B0 AFgT

)
fo

B o o A A 1
rﬂ

(& 4-2) AL 2% RONHS I3t NRQ| HH(F XIB)

=1 | #=2 4=
Con 1 Narrow Beam Containership 3,500 TEU gls 6-12 Month Timecharter
ralz J[E H E— Rate

Con_2 Feeder Containership 1,000 TEU grd 6-12 Month Timecharter Rate

1 Year Timecharter Rate Capesize Bulkcarrier

512N Bulk_1 (Long Run Historical Series)
Bulk 2 1 Year Timecharter Rate Panamax Bulkcarrier
- (Long Run Historical Series)
o x i TNK_1 1 Year Timecharter Rate VLCC (Long Run Historical Series)
e TNK_2 1 Year Timecharter Rate Aframax (Long Run Historical Series)

Z5:1) (& 4-1)9] 9i7t K= 0] HO| 7t R0 91zt WO AMst 3
2) Xt= 717H2 19964 1€~ 20204 128
Xt&: Clarksons(ZA4d: 2021. 11. 30)
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2. X229 oFYM(stationarity) S

o/l AR A7t A= o A AS(EHeE 492 .
o] lrke A7 s di#d A58 ADF 455 AR
& <R 4-3)°1M H= viek Zo], Bulk_29] 4=} ARAVRE

X
< YoM 2k Ams 9ol vke AFHES YA

4ol 9ol welo] gtk A|RHo] 714w Ao Yeht, 21
ARG AzE Aol WA 4 Yk

(2 4-3) 2MA1=9| HolZ 3G Xt=)

T - p-at
234 -1.992 0.287
Mz .
2IXEYS —-b.474%** 0.000
233t -1.468 0.531
Con_1 | &IMIt .
2IXEYS -b.946%** 0.000
237 -2.551 0.116
MAEMIY E
22X =5, 139%*** 0.000
dEloIH 237 -2.432 0.144
anz = : :
ZEIXE -5.013*** 0.000
2% -1.848 0.349
Con_2 | &10H47t .
EIXEL —b.bbb*** 0.000
NEAT E_J?J -2.173 0.220
2IOXEL =4, 740%** 0.001

53) Bulk_29| 2 M2} AXEMIH= log-level & OFL|2t, log-differencedME HHRIZ20| UCH= HRI}
HE 7|2fet 2 gle Ao 2 LIEfHLE 2 1510 240 SEUNE {6l 0] & 7HK| X1=20i| CHSHA] 22
EAUH(Z log-difference At2E &% VAR Z8)2 M85t
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T= -3t [
237 ~1.736 0.401
E=NES -
ERIEE, —4.376%* 0.002
sk 1 | st 277 ~2.302 0.179
e T P T ~5.920%+* 0.000
277 -2.396 0.154
AMEMIE -
S 2R3} —4.486%* 0.002
detd 273 -3.063** 0.046
M= : :
2IREY -2.031 0.272
Bk 2 | mt 277 2282 0.185
WK | e 2327 -6.198%%* 0.000
277 -2.819* 0.072
MEMT}
2RSS -1.624 0.452
277 -2.425 0.145
ENES -
ERIEE, 4,723 0.001
N | zma 273 ~1.919 0.318
- | o 27 -4.386%** 0.002
277 -1.551 0.490
MEMTL
EREE, -3.825%** 0.008
SRNM
277 -2.186 0.215
=N ] -
2IREY 4. 274%%x 0.003
S 277 -2.067 0.258
ol i 2327t R 0.002
277 ~1.820 0.361
MEMT} .
2IREY ~5.002%** 0.000

Z5) %, 2% k= 10%, 5%, 1% SHM RALES ofn|
2) A Augemented Dickey-Fuller 2% =7 o|o
3 Iog IeveIJ_r log-difference= &332 Zalst 2HBAS
4) p—4f2 l\/IacKmnon(1996)°| == p-it

p=R Clarksons( 18401 2021. 1. 30)

(0]
=018

(D|Ckey and Fuller, 1979, 1981)
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67) AspEE U7 4Ee] Y AHEID FF)E ADF 2
2 5890 AL ol GE 4-ollA B A9} 0], Con 22 A2
T, 207 ARE W9l Uk FRAEE 1% SN 112
S 23t 2 2t Ahs 2P A0 Uehgh v o) 2
PgT ARE 1 ARG AR, 5 2IAEG0) Aol Tl Ut
L ARIMo] Z1zHE A0R teht, 2R AR g Holety
iz}

o

(B 4-4) BMR=O| Hel2 AS(EL AR)

= =2t P&k
23 -2.448 0.129
Con_1 -
227 —9.515%* 0.000
ZiE0]Y
273 ~0.923%x 0.004
Con_2 -
2R 10.119%+* 0.000
273 ~2.615* 0.091
Bulk_1 -
2R ~12.039%** 0.000
HsEH
Sk 2 273 ~2.705* 0.074
Hi- 2IR187 ~10.454%% 0.000
273 ~2.789* 0.060
TNK_1 .
2R 13.567%* 0.000
EEN
273 ~2.499 0.116
TNK 2
2R ~7.652%% 0.000

Z)t 2e Augemented chke Fuller 7.:.% A2 20|(Dickey and Fuller, 1979, 1981)
3) Iog feveli} log-difference= d+gg 2ot 4342 018
4) p~%2 MacKinnon(1996)2] o= p-4f

AtZ: Clarksons(ZMY: 2021. 11. 30)

ngl'oHn
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ShPAR Tpe0] SHE SN =M 04

3. 8 Xz Xtz 4y Zd FH

2 oML 97t 848 Aol 7|23 BEAEH(bootstrap)Tt
VAR B3Z 53] AFA) B4 REZ Q9] g |(8A4R D)
5t FESEE FHES £23lth webs of7]4s Es| VAR B3-S 97t
MR ARo] Hg3ke Zlo] BYAAE AZHo= Holm Ftt,

A oFf (E 4-5)9] A I AFolA B vpel o], &2 A

% 7ol 7% JA QAabio] ekt Ea AR AS Aeo]
A AR R 24 AR 294 ek BAS Holn k. webA

uA
2E s WAHREE Holr 245e W)= H55he VAR 29

< 87 4= A= FEshz Zlol FEle flthal weE.

(H 4-5) 1KY Qlutd AZ(Granger Causality test) A1 : &7t M=z

T F-SAE p-k = F-SAE p—#
Con_2— Con_1 3.403*% 0.066 | Con_1— Con_2 = 20.488*** 0.000
Bulk_1— Con_1 2.501 0.114| Con_1— Bulk_1 | 0.554 0.457
Bulk_2 — Con_1 5.158** 0.023| Con_1— Bulk 2 = 0.225 0.635
TNK_1 — Con_1 0.219 0.639 | Con_1— TNK_1 | 0.791 0.374
TNK_2 — Con_1 0.721 0.396| Con_1— TNK 2 | 3.214 0.074
Bulk_1— Con_2 | 1.069 0.301 | Con_2— Buk_1 | 1.617 0.204
Bulk_2— Con_2 | 5.664** 0.017 | Con_2— Bulk_2 | 0.021 0.884
TNK_1— Con_2 | 0.248 0.618| Con_2— TNK_1 = 1.887 0.170
TNK_2 — Con_2 1.017 0.314| Con 2— TNK 2 3.418 0.065
Bulk_2 — Bulk_1 5.270%* 0.022 | Bulk_1— Bulk 2 | 9.5b1*** 0.002
TNK_1— Bulk_1 1.154 0.283| Bulk_1T— TNK_1 = 1.573 0.210
TNK_2 — Bulk_1 0.074 0.785 | Bulk_1— TNK_ 2 | 6.544* 0.011
TNK_1— Bulk 2 | 0.297 0.586 | Bulk_2 — TNK_1 8.357*** 0.004
TNK 2— Bulk 2 | 0.528 0.467 | Bulk_2—~ TNK 2 =~ 8.080%* 0.004
TNK_ 2 — TNK_1 2.651 0.104 | TNK_1— TNK_ 2 = 11.260%** 0.000

- * *% ***I— 10% 5% %%7;")5‘ _IQI__QH\_?:O O||:||

xa: Clarksons(?:.*&.'%' 2021.71. 30)
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& A7olM E3F B4 Amol 87t VAR g2 T 2t

AlnConl, Y11 Y12 Y13 Y14 Y15 Vi) A InConl, 4

A lnCon2, Vo1 Va2 Vo3 Va4 Vo5 Voo | A InCon2, 4

A ln Bulkl, _ | V31 Y3233 V34 V35 V36 A lnBulkl, 4 €3t

A ln Bulk2, Va1 Va2 Vaz Vaa Va5 Vao | D InBulk2, 4 €4t

AInTNK1, V51 V52 V53 Vsa Vo5 Vse | D INTNKL, 4 €5t

AlInTNK2, Vo1 Vo2 V63 V64 Vo5 Voo \A In TNEK2, 4 ot
sjo] (HA1)e 243 AT B (& 46T 21,

(% 4-6) VAR 28

T2 i=1
FEX 0.460
Y | BERX | -0.061
t=gf 7.518
FHX| 0.143
Yo | BERX  -0.098
-2k 1.460
BN -0.025
Vs3i | BELX} -0.049
t-ak -0.522
ESSIN| 0.112
Vai | BELX} -0.065
-2 1.704
ESSIN 0.095
Vs | BZEQX | -0.067
-2 1.418
ESSIN -0.183
Yei | BEQX  -0.104
=2 -1.763

Ra: XA 2

100

i=2
0.167
-0.039
4.247
0.282
-0.063
4.454
-0.025
-0.032
-0.808
0.083
-0.042
1.971
0.001
-0.043
0.032
0.023
-0.067
0.349

i=3
-0.025
-0.107
-0.234
0.154
-0.172
0.893
0.193
-0.087
2.216
0.238
-0.115
2.058
-0.121
-0.117
-1.032
0.052
-0.182
0.285

4 247}

i=5
-0.021
-0.069
-0.314
0.068
-0.111
0.619
-0.081
-0.056
-1.454
0.203
-0.074
2.735
0.160
-0.075
2.118
0.147
-0.117
1.260

(A1)

i=6
0.038
-0.041
0.925
0.028
-0.067
0.419
0.010
-0.034
0.314
0.059
-0.045
1.314
0.156
-0.045
3.399
0.197
-0.071
2.768



SRAY Ttzisae] SHN SY 24 04

4, At X2 Xtz WY 2y FF

1) 84z, 314 714, U=EM 714 219 MK Qlaty AS

SA AFPRl, FIA H AR A A2 ol SAR(EE 2
Qo)) 2=9lo] AA7IXZ AT 4 e} 7| A QA AZ g
THE BXS B3 847, F14 7H, AxA 714 Az olggt 4
o] AAR YEh=AE AESIAL Ptk

(B 4-7) 21X QI ZZ(Granger Causality test) 21} : ¢i7t 32 U MF

e F-EAR  p-t T F-SAZ | p-#t
Con_1_TC—Con_1_SP 0.021 | 0.886 | Con_1_SP—Con_1_TC 0.241 0.628
Con_1_TC—Con_1_NP 0.321 | 0576 | Con_1.NP—~Con_1.TC  3.112* 0.092
Con_2_TC—Con_2_SP 0.039 | 0.844 | Con_2_SP—Con_2_TC 2.351 0.140
Con_2_TC—Con_2_NP 0.121 | 0.731 | Con_2_NP—Con_2_TC 0.900 0.353
Bulk_1_TC—Bulk_1_SP 0.977 | 0.334 | Bulk_1_SP—Bulk_1_TC 9.201*** | 0.006
Bulk_1_TC—Bulk_1_NP 0.213 | 0.648 | Bulk_1_NP—Bulk_1_TC 0.221 0.643
Bulk_2_ TC—Bulk_2_SP 1.009 | 0.326 | Buk 2 SP—Buk2TC 9.545%** | 0.005
Bulk_2_TC—Bulk_2 NP 0.047 | 0.830 | Bulk 2 NP—Bulk_2 TC 0.291 0.595
TNK1_TC—TNK_1_SP 1.970 1 0.175 | TNK_1_SP—TNK_1_TC 9.166*** | 0.006
TNKLI_TC—TNK_1_NP 0.293 | 0.593 | TNK_1_NP—TNK_1_TC 0.350 0.560
TNK_2_TC—~TNK_2_SP 0.322 | 0.576 | TNK.2.SP—TNK 2_TC 7.137% 0.014
TNK2_TC—TNK_2_ NP 0.083 | 0.775 | TNK 2 NP—TNK_2_TC 0.049 0.826

x * *% ***I— 10% 5% %Ejlx_-l‘ _|<_D|_0|_'_ 0||:||

Xti Clarksons(?:.*&.'%' 2021.11. 30)
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SRAY Ttzisae] SHN SY 24 04

A 7o) g4zol 2XT Wiz 2ol Ao et o=
ES 3

F2 aqlo] B2 A9 g o 27 2

(B 4-8) X2 43 Z4t

=2 trace S7|2f 2t
Con_1_TC SHE QS 16.295%** 0.037
Con_1_SP  ZXE z|A 17§ 4.963** 0.025
Con_1_TC SHE 98 14.453* 0.071
ZHE(0| A Con_1_NP | ZH&Z Z[A 171 1.738 0.187
Con_2_TC SHE QS 15.157% 0.056
Con_2_SP  ZXE XA 17§ 2.954% 0.085
Con_2_TC SHE QU8 27.366%** 0.000
Con 2 NP | ZXE z|A 17| 12.476%** 0.000
Bulk_1_TC SHE g8 15.541%* 0.049
Bulk_1_SP | ZX& Z|A 174 3.703% 0.054
Bulk_1_TC SHE Q8 10.530 0.242
H3t2 M Bulk_1_NP | 3H& &4 174 3.438* 0.063
Bulk_2_TC IHE 92 17.916%** 0.021
Bulk_2_SP | ZXE A 17§ 5.374%* 0.020
Bulk_2_TC SHE g2 18.164** 0.019
Bulk 2_.NP | ZXE x|A 174 6.540%** 0.010
TNK_1_TC SHE Q8 10.986 0.212
TNK_1.SP  ZXE z|A 17} 3.248* 0.071
TNK_1_TC SIHE 92 14.436* 0.071
oxM TNK_1_NP | ZHE =4 171 5.314** 0.021
TNK_2_TC SHE g2 15.811%* 0.044
TNK 2.SP  ZXE z|A 17} 5.724%% 0.016
TNK_2_TC SHE Q8 17.322%* 0.026
TNK_2_NP | ZXE %A1 4.240%* 0.039

FN)* R F= 0%, 5%, 1% SEAXN RY+F2 20|

2) trace—SAZ0| tfoliAl=Johansen(1995)E &E

3) p—Z2 MacKinnon, Haug and Michells(1999)2] &% p-zt
Xt&: Clarksons(ZA4d: 2021. 11. 30)
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(i 4-9) BHE WE(7] 2Y4) 38 21
InShipPrice, = ¢+ BXInTC, + e,
= c &,

M7} 1.473 1620

Con_1 (6.138)

MEM 17.096 0.049

(0.679)
=147} ~0.705 1.899%

Con_2 (5.559)

AZEMIt 21.614 ~0.539%

(-2.568)
=17} 11.728 0.575%

Bk 1 (11.595)

NEMI} 16.901 0.082

(0.701)
ey 9.506 0.780"

Bulk_2 (11.078)
NESSH! 12.729 0.464%

(10.760)
=17} 6.828 1.075%

TNK_1 (5.412)
AEMT} 5545 1.220%**

(3.904)
=17} 2,641 14928

INK 2 (6.391)
NEMT} 0.232 1.804%%

(4.683)

F1) ¥ R = 10%, 5%, 1% SAXN R+F2 20|
2)( et-#
Xt&: Clarksons(ZAi: 2021. 11. 30)
99} Zo] 348 A7 FFAL TG A4 A7l 51 o) %
ARE gusiy Bolugel AR B8 4 Ao 5 ol

& ] |
S 5ol B ATONAY & F 847 AnE FHoM, ol &
Ag AAm7F SIA B ARA 7 njx|E GRS SHoto] o|E #k
2 95T & At Ty B AFoA = o3t AubE ARE e
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subject to E[TC(i,t)] < a;, X TC,

o714 Risk = AFA] AR,
TC, & FolAe REEFQ0] 7% AR,
211__ 1_7'.]] 7:"_’_» TC(Jl)— }\]Xc]— }‘l\ji

)

KAL) FA 3L Aok zdo] thef AFARE AR Al
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H2

o
T'_'%'cn_l.

HIO

1. X2 AH54)

2 AFollA 28t A7t A=

(B 5-1) MFA2F 2oL

=1 T=2
Con_1
ZiH|0|Y
Con_2
Bulk_1
HeEd
Bulk_2
TNK_1
[FAEM
TNK_2

E4=(22/%)

Narrow Beam
Containership 3,500
TEU gls 6-12 Month

Timecharter Rate

Feeder
Containership 1,000
TEU grd 6-12
Month Timecharter
Rate

1 Year Timecharter
Rate Capesize
Bulkcarrier (Long
Run Historical
Series)

1 Year Timecharter
Rate Panamax
Bulkcarrier (Long
Run Historical
Series)

1 Year Timecharter
Rate VLCC (Long
Run Historical
Series)

1 Year Timecharter
Rate Aframax (Long
Run Historical
Series)

Z: K2 71742 1996~20204
A= Clarksons(ZAMY: 2021. 11. 30)

54) MAE M2EM AL8E Mz S5l
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s
2

= (& 5-1)3 2t

EA R (CLIR= )
Containership
3,200/3,600 TEU
5yr old Secondhand
Prices

Containership
1,000/1,100 TEU
5yr old Secondhand
Prices

Capesize b Year Old

Secondhand Prices

(Long Run Historical
Series)

Panamax 76K
Bulkcarrier 5 Year
Old Secondhand

Prices

VLCC D/H 310K
DWT 5 Year old
Secondhand Prices

Aframax D/H 105K
DWT 5 Year Old
Secondhand Prices

= 9ot Xtz HYH(At KiE)

AZMTHHRE )

Containership
3,500/4,000 TEU
(Wide Beam) G'less
Newbuilding Prices

Containership
1,000/1,100 TEU
FCC, Glless
Handymax
Newbuilding Prices

176-180K DWT
Capesize Bulkcarrier
Newbuilding Prices

75-77K DWT
Panamax
Bulkcarrier
Newbuilding Prices

VLCC Newbuilding
Prices (Long Run
Historical Series)

113-115K DWT
Aframax Tanker
Newbuilding Prices



g7 Ame T (# 5-2)9F £

e

=

AolA Z&

H 5-2) MUFA 2F ZoUBlS ot Az 2H(E Aig)

== [ = gu2
Con 1 Narrow Beam Containership 3,500 TEU gls 6-12 Month Timecharter
ZiE0| - Rate

Con_2 | Feeder Containership 1,000 TEU grd 6-12 Month Timecharter Rate

1 Year Timecharter Rate Capesize Bulkcarrier

_ Bulk_T (Long Run Historical Series)
HaE ,
Bulk 2 1 Year Timecharter Rate Panamax Bulkcarrier
— (Long Run Historical Series)
ox A TNK_1 1 Year Timecharter Rate VLCC (Long Run Historical Series)
e TNK_2 1 Year Timecharter Rate Aframax (Long Run Historical Series)

) (E5-1)9 A7t A2 E 0] BO| 7t A= o] A7t B o2 AAst 2
2) X2 71742 19963 1€ ~ 20204 12¢
Atz Clarksons(ZAMY: 2021. 11. 30)

2. 40lZ0| Hols9
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ox
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ol
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AL 4]

Ty = C;‘ )
A7|M R+ F7184E B9 3 o &% Holsols 84w Y
(revenue),50) C,+= AldhE A x40 7 SFHSIAY FIA-S of

SEERALS

fr

dste] 3t 8 <t AEIHA H

o182 015 0|

5b) M| =Q0M = (7|CH)=2l0| 7|SHZH(ED), BEHAL S HFRCE 07|M (7| E2
)=t 22 S20|IC}. TJ2iLt M3 SOIA 2Q(revenue)dt 101 7|=5t £E(return rate)S
S8510 At&ot R0, 2 AFOAM T £=0f ChA0)| oMM = =2 E0|2t1 BSICE

56) 2 SH0ME ARHEFSENHE MHSM AL X2 S0 $HA7F AN 2AM0|A MG
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E2008 24 foR YA 637) RESIQ 590 47} te
= 741&*43 & (E 5-3)3 2ok

H 5-3) 67 M2 0|85t ZEEZ|R ER9 &
ZEZ2O L M 74 g A
1) o1 3 174 41 == B
2 67l 5 274 e o=ty
3 67 = 37 ey WG :“3—[?:3?—;:20
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HEZ2|Q L Myt 4 LHg AL
P, 6!
= H _ 65 -
54 67 = bIK MEH 6Cs = 5 = 57 = 6
P, 6!
= A EH _ 676 L
67H 671l & 671 A=t G = 51 = 0T —
A 63

PN=EPS IR

63719] ZEZ2| 9] FAAMY /42 Aot o (& 5-4)9 2t

(H 5-4) MFAIQ| ZTEZZ|R H1&

T=1 L2 =t
Con_1 1
Con_2 2
194 Bulk_1 3
Bulk_2 4
TNK_1 5
TNK_2 6
Con_1-Con_2 7
Con_1-Bulk_1 8
Con_1-Bulk_2 9
Con_1-TNK_1 10
Con_1-TNK_2 11
Con_2-Bulk_1 12
Con_2-Bulk_2 13
274 Con_2-TNK_1 14
Con_2-TNK_2 15
Bulk_1-Bulk_2 16
Bulk_T-TNK_1 17
Bulk_1-TNK_2 18
Bulk_2-TNK_1 19
Bulk_2-TNK_2 20
TNK_1-TNK_2 21
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= =2 =t
Con_1-Con_2-Bulk_1 22
Con_1-Con_2-Bulk_2 23
Con_1-Con_2-TNK_1 24
Con_1-Con_2-TNK_2 25
Con_1-Bulk_1-Bulk_2 26
Con_1-Bulk_1-TNK_1 27
Con_1-Bulk_1-TNK_2 28
Con_1-Bulk_2-TNK_1 29
Con_1-Bulk_2-TNK_2 30
4 Con_1-TNK_1-TNK_2 31
Con_2-Bulk_1-Bulk_2 32
Con_2-Bulk_1-TNK_1 33
Con_2-Bulk_1-TNK_2 34
Con_2-Bulk_2-TNK_1 35
Con_2-Bulk_2-TNK_2 36
Con_2-TNK_1-TNK_2 37
Bulk_1-Bulk_2-TNK_1 38
Bulk_1-Bulk_2-TNK_2 39
Bulk_1-TNK_1-TNK_2 40
Bulk_2-TNK_1-TNK_2 41
Con_1-Con_2-Bulk_1-Bulk_2 42
Con_1-Con_2-Bulk_1-TNK_1 43
Con_1-Con_2-Bulk_1-TNK_2 44
Con_1-Con_2-Bulk_2-TNK_1 45
Con_1-Con_2-Bulk_2-TNK_2 46
Con_1-Con_2-TNK_1-TNK_2 47
Con_1-Bulk_1-Bulk_2-TNK_1 48
474 Con_1-Bulk_1-Bulk_2-TNK_2 49
Con_1-Bulk_1-TNK_1-TNK_2 50
Con_1-Bulk_2-TNK_1-TNK_2 51
Con_2-Bulk_1-Bulk_2-TNK_1 52
Con_2-Bulk_1-Bulk_2-TNK_2 53
Con_2-Bulk_1-TNK_1-TNK_2 54
Con_2-Bulk_2-TNK_1-TNK_2 55
Bulk_1-Bulk_2-TNK_1-TNK_2 56
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=1 TE2 sl
Con_1-Con_2-Bulk_1-Bulk_2-TNK_1 57
Con_1-Con_2-Bulk_1-Bulk_2-TNK_2 58
574 Con_1-Con_2-Bulk_1-TNK_1-TNK_2 59
Con_1-Con_2-Bulk_2-TNK_1-TNK_2 60
Con_1-Bulk_1-Bulk_2-TNK_1-TNK_2 61
Con_2-Bulk_1-Bulk_2-TNK_1-TNK_2 62
671 Con_1-Con_2-Bulk_1-Bulk_2-TNK_1-TNK_2 63

INE=RPRIN RS

4. 7|2l Sat AEAREETRICL VaR) - 244 209 Xtz

-85 Az 2RE QoA o3t &S ol EXZ(distribution T
= JAEIWE JH S (I¥ 5-2)%°F At}
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s . s
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(58] (59] [60]

12 J
10

5 6 61

: : onln

. . L e
-1 1 3 5 7 El 11 13 15 ¢ 4 15 17 -1 1 3 5 7 ] 11 13 15 17

[61] [62 [63]
iﬂ‘ o]
| Z]\ | ‘] |
alnlan (0 A0 ln. (lalalm.
Z:1) 2001 AE2E 2020E7HK| ¢17t QS5 21 JZOZ LIEHH 2207 EEX])

2) FE(XZ)2 -10IM 1771K] 22132| ZHA0 2 HAI=|0] Q111, ’Sé( %) 2|H2{0] 120|117 7+ 2¢
INERPSINES!

THo|A He viel o], 2YHsAHe] 9&For A9A Slof g
o] BHHo® FA| = B0l At WA FzAA NN TEEH= ¥
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2) 7|h4olE, EEMEE}, J2|n
T 4018 Amo] 7%

AP e 498 AR EFHAS} Y 5%
-95%-VaR<

H 5-5) ZEEL|QE J|UH+AUE

g3t 7t e

& 7t e

14-95%-VaR

s
S

s
..,_Q_]'

#2 olgtaL,
S Uehfs

T3 ofF (& 5-5)9 At

HZEHEX 1210 119-95%-VaR

el %

= 7|t E BEZHA 1H-95%-VaR
1 2.64 2.4 -0.09
2 3.22 1.81 0.61
3 4.53 4.92 0.23
4 4.68 4.40 0.90
5 3.19 1.78 0.44
6 3.64 2.04 1.00
7 2.93 2.06 0.26
8 3.59 3.48 0.49
9 3.66 3.22 0.62
10 2.92 1.98 0.27
M 3.14 2.13 0.55
12 3.88 3.12 1.09
13 3.95 2.87 1.15
14 3.20 1.64 0.79
15 3.43 1.79 1.07
16 4.61 4.64 0.57
17 3.86 3.03 0.74
18 4.09 3.12 1.01
19 3.94 2.75 0.80
20 4.16 2.83 1.09
21 3.42 1.89 0.72
22 3.46 2.81 0.76
23 3.51 2.65 0.80
24 3.02 1.86 0.56
25 3.17 1.96 0.68
26 3.95 3.75 0.63
27 3.45 2.74 0.53
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P 7|0l OZmi} 14-95%-VaR
28 3.61 2.81 0.72
29 3.50 2.56 0.57
30 3.66 2.63 0.76
31 3.16 1.97 0.52
32 414 3.51 1.09
33 3.65 2.49 0.87
34 3.80 2.56 1.06
35 3.70 2.31 0.92
36 3.85 2.38 1.10
37 3.35 1.74 0.86
38 414 3.44 0.79
39 4.29 3.49 0.97
40 3.79 2.55 0.83
41 3.84 2.36 0.87
42 3.77 3.16 0.86
43 3.40 2.43 0.68
44 3.51 2.49 0.82
45 3.43 2.31 0.71
46 3.55 2.36 0.85
47 3.17 1.87 0.67
48 3.76 3.10 0.68
49 3.87 3.14 0.81
50 3.50 2.47 0.65
51 3.54 2.33 0.68
52 3.91 2.91 0.95
53 4.02 2.96 1.09
54 3.65 2.28 0.91
55 3.68 2.14 0.94
56 4.01 2.93 0.91
57 3.65 2.76 0.78
58 3.74 2.80 0.89
59 3.44 2.28 0.75
60 3.47 2.18 0.77
61 3.74 2.77 0.75
62 3.85 2.62 0.96
63 3.65 2.55 0.82

2 95%-VaR2 612 5% 2 iRl +=UZ 20| O0|HAT(-1)E &t A. Ol= AIE $—|°4(r|sk)% ASHE
£2 71017| 20|, O|ZH DIO|HA1(-1)8 Hoh 71 22 VaR2 2l 7Ha 2 £2AZE0(R4
K2 Clarksons(ZA: 2021, 11. 30) X201 7| X5 LX7t 24
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HEA FAjol2o] wh2w, 917 2|5 HQl EA4AE 4ojo] w5 ol
252 5o Agsole aT5H AoR FA Ut = AFESTo]
2 EAAARS T0] 438 740l feolof ek Zolek. (E 5-6)2
P4 BT shee] B4 EES?] Q0] F|tieele] W ARANEEH
i} T VaR) 0] AAE ol 5. AgSl ol 0] o2 2

1= A

7} O‘E}. :LEM VaR% Q38 AIAZF 2(-)(-0.51)2 et} 59) 3t
H, HEAEY £AYE(VaR)S *J{rﬁﬂlﬂ 79| gl H(-0.03)°Ith

(& 5-6) 7|ti==2l2] Bt it A S(BEHAL £= VaR) - 2AS
= 7|th==S{o| Bt 7|CH-2fQ] EEHA 1H-95%-VaR
7 |tH==2ie] Bt 1
7 |EH==of o] BEHAL 0.82 1
14-95%-VaR -0.51 -0.03 1

o Z& JTAYL ok (& 57 ARG SUSH Lehet.
pis

It NS A(EZHR E= VaR) © &2

FHA BE OFf -2k
NELU(Risk)o| BE Hx}
c 2.377%** 0.117 20.108
I6] 0.4871%x* 0.043 11.182
AESIE( Risk)o| VaR

¢ 2,986 0.148 20,111

3 ~0.868"* 0.185 ~4.669
%, xe s 10%, 5%, 1% SHN R9IAEE 21|
=R 7(1;(} xw
59) 3 T S TR Q7RI 3 ERIE T [eolo B w2 HOR LELC Ol pBRet e
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2ol Markowitz(1952)] AolA Mﬁag A} o), AFAHEE
EAR} A4 S50 710 $ol8E AR B4 EEZ 0 Ausit
W, okl (1% 5-3)e] Ueld st o] Zejsolgo] Hig Aol
Arjdoz de BERAE Holk B4 XEZH S AT Zolth. 1
Bt oA A uleh 2o), BEEEAL 02, 2 &2 Solo] fat 4
B2 B4 Wbt ek
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HAE AoR Uehith, & EAXAE 219 ABALTL HoH Y ZE
E199) WESIH 4RI} ol Zolx, Wl AuALT} sot
AW AEE AR AR Rolch

5 5-8) 53 EES2|00| BRI RES2(Q0| 40i8 TR L 817 24 21}
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O7IA Y2 & M 7H M5 RER PAE ZEE2|Q0| 4050 HEHF}
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5. 1™ 452t X|x=HAH(index-linked) M&

A7 42 SARE did A= 189 34d 149 8A=E 7IE

oF ¥ 7+ 8ARE W= Z0E 7P 184 o] g

SAR(7IATEE o] 22 AR Al &4
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6. HAIZE SAHEE XA Zoay UHE

N

A7 A= 20019 1952 20209 1297H4] Auiapato] x5t A5
Ao ZEETQ B Ao WE £ E 243 Jo wE HF ZEE
2l Aol dis] dmEgitt. of7]AE 20209 1289] A=A HHPX}
Ab ol A w1zt A v €9 7l #AEFAES] ¥
o 9] HEE E Al dis) moddshs WHES Qﬁ%—“&%
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719) ABG wle ALl e ALgsks Zo] 29] AN Al old A
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HEAEY A2 M7 Kconfidence interval)S A
**Oﬂ AMEOHA| 4, Tt AN ROMT M= AIHEISI “FEAEYM 'O S 2 CH2L,

64) 2 AN ARSH= szl—go o&X 22| giAlo| H31E(continuously compound change rate)
2 A5 0] Mekge M40 AIAZTIE oty XH(tH7])E otH FLHEIC

of AAY HOMY & S0 SdHe=
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1Y 5 HEo] QUrh67) &5] AR EE Y A5 HES
Ab AP Eolnh & A oA €7t £UEQ2407)2 o]8af 24k
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1. SEAE#M(bootstrap) 21

### Simulation by Bootstrapping

# Number of simulations

N {- 1000

P (- 63

P_return_M <- matrix(O,N,P)

itr (- 1
repeat {if(itr)N) break

elsef

# Data Import

dataset {- read.csv(file="shipcost_12.csv") # Ship cost
yl (- dataset[,1]
y2 {- dataset[,2]
y3 {- dataset[,3]
v4 (- datasetl,4]
y5 (- dataset[,5]
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y6 - dataset[,6]
y7 {- dataset[,7]
y8 (- dataset[,8]
y9 {- dataset[,9]
y10 <- dataset[,10]
y11 {- dataset[,11]
y12 (- dataset[,12]

Ship_C <~ cbind(y1,y2,y3,v4,y5,y6,7.y8.y9.y10,y11,y12)

dataset {- read.csv(file="TC_6.csv") # TC rate at end date

y1 {- dataset[,1]
y2 {- dataset[,2]
y3 <~ dataset[,3]
v4 (- dataset[,4]
y5 (- dataset[,5]
y6 (- dataset[,6]

TC_A <~ cbind(y1,y2,y3,y4,y5.6)

dataset (- read.csv(file="TC_240.csv") # Indiff of 20-years monthly TC

y1 {- dataset[,1]
y2 {- dataset[,2]
y3 <~ dataset[,3]
v4 (- dataset[,4]
y5 (- dataset[,5]
y6 (- dataset[,6]

TC_M <- cbind(y1,y2,y3.,v4,y5,y6)
TofM <~ nrow(TC_M)

158



Sl
J

# Data Generating by Bootstrapping
To_N <~ seq(from = 1,to=TofM)
order N {- matrix(To_N,TofM,1)

Boot_sample {- matrix(0,12,6)

resample (- sample(order_N, 12, replace = TRUE)

resample {- matrix(resample,12,1)

i¢-1
repeat {if(i)12) break

elsef

a (- resampleli, 1]
Boot_sampleli,(1:6)] (- TC_MIa,(1:6)]

i(-i+l
}
}

yy - Boot_sample

# Annual return rate
y_ann_avg {- matrix(0,12,6)
ym_0 - o«(TC_A[L))

i-1

repeat {if(i)12) break

elsef

ym_1 {- exp(yyli,] + log(ym_0))
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y_ann_avgl[i,] - ym_1
ym_0 (- ym_1

i(-i+l
}
}

rmat_0 {- colMeans(y_ann_avg)
rmat {- matrix(rmat_0,1,6)

ann_r <- 365*rmat

R_rate0 <{- matrix(0,1,12)

R_rate0[1,1] <- (ann_r[1,1]-Ship_CI1,1])/Ship_CI1,1]
R_rate0[1,2] <- (ann_r[1,1]-Ship_CI1,2])/Ship_CI1,2]
R_rate0[1,3] ¢~ (ann_r[1,2]-Ship_CI1,3))/Ship_CI1,3]
R_rateQ[1,4] {- (ann_r[1,2]-Ship_CI1,4])/Ship_CI1,4]
R_rate0[1,5] <- (ann_r[1,3]-Ship_CI1,5])/Ship_CI1,5]
R_rate0[1,6] <~ (ann_r(1,3]-Ship_Cl1,6])/Ship_CI1,6]
R_rate0[1,7] <- (ann_r[1,4]-Ship_CI1,71)/Ship_CI1,7]
R_rate0[1,8] <- (ann_r[1,4]-Ship_CI1,8])/Ship_CI1,8]
R_rate0[1,9] <~ (ann_r[1,5]-Ship_C[1,91)/Ship_C[1,9]
R_rate0[1,10] ¢- (ann_r[1,5]-Ship_CI1,10])/Ship_CI1,10]
R_rateQ[1,11] {- (ann_r[1,6]-Ship_CI1,11])/Ship_CI1,11]
R_rate0[1,12] ¢~ (ann_r[1,6]-Ship_CI1,12))/Ship_C[1,12]

A~~~ o~ o~ o~~~

R ratel {- matrix(0,1,6)

R_ratel[1,1] {- (R_rateO[1,14+R_rate0[1,2])/2
R_ratel[1,2] {- (R_rateO[1,3]+R_rateQ[1,4])/2
R_ratel[1,3] ¢- (R_rateO[1,5]+R_rateQ[1,6])/2
R_ratel[1,4] (- (R_rateO[1,7]+R _rateO[1,8])/2
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R_ratel(1,5] {- (R_rateO[1,9]4R_rateQ[1,10])/2
R_ratel[1,6] ¢- (R_rateO[1,11]+R_rateO[1,12])/2

# Return rate of 63 portfolios
P_return {- matrix(0,1,63)
P_return(1,1] {- R_ratel[1,1]

P_return(1,2] {- R_ratel[1,2]
P_return[1,3] {- R_ratel[1,3]
P_return[1,4] {- R_ratel[1,4]
P_return[1,5] {- R_ratel[1,5]
P_return[1,6] {- R_ratel[1,6]
P_return[1,7] (- (R_ratel[1,1]+R _rate1[1,2)/2
P_return(1,8] {- (R_ratel[1,1]+R_rate1(1,3])/2

[
[
[
[
[
[
[
[
P_return[1,9] - R ratel[1,1]+R_ratel[1,4])/2
P_return(1,10] {- (R_ratel[1,1+R_ratel[1,5])/2
P_return(1,11] {- (R_ratel[1,1]+R_ratel[1,6])/2
P_return[1,12] (- (R_ratel[1,2]4R_ratel[1,3])/2
P_return[1,13] {- (R_ratel[1,2]+R_ratel[1,4])/2
P_return(1,14] {- R_ratel[1,2]+R_ratel[1,5])/2
[ +R_ratel[1,6))/2
[ +R_ratel[1,4])/2
[ +R_ratel[1,5])/2
[
[
[
[
[
[
[
[

1]
]
]
]
P_return(1,15] {- (R_ratel[1,2]
]
]
[+R_ratel[1,6])/2
]
]
]
]
]
]
]

(1,2
(1,2
(1,2
(1,2
P_return[1,16] (- R_ratel[1,3
P_return[1,17] (- R_ratel[1,3
P_return[1,18] {- (R_ratel[l,3
P_return[1,19] (- R_ratel[1,4
P_return[1,20] {- R_ratel[1,4
P_return(1,21] {- (R_ratel[1,5

[1,1

[1,1

(1,1

[1,1

+R_ratel[1,5])/2
+R_ratel[1,6])/2
+R_ratel[1,6])/2

P_return1,22] {- (R_ratel[1,1]+R_ratel[1,2]+R_ratel[1,3])/3
P_return(1,23] {- (R_ratel[1,1]+R_ratel[1,2]+R_ratel[1,4])/3
P_return[1,24] (- (R ratel[1,1]+R_ratel[1,24R_ratel[1,5])/3
P_return(1,25] {- (R_ratel[1,1]+R_ratel[1,2]+R_ratel[1,6])/3
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P_return[1,26] (- (R_ratel[1,1]+R_ratel[1,3]+R_ratel[1,4])/3
P_return(1,27] {- (R_ratel[1,1]+R_ratel[1,3]+R_ratel[1,5])/3
P_return[1,28] (- (R_ratel[1,1]+R_ratel[1,3]+R_ratel[1,6])/3
P_return[1,29] (- (R_ratel[1,1]+R_rate1[1,4]4+R_rate1[1,5])/3
P_return[1,30] (- (R_ratel[1,1]+R_ratel[1,4]4+R_ratel[1,6])/3
P_return[1,31] (- (R_ratel[1,1]+R_ratel[1,5]4+R_ratel[1,6])/3
P_return[1,32] (- (R_ratel[1,2]+R_ratel[1,3]+R_ratel[1,4])/3
P_return[1,33] (- (R_ratel[1,2]+R_ratel[1,3]+R_ratel[1,5])/3
P_return[1,34] (- (R_ratel[1,2]+R_ratel[1,3]+R_ratel[1,6])/3
P_return[1,35] (- (R_ratel[1,2]+R_ratel[1,4]4+R_ratel[1,5])/3
P_return[1,36] (- (R_ratel[1,2]+R_ratel[1,4]4+R_ratel[1,6])/3
P_return(1,37] {- R_ratel[1,2]+R_ratel[1,5]+R_ratel[1,6))/3
P_return(1,38] {- (R_ratel[1,3]+R_ratel[1,4]+R_ratel[1,5])/3
P_return[1,39] (- (R_ratel[1,3]+R_ratel[1,4]+R_ratel[1,6])/3
P_return[1,40] {- (R_ratel[1,3]+R_ratel[1,5]+R_ratel[1,6])/3
P_return[1,41] (- (R_ratel[1,4]+R_ratel[1,5]4+R_ratel[1,6])/3
P_return[1,42] (- R ratel[1,1]+R_ratel[1,2]+R_ratel[1,3]
P_return[1,43] (- (R_ratel[1,1]+R_ratel[1,2]4+R_ratel[1,3]
P_return[1,44] (- (R_ratel[1,1]+R_ratel[1,2]4+R_ratel[1,3]
P_return[1,45] (- R ratel[1,1]+R_ratel[1,2]+R_ratel[1,4]
P_return[1,46] {- (R_ratel[1,1]+R_ratel[1,2]+R_ratel[l,4]
P_return[1,47] (- (R_ratel[1,1]+R_ratel[1,2]+R_ratel[1,5]
P_return[1,48] (- (R_ratel[1,1]+R_ratel[1,3]+R_ratel[1,4]
P _return[1,49] {- (R_ratel[1,1]+R_ratel[1,3]+R_ratel[l,4]
P_return[1,50] (- (R_ratel[1,1]+R_ratel[1,3]+R_ratel[1,5]

P return[1,51] ¢- R ratel[1, THR ratel[1,4H4R ratel[1,5HR ratell1,6)/4
P_return(1,52] <~ (R ratel[1,24R ratel[1,34R ratel(1,4HR ratel(1,5)/4
P return(1,53] ¢~ (R ratel(1,2HR ratel(1, 3R ratel[1,44R ratel(1,6)/4
P return(1,54] ¢- R ratel[1,2HR ratel[1,3H4R ratel[1,5HR ratell1,6)/4
P return[1,55] ¢- (R ratel(1,2HR ratel[1,4H4R ratel[1,5HR ratel(1,6)/4
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P return(1,50) ¢- (R ratel[1
P return(1,57] - (R ratel
P return(1,58] ¢- (R ratel

[1,3HR ratelll,44R ratelll,5H4R ratel[1,6)/4
1,
1,

P return(1,59 ¢- (R ratel(,1
1,
(1,1
[
(

R ratel(1,24R ratel(1,3HR ratel(1,4+4R ratel(1,5))/5
4R ratel[1,2HR ratel[1,3HR ratel[1,4HR ratel[1,6)/5

3 [ [
1 [ [ )
1 [ [ )
R ratel[1,24R ratel[1,3HR ratel(1,5HR ratel(1,0)/5
[ [ )
| [ )
[ [
[ [

= B B

P return[1,60] ¢- (R ratel[1,14R ratel{1,2H4R ratel[1,4+4R ratel(1,5HR ratel[1,6)/5
P_return([1,61] - R ratel(1, IHR ratel[1,3H4R ratel(1,44R ratel(1,5HR ratel[1,6])/5
P return(1,62) - (R ratel[1,24R ratel[1,34R ratel(1,4HR ratelll,54R ratel[1,6))/5
P return[1,63] ¢- (R ratel[1, IR ratel(1,24R ratel(1,34R ratel[1,44R ratel(1,5HR ratel(1,6)/6

= =

P_return_MlIitr,] {- P_return

itr - itr+1
}
}

mean_M ¢~ colMeans(P_return_M)

sd_ M ¢- matrix(0,63,1)
VaR_M ¢~ matrix(0,63,1)
i¢-1

repeat {if(i)63) break

elsef

sd_MIi,] ¢- sd(P_return_MLil)
VaR_MIi,] {- quantile(P_return_MLi, probs = ¢(0.05))

i-i+l

}
}
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Output_M ¢~ cbind(mean_M, sd_M, VaR_M)

## Saving the Results
write.csv(x=Output_M,file="Output_M_BS.csv",row.names=FALSE)
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### Simulation by VAR Model

# Number of simulations

N {- 1000

P (- 63

P_return_M <- matrix(Q,N,P)

itr (- 1
repeat {if(itr)N) break

elsef

# Data Import

dataset - read.csv(file="shipcost_12.csv") # Ship cost
y1 (- dataset[,1]
y2 {- datasetl,2]
y3 <~ dataset[,3]
v4 (- dataset[ 4]
y5 (- datasetl,5]
y6 {- dataset[,6]
y7 {- dataset[,7]
y8 (- dataset[,8]
9 {- dataset[,9]
y10 <- dataset[,10]

y11 <~ dataset[,11]

y12 {- dataset[,12]

Ship_C ¢~ cbind(y1.y2.y3.y4.y5.y6.y7.¥8,y9.y10,y11,y12)
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dataset ¢- read.csv(file="TC_6.csv") # TC rate at end date
y1 {- dataset[,1]

y2 {- dataset[,2]

y3 <~ dataset[,3]

v4 (- dataset[,4]

y5 (- dataset[,5]

y6 - dataset[,6]

TC_A <~ cbind(y1,y2,y3,y4,y5,y6)

dataset (- read.csv(file="TC_240.csv") # Indiff of 20-years monthly TC
y1 (- dataset[,1]

y2 {- dataset[,2]

y3 <~ dataset[,3]

v4 (- dataset[,4]

y5 {- dataset[,5]

y6 - dataset[,6]

TC_M <~ cbind(y1,y2,y3,y4,y5,y6)

TofM {- nrow(TC_M)
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# VAR Estimation

ymat {- TC_M[2:TofM,] # Dependent vector

xmat {- TC_MI[1:(TofM-1),] # Independent vector

TofVAR {- nrow(ymat)

k ¢~ ncol(ymat)

b_ols (- solve(t(xmat)%"%xmat)%"%t(xmat)%"*%ymat # Estimation of coefficients

Phi ¢~ t(b_ols)

yhat <- xmat%*%b_ols
uhat {- ymat - yhat # Error terms
sig2mat <~ (t(uhat)%*%uhat)/(TofVAR-3) # Variance-Covariance matrix

# Data Generating by VAR Model
lowtri_cov <~ t(chol(sig2mat))

yy (- matrix(0,12,6)
x0 - TC_MI[TofM,]

i-1
repeat {if(i)12) break
elsef
x{-x0
y (- x%*%b_ols + t(lowtri_cov%*%rnorm(k)) # Generating y variable
yyli] -y
x0¢-y
i(-it+l
}
}

167



# Annual return rate
y_ann_avg {- matrix(0,12,6)
ym_0 <- «(TC_AI1,])

i¢-1

repeat {if(i)12) break

elsef

ym_1 {- exp(yyli,] + log(ym_0))
y_ann_avgli,] - ym_1
ym_0 {- ym_1

i(-i+l
}
}

rmat_0 {- colMeans(y_ann_avg)
rmat {- matrix(rmat_0,1,6)

ann_r <- 365*rmat

R_rate0 {- matrix(0,1,12)

R_rate0[1,1] <- (ann_r[1,1]-Ship_CI1,11)/Ship_CI1,1]
R_rate0[1,2] <- (ann_r[1,1]-Ship_CI1,2])/Ship_CI1,2]
R_rate0[1,3] <- (ann_r[1,2]-Ship_CI1,3])/Ship_CI1,3]
R_rateQ[1,4] {- (ann_r[1,2]-Ship_CI1,4])/Ship_ClI1,4]
R_rate0[1,5] <- (ann_r[1,3]-Ship_Cl1,5])/Ship_Cl1,5]
R_rate0[1,6] {- (ann_r(1,3]-Ship_CI1,6])/Ship_CI1,6]
R_rate0[1,7] ¢~ (ann_r(1,4]-Ship_CI1,7))/Ship_CI1,7]
R_rate0[1,8] <- (ann_r[1,4]-Ship_CI1,8])/Ship_CI1,8]
R_rate0[1,9] ¢- (ann_r(1,5]-Ship_CI[1,91)/Ship_CI[1,9]
R_rate0[1,10] <~ (ann_r(1,5]-Ship_CI1,101)/Ship_CI1,10]
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R_rate0[1,11] ¢~ (ann_r[1,6]-Ship_CI1,11])/Ship_CI1,11]
R_rate0[1,12] {- (ann_r[1,6]-Ship_CI1,12])/Ship_Cl1,12]

R_ratel {- matrix(0,1,6)
R_ratel[1,1] {- (R_rate0
R_ratel([1,2] {- (R_rate0
R_ratel[1,3] <- (R_rate0

[1,1]4R_rateQ[1,2])/2

|

[
R_rate1[1,4] <- (R_rateQl

|

[

1,1] [1.2])
1,34R_rate0[1,4])/2
1,5]+R_rate0[1,6])/2
1,7]+R_rate0[1,8])/2
1,914R _rate0[1,101)/2

R_ratel[1,5] {- (R_rate0

R_ratel[1,6] {- (R_rateO[1,11]+R_rateO[1,12])/2

# Return rate of 63 portfolios
P_return {- matrix(0,1,63)
P_return[1,1] {- R_ratel[1,1]
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P_return(1,2] {- R_ratel[1,2]
P_return(1,3] {- R_ratel(1,3]
P_return[1,4] {- R_ratel[1,4]
P_return(1,5] {- R_ratel[1,5]
P_return([1,6] <- R_ratel[1,6]
P_return[1,7] {- (R ratel[1,1]4R ratel[1,2])/2
P_return(1,8] (- (R_ratel[1,1]+R_ratel[1,3])/2

P_return

P _return
P_return
P_return
P _return
P_return
P_return

[
[
[
[
[
[
[
[
[
P_return[
|
[
|
|
[
|
|

P _return

1,9] (- (R_ratel[1,1]+R_ratel[1,4])/2
1,10] - (R_ratel[1,14+R _ratel[1,5])/2
1,11] ¢- (R_ratel[1,11+R _ratel[1,6)/2
1,121 ¢- (R_ratel[1,2]4R_ratel[1,3])/2
1,13] - (R_ratel[1,2]+R_ratell1,4])/2
1,14] {- (R_ratel[1,2]+R_rate1[1,5)/2
1,15] - (R_ratel[1,2]+R_ratel[1,6])/2
1,16] - (R_ratel[1,3]+R_ratell1,4])/2
]

[
[
[
[
[
1,171 {- R _ratel[1,3]+R_ratel[1,5])/2

e e i i

2
2
2
2
3
3
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P_return[1,18] ¢- (R_ratel[1,3]+R_ratel[1,6])/2

P_return[1,19] (- (R_ratel[1,4]+R_ratel[1,5])/2

P_return(1,20] (- (R_rate1[1,4+R_ratel[1,6])/2

P_return(1,21] {- (R_ratel[1,5]+R_ratel[1,6])/2

P_return[1,22] (- (R ratel[1,1]+R_ratel[1,2]+R_ratel
P_return[1,23] (- (R_ratel[1,1]+R_ratel[1,2]4+R_ratel
P_return[1,24] (- (R_ratel[1,1]+R_ratel[1,2]4+R_ratel
P_return[1,25] (- (R ratel[1,1]+R_ratel[1,2]+R_ratel
P_return[1,26] (- (R_ratel[1,1]+R_rate1[1,3]+R_ratel
P_return[1,27] (- (R_ratel[1,1]+R_rate1[1,3]+R_ratel
P_return[1,28] (- (R ratel[1,1]+R_ratel[1,3]+R_ratel
P return[1,29] {- (R_ratel[1,1]+R_ratel[1,4]+R_ratel
P_return[1,30] (- (R_ratel[1,1]+R_ratel[1,4]4+R_ratel
P_return[1,31] - (R ratel[1,1]+R_ratel[1,5]+R_ratel
P_return[1,32] (- (R_ratel[1,2]+R_rate1[1,3]+R_ratel
P_return[1,33] (- (R_ratel[1,2]4R_rate1[1,3]+R_ratel
P_return[1,34] (- (R ratel[1,2]+R_ratel[1,3]+R_ratel
P_return[1,35] (- (R_ratel[1,2]+R_ratel[1,4]4+R_ratel
P_return[1,36] (- (R_ratel[1,2]4R_ratel[1,4]4+R_ratel
P_return[1,37] - (R ratel[1,2]+R_ratel[1,5]+R_ratel
P return[1,38] {- (R_ratel[1,3]+R_ratel[1,4]+R_ratel
P_return(1,39] (- (R_ratel[1,3]+R_ratel +R_ratel
P_return[1,40] (- (R ratel[1,3]+R_ratel[1,5]+R_ratel
P_returnl1,41] {- (R_ratel[1,4]+R_ratel[1,5]+R_ratel
P_return[1,42] (- (R_ratel[1,1]+R_ratel[1,2]4+R_ratel
P_return[1,43] (- (R ratel[1,1]+R_ratel[1,24R_ratel
P_return(1,44] {- (R_ratel[1,1]+R_ratel[1,2]+R_ratel
P_return[1,45] {- (R_ratel1[1,1]+R_ratel[1,2]+R_ratel
P_return[1,46] {- (R_ratel[1,1]+R_ratel[1,2]+R_ratel
P_returnl1,47] {- R_ratel[1,1]+R_ratel[1,2]+R_ratel

<_
<_
<_
<_
<_
<_
<_
<_
<_
<_
<_
<_
<_
<_
<_
<_

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

1,2
1,2
1.3
13
1,3
14
14
1,5
1.3
1.3
1,3
14
14
1,5
14
14
1,5
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3D/3
4)/3
/3
6)/3
4)/3
/3
6)/3
S)/3
6)/3
6)/3
A4)/3
/3
6)/3
S)/3
6)/3
6)/3
S)/3
6)/3
6)/3
[1.6)/3

[1,31+R_ratel[1,4])/4
[1,31+R_ratel[1,5])/4
[1,3]4R_ratel[1,6])/4
(1,4]4R_ratel[1,5])/4
[1,4]4R_ratel[1,6])/4
[1,514R_ratel[1,6])/4
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P_return(1,48] {- (R _ratel[1,1]+R_ratel[1,3]+R_ratel[1,4]4+R_ratel[1,5])/4
P_return[1,49] {- R_ratel[1,1]+R_ratel[1,3]4+R_ratel[1,4]+R_ratel[1,6])/4
P_return(1,50] {- R_ratel[1,1]+R_ratel[1,3]+R_ratel[1,5]+R_ratel[1,6])/4
P_return[1,51] {- R _ratel[1,1]+R_ratel[1,4]+R_ratel[1,5]4+R_ratel[1,6])/4
P _return[1,52] {- R_ratel[1,2]+R_ratel[1,3]4+R_ratel[1,4]+R_ratel[1,5])/4
P_return(1,53] {- R_ratel[1,2]+R_ratel[1,3]+R_ratel[l,4]+R_ratel[1,6])/4
P_return(1,54] {- (R _ratel[1,2]+R_ratel[1,3]+R_ratel[1,5]4+R_ratel[1,6])/4
P_return[1,55] {- (R_ratel[1,2]+R_ratel[1,4]4+R_ratel[1,5]+R_ratel[1,6])/4
P_return(1,56] {- R_ratel[1,3]+R_ratel[1,4]+R_ratel[1,5]+R_ratel[1,6])/4

P_return[1,57) ¢- (R ratel[1,1]4R _ratel[1,2]4+R_ratel[1,34+R_ratel[1,44+R ratel(1,5])/5
P_return(1,58] {- (R_ratel[1,114+R _ratel[1,24R_ratel[1,34R ratel[1,44R_ratel[1,6])/5
P_return(1,59] (- R ratel[1,1]4R_ratel[1,2]+R ratel[1,3]+R _ratel[1,51+R ratel[1,6])/5
P_return(1,60] (- R ratel[1,1]4R _ratel[1,2]4R _ratel[1,44+R_ratel[1,54+R ratel[1,6])/5
P _return[1,61] {- (R ratel[1,14R ratel[1,34R_ratel[1,44R_ratel[1,5]4+R_ratel[1,6))/5
P _return[1,62] - (R ratel[1,2]4R ratel[1,3]4+R _ratel[1,44+R_ratel[1,5]+R ratel[1,6))/5
P return[1,3] <- R ratel(1, IR ratel[1, 4R ratel(1,34R ratel(1,4+R ratelll,54R ratel(1,6))/6

P_return_MlIitr,] {- P_return
itr (- itr+1

}
}
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mean_M ¢- colMeans(P_return_M)

sd_M {- matrix(0,63,1)
VaR_M ¢~ matrix(0,63,1)
i-1

repeat {if()63) break

elsef

sd_MIi,] (- sd(P_return_MI,il)
VaR_MIi,] {- quantile(P_return_MLil, probs = ¢(0.05))

i =i+l
}
}
Output_M ¢~ cbind(mean_M, sd_M, VaR_M)

## Saving the Results
write.csv(x=Output_M,file="Output_M_VAR.csv", row.names=FALSE)
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