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A 2 Ad 3 AEFow JgEo2 gE4 AujdaA HA
WS X Abele] AMEAE AAAE Fo3% oA AW
(ordering rule)o]#}, &AM slolA FxFe AA7|+ (decision
making—investment under uncertainty) &2 FQ3}A AFEEo] gk}

2 ATlA =, dependency”Zb &= HIolH, S AlAIGA R A 8E

rir

T A3, powerful tests T stHE gEE 2o]le LMW testE
TAUHES R AME-SEITE Subsample sized A%, N*0.59 N"0.85
AbolE TSRO e AAEte] o3 sample sizeo] T testE
&3k ¥ p—value plot= &3] #4493 subsample sizeE 3bolo]
A3E =E33t (N = number of observations).

Aol Al AAFAL] A A" TV|EomA FE4
Z 8] &7 (stochastic dominance) 2] 7129 FoAS deg 44 Ut

= AT 542 FE4 A #AY] AEE A4 FEUNES



A= vt 2

A, BHEH AMBAZ olgse] FAAGNN e mASF =4
s o2 ARt 4F PUS AUSL o ofe FANZY

B Amel AHGsk= Aot e mde EAAF=

N
1>
>
o
1o,

284 7MY st oy SAakse wade tiddel Ho it

259 -9 (functional) &9 A% @A (Ordering
relationship) & A7Ast=d A&H= ot webd 1 EL A
A5 7id &gl A% A BAFAY] gabd el 783
Zoltk, ey, dAdAer we AAgL oA, AR Fox
AEE &3 v g 5285 d5ste olev 2AF 7l &8&
(Conditional Expected Utility) & TAZ A 814 JAE A o]
o] FolA oL Ut

webA, o olEst A ARS EAsl SfEde =2dE

5} 51 3= (Conditional Probability Distribution Function) S 2]
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sto Mol F FEWHFERY =Ed FXo| dste] AZAAE whdsh
ZTagedre 7Hde sl = Aol A WAE AAsEd 1A
g524 Aujel o]E7A A2 Lehmann(1955)AFEH A&
2z} &4 AwlE= Hadar & Russell(1969)9]4 thFolxon o]o]
T Al M A (poverty ordering) & T HIE AREEH AT
(Foster & Shorrocks (1988(a))). &4 AHj o|&¢ A4 #HA

W o] McFadden(1989)0]% waahda] zpak M=ol AJA 7

2o 25 Bxo) 9AF Aot d F2 $LHUT. B ATE 59
Aol BE 25 X S BAE BFE ¥ ¢4 sEE o

AN FAFASAN FEH Al BA AL on] 9F =

YA T AERA A5S AESHRAT PFaSHel 4
W SaSun anE Agss glel wEEd & qd
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gAsHeR, T 38 It
A% b HO)Z /Hsta, @ HE $Esk 0 g8 ue 387
A stel Gtk 2L g b (HD o= Agd @A 7MEe] go)

AT o] gt} (Wang (1996), El Barmi and McKeague (2013), etc)

Hy : Fy(z)= Fs(z) for all x,
Hy : Fi(z) < Fa(z) for all x

AF7HA T2 ATEolA SA R oA JIHEo] LA

H tfZ A 4EHOoFEE Lee and Wolfe (1076)7F A s A HEA
i

T

_ / " By()dFy (o),

o714 Flst F2i 1] f=d7Ha (HD) shold dold A $5 27

#k(maximum likelihood estimator)©|t}. Lee and Wolfe (1076) A

A7 skl M S8 5ol ™k, Wit E gis7bE shelM = 6
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o\ MATLAB R2018a - academic use

52, \: H Quewn @ o

azpEn @ oaw 2027 s

o

3 Afolol] FEA AwjdA Eg JHsHA =

i“ﬁzﬁu' sz 12 “f}‘ [SEEET] &
AL B ey e ewd gug  wsn

HyE2

*«»a
i #o
olg -

B @OlAAE
) gasoline 2008~ fig
#) gasoline 2008~2014.fig
#) gasoline 2014~fig
|2 gasofine_2008~ txt

1= gasoline_2008~2014.txt
Q" gasoline_2008~2014.xlsx
> gasoline_2014~.txt

A" gasoline_2014~.xdsx

#) heating oil_2008~ fig

S b Cov Users b

gasoline_2008~xisx (Microsof... ~

o8 i
[Hans
tHo
EHcdft
Hedr2
5 fielD
tHgrid 100
EN 550
FH ngrid 100
[®laperator _ @X2UX<=2)...

Iy 8. &4 A4 AR HEA LMW teste]

o b
Donggyulee b Documents > MATLAB »

oY,

4

)
L

of
—_

oY
o
i

T BA.

57 i x‘i—]

mytestm % | (MW.m

4—  samle2=stockretur: b |

53 N, Rl = size(

6= narid=100;

7—  pooled = sort |

8~  arid = linspace( min ( pooled ), max ( pooled ), ngrid )

8

10~ tic

1"n— for order=[1 2]

12— | oerator=B(X,2)(X<= 2) +(z-X)."(order-1)/factor al (order~1)

18— order

14

15— | rawedfl = mean ( bsxfun ( operator , samplel , reshape (grid . [1 .1, ngrid 1)) 1)

16~ | rawedf2 = mean ( bsxfun ( cperator , sample2 , resnape (arid , [1 1, narid 1)) .1)

17— = ( rawcdfl );

16— ( rawcdf2 ) v

®
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WTI Brent Dubai

29 9. WA EHVINES A FALRIAL Wt Fol.

4 WTIH$F Brent+ Atele] A4 A, 1988dFE 20184
ol2= AA FHtellA WTIH2e F9¢°] Brent8 F+9& 22 &4
A8l (2nd order stochastic dominance)dls= Ao 2 ERRTE, mESH

1988 HF-E 20087419l F57] ol 3k st B A%

o

WTIS9 %olo] Brent#9 0 27 %84 AW Aow
Uebth 29071 olF  2018WzkAe]l Frbel e BAelA=

WTIS2l 5903} Brentfel 59 Afolo] §olvlet 4 w7t
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Brentf7F  WTIHE ®AE dxzdl =4 WA /=
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o
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|21k = Qlar, 20089 =&917] olF

7]

Y

of whelA= Kilian (2016) 1A AAIE o2 Brentf2 7
7F B =ARTE ey g5elEe MR shue] Jhed AR
AN Sl

FapAke] P E, 99 37 dF (risk averse)©] U FAAS]
71t &89 23k &2 A BAE dA e Sl vk =, A AV
ARF BE 22k g4 Aujsitkd, 1§39 s 7 B A=
ARk Al gt TR A4k Bel Fabeks Aol o & 7Y a8
s otk ol FAelA HoEE w, A AT
FAAAE 20089 FE917] ol ZIztel i 3d wWlAnkA
AF F WTIFS Dubaif”7F Brentfol wla]l U2 52 A4Fd F
AR, T80T olFelE, AF I FaRtA Qo] Al AF FFE

< & AEo] uE AEel dE o 2 7id 2gs JIdE 5 A

AT EAelA, 2015 o] F WTI+$F Brentr ARel9] &4
AujEA M= ‘Equality” 7F #2E 3=, o] #3te AgTd v

EE FRrelM= Brent#7F WTIHE 22k &84 Auishs @A77}
ekt ds AVlsiE W, ol SEA Au aAle] Wsks FHT

el Sl Brent®8 WTIf Abele] g3 WistE oj=A=

Brent Ztzfel dhsll Ad=3 A= FdEs SEH AWdA AA

62 A L) ¢
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7 Sl AEelshks RS #HEUigith Table 294 32 AT
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FRA 24 e d3E dEbdth Table 29 WTISol theh 24
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Wi
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Ao A, BE FoA WTIHE FAdE5S WTIEHE 95
G524 Aujet= Aoz vEwt. A3 A4 (robustness) & 93l
7] dof] whE 47FA] A E (1 to 4 month maturities) ZHztel] t&l &
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WTI SD Brent

Brent SD WTI

FSD SSD FSD SSD
1988~2018 0.521 0.048 0.226 0.447 WTI SSD Brent
1998~2008 0.179 0.000 0.137 0.379 WTI SSD Brent
2008~2018 0.718 0.446 0.561 0.309 No Dominance
Relationship
Brent SD Dubai Dubai SD Brent
FSD SSD FSD SSD
1988~2018 0.231 0.446 0.135 0.035 Dubai SSD Brent
1988~2008 0.178 0.518 0.000 0.010 Dubai SSD Brent
2008~2018 0.848 0.716 0.791 0.464 No Dominance
Relationship
WTI SD Dubai Dubai SD WTI
FSD SSD FSD SSD
1988~2018 0.108 0.175 0.133 0.283 ‘Equality’
1988~2008 0.259 0.215 0.374 0.311 No Dominance
2008~2018 0.912 0.568 0.340 0.291 No Dominance

bl |

AR £FY 5

t ZEA AuaA A2 23



32 A$ Weekly New York Harbor Conventional Gasoline
Regular Spot Price FOB (Dollars per Gallon) <, Wi+ A%
Weekly New York Harbor No. 2 Heating Oil Spot Price FOB
(Dollars per Gallon), 7ol dlsixi= Weekly Los Angeles, CA
Ultra—Low Sulfur CARB Diesel Spot Price (Dollars per Gallon) <
AREER T AR BF EIA 2FE 43800 AR 74 0] 1996
4 GFE AR7F EABE olf= Q8 1996 WNH 2018 Wd7MAE

A wdrIter AdAskgled,  =AldRTHAe] gk 245
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BRREAR 2008 W FE971E 1HOR PAE U] B4 b
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Gasoline SD Heating Oil

Heating Oil SD Gasoline

FSD SSD FSD SSD
1996~2018 0.106 0.504 0.186 0.016 Heating Oil 55D
Gasoline
1996~2008 0.000 0.586 0.133 0.009 Heating Oll 55D
Gasoline
2008~2018 0.553 0.616 0.285 0.032 Heating Uil 55D
Gasoline
Gasoline SD Diesel Diesel SD Gasoline
FSD SSD FSD SSD
1988~2018 0.021 0.444 0.015 0.452 ‘Equality’
1988~2008 0.515 0.480 0.612 0.467 No Dominance
2008~2018 0.000 0.478 0.251 0.022 Diesel SSD Gasoline
Gasoline SD Jet Fuel Jet Fuel SD Gasoline
FSD SSD FSD SSD
1988~2018 0.027 0.673 0.046 0.001 Jet Fuel SSD Gasoline
1988~2008 0.124 0.635 0.125 0.000 Jet Fuel SSD Gasoline
2008~2018 0.044 0.349 0.571 0.072 Jet Fuel SSD Gasoline

b

2. FL 4%

2,

w79 9 2+ &EH AuaA 23 2% (V.
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Heating Oil SD Diesel

Diesel SD Heating Oil

FSD SSD FSD SSD
1988~2018 0.668 0.110 0.225 0.395 No Dominance
1998~2008 0.326 0.109 0.215 0.399 No Dominance
2008~2018 0.601 0.360 0.403 0.789 No Dominance
Heating O1l SD Jet Fuel Jet Fuel SD Heating Oil
FSD SSD FSD SSD
1988~2018 0.808 0.324 0.081 0.236 No Dominance
1988~2008 0.332 0.354 0.539 0.177 No Dominance
2008~2018 0.568 0.235 0.031 0.861 No Dominance
Diesel SD Jet Fuel Jet Fuel SD Diesel
FSD SSD FSD SSD
1988~2018 0.712 0.681 0.258 0.112 No Dominance
1988~2008 0.763 0.632 0.168 0.097 No Dominance
2008~2018 0.677 0.391 0.484 0.875 No Dominance

b

3. %2 AfAl
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o 2+ HEH AMEA AA
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spot SD
futurel

FSD SSD

futurel SD
spot

FSD SSD

WTI

1988~2018
1988~2008
2008~2018

0.002  0.000
0.000  0.000
0.000 0.000

0.000 0.412
0.490
0.000 0.338

0.001

futurel
SSD spot

spot SD
future?

FSD SSD

future?2 SD
spot

FSD SSD

WTI

1988~2018
1988~2008
2008~2018

0.000 0.000
0.000 0.003
0.000  0.000

0.000 0.691
0.000 0.391
0.001 0.499

future?
SSD spot

spot SD
future3

FSD SSD

future3 SD
spot

FSD SSD

WTI

1988~2018
1988~2008
2008~2018

0.000 0.000
0.000 0.000
0.000 0.000

0.000 0.551
0.002 0.481
0.000 0.478

future3
SSD spot

spot SD
future4

FSD SSD

future4 SD
spot

FSD SSD

WTI

1988~2018
1988~2008
2008~2018

0.000 0.000
0.000 0.000
0.000 0.000

0.001 0.507
0.000 0.534
0.000 0.465

future4
SSD spot

X 4. WTI &5 AE

5o 2t B8A AAaA A% a9,
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spot SD
futurel

FSD  SSD

futurel SD
spot

FSD  SSD

2000~2018
2000~2014
2014~2018

Brent

0.000 0.000
0.000 0.000
0.000 0.000

0.000 0.491
0.000 0.501
0.001 0.584

futurel SSD
spot

spot SD
future?

FSD  SSD

future2 SD
spot

FSD  SSD

2000~2018
2000~2014
2014~2018

Brent

0.000 0.000
0.000 0.003
0.000 0.000

0.000 0.612
0.000 0.479
0.003 0.414

future2 SSD
spot

spot SD
future3d

FSD  SSD

future3 SD
spot

FSD  SSD

2000~2018
2000~2014
2014~2018

Brent

0.000 0.000
0.000 0.000
0.000 0.000

0.000 0.411
0.000 0.400
0.000 0.510

future3 SSD
spot

spot SD
future4

FSD  SSD

future4 SD
spot

FSD  SSD

2000~2018
2000~2014
2014~2018

Brent

0.000 0.000
0.000 0.000
0.000 0.000

0.000 0.487
0.000 0.590
0.000 0.411

future4 SSD
spot

# 5. Brent @& A= 59 3 FEF ANAA AR 23
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— WTI spot
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Abstract

Comparison of Profitability in
crude oil market: Stochastic

Dominance Approach

Donggyu Lee

Environmental, Energy and Engineering Economics
Department of Energy Systems Engineering

The Graduate School

Seoul National University

Crude oil is historically one of the most representative assets in
financial market, as well as it shows tremendous effects on world
economy. Among oil prices, three most renowned and frequently
traded benchmark assets are WTI(represents North American
market), Brent(represents European market), Dubai(represents Asian

market). Numerous papers have studied the relationship between
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three marker crude prices, including famous arguments about
regionalization or integration of world crude oil market(Weiner(1991),
Gulen(1999), Charles(2009), etc) and finacial studies about making
optimal crude oil portfolio(Daniel(2001), Chang(2011), etc). In a
financial point of view, however, No researchers have tried to study
the relationship between returns of benchmark oil prices. This study
compares returns of three marker crude oil assets using stochastic
dominance approach, widely used investment—-decision—-making
method as well as keen ordering rule of distributions. The period for
the analysis is from January 3, 2000 to July 31, 2018, and daily data
is used. The study compares the returns using spot prices for
reasons that futures of Dubai do not exist. Result shows that returns
of Dubai crude oil 2nd order-stochastically dominates that of Brent,
and returns of Brent also 2nd order—stochastically dominates that of
WTTI in whole period. It implies that Dubai crude is the best invest
asset for risk—averse investors, and Brent crude would be the next
option for investment. It is quite interesting point since it show that
WTI, the most renowned crude among three benchmarks, would the
last option and Dubai, comparatively minor benchmark, would be the

best option for risk—averse oil market investors.
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