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1. Kaldor(1939)
1930 t H-¢ A+ U N7t A3 dE71F 1] dAE AH

F skE AT AFEAT ol e ERFe=EM oAHH] & (interest
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cost)¢} B FH]E(carrying cost)7} E01717] wlito] A= 7140 o] H| &S

(Normal backwardation) ¢| 2’02 Eg]x= o] o]2& MAkz}7} whr]o] AFE
Sl Al 7HA WAEe] @S dAE] Y dEAFS wEstEE ol
At Botth webd 98 Z v (risk premium)o] °lE #AE A2 A
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A =74 o] BAE (1)} 2ol Hkrhd,

EP— CP=i+c+r

FP— CP=i+c¢, FP=EP—r (1)
EP: 71Hld=7H4
cp: dA e d=7HA
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—_ 8 —



Kaldor(1939)& (2)¢} 22 H4Y

EP—CP=i+c —q+r

FP— CP=i+c—q, FP=EP—r (2)

¢ AA B4 & (carrying costs proper)
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v W 71x2eHe=c"—¢). °1F Kaldor(1939)¢] %32 Working(1948),
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(inverse carrying charge)S 40 &



2. Working(1948)
Working(1948)-& X 4] & (carrying charge)S A 119 #&7}4 (price of

storage) = WD, Aol AG7tA R Aauwkite] Fads =&t

W 1. R o BAZ A old) 2RETGT FAEAT

Amount of Storage

Price of Storage
o

<3 2> MDY HEIH 2 I

A& Working, 1948

Kaldor(1939)7} 3 ¢]4=0lolagt= sfd S 710+t o &4
ek op ek o g 7hE 4 QU H A o) 24 Working(1948)2 .
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P, +Ps—PFP,=0 (3)
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3. Working(1949)
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4. Telser(1958)
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3] Gl N FES AnE AT Fol 2 geldeh o] Aaman]
1

fr
X
o
ol
ol
rlr
oS
o
12
2
N
(d
fr
T
—
~N
10
o
|l
ol
rlo

o

=)
o
2
2

S~
2

“
AN
)
Y,
o
p\v
(03
S
By
kl

2n7E S7Eg e gk 7)ol Al Rl E = Alals HojAnE ol
2t & t-17]0 AFske Q) 7t
2t t7]el vEf t-17]19] 7h4 o] FAshe Zlo|th(M| o] Al 2= AT, whet
A 719k t-1719] 7EA ROl QL Mol A 2= t-1719k t7] Aboleo] Ajargkel] gk
Fagharolt
5o s 7o Age tek FFFAdA AaEsE AGsts b Eol7ke=
A& FAAEE RS AR e A2 ezt
Telser(1958)7} @al= Hefofoled, g Aoz A= Hels T

ool QAT TREFL FAFORA A= Welw 27419 THY W

N

A
b

Telser(1958)= 1934 -8 1954\, H-3}ef W o] W o] Al 225 A aLgFo] tf
) FARAse] Ve A FHIAL AFech 2 AE A AR

2 o] wf wo|AlA= AN &3 dAE o] AR ERAMH S-S ST
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5. Brennan(1958)
Brennan(1958)2] A7-&= AFol& % AL G #3t =& A A

h 84

o Fash #iel wM Aual 9tk Brennan(1958)°] o3 Ao
Ao ool ANE WHFFOEA Aol £ FAW FFNE AN

e

Ay AL vk Hjg o2 {FX 5t A= o] 9o]th3) Brennan(1958)2 A%
(storage)®] TwA# Bl & 98] A5 Estal = AbgS, Ade] 8
At AaLE 54 71 EQF Bt} sk Ao R Fetal Z2be] 9.9
TH A4S == Ao a5 =237]9 9A], Brennan(1958)
FE v AEe 7HA o]Est THAo] e EWH AT Fo57] Wi

of (4o 22 T2 YeEpldt

of,
f.(c), aq<0 (4)
G t719] ol g A
pPt7]19 AE 7HA
C,=X,+8_,—-85=X,+AS 5)

X t71e] A A
St t7] el A

S,y t-17] =l A

A7) Aash FE o, AT BAZ S 5 Ak o] AE A

o] ZrhgTHA FEA WF 207t FAFEE AnE AYHE Fo] Yobnl

3) The convenience yield is attributed to the advantage(in terms of less delay and lower
costs) of being able to keep regular customers satisfied or of being able to take advantage

of a rise in demand and price without resorting to a revision of the production schedule.
Si
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A} & Brennan, 1958

Pt+1_Pt:ft+1(Ct+1)_f(C;f) 6)
:ft+1(5t+Xt+1_StJrl)_ft(Stfl_'_Xt_‘s;‘,)

Brennan(1958)& A& ¢ @AW &S FAFoH &3 A A3 9] &
of ol A Al W ghom Ao ATHT). AAZ Al g Fof
Hlgold A ¥E el b uE, AdFrs, o4, B o5 29

=5 & Fuyigel AAM, A FdRE £ St
ot AR, A7 X3 Fae] S 2D o Aas wEs Y A

AhdE sk, Aot of2fd WMgol: A Sl A AT Mujx

_14_



of 747 A . mhAEto 2 9]% 8 ¥ )
ke At AL ALZ 23 Y= A19e A sl el W
g o] 7] wEolti (1| 4).
m, (8,) = 0,(8,) +1,(8)— ¢, (S,) (7)
m' (S,)=0",(S,)+7,(S,)— ¢, (S,)
0'>0,0">0;7">0,7">0;¢>0,¢"<0

o, m s TEANE

mt: ’
o, TUHRIE, o/ TAF-H] &
L ER > B S

o AelFe, s @M 5]

A} & Brennan, 1958

Aoz A= 7ldighA o] ¢ (expected marginal revenue)S

o oleje} e AHow WA & vk
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Uy (St)_mt (Lgt) (8)

u = EP, | — P, (10)

BP,. . t+17]9] 7172

hud

weba Agel EFIAL obel (1T 2L AR Lehlol A

9:(S)=Ef, ., (C)—f,(C) (11)

:Efﬁ—l(sf,+Xt+175t+1)7ft(5t*1+Xt75;€)

o714 wlolA Az AlAE= ZIWrtAs dATtAe] Al Py - PE

o/ +r/—¢/ o Zth= Aol EEdnh <I¥ 5>% ol A o=y

_16_



EPH‘l_Pl

_17_

IN

O



6. Wright and Williams(1989)

Wright and Williams(1989)= &3 d=74 3b wlo]A|&7} o=}, B,
Fa 5o S0t SHE A0S (full carrying cost)H T SESoE A S
Agsts Aol dojus ol frE el stGlth o] & fld B8 e
-2 @ 23 (partial equilibrium theory)S ©]-83 719 7Idol& =iz}
wAE Zo] dAwA s i FFELS AL, 2], =t

A = AdeS Bt

|

2

3t

f
E=)
ot
o
o

cost)©] The Al 7] gk A ¥ $kn] &1 o)
t}. webA Wright and Williams(1989)7)F =1
A7

A S AR2AE el A a

BN

¢

iy o5 AETS st AN B dERAZAAME s AFs=
Aoz et A HA FAl(aggregation problem)o] HAES &4 4= 9l
t}.

Wright and Williams(1989)= 91¢} 22 o2& &<1at7] $1ste] 19734
TE 19829 9] A9 M4 s dder sAEAS FPsidnh 1 2
3, A9 7HAI} v AA A Aol el E Working(1948)8] A &+
el A& F ol AR Fde A g A AT Ak s
A Ay AxA o]l dojus A WA s Az Ashe el
of 74ztAl vebeh ol8ld =9 Kaldor(1939)71 wlo] Al 29} Aol 7

g Ay 98 Are BT Avks e BPORM, AW G

(e}
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H 2 8 MEO0IE2] ZHYH HE o+
1. Fama and French(1988)

Fama and French(1988)= A aLol] th3h ZAMX =4 o2& A E H|o]A|
2 (interest-adjusted basis)E& AF-&3fo] Aol & ok (HHA AF W2 S
AR EATE o= AL HolHE AREFomM AR kol A 27g4)
of ol A7t dl=r¥= A4S 39str] Adelth fare] FEo] w2
o= gAAS Ffo] o} ojAE A Wo|A~TF g e ZEa, A
o] o] v wol = HAYFo] FolA o|xE A H Mol =T 5o #f
S Zb7] wiEel o] AE A E Ho|A 2] HE= Aol tldk FAA e 9
= @ F Aok

Fama and French(1988)+= Samuelson(1965)9S #]&o] &2 FH3sto] A A
2, A FFo] s W AEZAS dE7HA ) vlE] WsAdo] Aoy A
Fol =5 dole F A WEeAdS v
471 717k v 2l s o
ZAH7] oy E i FFo]
A= 23S AAsEA o] W, A&7
71zt

Fama and French(1988)7} A ¥t A =743 dE7HA e @A = (12)9F

Faawy

o
g
of
ox
rlo
rx
i
N
N
lo
)
offt
ox
T
i)

4) Williams and Wright(1989)el ]38l AAJ= A A|aL FAl(data aggregation) A

5 Samuelson(1965)= A&7}40] AE/1ARG @ WEHoln, AE7FAL whr]d st 7Hadre
i skqleh

6) dubd o oyx| 4] A A7 HL wrld o wgtEHo|t), 7p4e] Wil dis] Atk
9 NS wEA] 2457 7F 7] wiiolth o] d WE A A e -] oHe &
< AEHT vgtE ot} whebA] vk A3 o] Ut oA 9 TP T diE] d&
wol wEA W3ekA XItEE dEVHE HEo] AXAN A ¢o] WA dF IS
Ashs il dAFoz AQuz A FAA FES AFl F5std 7] ddd 7
gslEo] AE7HAT vke o WEeA i

O, [N of mfH o

3L
[¢]
b wEE
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F(t, T)— St) = SWt)R(t, T)+ W(t, T)—c(t, T)
[F(t, T) = S))/S@t)— R(t, T) = [W(t, T)— C(t, D/SE) (12)
SR, T): A Ao w2 o] &} H|E-(interest foregone)
Wit, T): 3-A 4 % H]-8(marginal warehousing cost)

c(t, 7): 3-AH 2] 42 (marginal convenience yield)

ozg& =AW oA A7 HIAQ [Ft, T)— SW)]/S(t)— R, T)

o= A AI AGu g3 JHA Al Aok grhe PAHS 92

e
sk
ol
ol
g

Interest—
Relative Adjusted
Convenience Basis
Yield

a

Inventory
Inventory ¥

<38 6> Mgk Boto| wE oo H Ho|AA HE

Z}&: Fama and French
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2. Cho and McDougall(1990)
Cho and McDougall(1990)2> #]=r AfF-A17H(L -, 3 dF, FH-)olA 9

Aol Ee Axrsadrh e d A7l 1985 149 3A F4H 1989 54
=4 T2, AFolEe HEA LN ol HHsH7] AF Fama and

French(1988)¢] W%A #4 w2 Alg3l9lt)
Cho and McDougall(1990)& 712 A Ald 25 R HAxs} F HA 295
AFESEG AL (14)9] IABS Aol SAMA 2 &85

IAB=[F,— F,(1+i)]/F, (14)

R FeF WAt 2 RA(RE) 298 Aok A7

&
S o, el HAe 1 A3 fFgdoy A gisiA e SR
ho and McDougall(1990)2] 2 3}+= ilf-9F 3ukf-oF 72

so] F olyA o] et A-A=rkA I BAVE Y Av= A

it

%
o
O
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Gao and Wang(2005)
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3. Gao and Wang(2005)

AN

B

shei .

S

A

[e)

o =

GARCH X

]

o

2

ARMAX-H| oj

Aol A= 1989 F-E] 2000 714] 9

1

T

X

A 7Hd el

el
NE

IH
)A

A
o

Bk
L

A
)

]
oo
il

ol

H
=

(<))
=

s

LME®} NYMEX| A A3

-
.

FoATh A

ALE-5

F 7o) wolA 2z

Ar
Me

o+

Aqr
it
olo
oy
2
=
W
o
il

AN &

=

—

_23_

Fdou, GARCH R34 2] nld)

°

=
==

T

Y

5 &
FAl vk mpxeto 2 o] e At

°©

HAl 27

<]

il



4. Geman and Ohana(2009)
Geman and Ohana(2009)+ Fama and French(1987)& &-#slo] A 119

AbgsTh Aol OECD M A% Ala, vl=r Af Ax, v=r A5A4F A
1E gide R sttt 717HA W9l 19939 1€ 5E 20081 8E 71X
74 A3 1992 129 31YF-E 2008 8¥7tx ¢ € Auw Fu BAHE &
gt

WA, 24E wolAl~E Aad ] IARAMS AT 1 FERe A

(15)9} o, Anae AdA FA2 AAGIE 3

lo
e
i3

spread, = a+bl,_ | +e, (15)

AFe] A, Al A RPE v w, dF9 ojaE =AHE HolA~
7} 96 Aurch ASAE Qo g o #HEs A7)
. Yo}7F Geman and Ohana(2009)+ VAR(p) 23S &3 =4+
ol Ao JAAAAE EAAY. A=, =HHE Ho| = W
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6. Symeonidis et a/.(2012)

Symeonidis et al(2012)+= 19935 201113 2] 2170¢] dFoll ol A%
7tA e st G WEA AT Aol td Fo FHoRRE A
o] Zell Al AAIE mpe} o] WEE(Ee) A FES

Ak ek AE THA] WEdo] Aol gk hagholn o] dAfo] o
ZANFY wo] FrEHAE B

2 ATFAA 1 AFEY 7] ol 28 WOl A0, )= (173 2

Fon,=Fr

b= — ’Fiﬁt, P R; 0 17

F, .t 9989 7HA, R 0 298] 7HA

R, ,» T-hille] t7] Aeol&, 6=(7,— 7,)/365

Aarel o 4 ZE7(EAE wolAl =)k BAl= ok 4 (18)& 3
FA T

4
Sh
1%
ol

Dt A 1] Mol =(AIEA AA)

[ 2% A% AnLL, ALY AA)
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1. Heinkel et a/.(1990)
Heinkel et al(1990)2 7}
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2. Ng and Pirrong(1994)

pa—

0
o
el

il

3l Aol

el

Ng and Pirrong(1994)+=

2 1986 9€F-FH 1992

S s

’

o}el

’

v o
|=] T

)

%

947 ) ARE o

ol

oy 4
ICERER

9]

ok

A 7}

Fe

No

7}

Mo

Hj o] A] =2 7]

o)
o
Ho
Eadl
or
&+
H

%)

X

ol
el

ok
2

Wo] A 2so] ol wheh

0|
tHo
)

o
£

HJ o] ]

Ho] Al 2 Al 3t #AZE A

o)

A 8] &

<

o] 19 7479} 2T}

Y

o
g

A

_29_



3. Milonas and Thomadakis(1997)
Milonas and Thomadakis(1997)= 47FA] A% 7Fs AbsEol dial A<

o Welsl ARasE BAGAT. £ AT Helfele AN o

g
7N, AZzAe] gt FEAO

|

F0,1)=Pr0)+ c(0,1)— v(0,1) (21)
F(0,1): W717F AJ- 191 AE2] AJH QoA 2] 714
c0,1): RHv &

V0.1 AA 0% E 1744 AiE REFOoRA At Hel5
o714 A%} Vel gre FEA/AS FAsrhn Bk 0% E 244 1
Fote AaE A ASAA BRsAY o] B 5 ek BAd e o
7 2 ) #

2 2 (22)9F 2ol 24 dE7)

Plz)—F(z,1)+C(z,1)>0 (22)

Az 270 ol 7hsA sl A BEAAL Ago] YL o] F WA
Frkaeh e AEAAL AV 19 oy BFF MR 24 024 2
ohomeb A BEARE P)- P 1)+ 06 1)9) o15E 9A "k el
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4. Heaney(2002)
Heaney (2002)+= Heinkel et a/(1990)3} Milonas and Thomadakis(1997)2]

2717 ol 7 2dn F oA A= AaE AR Bgd AJA of
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T/ e RS FHgoks Zlo] SAolth A A= vbr] ol del A
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6. Chen et al.(2006)
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7. Zulauf et al.(2006)

Zulauf et al(2006)& A5 % A o] 2o A 714 WA 3} Heaney(2002) 2]
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8. HtX|E(2007)
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9. Hochradl and Rammerstorfer(2012)
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10. West(2012)
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E 1] Cho and McDougall(1990)e] A+ &2 &/

T AT
) Working (1948, 1949), Brennan(1958),
Aol Faad F4
Telser(1958),
Aol AHA A Telser(1958), Brennan(1958)

Wright and Williams(1989), Gray and
Peck(1981), Thompson(1986)

Agol 2o 7HHA HAS Fama and French(1988)

[Z 2] Gao and Wang(2005)2] A+ &2&F

i a5

g

Kaldor(1939), Working (1948, 1949),
Brennan(1958), Telser(1958),
Williams(1986), Fama and French(1987,
1988)

Aol

rft

Working(1949), Brennan(1958),
Telser(1958), Gray and Peck(1981),
Aol Ze AHA HAF Thompson(1986), Lien(1987), Cho and
McDougall(1990), Heaney(1998),
Anand(2000)

Gray and Peck(1981), Weymar(1966),
Thompson(1986)

Fama and French(1988), Cho and
AagolZe HHA A McDougall(1990), Ng and Pirrong(1994),
Dutt, Fenton, Smith, and Wang(1997)
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[E 3] Symeonidis et a.(2012)2] A7 &&F

SET

Kaldor(1939), Working (1948),

Z] Aol &=
Brennan(1958), Telser(1958)
Helgole] FA4d AT Milonas and Thomadakis(1997)
Aol &9 7HH
Fama and French(1987, 1988)
A A
7H4 HEAd #4E Ve B
A a9
e A Aol &9 7]e} | Williams and Wright(1991), Deaton and
7 DL
o C 1 ®® % @Al | Laroque(1992), Routledge er al(2000)
"] T Aaet A4 WBAd 2V GE B
A
Lien and Yang(2008), Kogan et al(2009)
A Aol & AH | Geman and Nguyen(2005), Gorton et
A HS al.(2007)



O AFEF npH A 2 ol Ao = A Aol 2] Al %= Kaldor(1939)
2 Asta o AFol2e FA3 2 AFS Working(1948) o] F 2 ¥l

AT 53] Cho and McDougall(1990)([3% 113} Gao and Wang(2005)([ 3% 2])
= AHA A= AT E Telser(1958), Brennan(1958)% ¢#3t+=4d], Gao and
Wang (2005) A= A aLe] FAFA] & AaL dlolHE A4 EA ol AE-3HA
U AollA 78k o2 A58 A4 A5 A7 28 F
= ARA AT AT A AS AT sk @ dA g EA A
A HS dolA ARESkE Al dlelH e dAE A A skl k. Wright
and Williams(1989), Gray and Peck(1981), Thopson(1986)S A} a1 o] & 9]
A A G stE FA ol ek hEASQ] AFE Zof o] g LAY A Fama
and French(1988)7} #Aol A dHolg thal olzx& ZAHE Ho]A =
(interest-adjusted basis) & AF&3}al, &4l2 Cho and McDougall(1990)¢] ©]
E AFe 7F oy el A& dSstdnh wekA 3HA A5 e
Fama and French(1988)oA] A]z}E| 1o o] % thekdt A& tis] A&dA
& 1#stE 5 AT7F e o

Symeonidis et al(2012)([3% 3T ZA Agol&3 HF9o] FHA, 7

4 MBS Anzte] BAR BRAUA A WA

ol\

o
(&
-
fit
o
rr
rO
-
Ll

Al sk oh mEkA Symeonidis ef al(2012)0] Wali= Aol 29 AHA A
T d7e A F AN EEte AFH 2 Aok v E ekl dth
Symeonidis et al(2012) 714 WEeEAS W2 7FAHLLWA Geman and
Nguyen(2005), Gorton et al(2007) o] AL

MM AFA HE A2 EFSTh d7ARHe] FHAQ ERe A e
2fA A vt Fama and French(1988)E 9Sl&= dA4E52  Cho and
McDougall(1990)¢] Z#HdS mE2= AS & 5 Atk

Fama and French(1983) W 2] A dd = AFE TAAE 9
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s

02 BN AYPATFE EFshe =52 [ 4158 [F 6]d Hed
AT} Geman and Ohana(2009)+= 714 W& S HIFR 3t AT

gkl a1, Stronzik et al(2009)+= Fama and French(1988)¢] wH &

A+ Cho and McDougall(1990), Ng and Pirrong(1994)3} 2& A4+E 153
shelvh. 2HH, A3 HS Aok 7 sA 7ol Helge] o] el o g
2y A7 AYPH Jd+=dH,  Volmer(2012)=  Gibson  and
Schwartz(1990), Schwartz(1997), Schwartz and Smith(2000)3} #<& A&

S =95 Y (reduced-form models) ¥ AF2E 73T

Stronzki et al(2009)([3% 5])¢} Volmer(2012)([£ 6Dl A S & A= 5
AR H =EolA HAA7EE A Hego tia et A thFar 3l
= Aol UAl Geman and Ohana(2009)([% 4]) T3+ A f-9F HA7F~9]
Aol S vlaulstal gt} ol FH AA7I27 Ald7bs o =2 13| o]47
sle Al oA o el A AT FA7F A froll A HATVPAR o] 5dh=
7deke wked stk
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[ 4] Geman and Ohana(2009)2] ¥+ & &

=
T

i

SR

Kaldor(1939), Working (1948, 1949),
Telser(1958), Brennan(1958)

Aot 744 W5

Working (1948, 1949),
Fama and French(1987, 1983),
Williams and Wright(1991),

Al Ng and pirrong(1994),
Deaton and Laroque(1992),
Geman and Nguyen(2005)
[# 5] Stronzik et a/(2009)e A+ &&
T AT
Aol & Working(1949), Brennan(1958)
French(1986), Fama and French(1987,
Helgole 54 1988), Cho and McDougall(1990), Ng and
Pirrong(1994)
Sasmel and Thompson(1997), Wei and
A ayo] £9] Al 7ol Zhu(2006), Dincerler et al(2005), Khan et
a8 al(2005), Serletis and Shahmoradi(2006),

Modjtahedi
et al(2008)

and Movassagh(2005), Haff

_46_



[E 6] Volmer(2012)8] A+ 27

T AT

= °F X 3| Gibson and Schwartz(1990),

(reduced-form Schwartz(1997),

models) Schwartz and Smith(2000)

A gol & Kaldor(1939)
Dincerler, Khokher, and Simmin(2005),
Modjtahedi and Movassagh(2005),

HA7r2= Ao A 9] | Wei and Zhu(2006),

A9 Cartea and Williams(2008),
Haff, Lindgvist, and Loland(20008),
Stronzik, Rammerstorfer, and Neumann(2008)

fojgolel A BH ATSES Fuo] Hi = | )

a2 Ytk Chen et al(2006)([% 7]), Zulauf et al(2006)([F &),

g3

1]
ol

ol

=
T

e
o
ME

Kocagil(2004)([# 9]), Hochradl and Rammerstorfer(2012)([# 10])2 2% %]
S 2 Heinkel et al(1990)¥} Milonas and Thomadakis(1997)& <1+ &t}
Heinkel et al(1990)2 9ol wAoz HAgdavs T4 gk 7Hd 3
o] 25 A A 8FS AL, Milonas and Thomadakis(1997)& 7 & A&

T TAste A8 B ATES F Aol A EH g Kocagil(2004) 2k
West(2012)= A AAIE IR EI /M S HASstEz A4 dads
zk=th 284 Heaney(2002)= Holo] g4 nigg Fa, A=t
< 1#8te] Lonstaff(1995)¢] 28-S J53 M= 23S 1tstaitt. wat
4] Heaney(2002)2] = 3&olA wd  Ssl= Chen et al(2006), Zulauf et
al.(2006) Hochradl and Rammerstrofer(2012)< Heaney(2002) =3 44 <

ol aEghstal gt
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Chen et al(2006)e] A 25

f

=
T

Kaldor(1939), Working(1949), Brennan(1958)
French(1986),

Fama and French(1987, 1988),
Ng and Pirrong(1994)

Milonas and Thomadakis(1997), Milonas and
Henker(2001), Heaney(2002)

Schwartz(1990, 1997),

Miltersen and Schwartz(1998),
Hilliard and Reis(1998)




[E 8] Zulauf et al(2006)2] A+ 2/

AT i
Aol & (o4 a19h) Kaldor(1939)
Working (1948, 1949), Telser(1958),
Ao T F4 Brennan(1958), Gray and Peck(1981),
Thompson(1986)
Bresnahan and Spiller(1986), Milonas and
Helrole A A+ Thomadakis(1997), Heinkel, Howe and

Hughes(1990), Heaney(2002)

dol5ele Al ejwlol o
glﬂ

b A(GzA AN e A | Wright and Williams(1989), Brennan et

TR i thorx T | al(1997), Frechette and Fackler(1999)

)0

Helolel g B ATE dANMAE EFo tstsE oty &
A A Qe Fokolth wheba kA A A AS AT EE B2

ol we} Heinkel er al(1990), Milonas and Thomadakis(1997) 7l 3}
Heaney(2002) A9 2 Hasle] o]Zo] S5 AFES A48 g 4 9
=

1D Zulauf et al(2006)& HejFelo] sl ofulo] wet EP*JJr 7“’] ATFE TR vy
2 A &(Williams, 1987; Wright and Williams, 1989), $4H]8% %3 Lﬂ B A& A A s
H]%(Bobenrieth, Bobenreith and Wright, 2004), A4 5422 <13 4H]8-(Benirschka
and Binkley, 1995; Brennan, Williams and Wright, 1997; Frechette and Fackler, 1999), A}l
= B3t A8k A 8(Chavas, Despines and Fotenbery, 2000), 983|924 #3749
7 A(Chavas, 2000), AH<] B]hA A (Frechette, 1999, 2001; Khoury and Martel,1989), %2
=347 (Litzenberger and Rabinowitz, 1995)
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[EZ 9] Kocagil(2004)2| A+ 2=/

5 A
A o] & Brennan(1958), Telser(1958)
Milonas and Thomadakis(1997),
Helrele A A Heinkel, Howe, and Huges(1990)

[Z 10] Hochradl and Rammerstorfer(2012)e] A+ 2&

LT AT
A %ol &
A ol & A Pindyck(1993, 2001)
Heinkel et al(1990), Milonas and
Helole A A+
Thomadakis(1997), Heaney(2002)
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M 2 8 "He|so oo A=t

20|
Aol B ATE FES ABAAC] HEAANG B G2AY

vl

(backwardation) ¥} €¢] H.-fH]E-(inverse carrying charge)?] &A= 5
skt W8] 8 (carrying charge)olgk 7|7} th& F A E 719 712 A} o)
(Working, 1948) ®+= A&7 d=7147He] Zol& @ttt 59 HAH§2
TEE(FEE) Mol dEEAE) 7HEY =& ol A, o= JxA
R i

oyt AE AE7FAZe] #A O gt =29 Al &2 Keynes(1930)2

ZHEHolt} Keynes(1930)9] A4 o FA] % (Normal backwardation)!2) ©]
=

ON
ftlo

S 71 dAE7}4(expected spot price)d AE7FAC FHE wrEth
Keynes(1930)= =347 9 A stel= HAH o2 A7 AES =g o
24 wH7] ol g dEVFA ] AEVHA T =2 Aol e, o &
A= A% = A (risk premium) 0. & AA R AR S HAE o)
=KL D e 91 e AE A st A v s 86
Wzl 71t dErt4e]l AeErtgry oy Zevdrts & #
(Kaldor, 1939; Bhar and Lee, 2011).13)

WA Kaldor(1939)= @ A1el d&=74 3 d&e7A 9] Al do] Ajare
A& Bo], 59 HAfrn]&o] BAst= AE ddsty] el Ao

9] (convenience yield)S =% 3% tH(Brennan, 1958). Kaldor(1939)7F < gt

zt

o

e
K}

[e=k<
&2

o
2
B

2

12) Working(1948), Keynes' explanation of “normal” inverse carrying charges, commonly
referred to as his “theory of normal backwardation,” ran as follows: If supply and demand
are balanced, the spot price must exceed the forward price by the amount which the
producer is ready to sacrifice in order to “hedge” himself, i.e. to avoid the risk of price
fluctuations during his production period. Thus in normal conditions the spot price exceeds
the forward price i.e. there is backwardation. In other words, the normal supply price on
the spot includes remuneration for the risk of price fluctuation during the period of
production, whilst the forward price excludes this(Keynes, 1930).

AE7HA 710 dE7HE BAE Adete i g ol B AAH JRAY ol&

29| [% 5]o4] A3,

13

rlo

=)
5
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AHejgo]ole, AE Az s A Bzt Bgoz A
24 AA H-FH]E(carrying cost proper)oll Al o=l S
(net carrying cost)= T-&roh14) web A, & HH] &2 A4 24182 H o
Folol AVl wet Fe] #Es T Fx, 59 @S M 2 A "k
Working(1948)< &9 HAn&& AdWshe 71E9 o2
H 5185 AF7F4 (price of storage) &2 W HTh A E Aol dzt A%
ZPASRRY Ao FuaAds EEFOEA 5o HigHlE w3 4o B
Frul & A Aol ofs] AR et Aretgith. 1o T arAdel ot
Ag7rA o] vrs well= Ao ol Aar, AArtA el Fhgke] whe A
& LI TR weAd ARV S BAEES Ao e B
o e do® Ui HH, dE7HA 3 AE7HA S o
Foo wel AEAEANA 2AEIAS DA 7
Working(1949)2  &Al7]9] A

FH S o2 Addns S Azt Ax

i

i}

o
d
N
b
r

Al (inter—temporal  price

relation)7} Aol & 2

AFo] YEbE=d Working(1949)= A ot

ool  EAfsty] wEel Aow A
Working (1948, 1949)¢] o2& A #o] 2 (Theory of storage)e]z} EzH
(Brennan, 1958, Heinkel et al/, 1990; Milonas and Thomadakis, 2001;
Symeonids et al, 2012), 4#F4] Ad=-dE7HE 4= 9 A AT 59 7=

14) Kaldor(1939), The net carrying cost also depends on a third factor: the yield of goods. In
normal circumstances, stocs of all goods possess a vyield, measured in therms of
themselves, and this yield which is a compensation to the holder of stocks, must be
deducted from carrying costs proper in calculating net carrying cost.
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7F EaL 3

o]F A Aol B FAES FAO R HFo| o]Fo]x 2 Brennan(1958)
I} Telser(1958)9] A= A A% 4 A2 E7F¥HCho and
McDougall, 1990; Gao and Wang, 2005). Brennan(1958)& #] &ol &S A%
Aare] gk ot gl daleA dukstsia, AR vEHAde BE
Atk 18 A 1924358 1932, 19381 9] 7|3F <k &2 X =, WY, d, 7
o A FEIH HolA 2= AAE IARASIY TEaAS Flskith
Telser(1958)= A 7&ell that aatof gwAke] ol ofs) A=zt 4737t
Aol AARH = RS HolAA Hshe} U] AdH Ao} wo|A~E EA 8}
At} ol Keynes(1930)3} Hicks(1939)7F =43 7| d =714 3 A E717
ko]l AABE whubstal v A S
Holgo], Ajazte] #AE FA s A

gev A "elHE WaE ARgstE oldd AF A AS Ao Al
250l W JAAA 9ol dA7F tH(Fama and French, 1988; Gao and
Wang, 2005; Carbonez et al, 2010). Wlo] A2} AA7F A= A7t F92d
Ao et &8-S Gray and Peck(1981)} Thompson(1986) 5ol & & ] 7] =
At} olo tha] Wright and Williams(1989)+= FAF A52] 7/ 2] a2 9o
Me UetdA e 59 HlolAl 29k Aar 3k AAVE s FHAS Alol=
UElES THstth ol dHolH e 7(data aggregation)® =@t} o] g
sk W 2koll 4] Benirschka and Binkley(1995)2} Brennan et al(1997), Frechette
and Fackler(1999)= A 1] AW 4bo] A 7129 Ho]A|2=o] F3F&
3tE s B

uekA Aol dlolEl o] FAIE S53t7] $18te] Fama and French(1988)+=
A doleE WMyE AF ALEstE tlal, ojxA& A E W o)A~ (IAB,

ol
Oﬁ
ru[o

1
oot
lo
fr
X
o,
)
X
o3
=
ofo
B=)
)

15 YPENAS ARAARY om HEAAL AHARAAd g WY FgFon wlv)
Press F71a
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FEol ¥ kgl met IABS ¥E7F A4 gEolth Ajme FEol
58 wol @AMl 4olo] vo} IABZ} el @& 2, Aie] o] b

o]
2 ol @ABIF o] Hobd 1 RE/b o] Wik 58 IABE 7145

A A v A= WEY S Y F At Gray and Peck, 1981). E3F o]

IAB= A 3u]-& 212 UeEbdtH(Geman and Ohana, 2009;

&
1<)
lo
ol
1L
lo

Symeonidis et al, 2012).
Fama and French(1988)+ ©]213F IABS A|aLe] ZAFX & AL&3lo], Aja
o] o] vrE o= dAEVHFl AErHAe vl WE/doe]l Za, AL
Fol =5 Wole 7 7HA Y WEAo] Hlsksite 7HE S AAlsk AT o=
Aol B AFA AS A9 GG Ut olAE =G H WolA=E
Aare] FAA 2 ARGskE ANE Afare] s whel oo mut g ol
=2 & o] &3+ Aolth Fama and
French(1988)& o714 vtolrh, Ajare] o] & wo= Ao ¥t o
& Holge] WErt 24 For® ojxg A Y Moz Wgo] A4 %
AL, Aare] o] v well= Ajare] 2 Wstel e Heo|go] Wty 2
Hsdol AXtE =2 & Al

Ash A7 1MES Al B A9 e dwnlE, Fol, o, ok, F

160 Cho and McDougall(1990), Gao and Wang(2005), Symeonidis et al(2012)% Fama and
French(1988)¢] A& Alate] digh F4X& o]&3t2= A Wi(indirect test)o]#i &7
3k3ith  Symeonidis(2012)= A}t 7H4 WEAHe] #AE AYsle Jd7EW Fama and
French(1987)S &7 95313, Gao and Wang(2005)% Cho and McDougall(1990), Ng and
Pirrong(1994), Dutt, Fenton, Smith and Wang(1997)8] 9+ &4 g7 skl
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Geman and Ohana(2009)% A9} 725 wlasty A HA HJ53 kA,
IABS] @t HAsAdol Ald & A 5

WE BAS B8 Agel RS g & Austs Ang w7y 99 A

=

off

18

H o dAdEE e s gigoer BAS wrEE9th Symeonidis ef
al(2012)= 2170¢] d3Fol 3] 22 £4& 31H A4 Geman and Ohana(2009)
gatieh. vk ofet JABS} 7}
A UeU=A], q2AZd W =2
Al YJeEbE=A w3 2ol H gt} Stronzik et al(2009)+= FH F8 HAVLA
3 B2 7143 2§31 Fama and French(1987, 1988)e] WS A &3 A 3
Bl AldA I AdAN7 B E A AT

o2 % HH A 7 Zo] Fama and French(1988)2] 7+ 4 A5 Wi o] €74

TR = T, Aol A ATl I 2R Bl AA G

’

1o
N

N

o

>

&

o

=

=

off

o,

)

oty

)

M

2

ftlo
w4
o

!
= &3 Aol A3ty EAE TFste HFsk= W (unified test) S
&sto] AaLet WsA 1he]
A4 BAES v skl v Volmer(2011)2 Fama and French(1987,
1988)7F AIAI g ol 2% W45 3/ e sto] AaEnt ofye} 2= &

& A4S AT FAF WEYL VAT o2V sha BT

2
>,
ol
s
v
&
Au)
k1
o,
ol
ot
o
o)
ofN
1o,
ot
i
=2,
L

__j"\;! -I:I:I 1



ey ol AZAA o] Aol HEF 2 Aol Ee WS 1At =
dat, AA Aol Aol & AAx

upepA o] -
A A vyt mi= Al e i) SR FE He|goo] zte
Ay g FANMAE atste A9t S Al " th(Hochradl  and
Rammerstorfer, 2012). A9 FAAAS A3 tiF-i9 7% Heinkel
et al(1990)% Milonas and Thomadakis(1997)¢] A& Alx= £t}
(Heaney, 2002; Zulauf et al, 2006; Kocagil, 2004; Hochradl and

Rammerstorfer, 2012).

.
@,
=
=~
@,
D
~
S
=
©
)
=
rlo
=
111
N
N
olf
oX,
s
0,
o
oM,
o
o
2
k=
rr
o
o
oX,
o

T8 F49 o3 =& 7Hde) Qs Auje rsAde] AU

7}21 & Black-Scholes(1973)2] =& S E3 FA33 ). 9]

ATt FAVEA 9 A rA el #A, WA e @A, wr] AlolE o
H

3} 55 Foto]l "ol owA FAVAS 448 A
Heinkel et al(1990)¢] <19"% Kocagil(2004)¢] A58  o]oxIth

Kocagil(2004)= w&gARgow HAogels FAstaL, Aoyt A4

AE g R A BAE PG 96, W, A%E, W, S5, T
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= Sl L3t} 3, West(2012)F Milonas and Thomadakis(1997) 2]
A4 A5 Ao Ao B Aogole A&ttt HelA A st

Heaney(2002)= %<& Fwlstal H 3t 7HAE 54 7HAZ2 Bt
o A= o]de] AFEF e W] 9l o} Longstaff(1995)e] R o=
stATh o] ATt wlEAIA] w42t

I AAI A o] EEbvE AR e gt Al

4
v

A,

(]

¥

19

o

r>~

I
ol

rlr

ol

i)

o

R

=

A el ej b

°] % Heaney(2002)2] <7+ Chen et al(2006), Zulauf et al(2006),
Hochradl and Rammerstorfer(2012) 5ol o3 vt Ry E5= Bl
Zulauf et al(2006) Heaney(2002)] "H S AF&3l] Heol4eS F4stAA
Aatel] e WEdE A8t Chen et al(2006)2 Heaney(2002)°] 7%
of &S A7l nl=2 F3AH ZHI colupa 71WFe] GARCH(1,1) =8
S 538 Heol49g e FA3 . Hochradl and Rammerstorfer(2012)+= %

A Aol AER ) ofAlo} FATVE A B E S Heaney(2002)2]

)
i)

A, oleld JAMA AARYE S S A 5] A= £ ek A
el izt 2 FEHAGe] FHEojoF Fkr(o]QlAl, 2000). Gibson and
Schwartz(1990), Schwartz(1997), Miltersen and Schwartz(1998), Schwartz
and Smith(2000) & 7oA AAst= G5 HFAGol A TGl 3]
(mean-reverting)?] AZ2L AU NENA3 27148 APAAFE |
T2 tFo 2tk (o] ¢4, 2000; Chen et al, 2006; Volmer, 2011). Casassus
and Collin-Dufresne(2005)¢} Mirantes et al(2013)> Hel4<] <] dJejol]
g AFE Sl ey ols ATt ool Zhe AAA | ETh=
AALDA Fefol] 2Ho] Bt

_%__
2] gt} Volmer(2011) 8.¢F &5 wE FAA A dido] 7Hbs & Aol o}



A oluE AZA A 7] oyt HUsE T 3 Ribeiro and Hodges(2004)+=
2

bAoA Aw g gAe s A

o
i
N

9], Pindyck(2001) “&# A2 Ao Aol A A HeG9 9] o
S A st} Pindyck(2004)= A i w3 AAE 7Fe] Ego)ls-9 %
A A S A A F AL, Kuper(2012)E Pindyck(2004)e) 7] 88 Fof 35 7124 3}

A% Anzrel MAAAe A AFEA B Bgstglth oA

o

(2000)9] A= FA7HA Aol ES AT Bl A &stHA A
AhEshal, ol e gk FA7HE AR A AATE o
AR L Carbonez et al(2007)© A A5 5 & =4AF
A A By, Ao JA EAE A8 A4t o7
Al FH AT BEL <I¥ T>o 8oFset)

10d olle] A+ FAIE AHEd A= Ho g AR FlelA
dstste FAHAE Bdskal At (Chen et al, 2006,
Zulauf et al, 2006; ¥}x]& 2007; Hochradl and Rammerstrofer, 2012). &3t
A-AE7HARA B Ao AU FAES FEs AR o F
< iAol daides Aot vtz AAA 54 Hla(Geman and
Ohana, 2009; Kucher and Kurvo, 2012)¢} dd7F2~ A7 (Stronzik et al,
2009; Volmer, 2011; Hochradl and Rammerstorfer, 2012)7} &3} A 3 3] X

rr
>,

rlr
o
2o
_>l_,
o
iin
o
td
ot
ftlo
vl

= Aol <H I>T<E 5> S AR A3 £ W5 drE BE
ol gelstglch
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Kaldor(193%8)
Working (1948, 1949)
Telser(1958)
Brennan(1958)

sy

2. Aol el A&
TEH ZF5 g dT

Fama and French(1988)
Cho and McDougall (1990)
Gao and Wang(2005)
Geman and Ohana (2009)
Stronzik et al. (2009)
Volmer(2011)
Svmeomdis et al.(2012)

335 2% 399 @A

Wright and Williams(1989)
Benirschka and
Binklev(1995)

Brennan et al. (1987)
Frechette and Fackler(1598)
Chavas et al.(2000)

3
&4

. He
a4

Heinkel et al.(1990)

Milonas and

Thomadakis(1997) — West(2012)

Heanev(2002)

— Kocagil(2004)

2= F(2007)

— Chen et al. (2006)
Zulauf et al. (2006)
Hochradl and

Rammerstorfer(2012)

Schwartz(1997)

Dufresne (2003)

Acjsole] G221 e

(Gibson and Schwartz(1990)

Mirantes et al.(2013)

Miltersen and Schwartz(1952)
Schwartz and Smith(2000)
Hilliard and Reiz(1998)
Casassus and Collin—

<3 7> MEOIE ¥ Heox
— 59 —

ol
=4

HFe

lok

=
=



(] AL =

M 4 & ofix] - xpAe] Holee] =F 3 I1M HHY
23
H1 3 2N X2

B4 77 20009 1EAE 20033 TRAA R, 9 AES 9E 71F
stttk 1980 d i eF 1990 d thE 2eshs A& Ao 2o AAA 7149 4
SAZE ARG 2000 el 24 e StEo] A st stk 24 e
WTI®} Brent 9, 32|siy AA7bxs H, 47|

WTISt Brent €= A9 2] 7[£o] 5= wWAvta Hfolv ]

B AQA7 A= Al ol 7hA o] 2AH = iR A7 Roln FE T

o
o
2
4
i)
J
f
o
k)

A 4Fu g, ofd, 2] Fama and French(1988)7F A4 &, W&, &
I FHEEE AR g5oR AAsIon o] AseA FA el ¥
ojgtom = A7|¥ WstE Husty] flef AAsAT B FE2 A= 37
dEolw, fJuge A fJugFor a5 FHoto] AHESER
WTLH$F Brentro] AEH dE7HE 2 = oA JHAH(EIA, Energy
Information Administration)oll A A& 3= A5 oW WTILRl= 7=
XA fAE ALFES, Brent ol dlolH 2E"-d A AlFst= OECD
Fa AHEstdth diEs e AVt w3 A&7, WAV A

LD EIA Aksolt), A= 459 7H4 B Au@FE BT HolHAER oA

%1

A-&Fst= ddFE5A Y A(LME, London Metal Exchange)®] Az o|t}, d-&
Tin 9985 3%, &F1]H-2 Aluminium 99.7 A%, oFdS SHG Zinc 99995 7
3%, 72]& Copper Grade A AEolth Z3zte] Ajase LMEA 7| &8l

A= AlarFe| o,

D U.S. Total Natural Gas in Underground Storage(Working Gas)
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M 2 8 oiHx]-Atale] Mol X M F2 24

1 om
I

rr

A BEL dAoR BelFee FAse] BT JPA

re

1117} 2t} Fama and French(1988)%-E Symeonidis et al(2012)7}#] 2] ¢

= HYF9d L [ABE FA3t¥th Fama and French?l 2§ &% ¢

2o 283 7Hg % WS Cho and McDougall(1990)°] A+, 3

¢
O

r
o
2

G U

rL ji
oL

Foll thel 83tk Gao and WangS Fama and French”} 4] 3t

ox
o
o

]

ggez A-A HHdA BAS 3t B934 HS W (unified test) &

K
>

3ttt Geman and Ohana(2009)+= IABE FA3t AHA, {4 HAES
Fa ARt AAVr= AEA Aol EAFS vt e Kucher and

s
Kurov(2012)&= A5, 3, i 29 Ad722 AES s

9 HA7F~ F B2l NBP, ZEE, TTF9 714& iAo & Stronzik et
al(2009)+= IABE FA4& HH4 WHe ol&3g ®H, Hochradl and
Rammerstorfer(2012)= 2A7Fx H7lRg71x =ddto =z [ABeLe] 43
E vt o] ek o] IABe} FA VA AdE vlaugk 2 o2 = Hochradl
and Rammerstorfer(2012)¢] A7} wdetrta & 4 ok

=
e Ef AoFolS FAHsIL v 7HE S HFeAt Milonas and
Thomadakis”7} 7-2]& X33 A AdF F717F e sibE3e] Hus

93 Aol Heaney(2002)= FE9HS tiAro

A}t Kocagil(2004)S A+ z
S A adste 7HAS A SsE T Chen et al(2006)2 9-F1F dldo=
2 Az on, West(2012)F o] A7k BA5#] 2gdl Meow



[ 1] ol x| AE AFL Hee FH U HFT UHHE
QAT TE e
AAE S5 (EFE, | 1aB
Fama and French(1983) | -+, &, &, o), ¥
THE, T, 2) dHE A
Cho and 1o Fuwe v IAB
A, 3w, —
McDougall(1990) ° AQA, EA A%
G o Wane (2005) g3, 78, @, E, | IAB
Ao and Trang obel, U, 7, & 444, 484 4% 9
Geman and IAB
A, A7~
Ohana(2009) ’ ARH, 8 AF
9 A7t~ IAB
Stronzik et al(2009)
(NBP, ZEE, TTF) HHE A
Kucher and A5, I, e | IAB
Kurov(2012) 23 A7t~ A4, H44 Hs
A5, TG, HAAT IAB
Symeonidis et al(2012) | &¢Fvlw, T8, &, <,
2 9 AN, 84 AS
Milonas and S 9 A 71A]
Thomadakis(1997) A{A, 134 H1E 9
K pE] 7].;2]
ik B =
Heaney(2002) T8, o, ok 444, 494 A= 9
) A5, EEA, S, | SATEA
Kocagil(2004) ) 9 A9, an A=
A 7HA
A4 .
Chen et al(2006) d = A A
A 7HA]
2 H
West(2012) A et 494, 494 A=
Hochradl and e dd7tx IAB, 34714
Rammerstorfer(2012) (NBP, ZEE, TTF) 4 A3 ¥

D) WHE g Qe HoY 9 Aa FARA] A U, ofglHe o B4 Wi Eolt)
2) NBP(National Balancing Point in the UK), TTF(Dutch Title Transfer Facility),
ZEE(Zeebrugge in Belgium)
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H 3 & x| -xale] me|folz M1 2t BAH 2N =

|

gt

Fama and French(1987, 1988)¢] Al HFH| 5232 2 (26)3} 7t}
ol AEZHA R dE71A9 A7t oA H| &3 AAgn] -] A FHAA
o7& Algk ghoE o] FojHE Hegi)

fur=se=sin ot w r=er (26)
foop:t D217 TS tA1719] AE7H4
s 719 AEIEA
ry i U T7FA 9] o] Ab&
w, i AAEH G

¢ 7 6‘]—7:” | /] >~ o]

9 Aol FAsH7] oel® FAAGH LS AlQlstal o] xpu]&nk Z et
o] oo} & o|x& =AY o] A ~(Interest-adjusted Basis, IAB)= W
& a 4= 9lt}. Fama and French(1988)¢} Symeonidis et al(2012) ol A=
Aol ol 7|HkE Fol 2 (27)7 2 IABE Ao LAMXE ALl o
™ Geman and Ohana(2009)= =749 7| &715 ZAstE #o& o] &3}
At IABE= A2A 43 BAAIES UEbd W, HJAER FAHER
itk AolA g st

IAB, = — (27)
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g5

Aipol el wEW Aol FHESE [IABVF SUFeHAl "k 1 o] f &
A S7HEFE A (200004 &9 Fo Yehhs Al ol o] vholA
ME7HA o] dE7HART & A o] By wito|vh vbH, ALk
o] olA L5 gAML G o] FoAER §o Flo] AAWA JRAGOR
AgA . 3 Working(1949)ell oJatH H&=3 d&714 9] 2= A7
SetuE Alaek IABO] #Al= A FE3AS sk 3 gt Eet
ohoobe] 2] (28)= Alarell Wik ZAMAE &8ekA] ¥l Ao A= IABIE

of ¥AE AHn7] e AHH HT RPder Jdhoxn.

IAB, = By + B4 + ¢ (28)
IAB, : tA17]9] o|A& A4 H oA~
L. tA 719 Aok

2. ZHHH HE 2Y

Fama and French(1988)2 Aol &S HAZ3st7] $13 [ABE Alato] ujst
TAPA A gttt o] RS A ARE FAH AFHow &85
i AR E ARESEA T Aol HHA e W eR EFEth Fama

and French®] ®'H-2 Wright and Williams(1988)¢] #| 71 & A 11 xF=2] F

3] Fama and French(1988)¢} Cho and McDougall(1990) 2] WHS iz} %Fu}
=9 wWolAl2o A JABS] X THAE dudttd. E3k Symeonidis et



al(2012)= ole FALSE =22 5H 4 (295 M3 AFE vlalsh

32

ot

of Mg el &9 HlolAl&7E o & S VAT IABZF &< el A

Fd MEY § 23 7o dFS vtk Aotk wEkA g | <[y
&

AHEst=AE Skl Aaek WMEA e dAE Ay

a=)

N
b

A}

o, =¢pt ¢1](1AB,,, ) IAB; ; + ¢, (1- [(]AB” >0) )]ABi,t te (29)

3. SUIIx| IR

A B garAge F5AA3 vlszstvte F4ol o &l (Heinket et al,
1990 &) Aol SFAMAE F4E + Avk. A Ao Fujgk 714
3 BHugo Ry Avd fJus w
22 i 97 E &
A et el F, s FaA e frelo]l AR FA9 frpAo] Al
W AE Ao ¢ 2E w7tx AnE Bestn godn stoh(Kocagil,
2004). o714 SJAAA L GATFA I AR A S B o EM o] Foj A
A9 7Fx = oFd] 4] (30)37 #Z2 Black-Sholes A R3S o] &3lo] ALk

gt
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(30)

) d2,t :dl‘t*Ut\/;

2Pt0f,tgs,t

sﬁt_

+o°

2
fit

StN(dl,t)*ft. TN(dZ,t)

o, NT
t

\/0’

717 TRl tA1 719 =71

Ct

In(s,/f, )+ (c2/2)7

: tAl 719

for:
P

Bl
N
2

B

N
P

B

717k A ] 713k

A

TR
I

i

BK
el

o

ol

(31)

Yot te

G

tA1712) A aL

L.

o
=

or
&+
o

n
-
m
o)

e

29

IAB¢]

L

]

A A

7l
ol Xt} whebA A are] o

3}
=

°] IAB

[e)

j=4

71X

A

=
=

ApA 2 kol

L
T

"V
o

o
o
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W 712717 AR Ao ARV e EAE AAE AR o= 9
%

3l Chow(1960) #4< W3

(S, (8 +8))/k
S, +.8,)/ (N, + Ny — 2k) (32)

chow = (

R

chow AAEALL F-EELE 2o A (32)0]4 T3 EAZO 25E
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M5 & x| - xpA2] Bejee] £ H JHM HF
EE

M1 E IR Xhl THmel Eelfel 2 MMM 2N Ay

H 12] o XY |AB2| 7| =S AH T

A Bt F=dA 5wk = gk
WTI - -0.015 0.047 -0.134 0.182
Brent €+t -0.017 0.041 -0.139 0.168

HH 1 A7F2= 0.057 0.133 -0.297 0.753
=} -0.021 0.197 -0.064 0.004
&FuH -0.010 0.024 -0.078 0.026
ofA -0.009 0.025 -0.098 0.020

74 -0.022 0.027 -0.091 0.019

A IABE FAs 1 Ft, xeAx, HAsq, A0S (% 12
of g3t A=

o, WTI %9} Brent 9#2 Hi, &
ERth oo} 2E] dlE]E B AAvtse] IABE 49 Hirg 71
7} 0133202 Q5o vls) A Uebtth BEe] IAB it 49 FF,
obel, FEe EEWAE 0024700279 e zhe W deo] BEHAE
0197= &2 & g 7Fxvh HA9lgke] 0.199014 0.02691 &-Fv]4, ofd, -]
of Hlal H IABY HIAgHS 00047 wj-$ z-e 3ol

HAA7r=E A
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[E 13] M1net IAB 2t 28y ZH4Es HI
Cha 3 IAB R’

=729 0.508 k%

WTI 05305
(0.540) (0.038)
=0.771 5% 0.007 sk

Brent <+ 0.4623
(0.064) (0.000)
—2.855% 3k * 0.199: 3k

HH 2 a7k 0.2998
(0.351) (0.024)
) =0.1695#* 0.017 3%

E 0.1839
(0.025) (0.003)
—0.3405%%* 0.023 33

&l 0.7020
(0.017) (0.001)
—0.31 153 0.023 33

ok 05045
(0.024) (0.002)
—0.325%%x 0.024 55

T2 05388
(0.022) (0.002)

1) 8 ke xEEAE ougtt
o
= ml

2) wxx, wx, +2 ZVZF 1%, 5%, 10% G4 23S el

_69_



A S JAB] AR S Ay e AEe A vt F71skel wet IABY)
S7heke AFEE ZrEti((® 13D, A 199 S7hel disl WTI 95-2] IAB
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Abstract

A Study on Convenience Yield of

Energy and Mineral Commodities

Soohyeon Kim

Environmental, Energy and Engineering Economics
Department of Energy system Engineering

The Graduate School

Seoul National University

The purpose of this study is to estimate convenience yield of energy
commodities and analyze the relationship between the convenience yield

and energy inventories.

A lot of studies about the convenience yield of commodities have been
conducted. However, there are no study which performed the thorough
research on the systemization or the tests on energy and mineral
commodities. To do this, prior studies were divided into 3 groups, 1) the
traditional theory of storage and its direct tests, 2) the indirect tests on the
theory of storage, and 3) optionality of convenience yield. From this
systemization, methodologies of each part were used to analyze the
relationship between the inventories and convenience yields for 7 energy

and mineral commodities during 2001.1-2013.7. Each of the spot prices, 3
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months futures prices and inventory levels are used for the tests.

The study has the following three major implications.

First, there are positive relationship between the inventory levels and
interest-adjusted basis(IAB) for every commodities. Decreasing inventory
levels lead to increase of the convenience yield.

Second, the tests on the hypothesis that negative IAB has bigger price
volatility than positive IAB give mixed results. Regardless of the
methodologies, WTI and Brent crude oil The mineral do not satisfy the
theory of storage within the framework of price volatility. It means that
they show higher price volatility when IAB is positive.

Third, the optionality of convenience yield was verified except for Brent
crude oil. The majority of commodities showed downward sloping between
the inventories and the option values. Furthermore, when I tested the
similarity of the negative IAB and the option value, only tin satisfied the
null hypothesis that negative IAB and the option value have the same

trend.

keywords : Energy, Mineral, Convenience Yield, Inventory,
Optionality
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