First Version: August 31, 2007
This Version: December 3, 2007

”’stochastic mean-reversion” 3
Schwartz(1997)
2 (NYMEX
WTI) (LME Copper)
1
3
Black (1976)
Black (1976)
( )
Bessembinder et al (1995)
1
Gibson - Schwartz (1990)
Schwartz (1997)
Schwartz - Smith
(2000) 2 Casassus - Dufresne (2005) 3
Cortazar - Naranjyo (2006)
’ ()

- 1/30 -



3 Schwartz (1997)

NYMEX WTI  LME Copper

Culp - Miller (1995) Mello - Parsons
(1995) Metallgesellschaft
Culp - Miller (1995)

Mello - Parsons (1995)
1
Metallgesellschaft Gibson - Schwartz (1990)

1 0.3
Metallgesellschaft

Schwartz (1997)

Schwartz (1997) 1 3 1
02 04 1 2 3
1
Brenann - Crew (1997)
Buhler — Korn - Schobel (2000) Brenann - Crew (1997) 2
(hedging instrument)
6 2 Buhler —
Korn - Schobel (2000) 10
2
1996
Metallgesellschaft
3
2 3
Schwartz (1997)
3 4
5 Out of Sample
6
Appendix

- 2/30 -



S, t
(D logS, =x; +7,.
m, Hull-White(1990)
Xl
( 2 dx; = K’(th +x5 - X )dt +o,dW,},
dx? = —px’dt + o, dW,?,
dx® = (o — A Jdt + oy dW.
G 8
A (EMM)
( 3 dw,"-dw,' = p,dt, i, j=123.
K xt oxP+x 7y X
(04
B B#0 X =
p
k>y>0
X' ( )= X2 +x3( )— x3( )
( 4 X5 =X + (e"‘ —e™ )xj + (e‘ﬁ‘ —e™ )xg
K-y K —
A I S S A
AN K=p
U k(t=s) gy L K Ya-rt=s) _ q-x(t-s) 2
+01_Le dw; +o, o~ -, jo(e e )st
K [Ya-p-s) _ a—x(t-s) 3
+03K_ﬂ.[0(e e )1WS,
2 oty2 U t=s) Ay 2
X, =¢€7X +02.[0e dw,”,
— e a - ta-Alt-s)
X =e ”‘x§+E(1—e ﬁ)+03IOe A AR
= 0

- 3/30 -



2.1 T t G, (t) EMM

( 5 G, (t) =E[s,]= exp{yll(xtl,xf,xf,T —t)+@}.
E, t 1,2 Appendix 8.1
s
o(t) = (6,(1),6,(t),6,(t)) X, X% x°
P Q
(6 W =w,? +£9(u)du .
P
( 7 dxt = x (X2 + X2 = X )t + 5,6, (1) dit + o, W,

dx? = —x2dt + 5,6, (t)dt + o, dW, >,
dx? = (o — AC it + o0, (t)dt + o, dW, >
o(t) olt,x*, x%,x*)
( 9 0,(t,x*,x%,x%)=a(x? +x¢ - xt),
Hz(t,xl,xz,x3)= —bx?,

6?3('[,x1,xz,xs):{c_cdxt3 E?ig;

( 9 dx; = z%(xf +x - xtl)dt +o,dW T,
dx? = —x2dt + o,dW,>"
o = (@ - A ot + o dW, >

K=k+o0,a, y=y+o,b, a=a+o,c, f=LF+0,d,

Schwartz
(1997)
Schwartz S, 0, I,

EMM
(10 ds, =(r, —&,)S,dt + o5 S,dW,°,

ds, = x,(0, — 6, )dt + o ,dW,°,

dr, =« (6, —r,)dt + o, dW,".

W/, i=S,8,r EMM

(  11) dw,'-dw,' = p,dt, i,j=S,6,r.

- 4/30 -



Schwartz (1997)

2.2 r
( 12) L= Yot X HYRX X
(13 dr, = (a, + a1, +a,5, +a,logS, Jdt + w,0,dW,! + w,0,dW, + w,o,dW,*,

ds, = (b, +byr, +b,5, +b, logs, )dt
+ (Wl + K)O'lthl + (l//z - K)O'detz + (V/3 —K)O'gde.

a, =ay +(ﬂV/3_7W2)V/o +G_i‘//2(’f'//1_ﬂ‘//s)_‘//s(lcl//l—yy/z)
0 3

V3=V, 2 K(‘//a_'/fz) ,

a = — Ky, _(7_ﬂ)'//2‘//3 +KY\W s +KYY, —KPBY, ,

1 )

4 = WZ(K‘//l_ﬂl/ja‘)_WS(K‘//l_}/l//z),

2 x(ys —v,)

a, = _7'//1V/2+/3V/1W3+(ﬂ_7)§”2‘//3 ,

Vs~ V¥,
b, = aly, — )1 KO =B+ (Brs = 1w v
Vs~ V¥,
+O__21'V2{K('V1+K)_/B(W3_K)}_V/a{K(W1+K)_7(W2_K)}
K('//s_l//z) ,

b, = KVWo == B+ xvays =kl =y + By + ki +y = Blys ="y = B).

' K(‘//a_'//z)

b = Wz{K(W1+K)_ﬂ(‘//3_K)}_‘//s{K(W1+K)_7(W2_K)},

i x(ys—v2)

b, = 1V ¥ Byaws + (B Woys k(B =y KBy, +rvs

Vs~ V¥,
(19 1 (12 logS ( 2
1
2 2
o =1, _K(Xz +X3_X1)_%: Vot YAX H WX +W3Xt3_K(X2 +X3_X1)_O-_25’
o, =0, W =W?,

( 2 dr,,ds, x, x%, x°
r,o,logS x'x*x° dr.,dg, X, x%, x°
r,o,log$S ( 13)



(149 o= Wot VX -
2.2 w =yy=0
( 15) dr, :7(‘//0 —h )dt+l//20'2th2,
ds, = (/c(‘f +x°1 A K00, +KOX, )dt +x0, AW + (v, —x)o,dW,” — ko, dW,* .
Ky = %[7—Mj—m—laf(x+ﬂ),
¥, 2
K’ = K+(1—£J(,B—y), K)=—x—-B, k. =Kp.
2
I, 0, p=0, v, = K7 Schwartz(1997) 3
y—K
21 21 Casassus — Dufresne (2005) Proposition 1
2.2 £ =0
£=0 x®
£ =0 £=0
3
v, W, 0 1

Xn = Fan—l +ann +C:'

—& 12 2 % I;' iy &
ot {e M _ g At} {eﬂm_e At}

3 7t cp
X,=| X, |, F,=| 0 e ™ 0
X, 0 0 e ™
ﬁ:{l_ o _"Eelém}
B K-p
E[Qn]zo’ Gn :COV[Qn]:( ij (At))’ C: = ~ O
e
B
T (At) Appendix 8.1

- 6/30 -



yn = ann +Ran +CT¥’

—KTy n

3.1

log e (0) ° K—y
Yo= : cHo=|
logG,_(0) g™
mp K — }/
T
11( ) +ﬁ 1 e—KTl K
hy 0 2 B K
Rn = y Cny =
0 hm T +
2 B
Rn
9
[ ]
n|n1 I:Xn -1n- 1—I—CX
ann 1 ann —1n- 1F +G
[ ]
dn|n -1 HnVn|n 1H + R
K Vn|n lH dn|n -1
X| - Xn|n 1 (yn n n|n -1 Cg)’
Vn|n - (I - Kan)\/nm—l'
[ ]
1 N ty 4
I(9) =2 {mN log(27) + > logldet(d .., | + Y u,'dy, U,
n=1
un y Han|n -1 Cr¥
X V
NYMEX WTI
1997 1 2002 10 1997 1 2006 11
Front Month( ), 1
DEC, 5 DEC, 6 DEC, 7 DEC
Front Month
LME Copper
2002 9 2004 11 2002 9 2006 12

- 7/30 -

N

n=1

5
DEC, 2 DEC, 3
Front Month =1
5

DEC, 4
DEC



Front Month, 1 DEC, 2 DEC, 3 DEC, 4 DEC,
5 DEC, 6 DEC Front Month = 1 DEC Front Month
]
WTI K | v | o B a b c d Oy | O, | O3 | Pio | Pz | Par
-Nov/2006| 1.112| 0.279] 0.004| 0.005] 0.000] 0.000| 0.544| 0.000] 0.367| 0.139] 0.196] 0.083| -0.603 0.378
-Oct/2002] 1.107| 0.293| 0.311] 0.110{ 0.597| 0.000] 0.070[ 0.017| 0.371] 0.374] 0.399| -0.173| -0.983 0.352
Copper | k | v | o | B | a b c d O, | 0, | O3 | P | Pz | Par
-Dec/2006] 0.758| 0.218| 0.274| 0.044] 0.000] 0.000] 0.146| 0.000] 0.260[ 0.453] 0.480] 0.103] -0.871] 0.293
-Nov/2004] 0.918| 0.143] 0.036/ 0.007| 0.000] 1.720| 0.079] 0.000] 0.224| 0.317| 0.319] 0.368| -0.840, 0.130
WTI  |Front Month| 1stDec 2ndDec 3rdDec 4thDec 5thDec 6thDec 7thDec
-Nov/2006, 0.0019 1E-12) 4.702E-05 1.822E-06] 2.233E-05 1.152E-05 1E-12] 1.543E-05
-Oct/2002 0.0022 1E-12) 4.093E-05 6.512E-06] 1.682E-05 4.188E-06] 2.274E-06] 1.331E-05
Copper |Front Month| 1stDec 2ndDec 3rdDec 4thDec 5thDec 6thDec
-Dec/2006, 1E-11]  4.84E-05| 8.828E-06] 2.932E-05 1E-11 0.0001] 8.916E-05
-Nov/2004 1E-11] 3.671E-05 2.135E-06] 1.225E-05 1.123E-05 2.695E-06 6.084E-05
]
WTI K v a a b c o, | O, O3 | P | Pz | Pa
-Nov/2006| 1.086| 0.262| -0.010, 0.000{ 0.000] 0.550] 0.364] 0.134] 0.192| 0.098] -0.577| 0.371
-Oct/2002] 1.048] 0.253] -0.007| 0.529] 0.000] 0.063] 0.363] 0.138] 0.182] 0.192] -0.619] 0.261
Copper | K \% a a b c O, | O, | O3 | P | Pz | Par
-Dec/2006| 0.746| 0.188| -0.048] 0.000] 0.000] 0.189] 0.260] 0.374] 0.379] 0.255| -0.798| 0.240
-Nov/2004] 0.930] 0.153| -0.014] 0.000] 2.044] 0.096] 0.224| 0.287| 0.287| 0.402| -0.801] 0.155
WTI  |Front Month| 1stDec 2ndDec 3rdDec 4thDec 5thDec 6thDec 7thDec
-Nov/2006, 0.002 1E-12) 4.724E-05 2.334E-06 2.263E-05 1.138E-05 1E-12) 1.574E-05
-Oct/2002 0.002 1E-12] 4.811E-05 6.074E-06] 2.731E-05 1.033E-05 1E-12) 1.372E-05
Copper |Front Month|  1stDec 2ndDec 3rdDec 4thDec 5thDec 6thDec
-Dec/2006, 1E-11) 4.874E-05 9.576E-06] 2.878E-05 1E-11 0.0001] 8.073E-05
-Nov/2004 1E-11] 3.647E-05 2.2E-06] 1.224E-05 1.108E-05 2.742E-06| 6.025E-05
WTI 2002 £>0.1
x? WTI, Copper Yij 0
x3
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- 8/30 -




- 9/30 -

2004 2
2
WTI 2002 a
Copper 2004
WTI, Copper 2006 c
3.2
2006 NYMEX WTI LME
Copper
2
WTI Copper
X' Front Month Front Month
x° 3rd DEC - 6th DEC 2nd DEC - 5th DEC
x*  loth DEC 5th DEC
5
WTI Copper WTI Copper
Xt 0.922 0.996 0.924 0.996
X 0.917 0.913 0.910 0.908
x® 0.983 0.857 0.980 0.826
WTI, Copper
4
1 3
xt, x%, x® (
)
t
O = (¢1,¢21¢3)
3
G, (1).Gy, (1) Gy, (1)
Gy, (t) )
AD=D.




4.1

oG, (t oG, (t oG (t
) G0 G O)
6X1 8x1 8X1 —jgz——
1
A 0G, (1) 0G, (t) 8G, (1) EX
0X, 0X, 0X, x|
oG (t) 0G,, (t) oGy (1) oG, (t)
O0X, O0X, 0X,4 OXq
()
Metallgesellschaft
Metallgesellschaft 1 3
WTI 6 Copper 5
WTI 10 DEC
DEC WTI 6 DEC
10
4 Copper 5 DEC
8 5 3
WTI 1 3 6 DEC Copper
5 DEC 1
1
( ) (
DEC12 DECO06 1
DECO6 DECO7 ) DEC
6
2006
WTI  Copper (
)
FrontMonth
DEC 1
WTI DEC12 Copper DEC11 2006

Appendix 8.3 - 8.6

- 10/30 -



WTI DEC12 Copper DEC11
80% ; 250% A
60% ~ J/I \\,’ AN V,’\\‘—\M‘ T 2005 PN
40% | // ~ . TS (_,,\\\'-’
20% S i S \Y oo
’ /7/\\ = W/:-\:;.~::2§/::~*j /3 100% |
D2 -\J\u;/js /0_3/\J/u 04 /Bgi/m Junlos/\segoe\ ﬁun/oe o
~40% o o
-60% 3an/04 Jul/04  Jan/05  Jul/0S  Jan/06  Jul/06
FrontMonth - ——--1st DEC =~ ------- 2nd DEC —-—--3rd DEC FrontMonth ———--1stDEC =~ ------- 2nd DEC
---—-4thDEC ~———5thDEC  ———6th DEC --—--3rdDEC  —-----4thDEC  ——5th DEC
Copper WTI Copper
WTI
WTI 8% Copper 30%
4.2
2006
2
( )
(
-
WTI Copper
DECO07 |DECO08|DEC09 | DEC10|DEC11 |DEC12|DEC10|DEC11
0.5% 1.2% 0.6% -0.5% -1.3% -2.3% -1.9% -1.0%
3.9% 82% 33% -3.4% 2.6% 7.8% 11.8% 30.1%
0.5% 1.1% 0.6% -0.5% -1.4% -2.3% -2.3% -1.9%
3.9% 82% 3.3% -3.4% 25% 7.9% 12.1%| 30.6%
WTI DEC12 Copper DEC11
10% 20%
8% 15% -
6%
ol 10%
2% 5% /\
o ‘ ‘ ‘ ‘ o S iz \ ‘
_oPeEs02 Jun/03 3ec/03,Jun/94 Dec/04 Jun/05 Dec/05 Jun/06 /04 /04 TJan/05  Jul/os Jan7od -+ - 3 /06~v~\/
::z | 106
e -15%
-10% -20%

- 11730 -



Copper

WTI Copper

Copper

WTI Copper
DECO07|DEC08 | DECQ9 | DEC10|DEC11|DEC12 | DEC10| DEC11
0.2% 0.8% 0.4% -04% -0.7% -1.7% -1.3% 0.5%
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5.1 Out of Sample

Out of Sample

Out of Sample

WTI 2002 Copper 2004
WTI  DEC12(
) Copper DEC11( 2003 2006 )
Copper
Copper 2002 9 3
Out of Sample 1
1
Copper 2004 11
2006 12
In Sample
In Sample Out of Sample In Sample Out of Sample
WTI -2.3% -34.2% -1.7% -1.5%
Copper -1.9% -2.5% -0.5% -1.9%
Appendix 8.5
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G, (1)-G;(0) Pr (1)
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In Sample
(WTI 1 6 DEC Copper 1 5
DEC) ( — )+
3
( >
)
6.1
3,000
WTI DEC16 2006 4 Copper DEC14 2006 3
DEC 1-3-6 1
, 3 , 6 DEC 6Y Parallel(5Y
Parallel) 6 (5 ) DEC (
WTI 1-3-6 Copper 1-2-5 )
WTI

1-23 | 1-24 | 1-25 | 1-26 | 1-34 | 1-35 | 1-36 | 1-4-5 | 146 | 1-5-6 | 2-34

-16.8%| -6.8%| -2.3%| -0.7%| -3.4%| -0.4% 0.3% 0.2% 0.4% 0.4% -2.4%

16.7% 7.1% 3.4% 2.0%| 7.4% 3.8% 2.0% 4.7% 22% 2.0% 9.9%

2-3-5 | 2-3-6 | 2-4-5 | 2-4-6 | 2-5-6 | 3-4-5 | 3-4-6 | 3-5-6 | 4-5-6 6Y Parallel

0.3% 0.6% 05% 0.6% 0.4% 0.2% 0.5% 0.3% 0.2% 0.6%

49% 2.4%| 53% 24% 2.1% 65% 2.7% 2.3% 2.8% 5.4%

- 16/30 -



(1st, 3rd, 6th DEC) (6th DEC)
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-15.1%| -3.2% -0.5%| -0.1% 0.3% -0.2% 0.6% 0.6% -0.3%| -1.1% 0.7%)
11.6%| 5.9% 3.6% 7.2% 3.8% 3.6% 8.9% 4.2% 3.9% 4.6% 7.9%)
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200 200 |
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0 LLLL L] LIl 0 I Ll || 11|
-30% -20% -10% 0%  10%  20%  30% -30% -20% -10% 0%  10%  20%  30%
Appendix
8.7
WTI 1 , 3 , 6 DEC Copper 1 , 2 5
DEC (Appendix 8.7 )
xt, x%, X3
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8.7

WTI 1)
WTI 1stDEC 2ndDEC 3rdDEC 4thDEC 5thDEC 6thDEC
1-2-3 1.21 -5.27 5.08 0 0 0
1-2-4 0.62 -2.11 0 2.51 0 0
1-2-5 0.35 -1.09 0 0 1.76 0
1-2-6 0.2 -0.61 0 0 0 1.43
1-3-4 0.22 0 -3.39 4.19 0 0
1-3-5 0.12 0 -1.32 0 2.22 0
1-3-6 0.07 0 -0.66 0 0 1.61
1-4-5 0.05 0 0 -2.68 3.65 0
1-4-6 0.03 0 0 -1.02 0 2
1-5-6 0.01 0 0 0 -2.22 3.22
2-3-4 0 1.19 -5.3 5.13 0 0
2-3-5 0 0.58 -2.03 0 2.47 0
2-3-6 0 0.31 -1 0 0 1.71
2-4-5 0 0.2 0 -3.18 4 0
2-4-6 0 0.11 0 -1.19 0 2.1
2-5-6 0 0.05 0 0 -2.4 3.36
3-4-5 0 0 1.09 -4.9 4.82 0
3-4-6 0 0 0.52 -1.81 0 2.31
3-5-6 0 0 0.18 0 -2.82 3.66
4-5-6 0 0 0 0.95 -4.3 4.36
Copper 1stDEC 2ndDEC 3rdDEC 4thDEC 5thDEC

1-2-3 1.67 -6.21 5.54 0 0

1-2-4 0.77 -2.18 0 2.4 0

1-2-5 0.39 -1.01 0 0 1.61

1-3-4 0.28 0 -2.99 3.69 0

1-3-5 0.14 0 -1.07 0 1.91

1-4-5 0.07 0 0 -2.06 2.98

2-3-4 0 1.24 -4.68 4.42 0

2-3-5 0 0.59 -1.69 0 2.09

2-4-5 0 0.22 0 -2.51 3.28

3-4-5 0 0 1.01 -4 3.99
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