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Abstract: In recent years, portfolio optimization with the use of a vector autoregressive (VAR)

model to estimate future stock returns has been subject of research. In this paper, we propose an

optimization model that uses time series models to predict not only the future returns but also

the conditional variance-covariance matrix of returns. More specifically, the future returns are

predicted by using the VAR model, and the conditional variance-covariance matrix is estimated

by using a dynamic conditional correlation (DCC) multivariate GARCH model. We evaluate the

out-of-sample investment performance of our model using historical data of U.S. stock market.

1 ͸͡Ίʹ

ͷਪҠͱͱ΋ʹมؒ࣌Ձ֨͸࢈ࢿͳͲͷ݊࠴΍ࣜג
ಈ͢ΔͨΊɼকདྷͷՁ֨͸ෆ࣮֬ੑΛͭ࣋ɽۚ༥Ͱ͸Ұ
ൠʹ͜ͷΑ͏ͳෆ࣮֬ੑΛϦεΫͱͱΒ͑Δɽෳ਺ͷ
࢈ࢿͷ૊Έ߹Θͤͷ͜ͱΛϙʔτϑΥϦΦͱ͍͍ɼ࢈ࢿ
ӡ༻Λࡍ͏ߦɼෆ࣮֬ੑͷ௿͍࢈ࢿʹ౤ͨ͠ࢿΓɼ૬ؔ
ͷখ͍͞ෳ਺ͷ࢈ࢿʹ෼ࢄ౤͢ࢿΔ͜ͱʹΑͬͯϙʔ
τϑΥϦΦશମͱͯ͠ϦεΫΛ཈͑Δ͜ͱ͕Ͱ͖Δɽෳ
਺ͷ౤ࢿର৅΁ͷ࢈ࢿ഑෼Λܾఆ͢Δ໰୊ΛϙʔτϑΥ
ϦΦબ୒໰୊ͱ͍͏ɽ
Markowitz [5]͸ɼϙʔτϑΥϦΦͷऩӹ཰ͷ෼ࢄΛ
ϦεΫͱ͠ɼϙʔτϑΥϦΦͷऩӹ཰ͷظ଴஋ΛҰఆ
Ҏ্ͱ͢Δ੍໿ͷ΋ͱɼऩӹ཰ͷ෼ࢄΛ࠷খԽ͢ΔΑ
͏ʹ౤ࢿൺ཰Λܾఆ͢Δฏۉɾ෼ࢄϞσϧΛఏҊͨ͠ɽ
ϙʔτϑΥϦΦͷظ଴ऩӹ཰ͱ෼ࢄΛٻΊΔํ๏ͱ͠
ͯ͸ɼա؍ʹڈଌ͞Εͨऩӹ཰ͷྻܥ࣌σʔλͷඪຊ
ฏۉɼඪຊ෼͕ࢄ༻͍ΒΕΔ৔߹͕ଟ͍ɽ͔͠͠ࡁܦ
஋ʹΑΔඪຊݱͷ࣮ڈ͸ઈ͑ͣมԽ͢ΔͨΊɼաڥ؀
ฏۉɼඪຊ෼ࢄΛকདྷͷ౤ܾࢿఆͷͨΊʹར༻͢Δ͜
ͱ͸ద੾Ͱ͸ͳ͍ͱ͑ߟΒΕΔɽΑͬͯɼຊڀݚͰ͸ɼ
কདྷͷऩӹ཰ͷ෼෍Λ༧ଌ͠ɼͦͷ༧ଌʹࢿ͍ͯͮج
దԽʹண໨͢Δɽ࠷഑෼Λܾఆ͢ΔϙʔτϑΥϦΦ࢈
ۙ೥ͷڀݚͱͯ͠ɼDeMiguel et al. [2]͸ɼҰؒظϕ

Ϋτϧࣗݾճؼ (VAR(1))ϞσϧʹΑΔऩӹ཰༧ଌΛ༻
͍ͨϙʔτϑΥϦΦ࠷దԽϞσϧΛఏҊͨ͠ɽ͜ͷͱ͖
ϙʔτϑΥϦΦͷϦεΫ͸৚݅෇͖෼ࢄͱ͠ɼVAR(1)

Ϟσϧ͔Β༧ଌͨ͠৚݅෇͖ظ଴ऩӹ཰ͱ࣮ଌ஋ͱͷ
Λ༻͍͍ͯΔɽࢄͷඪຊ෼ࠩ࢒

͔͠͠ɼҰൠʹऩӹ཰ͷ෼ࢄ͸ؒ࣌ͷਪҠͱͱ΋ʹ
มಈࣗ͠ݾ૬ؔΛͭ࣋͜ͱ͕஌ΒΕ͍ͯΔ (ϘϥςΟϦ
ςΟɾΫϥελϦϯά)ɽΑͬͯɼϙʔτϑΥϦΦͷϦ
εΫࢦඪͱ͢Δ৚݅෇͖෼ࢄʹ͍ͭͯ΋ɼྻܥ࣌Ϟσ
ϧΛ༻͍ͯ༧ଌΛ͜͏ߦͱʹΑͬͯɼϙʔτϑΥϦΦ
ͷऩӹ཰ΛߴΊΔ͜ͱ͕Ͱ͖ΔՄೳੑ͕͋Δɽ
෼͕ࢄมಈ͢ΔͱԾఆͯ͠ɼ෼ࢄΛ༧ଌ͢Δྻܥ࣌
Ϟσϧ͸ɼऩӹ཰༧ଌͱ͸ผʹ༷ʑͳ͓͕͜ڀݚͳΘ
Ε͍ͯΔɽEngle͸աڈͷ 2৐ࠩޡͰ෼ࢄΛ༧ଌ͢Δ
ARCHϞσϧ [3]ΛఏҊ͠ɼBollerslev͸ ARCHϞσ
ϧΛ֦ு͠ɼաڈͷ 2৐ࠩޡͱաڈͷ෼ࢄʹΑͬͯ෼
Λ༧ଌ͢Δࢄ GARCHϞσϧ [1]ΛఏҊͨ͠ɽ͜ΕΒ
ͷϞσϧ͸Ұͭͷ࢈ࢿͷ෼ࢄͷΈΛ͑ߟΔϞσϧͰ͋
Δ͕ɼϙʔτϑΥϦΦͷ෼ࢄΛ͑ߟΔࡍ͸ؒ࢈ࢿͷڞ
෼ࢄͷ༧ଌ΋ඞཁͰ͋Δɽڞ෼ࢄΛ༧ଌ͢ΔϞσϧͱ
ͯ͠Engle͸GARCHϞσϧͰ֤࢈ࢿͷ෼ࢄΛ༧ଌ͠ɼ
͑ߟͷ૬ؔʹ͍ͭͯ΋GARCHϞσϧͱಉ༷ͷؒ࢈ࢿ
ํͰϞσϧԽ͢Δ͜ͱͰɼ෼ࢄͱ૬͔ؔΒ෼ڞࢄ෼ࢄ
Λ༧ଌ͢Δྻߦ DCC-GARCHϞσϧ [4]ΛఏҊͨ͠ɽ
ຊڀݚͰ͸ɼVARϞσϧͰऩӹ཰Λ༧ଌ͠ɼ৚݅෇

͖෼ڞࢄ෼ྻߦࢄΛ DCC-GARCHϞσϧͰ༧ଌ͢Δ
ϙʔτϑΥϦΦ࠷దԽϞσϧΛఏҊ͢Δɽ·ͨถגࠃ
ՁσʔλΛ༻͍ͯɼӡ༻ͷγϛϡϨʔγϣϯג৔ͷࢢࣜ
Λ͍ߦɼӡ༻݁Ռ͔ΒఏҊϞσϧͷ༗ޮੑΛ͢ূݕΔɽ
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2 ϙʔτϑΥϦΦ࠷దԽ

ෳ਺ͷ౤ࢿର৅࢈ࢿͷத͔Β౤ࢿՈʹͱͬͯ࠷΋޷
·͍͠Α͏ʹɼͲͷ౤ࢿର৅ʹͲΕ͚ͩ౤ࢿΛͨ͠Β
Α͍͔ͱ͍͏࢈ࢿ഑෼Λܾఆ͢Δ໰୊ΛϙʔτϑΥϦ
Φબ୒໰୊ͱ͍͏ɽ౤ࢿର৅࢈ࢿ i ∈ A (i = 1, · · · , N)

ͷऩӹ཰Λ֬཰ม਺ͱΈͳ͠ɼr̃i ͱॻ͘ɽ࢈ࢿ i΁ͷ
౤ࢿൺ཰Λ xiͱ͢ΔɽΑͬͯɼϙʔτϑΥϦΦͷऩӹ
཰͸

∑
i∈A r̃ixi ͱͳΓɼr̃i ͷظ଴஋Λ µi = E[r̃i]ͱ͢

ΔͱɼϙʔτϑΥϦΦͷظ଴ऩӹ཰͸

E[
∑

i∈A
r̃ixi] =

∑

i∈A
E[r̃i]xi =

∑

i∈A
µixi (1)

Ͱ͋ΔɽҰํɼ࢈ࢿ iͱ j ͷऩӹ཰ͷڞ෼ࢄΛ σi,j =

E[(r̃i − µi)(r̃j − µj)]ͱ͢ΔͱɼϙʔτϑΥϦΦͷऩӹ
཰ͷ෼ࢄ͸

E[(
∑

i∈A
r̃ixi −

∑

i∈A
µixi)

2]

=
∑

i∈A

∑

j∈A
E[(r̃i − µi)(r̃j − µj)]xixj

=
∑

i∈A

∑

j∈A
σi,jxixj (2)

ͱදͤΔɽMarkowitz [5]͸ɼϙʔτϑΥϦΦͷऩӹ཰
ͷ෼ࢄΛϦεΫͱͱΒ͑ɼϙʔτϑΥϦΦͷऩӹ཰ͷ
Λࢄ଴஋ΛҰఆҎ্ͱ͢Δ੍໿ͷ΋ͱɼऩӹ཰ͷ෼ظ
Ͱ͸ɼڀݚϞσϧΛఏҊͨ͠ɽຊࢄɾ෼ۉখԽ͢Δฏ࠷
ϦεΫճආ౓ γ (0 ≤ γ ≤ 1)Λ༻͍ͯ෼ࢄͱظ଴஋ͷՃ
ॏ࿨Λ࠷খԽ͢Δ໰୊Λղ͘ɽ͢ͳΘͪɼ໨తؔ਺Λ

minimize γ
∑

i∈A

∑

j∈A
σi,jxixj − (1− γ)

∑

i∈A
µixi (3)

ͱ͠ɼ੍໿৚݅ͱͯ͠ɼ౤ࢿൺ཰ͷ࿨͕ 1ʹͳΔ੍໿
ͱۭചΓ੍ࢭې໿Λઃ͚Δɽ

subject to
∑

i∈A
xi = 1 (4)

xi ≥ 0 (∀i ∈ A) (5)

ϙʔτϑΥϦΦͷऩӹ཰ͷظ଴஋ͱ෼ࢄʹ͸ɼաڈ
ͱඪຊۉσʔλͷඪຊฏྻܥ࣌ଌ͞Εͨऩӹ཰ͷ؍ʹ
෼͕ࢄ༻͍ΒΕΔ৔߹͕ଟ͍ɽաڈͷ t = ఺͔Β࣌1
t = T − ఺·Ͱͷ࣌1 T − ࢈ࢿଌ͞Εͨ؍ʹؒظ1 iͷ
ऩӹ཰ͷ࣮ଌ஋ ri,t ͱ͢ΔͱɼඪຊฏۉΛ༻͍ͨ࢈ࢿ
iͷظ଴ऩӹ཰ µi ͸

µi =
1

T − 1

T−1∑

t=1

ri,t (6)

Ͱ͋Γɼඪຊڞ෼ࢄ σi,j ͸ҎԼͷΑ͏ʹදͤΔɽ

σi,j =
1

T − 1

T−1∑

t=1

(ri,t − µi)(rj,t − µj) (7)

3 VARϞσϧʹΑΔऩӹ཰༧ଌ

DeMiguel et al. [2]͸ϙʔτϑΥϦΦͷӡ༻੒੷Λվ
ળ͢ΔͨΊʹɼ1ؒظϕΫτϧࣗݾճؼϞσϧ (VAR(1)

Ϟσϧ)Λ༻͍֤ͯ࢈ࢿͷऩӹ཰Λ༧ଌͨ͠ɽ
఺࣌ 1͔Β࣌఺ T −1·Ͱͷ֤࣌఺ tͷऩӹ཰ r̃i,tͷ
஋ݱ࣮ ri,t͕༩͑ΒΕ͍ͯΔͱ͢ΔɽVAR(1)ϞσϧͰ
͸࢈ࢿ iͷ࣌఺ tͷऩӹ཰ r̃i,t͸ ࢈ࢿલͷ͢΂ͯͷظ1
ͷऩӹ཰ͷӨڹΛड͚Δͱ͑ߟΔɽ࣌఺ tͷ࢈ࢿ iͷऩ
ӹ཰ͷ֧ཚ߲Λ ũi,tͱ͠ɼฏۉ 0ɼ͋Δ෼ڞࢄ෼ྻߦࢄ
Λͪ࣋ɼ೚ҙͷ i, j, t, s (ͨͩ͠ɼt ̸= s)ʹରͯ͠ ũi,t

ͱ ũj,s͸͍ޓʹಠཱͱԾఆ͢ΔɽύϥϝʔλΛ ci,φi,k

ͱ͢Δͱ VAR(1)Ϟσϧ͸ҎԼͷΑ͏ʹද͞ΕΔɽ

r̃i,t = ci +
N∑

k=1

φi,kr̃k,t−1 + ũi,t (8)

ύϥϝʔλ͸࠷খ 2৐๏ʹΑͬͯٻΊΔ͜ͱ͕Ͱ͖Δɽ
t− 1 ஋͕༩͑ΒΕͨͱ͖ݱ఺·Ͱͷ֬཰ม਺ͷ࣮࣌

ͷ r̃i,t ͷظ଴஋Λ৚݅෇͖ظ଴஋ͱ͍͏ɽ৚݅෇͖ظ
଴஋͸ٻΊͨύϥϝʔλ ci,φi,kΛ༻͍ͯҎԼͷΑ͏ʹ
දͤΔɽ

Et−1[r̃i,t] = ci +
N∑

k=1

φi,krk,t−1 (9)

৚݅෇͖ظ଴஋Λ༻͍ͯɼ࣌఺T ͷ༧૝ऩӹ཰Λ r̂i,T =

ET−1[r̃i,T ]ͱ͢ΔɽҰํɼϦεΫ͸Ϟσϧ͔Βਪఆ͠
ͨ༧ଌ஋ͱ࣮ࡍͷ஋ͱͷࠩ࢒Λ༻͍ͨ৚݅෇͖෼ࢄΛ
༻͍Δɽ

∑

i∈A

∑

j∈A
ET−1[(r̃i,T − r̂i,T )(r̃j,T − r̂j,T )]xixj

=
∑

i∈A

∑

j∈A
ET−1[ũi,T ũj,T ]xixj (10)

͔͜͜Β͸ɼhi,j,t = Et−1[ũi,tũj,t]ͱ͓͘ɽDeMiguel

et al. [2]Ͱ͸࣌఺ T ͷ৚݅෇͖ڞ෼ࢄ hi,j,T ͸༧ଌ࢒
ࠩ ui,tͷඪຊڞ෼ࢄΛ༻͍ͯਪఆ͍ͯ͠Δɽ͢ͳΘͪɼ

hi,j,T =
1

T − 1

T−1∑

t=1

(ri,t − r̂i,t)(rj,t − r̂j,t) (11)

ͱͳΔɽΑͬͯɼVAR(1)ϞσϧʹΑΔऩӹ཰༧ଌʹج
దԽϞσ࠷഑෼Λܾఆ͢ΔϙʔτϑΥϦΦ࢈ࢿ͍ͯͮ
ϧͷ໨తؔ਺͸

minimize γ
∑

i∈A
hi,j,Txixj − (1− γ)

∑

i∈A
r̂i,Txi (12)

ͱͳΔɽDeMiguel et al. [2]͸VARϞσϧͰऩӹ཰Λ
༧ଌͨ͠ϙʔτϑΥϦΦ࠷దԽϞσϧ͕ɼաڈͷऩӹ
཰ͷඪຊฏۉͱඪຊ෼ࢄΛ༻͍ͨϞσϧΑΓ΋ӡ༻੒
Ռ͕վળ͢Δ͜ͱΛࣔͨ͠ɽ
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4 DCC-GARCHϞσϧʹΑΔϦε
Ϋ༧ଌ

ઌڀݚߦͰ͸ɼϙʔτϑΥϦΦͷϦεΫ͸৚݅෇͖
෼ࢄͱ͠ɼϞσϧ͔Β༧ଌͨ͠৚݅෇͖ظ଴ऩӹ཰ͱ
࣮ଌ஋ͱͷࠩ࢒ͷඪຊ෼ࢄΛ༻͍͍ͯΔɽ͔͠͠ɼҰൠ
ʹऩӹ཰ͷ෼ࢄ͸ؒ࣌ͷਪҠͱͱ΋ʹมಈࣗ͠ݾ૬ؔ
Λͭ࣋͜ͱ͕஌ΒΕ͍ͯΔɽΑͬͯɼ৚݅෇͖෼ࢄʹͭ
͍ͯ΋ɼྻܥ࣌ϞσϧͰ༧ଌΛ͜͏ߦͱʹΑͬͯɼϙʔ
τϑΥϦΦͷऩӹ཰ΛߴΊΔ͜ͱ͕Ͱ͖ΔՄೳੑ͕͋
Δɽͦ͜ͰຊڀݚͰ͸ɼ৚݅෇͖෼ࢄͷ༧ଌʹ DCC-

GARCHϞσϧ [4]Λ༻͍ΔϙʔτϑΥϦΦ࠷దԽϞ
σϧΛఏҊ͢Δɽ
৚݅෇͖ڞ෼ࢄ hi,j,tͷϞσϧԽΛ͑ߟΔͨΊʹɼ·
ͣɼ࣌఺ tͷ࢈ࢿ iͷ৚݅෇͖෼ࢄ hi,i,tͷΈΛ͑ߟΔɽ
͸Ұ୴্͕ΔࢄՁ֨ͷมಈʹ͓͍ͯɼऩӹ཰ͷ෼࢈ࢿ
ͱ͍ߴਫ४͕͠͹Β͘ଓ͖ɼ௿Լ͢Δͱ௿͍ਫ४͕ଓ
ʢϘϥςΟϦςΟɾΫϥελϦϯάʣ͕஌ΒΕ޲܏͘
͓ͯΓɼաڈͷมಈͷେ͖͞ͷӨڹΛड͚Δɽ·ͨಛ
ʹ௚ۙͷ࣌఺ͷมಈ΄Ͳ༩͑ΔӨ͕ڹେ͖͍ͱ͑ߟΒ
ΕΔɽͦ͜Ͱɼ1ظલͷ 2৐ࠩޡͷ࣮ݱ஋Λ u2

i,t−1ɼ༧
ଌ஋Λ hi,i,t−1ɼύϥϝʔλΛ੾ย ωi (≥ 0)ɼ܎਺ αiɼ
βiɼͨͩ͠ɼ0 < αi,βi < 1ͱ͠ɼ࢈ࢿ iͷ৚݅෇͖෼
Λࢄ

hi,i,t = ωi + αiu
2
i,t−1 + βihi,i,t−1 (13)

ͱϞσϧԽ͢Δɽ্ࣜ͸աڈmؒظͷσʔλΛ༻͍ͯ
Ͱ͖ΔɽܗͷΑ͏ʹม࣍

hi,i,t = ωi

m∑

k=1

βk−1
i + αi

m∑

k=1

βk−1
i u2

i,t−k + βm
i hi,i,t−m

(14)

͜ͷϞσϧͷύϥϝʔλ͸֤ؒ࢈ࢿͷ૬͕ؔͳ͍ͱԾ
ఆ͠࠷໬๏Ͱਪఆ͢Δɽ
ϙʔτϑΥϦΦͷ෼ࢄΛ͑ߟΔͨΊʹ͸ؒ࢈ࢿͷ৚
݅෇͖ڞ෼ࢄ΋ਪఆ͢Δඞཁ͕͋ΔɽΑͬͯɼ͜͜Ͱ
͸৚݅෇͖૬ؔΛϞσϧԽ͠ɼઌʹਪఆͨ͠৚݅෇͖
෼ࢄͱ৚݅෇͖૬͔ؔΒڞ෼ࢄΛ͢ࢉܭΔ DCCϞσ
ϧΛར༻͢Δɽ
ऩӹ཰ͷ৚݅෇͖૬ؔ܎਺ ρi,j,t ͸ҎԼͷΑ͏ʹද

ͤΔɽ

ρi,j,t =
Et−1[ũi,tũj,t]√

Et−1[ũ2
i,t]Et−1[ũ2

j,t]
(15)

=
hi,j,t√

hi,i,thj,j,t

(16)

͢ͳΘͪ৚݅෇͖ڞ෼ࢄ͸ҎԼͷΑ͏ʹͳΔɽ

hi,j,t = ρi,j,t
√
hi,i,thj,j,t (17)

͜͜Ͱɼ
√
hi,i,tͷର֯ྻߦΛDt = diag(

√
hi,i,t)ͱ͠ɼ

఺࣌ tͷ૬ؔ܎਺ ρi,j,t Λཁૉͱ͢Δ૬ؔྻߦΛ Rt ͱ
͢Δͱɼ࣌఺ tͷ෼ڞࢄ෼ྻߦࢄHt͸ҎԼͷΑ͏ʹද
ͤΔɽ

Ht = DtRtDt (18)

৚݅෇͖૬ؔ܎਺΋GARCHϞσϧͱಉ༷ͷํ͑ߟ
ͰϞσϧԽ͢Δɽͨͩ͠ɼ͢΂ͯͷؒ࢈ࢿͷ૬ؔʹͭ
͍ͯҟͳΔύϥϝʔλΛ͑ߟΔͱਪఆ͢Δύϥϝʔλ
਺͕ඇৗʹଟ͘ͳΔͷͰɼ૬ؔ܎਺ͷมಈͷߏ଄͸೚
ҙͷ ରͯ͢͠΂ͯύϥϝʔλ͕ಉ͡ͱԾఆ͠ɼʹ࢈ࢿ2
ඪ४Խͯ͑͠ߟΔɽ
ඪ४Խͨࠩ͠࢒Λ ϵi,t = ui,t/

√
hi,i,t ͱ͠ɼqi,j,t =

Et−1[ϵ̃i,tϵ̃j,t]ͱ͢Δɽͦͯ͠ɼύϥϝʔλ a, bΛ༻͍ͯɼ
GARCHϞσϧͱಉ༷ʹҎԼͷΑ͏ʹද͢ɽ

qi,j,t = (1− a− b)q̄i,j + aϵi,t−1ϵj,t−1 + bqi,j,t−1 (19)

ͨͩ͠ɼa, b > 0, a + b < 1ͱ͢Δɽ͜͜Ͱ q̄i,j ͸ඪ
ຊ૬ؔΛ༻͍͍ͯΔɽύϥϝʔλ aͱ b͸೚ҙͷ iͱ j

ʹରͯ͠ಉ͡ͱ͢Δɽ͜ͷΑ͏ʹ͢Δͱύϥϝʔλ਺
͸ GARCHϞσϧͰ 3×N ɼDCCϞσϧͰݸ ͱݸ2
ͳΔɽ͜ͷΑ͏ʹͨ͠ͱ͖৚݅෇͖૬ؔ܎਺ ρi,j,t ͸

ρi,j,t =
Et−1[ũi,tũj,t]√

Et−1[ũ2
i,t]Et−1[ũ2

j,t]
(20)

=

√
hi,i,thj,j,tEt−1[ϵ̃i,tϵ̃j,t]√

hi,i,tEt−1[ϵ̃2i,t] · hj,j,tEt−1[ϵ̃2j,t]
(21)

=
qi,j,t√

qi,i,tqj,j,t
(22)

Ͱ͞ࢉܭΕΔɽ(14)ࣜͰٻΊͨ෼ࢄͱ (22)ࣜͷ૬ؔ܎
਺͔Β (18)ࣜʹΑͬͯڞ෼ࢄΛٻΊΔɽ͜ͷΑ͏ʹ͠
ͯਪఆͨ͠ hi,j,T Λ (12)ࣜͷ࠷దԽϞσϧʹ༻͍Δɽ

5 ਺஋࣮ݧ

ຊڀݚͷఏҊϞσϧͷ༗ޮੑΛ͢ূݕΔͨΊʹӡ༻
ͷγϛϡϨʔγϣϯΛͨͬߦɽطଘϞσϧͱͷൺֱΛ
΋ͱʹͲͷΑ͏ͳ৔߹ʹ͓͍ͯఏҊϞσϧ͕༗ޮ͔ߟ
Δɽσʔλ͸Kenneth͢࡯ R. French — Data Library
1͔Βμ΢ϯϩʔυͨ͠ 6 Portfolios Formed on Size

and Book-to-Market [Daily]Λ༻͍ͨɽ͜Ε͸ਤ 1ʹ
ࣔ͢Α͏ʹɼถࠃͷ্৔ࣜגۀاΛ࣌Ձ૯ֹͰ 2෼ׂ͠
(େ͖͍΄͏ΛBigɼখ͍͞΄͏Λ Smallͱ͢Δ)ɼPBR
(७ג࢈ࢿՁൺ཰)ͷٯ਺Ͱ 3෼ׂͯ͠ Β͔͏΄͍ߴ)
HighɼMiddleɼLowͱ͢Δ)ɼ6ͭͷΫϥε (S-HɼS-Mɼ
S-LɼB-HɼB-MɼB-L)ʹ෼ׂ͠ɼ֤Ϋϥεʹଐ͢Δג
ࣜͷ೔࣍ऩӹ཰Λ࣌Ձ૯ֹͰՃॏฏࢦͨ͠ۉඪͰ͋Δɽ

1http://mba.tuck.dartmouth.edu/pages/faculty/
ken.french/index.html
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ਤ 1: ถࣜגࠃΠϯσοΫε

ͦΕͧΕͷϞσϧ͔ΒٻΊͨ౤ࢿൺ཰Λ΋ͱʹ 250೔
(2012೥ 11݄ 5೔͔Β 2013೥ 10݄ 31೔·Ͱͷ໿ 1೥)

ͷӡ༻Λͯͬߦऩӹ཰ͷฏۉͱ෼ࢄΛٻΊΔɽͦͷࡍɼ
༧ଌϞσϧͷύϥϝʔλɼ࠷ద౤ࢿൺ཰͸ຖ೔͠ࢉܭ
௚͠ɼϦόϥϯεΛ͏ߦɽϦεΫճආ౓ͷύϥϝʔλ γ

͸ 0,0.001,· · · ,0.009,0.01,0.02,· · · ,0.09,0.1,0.2,· · · ,0.9,1
ͷ 29௨Γͷ஋Λઃఆ͢Δɽԣ࣠ʹ 250೔ؒͷऩӹ཰ͷ
෼ࢄɼॎ࣠ʹऩӹ཰ͷฏۉΛͱΓɼγ͝ͱʹϓϩοτ͢
Δɽ্ࠨʹϓϩοτ͕͋Δ΄ͲΑ͍ӡ༻੒Ռͱ͍͑Δɽ
ਤ 2ʙ4Ͱ͸ɼݹయతͳฏۉ෼ࢄϞσϧʢmean-covʣɼ

VARϞσϧʹΑͬͯऩӹ཰Λ༧ଌ͢Δઌڀݚߦ [2]ͷ
ϞσϧʢVAR-covʣɼऩӹ཰ͱ෼ڞࢄ෼ྻߦࢄͷ྆ํ
Λ༧ଌ͢ΔఏҊϞσϧʢVAR-DCCʣͷӡ༻੒੷Λൺ
ֱ͍ͯ͠Δɽͳ͓ɼਤ 2ɼ3ɼ4͸ͦΕͧΕ֤࣌఺Ͱ௚
લͷ 250೔ɼ750೔ɼ1000೔Λֶशؒظͱ͠ɼͦͷظ
ؒͷऩӹ཰σʔλΛ༻͍ͯ౤ࢿൺ཰Λܾఆ͍ͯ͠Δɽ
VAR-covϞσϧͱ VAR-DCCϞσϧΛൺֱ͢Δͱɼ
ֶश͕ؒظɼ250೔ɼ750೔ɼ1000೔ͷ͍ͣΕͷ৔߹Ͱ
΋ϦεΫճආ౓͕த΄Ͳͷͱ͖ఏҊϞσϧͷํ͕ӡ༻
੒੷্͕ճ͍ͬͯΔɽ྆Ϟσϧͱ΋ऩӹ཰ͷ༧ଌํ๏
͸ಉ͡Ͱ͋ΔͨΊɼϦεΫճආ౓ γ ͕ 0ʹ͍ۙͱ͖͸
ϦεΫճආ౓͕େ͖͍ͱʹٯͳΔɽʹࢿΑ͏ͳ౤ͨࣅ
͖͸ VAR-DCCϞσϧ͸ VAR-covϞσϧʹൺ΂ྼͬ
͍ͯΔɽ·ͨɼVAR-DCCϞσϧͱ mean-covϞσϧ
ͱͷൺֱͰ͸ɼֶशؒظ 250೔Ͱ͸ϦεΫબ޷తͳͱ
͖ʹ mean-covϞσϧΛ্ճΔ͕ɼϦεΫճආతͳͱ
͖͸mean-covϞσϧͷํ͕Α͍݁ՌͱͳΔɽ1000೔
ͱ͍͏௕ظͷֶशؒظΛऔͬͨͱ͖͸ mean-covϞσ
ϧͷํ͕ɼVAR-DCCϞσϧΑΓ΋ྑ͍݁Ռͱͳͬͨɽ
ϦεΫճආతͳͱ͖ɼmean-covϞσϧͱ VAR-covϞ
σϧ͸ͨࣅΑ͏ͳ౤ࢿʹͳΔɽ͞Βʹɼֶशؒظ਺ͷൺ
ֱͰ͸ɼϦεΫબ޷తͳͱ͖͸ֶशؒظ 250೔ͷVAR-

DCCϞσϧ͕࠷΋ӡ༻੒੷͕Α͘ɼϦεΫճආతͳͱ
͖͸ֶशؒظ 1000೔ͷmean-covϞσϧ͕Α͍݁Ռͱ
ͳͬͨɽ

ਤ 2: ӡ༻੒੷ͷൺֱ (ֶशؒظ 250೔)

ਤ 3: ӡ༻੒੷ͷൺֱ (ֶशؒظ 750೔)

ਤ 4: ӡ༻੒੷ͷൺֱ (ֶशؒظ 1000೔)
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6 ·ͱΊͱޙࠓ

ຊڀݚͰ͸ɼVARϞσϧͰऩӹ཰Λ༧ଌ͠ɼ৚݅෇
͖෼ڞࢄ෼ྻߦࢄΛ DCC-GARCHϞσϧͰ༧ଌ͢Δ
ՁΠϯσοגͷࠃஙͨ͠ɽ·ͨɼถߏదԽϞσϧΛ࠷
ΫεΛ༻͍ͨӡ༻γϛϡϨʔγϣϯͰฏۉ෼ࢄϞσϧɼ
ऩӹ཰ΛVARϞσϧͰ༧ଌ͢Δઌڀݚߦ [2]ͷϞσϧɼ
ऩӹ཰ͱ෼ڞࢄ෼ྻߦࢄΛڞʹ༧ଌ͢ΔఏҊϞσϧΛ
ൺֱͨ݁͠ՌɼϦεΫճආ౓͕த΄Ͳͷͱ͖ఏҊϞσ
ϧ͕ઌڀݚߦ [2]ͷϞσϧΑΓ΋ྑ͍ӡ༻݁ՌΛಘΒΕ
Δ͜ͱ͕Θ͔ͬͨɽ
ΊΔखߴ͸Ϟσϧͷύϥϝʔλਪఆͷਖ਼֬͞Λޙࠓ
๏Λ͑ߟΔͱͱ΋ʹɼϦεΫ༧ଌΛϙʔτϑΥϦΦ࠷
దԽʹऔΓೖΕΔ͜ͱ͕ӡ༻੒੷ͷ্޲ʹͭͳ͕Δ͔ɼ
͞ΒͳΔ࣮ݧΛ௨͍ͯͯ͘͠͠ূݕɽ
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