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Table 1 Summary statistics of logarithmic assets returns
HfH b 22 i BE U g TR ZREL
PR 500 4xHCAR AL 0.028 1 1.1616 -0.363 5 15.19 -0.654 0
VIX 5% 0.0132 4.1158 1.497 3 21.68 -

K H Ait-Sahalia #1 Kimmel " {1 75 ¥ X0 455 754
(1) FIAEHY (3) AT T, AT 25 R an 2k 2 Frow.
B WAl BRI HOR 3, 2B sh R R iR
Al R SR P S R . B, BT A
-0.001 4, H7F 1%/KF 1 3. AR (3) AT Al

0.941 1/0.001 4 = 25.93

p A IHME A - 0. 661 0, H7E 1% K F I
BB B 3R R RN U Bl R AR Bl 2 A A AE
AR KR, e, BT KSR oy f
VIX B s % o, ¥ W 2 (A7 & 2 /b

VIX B2 (I 24 4 F TIE#H.
x2 SEHITER
Table 2 Result of parameters estimates
QA Bs ay By P T Oy
Al THE 0.057 7 0.000 1 0.941 1"** -0.001 4*** -0.6610"*" 0.007 6 *** 0.035 1***
FrifE 2 0.059 8 0.000 2 0.241 6 0.000 5 0.013 6 0.000 1 0.001 3

e FRORTE 1%KL
2.2 EMHERFEESMEFRAE

R A R 1 R0 2 R AL VIX AR
AL VIX W15 B %) Je L 48 9 20 & Tl R 4%
A KU R R R D 10, T8 RURSE Fl 6 3 hy
0.03, # B AR M 1 4F. & 1 i T AN VIX

TR AR T B B LB A A A T LR
B, ARG VIX 5T, KU B8 7 A9 A AR
SBEA VIX 5T 4 A% B0 3 T R G T TG
WE7 AL T 3 BE A VIX R A A Y B4
s,

A VIXIEE
5 T T T T T T
. \~\~\ T
2 or B e T SR 3
&= .
® — RARR S E
————— VIXFEEAE
S e IR
-5t | L 1 | 1 1
10 20 30 40 50 60 70 80
LG VIXHItR
1.0 T T T T T T
i s
2 05 R
és ————— TC R BT AL
0 Il 1 1 1 1 1
10 20 30 40 50 60 70 80
VIX#IER AR

B1 RAHSKRERS

Fig. 1 Optimal dynamic portfolio allocation
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Table 3 Two components of portfolio weights
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Fig. 2 Optimal portfolio allocation under different investment horizons
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Fig. 3 Economic cost of exclusion of VIX future in the portfolio
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Table 4 Out-of-sample portfolio performance( 7 = 20d, y = 10 )

GRISI(:] AR EZE AL R A5 A
ERAE 0.037 5 0.077 0 0.487 2 0.0019
ANELfr VIX Bit% 0.047 5 0.085 4 0.555 4 0.009 6
£08 VIX 5% 0.2657 0.152 1 1.747 2 0.095 0
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Table 5 Out-of-sample portfolio performance under different investment horizons and risk aversions

FRIE AEALbREZE FALE P34 A
HARA: T =10K,y =10
HERAHA 0.038 0 0.083 1 0.456 8 0.001 9
ALE VIX e 0.047 7 0.093 4 0.511 1 0.009 5
fi5 VIX 5% 0.263 6 0.152°8 1.725 3 0.094 7
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155 VIX 52 0.1479 0.074 0 1.997 5 0.047 2

22/ WA FRTE P BCE I RRAR. T 36 AR 500 42
W5 F8 B VIX BT 1 SEUESE SRR W 404 o
A VIX 158 B F 53wl A AU F e v £ o 4l
BRI AP AEE VIX RS R 8EE

3 SRiE

7 22/ W RO B T RS AL i R

A TR R A B A 5 R, 5 22/ 8 R
GO MUBER GO MM AR S AP A A R G 2R, IS
a5l ATs 22/ B sh R A B T i 5 M
W, ASCIEALE PR T S R SR ISR 9™ R
WL BT 2 b il B 55 T 7 22/ W8 R Y™ I 45
BENESIRAS SR a A iREy R TR W

WA B, 7 22/ BB R BT Ak R M £ 5%
A B A E ZOIR A AR 1, RS (4 5 ek 7
TSI EhAREE B3 I, i OB SR B LA R Ty

BB AETH I XU B /NI I ik T8 0, i AE T 4
DRI 458 e B4 R AR HH T g 1) T 37 A8 R 72 Bl K
5, DT 5 BB 3 1 52 0 i ) 22 T JUAR.
FEARSNTESS SRR W, e B A I VIX
WIGTA B TR A A A XU EE. SR, 2545
GEE HARAR A RS DS R 80, VIX ST A
S 1 XU B¢ 7™ B PSS R, FEAF AR
BEPERYIEOLT , R KU BT = A 2 5y T B A Y
PeBARIGIN 0 558 5 FEe S i, e A s L



55130 JAFRBAAE . BIATT 22/ B sh R B8 M Sh S i B3 4l & — 113 —

BRI G BCER. TSI AT 22/ WEah RGO il BB AN (AP IRARITSE.

2 % X k.

[1]Poon S-H, Granger C W J. Forecasting volatility in financial markets: A review[ J]. Journal of Economic Literature, 2003,
(41) . 478 —539.
[2]Bollerslev T, Tauchen G, Zhou H. Expected stock returns and variance risk premia[ J]. Review of Financial Studies, 2009,
22(11) ; 4463 -4492.
(31—, Wi, 2L VIXSREO BER T RIS PR R SCIERr 52 [ 1], S5, 2018, 35(6) : 68 ~76.
Ye Wuyi, Zeng Haige, Miao Baiqi, An empirical study on the reciprocal impacts of VIX index on stock market[ J]. Statisti-
cal Research, 2018, 35(6) : 68 —76. (in Chinese)
[4 ]DeMiguel V, Garlappi L., Uppal R. Optimal versus naive diversification; How inefficient is the 1/N portfolio strategy[ J].
Review of Financial Studies, 2009, 22(5) : 1915 - 1953.
[5]Li H, Wu C, Zhou C. Time varying risk aversion and dynamic portfolio allocation[ J]. Operations Research, 2022, 70(1) .
23 -37.
[6]Dash S, Moran M T. VIX as a companion for hedge fund portfolios[ J]. Journal of Alternative Investments, 2005, 8(3) : 75 —80.
[7]Szado E. VIX futures and options; A case study of portfolio diversification during the 2008 financial crisis[ J]. Journal of Al-
ternative Investments, 2009, 12(2) . 68 —85.
[8 ]Szado E. The Portfolio Diversification Potential of Long VIX Futures and Options Strategies| R]. SSRN, Working Paper, 2019.
[9]Yan X, Zhu Y, Cui Z, et al. Optimal Investment in Equity and VIX Derivatives| R]. SSRN, Working Paper, 2021.
[10]Hilal S, Poon S-H, Tawn J. Hedging the black swan: Conditional heteroskedasticity and tail dependence in S&P500 and
VIX[J]. Journal of Banking & Finance, 2011, 35(9) ; 2374 - 2387.

[ 11]Chacko G, Viceira L. M. Dynamic consumption and portfolio choice with stochastic volatility in incomplete markets[ J]. Re-
view of Financial Studies, 2005, 18(4) : 1369 - 1402.

[12]Li X, Zhou C. Dynamic asset allocation with asymmetric jump distribution[ J]. China Finance Review International , 2018,
8(4) . 387 —398.

[13 ] Ait-Sahalia Y, Kimmel R. Maximum likelihood estimation of stochastic volatility models[ J]. Journal of Financial Econom-
ics, 2007, 83(2): 413 —452.

[14]Kirby C, Ostdiek B. It’s all in the timing; Simple active portfolio strategies that outperform naive diversification[ J]. Jour-
nal of Financial and Quantitative Analysis, 2012, 47(2) ; 437 —467.

CISTXNEE &, 20, f0 88, % ST U aE BRI G WA 5 0 b pt e[ )], B RRAR, 2019, 22(1) .
44 -56.
Liu Haifei, Li Xindan, Bai Wei, et al. Optimal portfolio and diversification based on persistent volatility[ J]. Journal of

Management Sciences in China, 2019, 22(1) : 44 —=56. (in Chinese)

Dynamic optimal portfolio allocation with variance/volatility assets

ZHOU Chun-yang, WU Chong-feng
Antai College of Economics and Management, Shanghai Jiaotong University, Shanghai 200030, China

Abstract; This paper assumes that investors can invest in variance/volatility assets besides traditional stocks
and risk-free assets. The paper gives an explicit solution to the dynamic optimal portfolio problem and finds

that the price of the variance/volatility assets is an important state variable that can affect the portfolio weights.
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Specifically, the optimal weights of stocks and variance/volatility assets will decrease with the price of the vari-
ance/volatility assets. Our empirical research based on the U. S. market shows that adding VIX futures to the
stock portfolio helps to diversify the portfolio risk and improve the out-of-sample performance. Meanwhile, the
exclusion of volatility assets in the portfolio will cause the investors to suffer economic costs.

Key words: dynamic portfolio allocation ; variance/volatility assets; economic cost
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