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Abstract

Volatility is the intrinsic characteristics of the financial markets. Just as empirical
studies have shown, time-varying volatility, volatility cluster and “leverage effect” are
the stylized facts of financial markets. Moreover, incorporating time-varying volatility
in macroeconomic and financial models can refine the model specification, improve the
model’s forecast ability, and reinforce the empirical performance of the model. Explor-
ing the impact of time-varying volatility within the dynamic stochastic general equilib-
rium framework in macroeconomics, as well as derivatives pricing model and interest
term structure model in financial economics, is becoming more and more popular. The

processes in those field is exciting and encouraging.

Multivariate volatility model is just a multidimensional extension of univariate
volatility model, which can investigate the volatility spillover effect and dynamic corre-
lation between more than one assets and markets simultaneously. And it is well known
that the knowledge of volatility spillover effect and dynamic correlation between dif-
ferent assets and markets is critical to understand the financial markets thoroughly, and
beneficial for market participants to make investment decisions more correctly, allocate

assets more efficiently, and manage risk more effectively.

Time-varying correlation and volatility spillover effect between different financial
assets and markets are usually discussed with multivariate GARCH model and multi-
variate stochastic volatility Model. Gourieroux5§ (2009) characterize the dynamics of
volatility with (non-central) Wishart distribution, which naturally guarantees the posi-
tive definite of volatility matrix, reduces the number of model parameters without the

loss of flexibility.

However, it is difficult to estimate the model parameters owing to the complex
probability density function arising from the dynamic expansion of Wishart distribu-
tion, which includes multidimensional Gamma function and hypergeometric function,
especially when volatility is unavailable. Actually unobservable volatility is the rule
rather than the exception. The conventional estimation methods such as MLE and
GMM are not applicable anymore. This paper is to answer the following two questions:
1) how to efficiently estimate the multivariate stochastic volatility model with Wishart
distribution, especially when volatility is unavailable. 2) how to characterize the dy-
namic behaviors of volatility in a simply flexible way, while maintaining the excellent
properties of Wishart distribution. Chapter two, three and foure are to discuss the es-

timation method and empirical application of multivariate stochastic volatility model
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with Wishart distribution, while chapter five is to discuss new theoretic approach to
characterize the dynamics of volatility. Generally, the contribution of this paper in-

cludes:

e Based on the equivalence between first order Wishart autoregressive process and
non-center Wishart distribution, an equivalent model representation is proposed,
which effectively avoids obstacles in parameter estimation owing to the compli-
cated conditional probability density function of Wishart autoregressive process.

e Based on the equivalent model representation, a complete estimation method
is discussed, which estimate the parameters in two steps: given the degree of
freedom, the rest of parameters are estimated with a Markov chain Monte Carlo
method, and then the degree of freedom is determined through the comparison
of model posterior probability. The method still works even when volatility is
unobservable and unavailable.

e Model posterior probability is computed with particle filter, and the sample data
generated by MCMC method is reused to select a more efficient and accurate
random generating function.

e Given the degree of freedom, a simulated maximum likelithood estimation
method based on the equivalent model representation is proposed, which max-
imizes the marginal likelthood function of observable variables with ECM (ex-
pectation conditional maximization) algorithm, and take random draws from the
conditional distribution with Markov chain Monte Carlo method.

e Sampling schedule scheme and average strategy is used to make the estimation
more accurately and efficiently, the effectiveness of which is confirmed by the
simulation exercise.

e The dynamic correlation between China and U.S. stock market is first empirically
analyzed with multivariate stochastic volatility model with Wishart distribution.

e The concept of conditional center Wishart autoregressive process is first used,
which is simply flexible, covering a wide spectrum of serial dependence patterns

without loss of the good properties of Wishart distribution.

The method proposed in this paper makes the estimation of multivariate stochastic
volatility model with Wishart autoregressive process not problematic anymore, which is
favorable to embed the process in financial and macroeconomic models such as interest
term structure model, option pricing model, and dynamic stochastic general equilibrium

model. Meanwhile, the conditional center Wishart autoregressive process provides an
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alternative to make more realistic model specification with time-varying volatility. Both

are important works in the future.

Key Words:  Stochastic Volatility, Wishart Autoregressive Process, Monte Carlo
Method






1 I
A DS T ACE vvieireeeeeeeeeesesesesesessssssssesesessssssssssssssssssssssasnns 111
£~ S XIII

R B TRt iiiiiieiiinnnnsssssssececssssssssssssnnsssiosesnssnsnnnnnnns XIII
BB Bl E e eeeneeeenrnnencensesenssonsossnsansssnnssssnsossnsassnsansnsnns X1V
B i iiiiiiieietereereeeeanensiaananenrasanensasaranensasananans 1
) O =1 1= 1
IR g =1 = A 2
B B I = &= S 2
IR = O 4
RISl -5 v 8
131 BREE R T R R 8
13,2 BEHLE IR 11
14 T B R E . e e oeeteee et ieeeineerenesenneeenssenncsnnneens 16
141 BRI B ) B 16
LA I B 18
LA BB 21

VII



VIII H =*

LS IR o 21
1.6 EREHIR . oot 23
L1 TR 23
S$_% Wishart8 ElIJAREHLEZRE A R BT ..ovvennennnee. 25
7 B 1 PP PSPPSR 25
p 2R - E 5 4 S PP PP 26
2.3 BB R e et eas 29
2.3.1 FEHWIShart 237 ..o 29
2.3.2 1BrWishart B [ )9 FEAAE 0 Wishart 3 A (S PE ..ol 30
2.3.3 Wishart A FUEBEALE SRR 31
24 BT 3 o i et 32
241 HRBIREEFEREW (MCMO) 3%, ... 34
242 MERIEES: BEERIFIE o 35
243 BT .. 39
PRIt b . TP 40
2.5.0 BB .. 40
2.52 HRBIREESE R (MCMO) 8% ... 42
2.5.3 B A R 44
2.5.4 AERIGEIEMERIRAIT ..o 46



27 PR oo 48
271 RIEFTREMMERRER. ... 48
2.7.2 GibbstFFIAMIHES . 49
2.7.3 ANRIZEH AR BIGIbbsAEE ..o 52

F=F WishartH EIFBEHLE 2R B BHREIHE A ARG ... 55

K8 B 1 PP PSSP 55

3.2 B IR oeeneeiniie i aa 55
3.2.0 AU KRR G TE 56
322 EMETE o 57

3.3 BEIRAMAMEIT (SMLE) ..oiiiiiiiiiiiiiiiiiiiiiiiiieeen, 58
330 BCMBIVE. oo 58
3.3.2 CRCHRSRME: FHFERBECRFIIML 60

34 BRI TG R o 60
340 IEBERIEUR RABTIEE R 61
3.4.2 24EBIIBER RAG TR 63

3.5 BT e 63

3.6 B oo 73

FME fEBEHaHSEXES . ETFWishartHEFEE..... 77

3 1 1 77



4.3 HiE, FRMERBMARCHBEEE ..., 79
431 ARG 79
432 FRMERIEG. ..o 79
433 ARCHRIIAI .. v 79

44 BEABYAS T E5GrangerE RIS ....oovvvviiiiiiiiiiii 81

4.5 BT ENEEE et aens 82
45.1 ZIGGARCHBEIL. . ... . 83
4.5.2 Wishart B [FIEBEHLBE SRS ..o 84
453 BRMETFEE R ..o 87
454 BERUITRI. ..o 88

A6 BHTE o e 90

FRE FEHP.OWishartHEAZEREM T ...ovvinnai. 95

8 B 1 PP 95

AR 1= S5 4 SO 95

5.3 FMFOWishart HEITTIE oooneieiiie e 97
5.3.1 pBr gt O Wishart B [FIEEFR ..o 97
532 1Fr&Arh O Wishart B[R oo 99
533 BHUGTI I 101

5.4 B G T R oo e 101
540 BRBHE .. 101

5.4 AT R 101



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

