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Abstract

Asset allocation problem has always be a hot topic which is interested by the
theory circle and practice study, the Mean-Variance models which is established
first by Markowitz in 1952 is the base of modern asset allocation theory, this
model provides a framework for analysis asset allocation problem, the author
suggest that the uncertainty in the investment can be seen as the risk in the
investment, and we can use the standard deviation or variance which is always
used in statistics as a measure of risk. Because the indicator is simple and easy to
comparison, up to now, this model is still widely used.

With the development of modern financial industry, the Mean-Variance
models which use variance as the measure of risk can not meet the risk
management needs of many investors and financial institutions, especially some
financial catastrophic events had occurred in the 1990s and later, ( such as
“Orange County bankruptcy” event in 1994, France’s “Societe Generale bank
events” in 2008 ), these extreme events and the seriousness of the trigger
consequences make people more aware of the importance of risk management .

As a new measurement tool of risk, Value at Risk ( VaR) is highly
respected by many financial institutions and market regulators since the 1990s.
Although the VaR is very popular, there are some shortcomings of VaR, such as
it does not meet the subadditivity and convexity, which makes its application is
very limited in the asset allocation, if we use the traditional variance function or
VaR to measure risk, they might generate an error or underestimate the risk,
which affects the accuracy of risk management. As a correction method of VaR,

CVaR (Conditional Value At Risk) is a coherent risk measure tool, which
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consider the right tail more fully. If we select VaR as risk measure tool in
portfolio optimization, it more likely to mislead investors by the wrong choice of
risky assets, but the selection of CVaR as risk measure tool would bring in more
reasonable result. So we consider to use CVaR as a risk measure tool in our
research. On the other hand, the modern financial institutions and investors have
more choice in different assets, the risk of portfolio, which can be seen as the
sum risk of the different assets they invested, would be underestimated if there
exist positive dependence. So it is necessary to introduce new tools to measure the
complex dependencies between multiple assets. In this article we will introduce
Copula as a instrument of measuring dependence to improve the accuracy of asset
allocation.

There are lots of studies about the portfolio using the CVaR to measure the
risk and the aggregate risk analysis using Copula, even the study of portfolio
using the Copula—CVaR to measure the risk, Some scholars have already done
an outstanding exploration. There are more or less some inadequacies in these
studies, aiming at these shortages, this article provides a comprehensive analysis
framework on Copula—CVaR.

In the study of parametric model, we pay more attention to the logical
assumption of consistency, for example, if the individual assets satisfy the t-
distribution, we will consider analysis using t Copula. Considering the tail
characteristics is really importance for us to using CVaR, we select some Copula
Which put more weight on measurement on tail, not only study the risk
measurement and the aggregate risk analysis, but also study the risk allocation
using CVaR of the individual assets given the total risk.

In the study of non-parametric model, this article assumes that the
individual assets can be estimated by non-parametric methods ( such as kernel
smoothing) , and the dependence using Copula to analysis can also be estimated
by non-parametric methods, we discuss the true sense of the non-parametric
modeling and analysis methods using Copula. And we discuss the selection of

suitable bandwidth by non-parametric methods using Copula—CVaR to measure



risk. In the study of semi-parameter models, we lowered the assumption, and
allowed to do section processing for the individual assets. Considering the scarcity
of data of the extreme value risk, in a sense, there are some risk of failure of
nonparametric estimation. So we consider learn from the advantages of the
parametric method when we do nonparametric estimation, and we try to propose a
unified framework of analysis.

The article established Copula—CVaR models in the asset allocation.
Models proposed in this article can be classified into three types, i. e. parameter
models, non-parameter models and semi-parameter models. And at the same
time, considering the dependencies of multiple financial assets, we mainly
discuss CVaR—based asset allocation with Copulas, to measure risk and guide
investment.

Consider the characteristics of the statistical analysis tools, the article gives
a analytical framework to analysis multiple financial assets, and without the
logical contradiction, we try to provide a unified analysis paradigm.

On the basis of the previous theoretical analysis, the penultimate section of
the article turns to empirical analysis. We selected three kinds closing price of
the stock index in global market to test long-memory, to calculate VaR and CVaR
based on empirical data, historical approach and Monte Carlo simulation through
the methods of parameter models, non-parameter models and semi-parameter
models, and we discussed the different optimal portfolio selection on the
framework of Mean—Variance, Mean—VaR and Mean—CVaR. At last, We
calculate and compare the VaR and CVaR in three different situations, i. e.
ignore dependencies, parameter model considering dependencies in Copula and
non-parameter model considering dependence in Copula by way of CIR
simulation.

Through research we found that, when the portfolio return distribution is not
the normal distribution or log normal distribution, the asset allocation using VaR
as risk measurement tool may underestimate the risk, and the asset allocation

base on the Mean—VaR Would tend to select high-risk assets, while the risk
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measurement based on CVaR may consider the right tail more fully, the asset
allocation based on CVaR will be relatively more robust.

It is definite to calculate VaR or CVaR under parameter model hypothesis,
but the set of parameters and the choosing of distribution may affect the outcome
of VaR or CVaR greatly. While the calculation of VaR or CVaR under non-
parameter model hypothesis are much more robust, but different selection of
bandwidth would cause a huge difference of the results. So the selection suitable
bandwidth is the focal point of our research.

From Monte Carlo simulation, we found that the risk diversification effects
of the Portfolio tend to be overestimated if we do not take into account the
dependencies of the portfolio. So we consider using the Copula to measure the
dependencies of the portfolio, which would measure the risk of portfolio more
fully, especially the risk of right tail. And the simulation also shows that the risk
measurement based on CVaR may be more fully and strictly.

In the study of financial assets, if we select a suitable bandwidth, the non-
parametric method using the CVaR—Copula to measure the risk of the portfolio
would consider the risk more fully, and the calculated value of VaR would be
higher. In theory, the semi-parametric method to measure the risk should be
more fully in the situation when we analysis assets with the extremal thick tail.

Through the study we also found that the comparison of effect of the risk
measurement between the parameter model considering dependencies in Copula
and non-parameter model considering dependence in Copula is difficult, it is hard
to draw the same conclusion. For different bandwidth or different Copula in the
parameter model or different distribution we selected, we will get different
results. So it is hard to say which method is better.

Key Words: Copula; CvaR; GARCH; Asset Allocation; Risk

Measures Models
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