May 16. 2011.

Liberec. Technical University
Ryozo Miura. Hitotsubashi University

Risk Management (statistics behind)
: Basic View to Financial Assets(securities)

: Stock, Bond, Etc.

: Market Risk

: Portfolio.

: Derivatives to reduce risk (particular risk components)
with a necessary cost. This is available at cost : not for free.

: VaR (Value at Risk)



“Basic View of Financial Securities”
in my lectures

4" Floors. Variety of Derivatives.

3'd.Floors : Options ( Call, Put)

2nd. Floor : Forwards, Futures, Swaps

1st. Floor : Stock, Bond, Commodity.
Currency Exchange. Loans.

Ground: Economic Activities (Firms,Individuals,Government)
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Financing : its Function and Instruments.



Financial Risk

Default Risk (Credit risk):
Market Risk :

*************************************************************************************

Operatlonal Risk.
Liquidity Risk.
Model Risk.
Systemic Risk.
Others.



Market Risk

Bond Price. (Interest Rates. Credit Rating of Issuer)
Stock Price.
Commodity Price.

Currency Exchange Rates.
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Portfolio

Buy and Hold a single stock.

Buy and Hold several stocks together.

Buy and Hold many stocks together.
What about their risk ? (price fluctuation)
Who buys stocks? Individuals and Institutions.

Value of Portfolio still fluctuates, why?

Stock index (market average).

Index future.

What is a Optimal Portfolio? (Theory behind)



More devices to Hedge the Risk

(development of derivatives)
(Mathematical theory of Pricing behind)
(New field of quantitative engineering)
(Graduates of Engineering schools go to Banks 1990 in
Japan)

Interest rates derivatives.
Currency derivatives.
Others.



FIGURE 1.2

Month-End German Deutsche Mark/U.S. Dollar Exchange
Rates
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FIGURE 1.1

Short-Term Interest Rates, Business Borrowing Prime Rate
(Effective Date of Change), Commercial Paper (Quarterly
Averages)
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FIGURE 13

Percentage Change in Yields on Five-Year U.S. Treasury
Bonds
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FIGURE 1.4

The Evolution of Risk Management Products
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The Evolution of Risk Management Products
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Needs for Risk Management

New kinds of Securities/Derivatives

: large volume and not a simple price behavior
: need systematic measurement?

: Regulation side and Banks

1988. Basel committee and BIS. And Regulators.

Since 1988--- development of statistical
analysis/system



Measure the Market Risk
(statistical methodology)

Today’s price is known, but what about tomorrow’s.

Change of the Market Price of Portfolio.
Daily change. 10 days change.
Uncertainty. Stochastics (randomness?).

Technical matter

Rate of change = change/(today’ price)

How do we measure this ? Statistical methodology comes in.
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Figure 1. YEN/USD daily data: time series plot of log-ratios.
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Figure 2. YEN/USD daily data: normal probability plot of log-ratios.



2. The LI.D. Normal Maodel

Let S;,;i = I, ..., n be the values of n assets in portfolio at time ¢. For each
factor asset, the rate of return X;, = (S; ;31 — Sis)/S;, 1s the building block of
the estimation as follows. The rate of return is approximately the log-ratio Y, =
log Si.s+1—log Si,. Given the investment ratios a;; i = 1, ..., n with Yoo ai =1,
the rate of return of the portfolio is written as X, = ) _._, ; X;, and

n
Vier — Vi=V X, =YV Zaixi,r .

.
=

The starting point is then making a graph of the past returns as in Figure 1 where
the log-ratios of YEN/USD daily data are plotted against fime. Once we assume
that daily returns are independent and identically distributed (i.i.d.), the normal
probability plot such as Figure 2 is useful to identify the shape of the probability
distribution.



Under the i.i.d. normal assumption, X;,, X; -, ... are assumed to be i.id.
normal random variables for each i. The mean u; = E(X;,) and the covariance
o;; = Cov(X;,, X;,) are therefore time-independent. Then,

Virr = Vi = Vi ) aiXiu ~ NV, (Vo)) (D

=1
where i, = »_;_, @i and 0'3 = Y, 2, aia;o;. Given the value of V;, the incre-
ment is also a normal random variable. The a:% point of the portfolio increment is
easily computed as V, (it , — 240 ,) using the a% quantile z, of the standard normal

distribution.

Given a sample X;,_;, ..., X;,—r over T time periods, the usual estimates of
the mean vector it = (41, ..., i,) ' and the variance-covariance matrix ¥ = [o7;]

are the sample mean jL and the sample variance-covariance matrix Z; i.e.,

T a
" 1 ~ l ~ ~
Wi = ; Kij—sr. Oij = 7 ;(XL!—: ~ i) (Xja=s — ij) .

Once we have these estimates, the VaR of a portfolio with arbitrary value of
investment ratios can be economically estimated from the Equation (1).



Statistical Models

for daily change (rates of change)

Normal distribution ?
Non-Normal ?
Fat tails and Stochastic Volatilities

****************************

Database. Statistical Analysis.

Communication Network. Computing.

Statistical analysis +Computing + mathematics + economics +
database management



Normal, Empirical {250)

YEN/USD : VaR
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Figure 4. YEN/USD daily data: 1% VaR estimates by i.i.d. normal model (solid line) and
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YEN/USD : VaR : GARGH(1,1), Wid Normal (250)
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Figure 9. YEN/USD daily data: 1% VaR estimates by GARCH(1,1) model (solid line) and
weighted normal model (broken line) along with log-ratios,

Figure 9 draws an example of the VaR estimates by univariate GARCH(1,1)
model. The VaR estimates move rather radically as if they copied the rates of return
themselves. We may ask whether the move is too sharp from a practitioner’s point
of view.



2008/2009 Financial Crisis and VaR

Did VaR work well during the crisis period?
: Need to see

the statistical property of the price
movements and

assumptions the methodology is based on.



Thank you.

Tomorrow 17: University Life in Japan.
Wed. 18 th. : Financial Markets.
Th. 19, : Rating of Firms.



