Chapter 5

Risk and Return
(Cont’d)



Measuring Ex-Post (Past) Returns

Q: When should you use the GAR and when should you use the AAR?
A1l: When you are evaluating PAST RESULTS (ex-post):

N
Use the AAR (average without compounding) if you ARE NOT
reinvesting any cash flows received before the end of the period.

B Use the GAR (average with compounding) if you
ARE reinvesting any cash flows received before the end of the period.

A2: When you are trying to estimate an expected return (ex-ante
return):

N
Use the AAR



Expected Return

Expected returns

E(r)=Y) p(s)r(s)

p(s) = probability of a state
r(s) = return 1f a state occurs
s = state




Expected Return (Example)

State Prob. of State r 1n State
1 N -.05
2 2 05
3 4 15
4 2 25
5 1 35

E(r) = (1)(-.05) + (.2)(.05)... + (.1)(.35)
E(r)=.15



Variance or Dispersion of Returns

Variance:

Standard deviation = [variance]!/?

Using Our Example:

Var =[(.1)(-.05-.15)%+(.2)(.05- .15)%...+ .1(.35-.15)?]
Var=.01199
S.D.=[.01199] V2= 1095



Numerical Example: Subjective or
Scenario Distributions

State Prob. of State Return

1 2 -.05
2 .5 .05
3 3 15
E(r) - (.2)(-0.05) + (.5)(0.05) + (.3)(0.15) = 6%

62 = [(.2)(-0.05-0.06)?+ (.5)(0.05- 0.06)% + (.3)(0.15-0.06)?]
62 =0.0049%?
c =[0.0049]¥2=.07 or 7%



Expost Expected Return & ¢

Annualizing the statistics:




0.219762458

n

Expost Variance: 02 =——
n-145

Expost Standard Deviation : o = vo?

Annualizing the statistics:

Fannual = "monthly x12

O annual = O monthly XV 12




Using Ex-Post Returns to estimate Expected
HPR

Estimating Expected HPR (E[r]) from ex-post data.

Use the arithmetic average of past returns as a forecast of expected future returns
as we did and,

Perhaps apply some (usually ad-hoc) adjustment to past returns

Problems?

e Which historical time period?

e Have to adjust for current economic
situation

e Unstable averages

e Stable risk




Characteristics of Probability Distributions

1. Mean: Arithmetic average & usually most likely

2. Median: Middle observation

3. Variance or standard deviation:
Dispersion of returns about the mean

4. Skewness: Long tailed distribution, either side

5. Leptokurtosis: _Too many observations in the tails

m If a distribution is approximately normal, the distribution
is fully described by Characteristics 1 and 3




Normal Distribution

Risk is the possibility
of getting returns

different from

expected. “68-95-99” Rule

E[r] = 10%
o=20%
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-50 -30 -10 10 30 50 70

Average = Median



Value at Risk (VaR)

Value at Risk attempts to answer the following question:

How many dollars can | expect to lose on my portfolio in a given
time period at a given level of probability?

The typical probability used is 5%.
We need to know what HPR corresponds to a 5% probability.

If returns are normally distributed then we can use a standard
normal table or Excel to determine how many standard deviations
below the mean represents a 5% probability:

— From Excel: =Norminv (0.05,0,1) = -1.64485 standard
deviations



Value at Risk (VaR)

From the standard deviation we can find the corresponding

level of the portfolio return:
VaR = E[r] + -1.644850

For Example:
A $500,000 stock portfolio has an annual expected return of
12% and a standard deviation of 35%. What is the portfolio
VaR at a 5% probability level?

VaR = 0.12 + (-1.64485 * 0.35)

VaR =-45.57% (rounded slightly)

VaR$ = $500,000 x -.4557 = -$227,850

What does this number mean?



Value at Risk (VaR)

VaR versus standard deviation:

* For normally distributed returns VaR is equivalent to
standard deviation

 VaR adds value as a risk measure when return distributions
are not normally distributed.

— Actual 5% probability level will differ from 1.68445
standard deviations from the mean due to kurtosis and
skewness.



Value at Risk (VaR)

X from Column B x

Mean Squared

Scenario Prob. HPR (%) Column C  Return Deviation

1 Severe recession 0.05 -37  -1.85 -47.00 110.45
2 Mild recession 0.25 11 -2.75 -21.00 110.25
3 Normal growth 0.40 14 5.60 4.00 6.40
4 Boom 0.30 30 9.00 20.00 120.00

Expected
return= 10.00 Variance = 347.10

Std(%)=  18.63



Value at Risk (VaR)

€ Normal probability:
mean = 10%,
SD =18.63%

B Distribution of scenario
analysis: same mean and SD

O VaR of normal distribution

VaR of normal = -20.64%

VaR of scenario
analysis = —37%
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