FINANCE 100 MacKinlay

STATISTICAL REVIEW

A. Population Statistics

Suppose there are N different states of the world. Let P(s)
be the probability we are in state s. If we are in state s,
the return on stock Ais R4(s). Then, we define:

(a) Expected Return (Mean Return):

N
E[Ra] = X P(s)Ra(s)
s=1

(b) Variance of the Return:

N
Var(R) = % P(9)[Ra(s) - E[Ra]]?

(c) Standard Deviation:
SD (HA) = \j V&F(RA)

(d) Covariance:

N
Cov(HA -RB) = s§1 P(s) [HA (8)-E[Ra]]*[AB(S) -E[RB]]

(e) Correlation:

_ Cov(Rjy, Ap)




B. Sample Statistics

When calculating the population statistics we knew all
possible outcomes. Suppose we have T years of data for
stocks Aand B. Let R4 ; be the return of stock A in year t.

Define:

(a) Sample Mean Return: [A cAlmelc
Ry = Mean ]

M~

1
T Ra.t

]
—

(b) Sample Variance:

1 T
o4 =77 Z[Aar - Ral®

(c) Sample Standard Deviation:
Op = \f()‘lzq

(d) Sample Covariance:

.
OAB = ?1_—1 Z[Aar- Ra] [Ra,: - Rg]

(e) Sample Correlation:

__948
PAB = G, 65




Portfolios of Two Securities

Suppose you decide to invest in two securities, putting a

proportion x of your money in sécurity A and the remaining

1 - x of your money in security B. | |
Then, the return for this portfolio if state s occurs at

the end of the yéar is

Rp(s) = xRa(s) + (1 - X) Ag(s)

Using expected return formula, we find that the expected

return for this portfolio is given by
N
E(Rp) = sgl P(s) Rp(s)

N
= 51 P(s)xR(s) +(1-x) Rg(s)

N N
=X Y P(S)Ra(s) +(1-x) X P(s)Rg(s)
s=1 s=1

= XE(Rp) + (1 - x) E(RpB)



Thus, the expected return for a portfolio of two securities is
just the weighted average of the expected returns for the
two securities in the portfolio.

Similarly, using variance formula, we find that the

variance of the return for this portfolio is given by
: | N
Var(Rp)= % P(s)[Rp(s)-E (Rp)]?
EP R E(R
= s s)-
ZP( ) (x[Ra(9)-E(Ra)]

2
+(1-0[Re(9)-E(Fs)] )

N
= 2 P(9)[Ra(8)~E (Ra)I*
. o
+(1-%2 2 P(9) [Ra(5)-E(Rg)

N
+2x(1-%) 2 P(9)[Ra(9)-E(Ra)] [Rs(9)-E(Rs)]

=x2var(Ra)+2x(1-x) cov(Ra,Rg) +(1-x)? var(Rp)

Therefore, the standard deviation of our portfolio will be

SD(Rp) = Var(Rp)



