
EXAMINATION IN SF2980 RISK MANAGEMENT, 2009-06-08, 14:00–19:00.

Examiner : Henrik Hult, tel. 790 6911, e-mail: hult@kth.se

Allowed technical aids : calculator.

Any notation introduced must be explained and defined. Arguments and computa-
tions must be detailed so that they are easy to follow.

Good luck!

- - - - - - - - - - - - - - - - - - - -

Stock day01 day02 day03 day04 day05 day06 day07 day08 day09 day10

A 0.001 -0.008 0.002 0.013 0.007 -0.019 0.019 -0.003 -0.002 -0.005

Table 1: Observed daily log-returns for stock A.

Problem 1

Consider a portfolio consisting of a long position of one share of stock A. The stock
price today is SA = 100. In Table 1 you find 10 observations of previous daily
logreturns. The observations can be considered as outcomes of random variables
X1, . . . , X10 that are assumed to be iid.
(a) Use historical simulation to compute the empirical estimate of VaR0.90(L

∆),
where L∆ denotes the linearized portfolio loss over the time period today-until-
tomorrow. (5 p)

(b) A colleague suggests a confidence interval for VaR0.90(L
∆) given by

(100Z4:10, 100Z1:10),

where Z1:10 ≥ Z2:10 ≥ · · · ≥ Z10:10 is the ordered sample based on Z1, . . . , Z10 and
Zi = −Xi, i = 1, . . . , 10. Calculate the exact confidence level of this interval. (5 p)

HINT: A table of the Binomial distribution is given at the end of the exam.

Problem 2

Suppose today’s value of a portfolio is 100. A qqplot of historical daily logreturns
of the portfolio against a standard normal distribution is given in Figure 1. Based
on the qqplot, determine an estimate of the linearized one-day Value-at-Risk for the
portfolio at level 95%. (10 p)

HINT: A table of the standard normal quantiles is given at the end of the exam.
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Figure 1: QQplot of the portfolio’s daily logreturns and standard normal quantiles.

Problem 3

A portfolio has exposure to two different stocks, called stock A and stock B. Today’s
value of one share of stock A is SA = 50 and one share of stock B is worth SB = 50.
Pairwise historical daily logreturns over the last 1000 days of the two stocks is
illustrated in Figure 2.
Calculate an estimate of the linearized one-day Value-at-Risk at level 0.999 for the
following portfolios.
(a) A portfolio consisting of a long position of one share in stock A and a long
position of one share in stock B. (4 p)

(b) A portfolio consisting of a short position of one share in stock A and a short
position of one share in stock B. (4 p)

(c) Explain why there is a significant difference in (a) and (b). (2 p)

Problem 4

Suppose the random vector (X1, X2) has distribution function F (x1, x2) of the form
F (x1, x2) = C(Φ(x1), Φ(x2)) where C(u1, u2) is a copula and Φ is the standard
normal distribution function. For each the following statements, determine if it is
true or false. Motivate your answer!
(a) If C is a Gaussian copula with correlation parameter ρ = 0, then F is a spherical
distribution. (5 p)

(b) If C is a tν copula with ν = 4 and correlation parameter ρ = 0.5, then F is an
elliptical distribution. (5 p)

Problem 5

Does default correlation increase risk? Consider a portfolio of n credit risks. Let
X1, . . . , Xn be the default indicators and assume EXi = p for each i = 1, . . . , n,
where p ∈ (0, 1). Let ρL(Xi, Xj) denote the linear correlation between the default
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indicators Xi and Xj and assume ρL(Xi, Xj) = ρ for each i 6= j. Let N =
∑n

i=1 Xi

be the number of defaults. Suppose the distribution of N is approximated by a
normal distribution with mean EN and variance var(N) and that Value-at-Risk,
VaRα(N), is calculated using this normal approximation. In this case, is VaRα(N)
increasing? or decreasing? as a function of ρ. Motivate your answer!

(10 p)
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Figure 2: Historical logreturns for stock A and stock B over the last 1000 days.
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Figure 3: Standard normal quantiles P (X > λα) = α where X ∼ N(0, 1).

α λα

0.1 1.2816
0.05 1.6449

0.025 1.9600
0.01 2.3263

0.005 2.5758
0.001 3.0902

0.0005 3.2905
0.0001 3.7190
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Tables of the Binomial distribution, P (X ≤ x) where X ∼ Bin(n, p).
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SOLUTION TO EXAMINATION IN SF2980 RISK MANAGEMENT 2008-06-04.

Problem 1

(a) The historical simulation estimate of VaR0.9(L
∆) is L∆

[10(1−0.9)]+1:10 = L∆
2:10 where

L∆
i = −SAXi = 100Zi. That is, the estimate is q̂0.9 = 100Z2,10 = 0.8.

(b) The interval can miss the true value q0.9 either to the left (too few large losses)
or to the right (too many large losses). The probability that it misses to the left is
P (Z1,10 ≤ q0.9) = P (Bin(10, 0.1) = 0) = 0.345 and the probability that it misses to
the right is P (Z4,10 > q0.9) = 1 − P (Bin(10, 0.1) ≤ 3) = 0.013. So confidence level
is 1 − 0.345 − 0.013 = 0.642.

Problem 2

The qqplot plots the standard normal quantiles (x-axis) versus the empirical quan-
tiles of the portfolio logreturns (y-axis). The points of the qqplot is of the form
(Φ−1(pi), F

←
n (pi)) for a number of different pi ∈ (0, 1). We will assume the empirical

quantile F←n (pi) is close to the true quantile of portfolio logreturns. If X denotes a
daily portfolio logreturn, then the linearized one day loss is given by L∆ = −100X
and VaR0.95(L

∆) = 100 VaR0.95(−X). To find VaR0.95(−X) we see from the table
that the standard normal 95%-quantile is 1.63. Thus, VaR0.95(−X) is the y-value in
the qqplot that corresponds to −1.63 on the x-axis. That is, VaR0.95(−X) ≈ 0.045
and VaR0.95(L

∆) ≈ 4.5.

Problem 3

(a) Here L∆ = −50(XA + XB) where XA and XB are the daily logreturns. We see
that large negative values of XA+XB lead to large losses. Since [1000(1−0.999)]+1 =
2 the empirical estimate is L∆

2:1000. Looking in the lower left corner of the sample we
see that L∆

2:1000 ≈ −50(−0.07 − 0.075) = 7.25.
(b) Here L∆ = 50(XA+XB) where XA and XB are the daily logreturns. We see that
large positive values of XA +XB lead to large losses. Since [1000(1−0.999)]+1 = 2
the empirical estimate is L∆

2:1000. Looking in the upper right corner of the sample
it is a difficult by eyesight to determine exactly which point that corresponds to
L∆

2:1000. However, all candidates will give approximately the same value for the sum
XA + XB. We selected L∆

2:1000 ≈ 50(0.055 + 0.04) = 4.25.
(c) The difference is large because the dependence is strong in the lower tail (where
XA and XB are negative). The plot indicate that there may be a strong lower tail
dependence. In contrast the dependence is weak in the upper tail (where XA and
XB are positive). The plot indicate weak or zero upper tail dependence.

Problem 4

(a) True: F is the distribution function of a standard normal distribution which is
spherical. (b) False, if the distribution is elliptical then the marginal distributions
and the copula must be elliptical with the same generator (same distribution of R).
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Problem 5

The variance of N can be calculated as

var(N) = EN2 − (EN)2 = E
(

n
∑

i=1

n
∑

j=1

XiXj

)

− (np)2

=

n
∑

i=1

EX2
i +

n
∑

i=1

∑

j 6=i

E(XiXj) − (np)2

= np + n(n − 1)[ρp(1 − p) + p2] − (np)2.

This is increasing in ρ. By the normal approximation we have

VaRα(N) ≈ EN +
√

var(N)Φ−1(α),

which is increasing in var(N) and hence increasing in ρ.


