
STK 3505
Solutions to Exercises 8

Problem 3We have real-life �re insurance data collected at Copenhagen Reinsurance in
the period from 09/01/1990 until 10/01/1990, that is �re losses

X1 = 14:851485; :::; X8 = 5:726072

and inter-arrival times
W1 = 7; :::;W8 = 1:

(i) pNet(t) and pEV (t) ? for large t in the renewal model:

pNet(t) := E[S(t)]
Prop. 3.1.3, Mikosch

� t � E[X1]
E[W1]

and

pEV (t) := (1 + �)E[S(t)]
Prop. 3.1.3, Mikosch

� t � (1 + �) � E[X1]
E[W1]

for large t, where � = 0:04:
We use the sample mean Y = 1

n

Pn
i=1 Yi to estimate E[X1] and E[W1] and get

E[X1] � 4:187 and E[W1] � 3:75:

So
pNet(t) � 1:117 � t and pEV (t) � 1:161 � t:

(ii) Recall that
pV ar(t) := E[S(t)] + �V ar[S(t)]:

Find � > 0 such that
pV ar(t)

pEV (t)
�! 1
t�!1

:

We have that

pV ar(t)

pEV (t)
=

E[S(t)] + �V ar[S(t)]

(1 + �)E[S(t)]
=

1

(1 + �)
+

�

(1 + �)

V ar[S(t)]=t

E[S(t)]=t

Prop. 3.1.3, Mikosch�! 1

(1 + �)
+

�

(1 + �)

�[V ar[X1] + V ar[W1]�
2(E[X1])

2]

�E[X1]

=
1

(1 + �)
+

�

(1 + �)

[V ar[X1] + V ar[W1]�
2(E[X1])

2]

E[X1]

!
= 1

for t �!1; where � = 1=E[W1]: Thus

� =
�E[X1]

V ar[X1] + V ar[W1]�
2(E[X1])2

Compute the sample variance 1
n�1

Pn
i=1 Y

2
i � nY of X1 and W1 and we get

V ar[X1] � 20:764 and V ar[W1] � 5:357:
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Then
� � 0:0061:

Problem 4 Since the mixing variable � is independent of eN(t) we can treat it somewhat
like a constant and get

E[S(t)] = E[N(t)]E[X1] = E[�] � t � E[X1]; (1)

where N(t) = eN(� � t): We see that
V ar[S(t)] = E[(S(t))2]� (E[S(t)])2: (2)

We get that

E[(S(t))2] = E[(

N(t)X
i=1

Xi)
2] = E[

X
n�0
(
nX
i=1

Xi)
21fN(t)=ng]

=
X
n�0

E[(

nX
i=1

Xi)
21fN(t)=ng]

N;Xi indep.
=

X
n�0

E[(
nX
i=1

Xi)
2] � P (N(t) = n)

=
X
n�0
(V ar[

nX
i=1

Xi] + (E[

nX
i=1

Xi])
2) � P (N(t) = n)

Xi i:i:d=
X
n�0
(n � V ar[X1] + n2 � (E[X1])2)

�P (N(t) = n)

= E[N(t) � V ar[X1] + (N(t))2 � (E[X1])2]
= E[�] � t � V ar[X1] + (V ar[N(t)] + (E[N(t)])2)(E[X1])2

Prob.2
= E[�] � t � V ar[X1]
+(V ar[�] � t2 + E[�] � t+ (E[�])2 � t2)(E[X1])2:

So it follows from (1) and (2) that

V ar[S(t)]

= E[�] � t � V ar[X1] +
(V ar[�] � t2 + E[�] � t+ (E[�])2 � t2)(E[X1])2 � (E[�])2 � t2(E[X1])2

= E[�] � t � (V ar[X1] + (E[X1])2) + V ar[�] � t2 � (E[X1])2:

Thus

pV ar(t)

pEV (t)
=

1

(1 + �)
+

�

(1 + �)

V ar[S(t)]

E[S(t)]

=
1

(1 + �)
+

�

(1 + �)

E[�] � t � (V ar[X1] + (E[X1])2) + V ar[�] � t2 � (E[X1])2
E[�] � t � E[X1]

�!
t�!1

1:

The latter is in contrast to the renewal model for which the limit exists.
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