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V45/S04051/EE/20160708

Time : 3 Hours Marks : 80

Instruction :
1. All Questions are Compulsory.
2. Each Sub-question carry 5 marks.
3. Each Sub-question should be answered between 75 to 100 words. Write every questions

answer on separate page.
4. Question paper of 80 Marks, it will be converted in to your programme structure marks.

1. Solve any four sub-questions.
a) i) Explain what is meant by a two player zero-sum game. 2

Sally and Fiona agree to play a game. The rules of the game are as follows:
• Each player chooses either the number10 or the number 40.
• Neither player knows the other player’s choice before selecting her

number.
• If both players choose the same number, Fiona pays sally the sum of the

numbers.
• If the players choose differently, Sally pays Fiona the sum of the numbers.
Sally decides to adopt a randomised strategy where she chooses 10 with
probability p and 40 with probability 1–p.

ii) a) Determine the value of p for which sally’s expected payoff is the same
regardless of what Fiona chooses.

b) Explain why this strategy is optimal for Sally. 3
b) Based on past experience, a football team classifies prospective players as good

(decision d1), medium (decision d2) and bad (decision d3), at the beginning of a season.
Pre-season offers are made by using this classification. At the end of season, the
actual performance of the players can be good (outcome θ1), medium (outcomeθ2)
and bad (outcome θ3).
The losses associated with the decisions and the outcomes are given below:

d1 d2 d3

θ1 0 12 16
θ2 6 0 10
θ3 18 20 0
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i) Determine the minimax solution when classifying a player at the beginning of a
season. 1

ii) The performances of a player in the past season has been medium. It is known
that for players of this category, 25% turn out to be good performers at the end
of the new season and 30% of them turn out to be bad performers. What would
be the Bayes decision for this player? 4

c) The table below shows the payoff to a player from a decision problem with three
uncertain states of nature θ1, θ2, and θ3 and four possible decisions D1, D2, D3 and D4.

D1 D2 D3 D4

θ1 10 3 –7 9
θ2 –5 12 6 –7
θ3 –8 –3 13 –10

i) Determine whether any of the decisions are dominated. 2
ii) Determine the optimal decision using the minimax criteria. 1

Now suppose P(θ1) = 0.5 and P(θ2) = 0.3 and P(θ3) = 0.2.
iii) Determine the optimal decision under the Bayes criterion. 2

d) Let X be a sample from the uniform distribution with probability density function
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The prior distribution of θ is exponential with probability density function
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What is the Bayes estimator of θ with respect to the squared error loss function,
based on the single observation X? 5

e) The observed number of accidents in that city in five consecutive years happens to be
120, 135, 104, 128 and 146, respectively. On the other hand, the average annual number
of accidents in comparable cities is known to have the gamma distribution with mean
110 and variance 1100.
i) Calculate the shape and scale parameters of the gamma distribution. In the

following questions, use the above gamma distribution as the prior distribution
for λ. 2

ii) Obtain the posterior distribution of λ, given the five observations. 3
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2. Solve any four sub-questions.
a) A Marine insurer classifies the ships it insures into one of three types: Cargo,

Passenger and Mixed. For Cargo ships, the number of claims per ship per year follows
a Poisson distribution with parameter λ. Data is available for the last five years as
follows:

Year 1 2 3 4 5
Number of Cargo ships insured 103 159 196 276 315

Number of claims 24 38 57 82 109
Determine the maximum likelihood estimate of λ based on the given data. 5

b) An insurance company ABC has a policyholder excess of Rs. 10,000 on every policy
sold under a particular class of business.
The individual claim amounts are assumed to follow a Pareto distribution with
parameters (α, 1,50,000).
Prove that the conditional distribution of the amount paid by the insurer has a Pareto
(α, 1,60,000) distribution with pdf.
s(y) = α*160000α/(1,60,000 + y)α+1 5

c) A Portfolio of crop insurance has claims distributed as Pareto with mean 500 and
standard deviation of 1,500. In the following Kharif season, 200 claims are expected,
with claims being assumed to be occurring according to a Poisson process. To limit
its losses, the insurer decides to introduce a policy excess of Rs. 100.
Calculate the percentage reduction in the mean of aggregate claims to the insurer
following the introduction of the policy excess. 5

d) The number of claims on a portfolio of insurance policies follows a Poisson
distribution with parameter 25. Individual claims may be regarded as realizations of a
random variable 200X, where X has the distribution with probability density function

( ) ( )2 5 , 0 5,
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0 ,
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In addition, for each claim, there is a 25% chance that an additional fixed expense of
500 will be incurred.
Calculate the mean and variance of the total individual claim amounts. 5

e) Data on recent claim sizes (in hundreds of rupees) arising from an insurance are :
35, 111, 201, 309, 442, 617, 843, 1330, 2368 and 4685.
Assuming that the claims come from a lognormal distribution with parameters μ and
σ, derive the expression for the maximum likelihood estimates of these parameters
and evaluate them for the available data. 5
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3. Solve any four sub-questions.
a) Profit insurance company sells 3500 policies under a particular category of business

last year. The policies are assumed to be independent and at most one claim can be
made on any policy. The probability of making a claim q is the same for all policies.
The total number of claims in the previous year was found to be p.
The posterior distribution of q is Beta (p +  α, β – p + 3500)
i) Find the Bayesian estimate of the posterior distribution under quadratic loss

function. If p = 500, α = 1 and β = 4, find the value of the Bayesian estimate. 2
ii) Can the Bayesian estimate of q be written in the form of a credibility estimate?

If yes, express the same in the form of a credibility estimate and compute the
credibility factor for the above values mentioned in part (i). 3

b) What is the difference between Bayesian credibility theory and empirical Bayesian
credibility theory? Give their relative merits and demerits. 5

c) i) The total claim amount per annum on a particular insurance policy follows a
normal distribution with unknown mean θ and variance 2002. Prior beliefs about
θ are described by a normal distribution with mean 600 and variance 502. Claim
amounts:
x1, x2, ....... xn are observed over n years.
State the posterior distribution of θ. 2

ii) Show that Bayes estimator of θ under all-or-nothing loss function has the
structure of credibility estimate. 3

d) A shipping insurance company has insured ships for six years, and classifies the ships
it insures into three types.
Let:
Pij be the number of ships insured in the jth year from type i,
Yij be the corresponding number of claims.
The six years of data are summarised as follows:

Type (i) 
2 2

6 6 6 6
1 1 1 1

ij ij ij
i ij i ij i ijj j j j
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y Y Y
P P X P X P X
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Type 1 648 0.524691 30.966692 64.392683
Type 2 981 0.145062 4.689264 42.240804
Type 3 636 0.370370 62.449512 66.467182

3 6
1 1 0.297572ij

i j

Y
X

P= =
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1 iiP P
=

= ∑
There are 100 ships of type 3 to be insured in year seven.
Estimate the number of claims from type 3 ships in year seven using empirical Bayes
credibility theory (EBCT) Model 2. 5
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e) An insurer studies aggregate annual claims from its households, shopkeeper and auto
insurance portfolios. The table below shows the sample average and sample standard
deviation of each risk over the past five years (in Rs. ‘000s).

Household Shopkeeper Auto
Sample mean over last five years 587 743 929
Sample standard deviation over last five years 163 211 231

Calculate the credibility premium for each risk using EBCT model 1. 5

4. Solve any four sub-questions.
a) An insurance company issues 1,000 policies to professional cyclists, where the

probability of claim in one year is p for each policy. The cyclists participate in cycle
races held at either mountain area or plain area. The value of p is 0.03 in mountain
area and it is 0.01 in plain area. The probability of being in mountain or plain area in
the next year is 50%. Let N be the aggregate number  of claims from the portfolio in
the coming year.
An actuary relooks the portfolio and segregates the portfolio in 2 groups as high and
low risk category. The aggregate claim from each of the categories follows compound
Poisson distribution. The high risk category includes 400 policies with Poisson
parameter 0.2 and fixed individual claim amount of INR 4000. The low risk category
includes 400 policies with Poisson  parameter 0.1 and individual claim amounts are
either of INR 8000 with probability 0.6 or of INR 10000 with probability 0.4. All
policies are assumed to be independent and let S be the random variable denoting the
aggregate claim amount from the portfolio over the next year.
i) Calculate the mean and variance of S. 3
ii) Using normal approximation of S calculate the value of y where P(S > y) = 0.2. 2

b) Consider a portfolio of insurance policies with aggregate claims S = X1 + X2 + .... +,
where the claim sizes (Xi’s) are independent and identically distributed random
variables, and the number of claims N is in dependent of the (Xi’s).
i) Write down a formula for the variance of S. 1
ii) If the Xi’s have the exponential distribution with mean 1/λ and N has the

geometric distribution with probability density function

P(N = n) = qnp, n = 0, 1, 2, ......, show that ( ) ( )
2 2

1q p
V S

pλ
+

= . 4

c) i) State six conditions that are either necessary or desirable for a risk to be
insurable. 3

ii) Give characteristics of individual risk model. 2
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d) The number of deaths (S) in a railway division in a particular year is the aggregate
over the number of deaths in different fatal accidents. The number of fatal accidents
in a year (N), and the number of deaths in the ith fatal accident (Ui) for i = 1, 2, ....., N
have the following distributions.

P(N = n) = 0.25 × (0.75)n. n = 0.1.2........

P(Ui = u) = 0.75 × (0.25)u–1. u = 1.2.3........

Further, the numbers of deaths in different fatal accidents are independent of one
another, and are also independent of N.

Identify distributions of N and Ui. Hence calculate the mean and variance of S. 5

e) A portfolio of insurance policies contains two types of risk. Type I risks make up
80% of claims and give rise to loss amounts which follow a normal distribution with
mean 100 and variance 400. Type II risks give rise to loss amounts which are normally
distributed with mean 115 and variance 900.

i) Calculate the mean and variance of the loss amount for a randomly chosen
claim. 3

ii) Explain whether the loss amount for a randomly chosen claim follows a normal
distribution. 2
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