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V45/S04052/EE/20160710

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) A health insurer offers one year “Mediclaim” policies covering some specific events
with yearly premium Rs. 180. The total annual claim amount arising from an individual
policy has a compound Poisson distribution with Poisson parameter ¼. Individual
claim amounts have a normal distribution with mean Rs. 600 and standard deviation
Rs. 50. The claim related expenses (incurred at the time of settlement of claim) is a
random variable, uniformly distributed over the interval Rs. 40 to Rs. 80, and is
independent of the claim amount. Let S be the total aggregate claim amounts and
expenses arising over one year from the portfolio.

If S is assumed to have an approximately normal distribution, estimate the minimum
number policies that the insurer must sell in order to be at least 99% sure of making
a profit from the portfolio in that year. 5

b) Claims generated by a portfolio arrive regularly at the end of every year, starting
from year 1. The claim size at the end of each year is either Rs. 2 lakhs (with probability
3/4) or Rs. 10 lakhs (with probability 1/4). Claims of different years are independent
of one another. A fixed premium at the rate of Rs. 6 lakhs per year accumulates
continuously. The initial surplus is Rs. 10 lakhs.

i) Write an expression for the surplus process (in lakhs of rupees) as a function of
time (in years) and simplify this expression for integer time points. 2

ii) Sketch on plain paper the graph of the surplus function over the range 0 < t < 5, if the
claims at the ends of the first four years are Rs. 2 lakhs, Rs. 2 lakhs, Rs. 10 lakhs and
Rs. 2 lakhs, respectively. 3

c) The daily number of road accidents in a small city follows a Poisson distribution with
mean 0.5. The road clearance cost incurred by the traffic authority, after each accident
has the following distribution.

P [clearance cost = Rs. 1000] = 0.5

P [clearance cost = Rs. 2000] = 0.25

P [clearance cost = Rs. 3000] = 0.25

(P.T.O.)
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Every day morning the traffic authority receives a grant of Rs. 1000 from the
municipality to its road clearance fund.

The traffic authority starts a week with Rs. 500 in the road clearance fund.

Calculate the probability that the traffic authority will fall short of the road clearance
fund before the end of the first day ignoring any interest or any other expenses. You
may not use any approximation. 5

d) Claims on a portfolio of insurance policies follow a compound Poisson process with
annual claim rate λ. Individual claim amounts are independent and follow an exponential
distribution with mean μ. Premiums are received continuously and are set using a
premium loading of θ. The insurer’s initial surplus is U.

Derive an expression for the adjustment coefficient (R) for this portfolio in terms of
μ and θ. 5

e) Claims on a portfolio of insurance policies follow a Poisson process with rate λ.
Individual claim amounts follow a distribution X with mean μ and variance σ2. The
insurance company charges premiums of c per policy per year.

i) Write down the equation satisfied by the adjustment coefficient R. 1

ii) Show that R can be approximated by

( )
2 2
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R

μ
σ μ

−
=

+ 4

2. Solve any four sub-questions.

a) A motor insurance company applies a NCD scale policy of discount levels

Level 0 0%

Level 1 20%

Level 2 50%

• Following a claim-free year, the policyholder moves to the next higher level
(or remains at Level 2).

• If one or more claims are made, the policyholder moves to the next lower level
(or remains at Level 0).

The probability of a policyholder not making a claim in a policy year is 0.8. The
annual premium at level 0 is £600.

Derive the expected proportions of policyholders at each discount level assuming
that the system is in equilibrium. 5

b) Why an insurer may offer No claim discount system? 5
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c) You are given the following data in respect of claims originating from recent
years from the portfolio of a general insurance company, split by year of payment
(in Rs. 000). The table below shows the total amounts paid in each development
year for each accident year (in Rs. 000).

Settlement delay in years (Development year)

Year of accident 2004 125 104 65

(Origin Year) 2005 120 98

2006 148

Use the inflation adjusted chain ladder method to estimate the total outstanding claim
payments. Assume that inflation for each of the last three years has been 6% per
annum. Claims inflation is expected to be 2% pa for 2006-07 and 4% per annum
there after. 5

d) The run-off triangles given below relate to a portfolio of motorcycle insurance policies.
The cost of claims paid during each year is given in the table below:

Accident Year                                     Development Year

0 1 2 3

2002 2,905 535 199 56

2003 3,315 578 159

2004 3,814 693

2005 4,723

The corresponding number of settled claims is as follows:

Accident Year                   Development Year

0 1 2 3

2002 430 51 24 7

2003 465 58 24

2004 501 59

2005 539

Calculate the outstanding claims reserve for this portfolio using the average cost per
claim method with grossing-up factors and state the assumptions underlying your
result. 5

e) i) State the assumptions underlying. 4

p) Basic Chain Ladder method

q) Bornhuetter-Ferguson method.

ii) How is BF method different from Chain Ladder method? 1

(P.T.O.)
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3. Solve any four sub-questions.

a) i) When is a probability distribution said to belong to an exponential family? 1

ii) Justify whether or not the following distributions belong to the exponential
family:

p) Weibull distribution with density function

( ) ( )1 exp , 0, 1,c 0r rf x crx cx x r−= − > ≠ > . 2

q) Geometric distribution with density function f(x) = (1 – q)qx

for x = 0, 1, 2, ......., 0 < q < 1. 2

b) i) State and briefly explain the important components which need to be specified
in order to define a Generalized Linear Model (GLM)? 3

ii) In context of a GLM, the covariates (or explanatory variable) enter the model
through the linear predictor. Write the form the linear predictor could take in
case:

p) Only age is the explanatory variable. 1

q) Age and gender are the explanatory variables (but the effect of the age is
the same for both male and female). 1

c) i) List the three main components of a generalised linear model. 3

ii) Explain what is meant by a saturated model and discuss whether such a model is
useful in practice. 2

d) Draw a random sample of size 3 from exponential (par. = 0.05). Hence draw a single
random observation from G(3, 0.05).

Use random numbers as 0.590, 0.042, 0.786 from U(0, 1). 5

e) Consider the following probability mass function of a discrete random variable X.

Px(X = 2) = 0.15

Px(X = 3) = 0.20

Px(X = 5) = 0.25

Px(X = 7) = 0.20

Px(X = 11) = 0.20

Using the following pseudo-random numbers from the Uniform (0, 1) distribution,
generate nine samples from Px : 0.011, 0.757, 0.438, 0.258, 0.981, 0.518, 0.400,
0.351, 0.672. 5
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4. Solve any four sub-questions.

a) The time series Xt is assumed to follow ARIMA (p,d,q) process defined by

1 2 3
11 1

1
6 6t t t t tX X X X ε− − −= + − + + , where εt are N(0, 1) random variables. One of

the roots of the characteristics equation is 1.

i) Derive the other roots of the characteristics equation. 3

ii) State whether the process is stationary. 1

iii) Determine p, d and q. 1

b) Consider the time series

Yt = 0.1 + 0.4Yt–1 + 0.9et–1 + et

where et is a white noise process with variance s2.

i) Identify the model as an ARIMA (p,d,q) process. 1

ii) Determine the MA(∞) representation for Yt. 4

c) Observations x1, x2, ......, x200 are made from a stationary time series and the following
summary statistics are calculated:

( ) ( )( )
200 200 200

2
1

1 1 2

83.7 35.4 28.4i i i i
i i i

x x x x x x x−
= = =

= − = − − =∑ ∑ ∑

( )( )
200

2
3

17.1i i
i

x x x x−
=

− − =∑

i) Calculate the values of the sample auto-covariances 0 1 2ˆ ˆ ˆ, andγ γ γ . 3

ii) Calculate the first two values of the sample partial correlation function

1ϕ̂  and 2ϕ̂ . 2

d) Observations x1, x2, ......., x200 are made from a stationary time series and the following
summary statistics are calculated:

( ) ( )( ) ( )( )
200 200 200 200

2
1 2

1 1 2 3

83.7 35.4 28.4 17.1i i i i i i
i i i i

x x x x x x x x x x x− −
= = = =

= − = − − = − − =∑ ∑ ∑ ∑

The following model is proposed to fit the observed data:

Xt – μ = a1 (Xt–1 – μ) + et

Where et is a white noise process with variance σ2.

Estimate the parameters μ, a1 and σ2 in the proposed model. 5

(P.T.O.)
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e) From a sample of 50 consecutive observations from a stationary process, the table
below gives values for the sample Auto-Correlation Function (ACF) and the sample
Partial Auto-Correlation Function (PACF):
Lag ACF PACF
1 0.854 0.854
2 0.820 0.371
3 0.762 0.085
The sample variance of the observations is 1.253.

i) Suggest an appropriate model, based on this information, giving your
reasoning. 2

ii) Consider the AR (i) model

Yt = a1Yt–1 + et,

Where et is a white noise error term with mean zero and variance σ2.

Calculate method of moments (Yule-Walker) estimates for the parameters of
a1 and σ2 on the basis of the observed sample. 3
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