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V46/S14024/EE/20160716

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) An insurer insures a single building. The number of claims are expected to follow a
Poisson process with mean equal to μ. Premiums of 1 unit are payable on a daily
basis at the start of each day. The claim size is independent of the time of the claim
and follows an exponential distribution with mean 1/λ. The insurer has a surplus of U
at time zero.

Derive an expression for the probability that the first claim results in the ruin of the
insurer. 5

b) Claims occur on a portfolio of insurance policies according to a Poisson process
with rate 0.4 per year. The insurer’s initial surplus is Rs. 10,000. The claim size is
equal to Rs. 5,000 or Rs. 15,000 with equal probability and the different claim sizes
are independent.

Premium is paid continuously with a loading factor 0.25.

Calculate the probability that ruin occurs at first claim. 5

c) The aggregate claims process for a particular risk is a compound Poisson process
with λ = 20. Individual claim amounts are 100 with probability ¼, 200 with probability
½, or 500 with probability ¼. The initial surplus is 2,000. Using a Normal
approximation, calculate the smallest premium loading factor θ such that the
probability of ruin at time 1 is at most 0.05. 5

d) Claims for a particular risk arrive as a Poisson process with rate λ. An insurer covers
these risks through premium with loading factor θ. The claim sizes follow a
distribution with probability density function f (x) given by

f (x) = 0. (1 + 2), x > 0

Assuming θ = 0.25, calculate the numerical value of the adjustment coefficient R,
and show that it satisfies the inequality R < 2θ, where θ is the premium loading factor
and denotes the kth order moment of the distribution of claim amounts. 5
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e) i) What is the objective of reinsurance in terms of its impact on the probability of
ruin? Hence what should be its aim in terms of adjustment coefficient? 2

ii) Claims on a portfolio of insurance policies arrive as a Poisson process with
annual rate λ. Individual claims are uniformly distributed between 0 and 50, and
the insurance company uses a premium loading of 12%.

Show that the insurance company’s adjustment coefficient is 0.0066 to four
decimal places. 3

2. Solve any four sub-questions.

a) An insurer’s NCD scale for motor policies has 3 levels of discount: 0%, 25% and
40%. The rules for moving between these levels are as follows:

• Following a claim-free year, a policyholder moves to the next higher level of
discount, or remains at 40% discount.

• Following a year of one or more claims, a policyholder at 40% discount moves
to 25% discount while a policyholder at 25% or 0% moves to or stays at 0%
discount.

The full premium for each policyholder is £1,000. Following an accident,
policyholders decide whether or not to claim by considering total outgoing over the
next two years, assuming no further claims in this period and ignoring interest.

i) Find the claim threshold for each level of discount. 2

ii) The probability of no accidents in any year for each policyholder is 0.88 and
individual losses are assumed to have a lognormal distribution with μ = 6.0 and
σ = 3.33. Ignoring the possibility of more than 1 accident occurring in a year,
calculate the transition matrix. 3

b) The no claims discount system operated by an insurance company for their annual
motor insurance business has four levels of discount:

• Level 1: 0%

• Level 2 : 25%

• Level 3 : 45%

• Level 4 : 60%
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If a policyholder does not make a claim under the policy in a particular year then he
or she will go up one level (or stay at level 4), where as if any claims are made he or
she will go down by two levels (or remain at, or move to, level 1). The full premium
payable at the 0% discount level is 900.

The probability of an accident occurring is assumed to be 0.2 each year for all
policyholders and losses  are assumed to follow a lognormal distribution with mean
1,188 and standard deviation 495. However, policyholders claim only if the loss is
greater than the total additional premiums that would have to be paid over the next
three years,

Assuming that no further accidents occur.

i) Calculate the smallest loss amount for which a claim will be made for a
policyholder at the 0% discount level. 1

ii) Complete the transition matrix below by calculating the missing values.

* * * *

0.147 0 0.853 0

0.120 0 0 0.880

0 0.197 0 0.803

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦

4

c) The cumulative incurred claims for an insurance company for the last four accident
years are given in the following table:

Development year

Accident year 0 1 2 3

2005 96 136 140 168

2006 100 156 160

2007 120 130

2008 136

It can be assumed that claims are fully run off after three years. The premiums received
for each year from 2005 to 2008 are 175, 181, 190 and 196 respectively.

Calculate the reserve at the end of year 2008 using the basic chain ladder method. 5
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d) The cumulative incurred claims (in thousand rupees) and number of reported claims,
by accident year and development year are given below:

CUMULATIVE COST OF INCURRED CLAIMS
Development year

Accident Year 0 1 2 3 Ultimate
2002 342 429 458 471 490
2003 481 689 701
2004 584 800
2005 665

CUMULATIVE NUMBER OF REPORTED CLAIMS
Development year

Accident year 0 1 2 3 Ultimate
2002 41 46 48 49 50
2003 45 51 53
2004 50 56
2005 54

Estimate the ultimate average incurred cost per claim, for each accident year, using
grossing-up factors. 5

e) The table below shows the cumulative incurred claims on a portfolio of general
insurance policies:
Accident Year Delay Year
2004 2,748 3,819 3,991
2005 2,581 4,014
2006 3,217
The company decides to apply the Bornhuetter-Ferguson method to calculate the
reserves, with the assumption that the Ultimate Loss Ratio is 85%. Calculate the
reserve at the end of the year 2006, if the earned premium is 5,012 and the paid
claims are 1,472, 5

3. Solve any four sub-questions.
a) It is presumed that during the initial years of a company, the events of posting net

annual profit in successive years occur independently with probability p. A watchdog
agency gives a profitability score (X) to start-up companies, and keeps a record of
the number of years (Y) taken by the company to post net annual profit for the first
time (Y = 1, 2, 3, ......). An analyst wishes to fit a Generalized Linear Model to the
paired data (X, Y) for several start-up companies.
i) What is the distribution of Y? 1
ii) Show that the distribution of Y belongs to an exponential family, and identify

the natural parameter, the mean and the variance function. 4
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b) The yearly claim amounts arising from n independent motor insurance policies are
Y1,2, ......, Yn. The ages of the insured vehicles are X1,2 , ......,Xn. The ith claim amount,
Yn, is modeled as a random variable, whose mean μi depends on Xi. Exploratory
analysis indicates that the claim amounts may be assumed to have the exponential
distribution, and the mean could depend on the age through the model μi = ea+bXi.

i) Identify the link function corresponding to the suggested model. Is it the
canonical link function for the exponential distribution? 2

ii) Use the suggested model to derive equations that are to be solved in order to
obtain the maximum likelihood estimators of a and b. 3

c) The number of claims per month Y arising on a certain portfolio of insurance policies
is tobe modelled using a modified geometric distribution with probability density
given by

p(y|α) = y = 1, 2, 3, .........

Where α is an unknown positive parameter. The most recent four months have resulted
in claim numbers of 8, 6, 10 and 9.

Derive the maximum likelihood estimate of α. 5

d) Draw a random sample of size 5 from Bin. (10, 0.7).

Use random numbers as 0.267  0.816  0.590  0.042  0.786 from U(0, 1). 5

e) The number of accidents (N) made by any individual vehicle over a period of five years
is assumed to follow the density function as:

P(N = 0) = 0.75

P(N = 1) = 0.15

P(N = 2) = 0.08

P(N = 3) = 0.02

P(N > 3) = 0.

i) Describe carefully how you would use the acceptance/rejection method to
generate discrete pseudo-random values from this distribution using as your
reference distribution the discrete uniform distribution that is equally likely to
take any of the values 0, 1, 2 or 3. (You are not required to describe how the
uniform values are generated and you may assume that you have continuous
uniform values available for the acceptance/rejection decisions.) 4

ii) What proportion of values generated by the method in (i) will be accepted? 1
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4. Solve any four sub-questions.

a) A time series {Xt, : t = 1, 2, ......} is defined as Xt = α Xt–1 + Zt, for |α| < 1 and Zt are

N(0, σ2) denoting white noise.

Explain why Xt has a normal distribution and hence calculate P(X10 > 10) if α = 0.6

and σ2 = 50. 5

b) The sample ACF and PACF values at lags 1 to 10 of a time series of length 500, are as

given below:

Lag 1 2 3 4 5 6 7 8 9 10

SACF –0.7793 0.6180 –0.4824 0.386 –0.341 0.3172 –0.2989 0.2728 –0.2181 0.163

SPACF –0.7793 0.0275 0.0188 0.0232 –0.084 0.0538 –0.0289 0.0004 0.0616 –0.0301

Indicate, with reasons, if an AR(p) or an MA (q) model may be appropriate for this

time series, and if so, what could be the model order. 5

c) Classify each of the following processes as ARIMA (p,d,q), if possible:

i) Xt = 0.6εt–1 + εt

ii) Xt = 1.4Xt–2 + εt + 0.5 εt–3

iii) Xt = 1.4Xt–1 – 0.4Xt–2 + εt + εt.1

In each case εt denotes white noise with mean 0 and variance σ2. 5

d) Let Xn be a time series, which satisfies the relation

Xn = 1.2Xn–1 + 0.7Xn–2 – 0.1Xn–3 + Zn,

Where Zn is a sequence of independent zero-mean variables with common variance σ2.

i) Explain why this series does not have the Markov property. 1

ii) Describe how one can construct a vector-valued process, using lagged samples

of this series, which would have the markov property. 1

iii) Justify the construction. 3
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e) A modeller has attempted to fit an ARMA (p, q) model to a set of data using the Box-
Jenkins methodology. The plot of residuals based on this proposed fit is shown below.

Residuals based on fitted model

Under the assumptions of the model, the residuals should form a white noise process.

i) By inspection of the chart, suggest two reasons to suspect that the residuals do
not form a white noise process.

ii) Define what is meant by a turning point.

iii) Perform a significance test on the number of turning points in the data above.
(There are 100 points in the data and 59 turning points). 5
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