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1. Course Summary

This course syllabus follows the educational standards of the Institute of Actuaries for

subjects 102 Financial Mathematics, 105 Contingencies. Core Technical, 106 Statistical

Methods. Core Technical, 302 General Insurance . It is designed to give the postgraduate

students an introduction to the financial and insurance worlds in which the practising

actuary works. Students will cover the basic concepts of risk management models, dis-

counted cash flows and their applications to Non-Life Insurance contracts.

2. Area of Application and Regulatory References

This Course Program establishes minimum requirements for skills and knowledge of the

student and determines the content and the forms of educational activities and reporting.

The Course Program is designed for Master Program students at HSE.

The Course Program has been developed in accordance with:

• Master Education Program M38.04.01 �Economics�

• University Academic Plan of the Education Program (approved in year 2015).

3. Course Goals:

Course Goals are as follows:

- Offer students a deep insight into the probabilistic and statistical toolkit of modern

actuarial science

- Master in modern probabilistic and statistical tools and technologies of actuarial science

- Obtain practical skills to develop and apply probabilistic models in actuarial studies

Students’ Competencies to be developed by the Course.

The student is supposed to:

- Know the concept of random process in its basic form, i.e. Markov process, point -

processes, marked point processes, etc..

- Be able to construct and analyze stochastics models of real-life phenomena in actuarial

- science.

- Gain computational skills (experience) of random phenomena analysis using computers.

The Course develops the following competencies:

Competencies PC − Code Descriptors1 Teachingforms2

Academic activity PC − 1 Abilities3 Lectures4

1 Descriptors - the learning outcomes (the indicators of achievement)

2 Teaching forms and methods of that contribute to the development of a competence

3 Ability to identify and formulate relevant issues, summarize and critically evaluate re-

sults of research on a chosen topic

4 Lectures and seminars, problem analysis
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Competencies NC/NRU −HSECode Descriptors Teaching forms2

PC − 5 Abilities1 Students′ presentations

Consulting4 PC − 17 Abilities2,3 Lectures5

PC − 19 Knowledge6 Lectures5

1 Ability to identify and formulate relevant issues, summarize and critically evaluate

results of research on a chosen topic

2 Ability to present results of study in a report and presentation

4 Consulting activity

3 Ability to identify the data needed to make decision, collect and process the data

5 Lectures and seminars, problem analysis

6 Knowledge of the quantitative and qualitative methods for analyzing and modeling

stochastic phenomena

- according to NC/NRU-HSE classification

Competencies NC/NRU −HSE Code Descriptors1 Teaching forms2

Organize activity3,6 IC −M1.2(M) Possess methodology4 Lectures5

Consulting activity IC −M1.2(M) Abilities7 Lectures5

1 Descriptors - the learning outcomes (the indicators of achievement)

2 Teaching forms and methods of that contribute to the development of a competence

3 Organize research activity for business strategy development and customer base analysis

4 Possess methodology, methods and tools of random processes technique

5 Lectures and seminars, problem analysis

6 Organize consulting activity for business strategy development

7 Able to develop and implement strategies for analysis of real-life systems with stochastic

behaviour

4. How the Course Fits in with the Curriculum

The current course is an integral part of the Magistrate programme M38.04.01 �Eco-

nomics�. The prerequisites are the basic courses in probability theory and statistics.

The following competencies are required:

• the knowledge of basic probability theory including one and multi-dimensional distri-

butions;

• the knowledge of the basic ideas of mathematical statistics ;

• the familiarity with at least one standard computer package, say Mathematika or Math-

Lab ;

• the familiarity with the basic concepts of multivariate statistical analysis

Prerequisites: Calculus, Probablity Theory and Mathematical Statistics

Objectives: The main objective of the course is to provide the Core Technical Level in

evaluatition of Life Contingencies as required by the Institute of Actuaries.
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5. Course Schedule

N0 Topic Total hours Lectures Seminars Self − studies

1 Individusl Risk model 8 4 4 4

2 Marked point process models 8 4 4 4

3 Collective Risk model 8 4 4 4

4 Cramer − Lundberg model 8 4 4 4

5 Midterm control 2 n/a n/a 2

6 Reinsurance treaties 7 3 4 3

7 Credibility theory 8 4 4 4

8 Buhlmann− Straub model 7 4 3 3

9 Final exam 4 n/a n/a 6

10 Total 60 28 28 36

The course will be delivered in English.

5.1 Grading Criteria

Forms and Types of Testing

Type of testing Form of testing Parameters

Intermediate exam Problem solving Written/oral assignment

Student presentations Oral presentations Written assignment, 3hrs.

F inal exam Seen/unseen problems Written exam, 4hrs.

Intermediate exam– 30%; Accumulated marks – 30%; Final Exam – 40%. Current testing

grading has 10 ranks.

6. The Course Content

The course gives a comprehensive introduction into the Non- Life Insurance Mathematics

and basically follows the syllabus of the subjects 106 Statistical Methods. Core Technical,

302 General Insurance of British actuarial education. The term general insurance essen-

tially applies to an insurance risk that is not a life insurance or health insurance risk, and

so the term covers familiar forms of personal insurance such as motor vehicle insurance,

home and contents insurance, and travel insurance. The main objective is the pricing of

contracts in General Insurance. A particular emphasis is maid on the two major topics

in the field, namely risk models and ruin theory.

Three main cornerstones of the course are:

The expected utility model

The individual risk model

Collective risk model

More technical description looks as follows:
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-1. Marked point process

-2.Collective Risk Models

-3. The distribution of total claim amount

-4. The Cramer-Lundberg model

-5. Ruin probability and Lundberg inequality

-6. Reinsurance treaties

-7. Credibility theory

-8. The Buhlmann-Straub model

7 Educational Technologies

Present course includes lectures, projects, group work, presentations, problem studies,

paper analysis and discussion.

Methods and Materials for Current Testing and Attestation

8.1. Examples of Final exam “Non-Life Insurance Mathematics”

.

Problem 1. Claims in a portfolio of insurance policies arrive as a Poisson process with

annual rate λ. Individual claims are uniformly distributed between 0 and 50, and an

insurance company uses a premium loading factor of 12%.

(i) Show that the insurance company’s adjustment coefficient is 0.0066 to four decimal

places.

The insurance company has entered into an excess of loss insurance agreement with a

retention amount of M and with a reinsurer who uses a premium loading of 15(ii) (a)

Determine the mean amount per claim paid by the reinsurer as a function of M.

(b) Determine the minimum retention level Mmin for the insurance company, assuming

that expected net premium income needs to be greater than expected net claims.

The insurance company manages to negotiate a lower reinsurance premium loading. (iii)

Explain what happens to the minimum retention level Mmin, without doing any further

calculations.

Problem 2. An actuary needs to sample from a particular claim size distribution with

the following density function:

f(x) =

{
ke−

x
2 , if x ≤ 2

ke−x, if x > 2.

(i) Calculate the value of k.

(ii) Set out an algorithm for sampling from f(x) using the inverse transform method.

(iii) Set out an algorithm for sampling from f(x) using the acceptance – rejection method,

by using samples from the exponential distribution with mean 1.

Problem 3. An insurer’s no claims discount scale for motor policies has 5 levels of

discount: 0%, 25%, 40%, 50% and 60%. The rules for moving between these levels are as

5



follows:

Following a claim free year, a policyholder moves to the next higher level of discount,

or remains at 60% on reaching the maximum level. Following a year with one or more

claims, a policyholder moves down two levels of discount or down one level from 25% to

0% or remains at 0%. The probability of one or more claims is 0.1 for all policyholders.

(i) Calculate the equilibrium distribution of policyholders over the discount levels.

(ii) Hence find the average premium paid if the full premium is $500

Problem 4. (a) Loss amounts from a particular type of insurance have a Pareto distri-

bution with parameters α and λ. Thus the survivor function is given by

R(x) = P(X > x) =
λα

(x+ λ)α
, x > 0.

(i) If the company applies a policy excess,E, find the distribution of claim amounts actually

paid by the insurer.

(ii) Assuming that α = 4 and λ = 15, calculate the mean claim amount paid by the

insurer (I) with no policy excess (E = 0),

(II) with an excess of 10 (E = 10).

(iii) Using your answers to (ii), comment on the effect of introducing a policy excess.

(b) Now suppose the insurer effects excess of loss reinsurance with retention value M = 25.

(i) Find the probability that a claim met by the insurer is passed on to the reinsurer.

(ii) Find the mean amount paid out by the reinsurance company on claims that are passed

on to them.

(iii) Find the mean claim amount paid by the insurer under these conditions.

Reading:

1. Subject 106: 106 Statistical Methods. Core Technical. Core reading. Faculty &

Institute of Actuaries 2015

2. Subject 302: General Insurance. Core reading. Faculty & Institute of Actuaries

2015

3. Mikosch T., Non-Life Insurance Mathematics, Palgrave, 2003

4. Kaas R., Goovaerts M., Dhaene J., Denuit M. Modern Actuarial Risk Theory,

Springer 2009

5. Buhlmann H., Mathematical Methods in Risk Theory, Springer, 1970

6. Grandell J., Aspects of Risk Theory, Springer, 1994

7. Dickson D., Insurance Risk and Ruin, Cambridge University Press, 2005

8. Kelbert M., Suhov Y., Markov Chains: a Primer in Random Processes, Cambridge

University Press, 2008

9. Forms of the student’ competencies control
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Type of control Form of control Parameters

Current Home assignment 3 current assignments

Intermediate Intermediate assessment 2 academic hours

F inal Examination 3 academic hours

10. Grading Procedures

The final grade consists of three parts. Part 1 is an accumulated mark, Part II is the

intermediate Assessment and Part is the final examination. The resulting score (10-point

scale), Qfinal. The resulting score is exposed by the following formula:

Qfinall = 0, 4∆Q1 + 0, 2∆Q2 + 0.4Qexam.

10. Grading Procedures

The final grade consists of three parts. Part 1 is an accumulated mark, Part II is the

intermediate Assessment and Part is the final examination. The resulting score (10-point

scale), Qfinal. The resulting score is exposed by the following formula:

Qfinal = 0, 4∆Q1 + 0, 2∆Q2 + 0.4Qexam.

11. Technical Provision

Present course is conducted with the use of following equipment: laptop and projector

for lec-tions and group project presentations.

12 Academic Integrity

12.1. Each student in this course is expected to abide by the Higher School of Economics’

Academic Honesty Policy. Any work submitted by a student in this course for academic

credit will be the student’s own work. For this course, collaboration is allowed in the

following instanc-es: group discussion in class.

12.2. You are encouraged to study together and to discuss information and concepts

covered in lecture and the sections with other students. You can give ”consulting” help

to or receive ”consulting” help from such students. However, this permissible cooperation

should never involve one student having possession of a copy of all or part of work done

by someone else, in the form of an e-mail, an e-mail attachment file, a diskette, or a hard

copy. Should copying occur, both the student who copied work from another student and

the student who gave material to be copied will both automatically receive a zero for the

assignment. Penalty for violation of this Policy can also be extended to include failure of

the course and University disciplinary action.

12.3. During examinations, you must do your own work. Talking or discussion is not

permitted during the examinations, nor may you compare papers, copy from others, or

collaborate in any way. Any collaborative behavior during the examinations will result

in failure of the exam, and may lead to failure of the course and University disciplinary

action.

The author of the programme is Mark Kelbert.
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