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Subject SP9 
CMP Upgrade 2020/21 

CMP Upgrade 

This CMP Upgrade lists the changes to the Syllabus objectives, Core Reading and the ActEd 
material since last year that might realistically affect your chance of success in the exam.  It is 
produced so that you can manually amend your 2020 CMP to make it suitable for study for the 
2021 exams.  It includes replacement pages and additional pages where appropriate.  
Alternatively, you can buy a full set of up-to-date Course Notes / CMP at a significantly reduced 
price if you have previously bought the full-price Course Notes / CMP in this subject.  Please see 
our 2021 Student Brochure for more details. 

This CMP Upgrade contains: 

 all significant changes to the Syllabus objectives and Core Reading 

 additional changes to the ActEd Course Notes and Assignments that will make them 
suitable for study for the 2021 exams. 
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0 Changes to the Syllabus 

The following syllabus objectives have been changed or added (changes in bold): 

2.7 Discuss important past examples of both good risk management practices and of risk 
failures, for financial and non-financial entities, including proposing solutions for how 
better risk management might have prevented these failures. 

3.2.2 Analyse the financial and non-financial risk exposure arising from an organisation’s 
current and emerging risks within a given context. 

6.2.5 Explain how an organisation will choose to accept certain risks, and the controls it might 
adopt for these retained and residual risks. 

8.1 Analyse hypothetical examples and scenarios in relation to the application of ERM, in both 
financial and non-financial contexts, covering any or all of the risk types identified in 
3.2.1. 

8.1.1 Propose solutions and actions that are appropriate to the given context, and balance 
benefit with inherent cost, with justification where required. 

1 Changes to the Core Reading  

There are no changes to the Subject SP9 Core Reading for 2021. 
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2 Changes to the ActEd material 

This section contains all the non-trivial changes to the ActEd text.  

Module 3 

Page 7, Section 1.2 

We have added a definition of ‘risk taxonomy’ in this section and in the Module Summary: 

A risk taxonomy is a full list, description and categorisation of all risks that an organisation might 
face.  There is no single universally accepted risk taxonomy.   

Module 4 

Pages 6-7, Section 2 

We have modified the solution to the question on corporate governance.  A replacement page is 
provided. 

Page 8, Section 2.1 

The link to the FSA report, at the end of the section, has been updated to: 

https://www.fca.org.uk/publication/corporate/fsa-rbs.pdf 

Page 9, Section 2.2 

At the top of the page, we have added a definition of ‘internal controls’: 

Internal controls are processes effected by a company’s Board, management or other staff 
designed to provide reasonable assurance as to the achievement of the company’s objectives. 

Pages 10-12, Sections 2.2 and 2.3 

We have added a new question on the UK Corporate Governance code and made modifications to 
the section on Best Practice in Corporate Governance.  Replacement pages are provided. 

Pages 19-20, Module Summary 

Changes have been made to the Module Summary.  A replacement page is provided. 

Page 24, Solution 4.3 

The second bullet has been modified to: 

 subcommittees formed exclusively of non-executive and, ideally, independent directors 
should consider issues where independence is especially critical, eg remuneration, audit 
and appointments 

 



Page 4 SP9: CMP Upgrade 2020/21 

© IFE: 2021 Examinations The Actuarial Education Company 

Page 26, Solution 4.6(ii) 

A definition of internal controls (as per the one above) has been added at the start of this part of 
the solution. 

Page 28, Solution 4.7(ii) 

In the section on ‘Choosing the appropriate composition of the subcommittee’, the following 
point has been added: 

The CRO should be part of the risk subcommittee, ideally chairing it. 

Module 5 

Page 8, Section 1.3 

A section has been added (drawn from the IAA Note) on relationship management principles 
between insurers and regulators: 

Insurers should each develop a set of relationship management principles.  In developing these 
principles, an insurer should consider: 

 alignment to supervisory objectives  

 preservation of the insurer’s reputation  

 the importance of being proactive and engaging with a regulator as early as possible  

 transparency of communication  

 ensuring accountability for and governance of relationship management.   

Page 17, Section 4.2 

In the solution to the question, the three dimensions of the COSO cube have been modified to: 

The framework considers the context and scope of ERM across three dimensions:  

1. activities required to demonstrate internal controls, ie risk management processes 
(eg event identification, risk assessment, monitoring)  

2. in each business area covered by the framework (eg operational, strategic)  

3. and at each level of application (eg subsidiary, unit). 

This change also applies to the COSO section in the Module Summary and in Solution 5.4. 

Pages 27-28, solution 5.5 

Multiple changes have been made to this solution.  Replacement pages are provided. 
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Module 7 

Pages 7-9, Section 1.3 

The solutions to the questions in this section have been expanded to incorporate more 
information from the Standard & Poor’s paper.  Replacement pages are provided. 

Page 20, Solution 7.2(iii) 

A couple of bullet points have been added to this solution: 

+ The risk tolerance of the company is clearly articulated, well communicated, and is 
consistent with the goals and resources of the firm and the expectations of the Board and 
other stakeholders. 

+ Every manager is contributing to the risk-management process without specific direction 
from the risk-management staff. 

Module 9 

Pages 7-10, Sections 2 and 3 

The material on utility functions, prospect theory and risk policy has been rewritten.  
Replacement pages are provided. 

Module 14 

Page 7, Section 2 

The definition of probabilistic risk measures in the solution has been modified to: 

Probabilistic measures involve applying a statistical distribution to a risk (risks) and measuring a 
feature of that distribution.  They are potentially more accurate, but they are more complex 
(greater model risk) and can imply inappropriate levels of confidence (especially with respect to 
tail-risk estimation). 

Pages 11-12, Section 3.2 

The material on Value at Risk has been rewritten to include more examples and to link back to 
Subject CM2.  Replacement pages are provided. 

Page 22, Section 5.2 

The section on CAPM has been rewritten to use notation that is more consistent with Subject 
CM2.  A replacement page is provided. 

Page 26, Module Summary 

The section on CAPM has been rewritten to use notation that is more consistent with Subject 
CM2.  A replacement page is provided. 
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Module 15 

Page 2, Section 0 

The section on prerequisite knowledge has been rewritten, in particular on multi-factor models.  
A replacement page is provided. 

Page 16, Section 2.2 

A bullet has been added to the properties of rank correlation: 

 Rank correlation is preserved under non-linear, strictly increasing transformations, eg the 
rank correlation of  exp X  and  exp Y  is the same as that for X  and Y . 

This point has also been added to the Module Summary. 

Module 17 

Pages 8-12, Section 2 

Various changes have been made to this section, eg rewording of the section on auto-regressive 
models and moving the Durbin-Watson statistic to Section 2.4 on Testing the fit of time series 
models.  The detailed table relating to the values of the statistic has been removed.  Replacement 
pages are provided. 

Page 16, Section 3 

A new question and solution has been added on ARCH models, to link back to Subject CS2.  A 
replacement page is provided. 

Page 24, Module Summary 

The Durbin-Watson statistic has been moved in the Module Summary from the section on 
‘Moving average time series’ to the section on ‘Fitting ARIMA models’. 

Module 20 

Page 8, Section 2.2 

A new sentence has been added at the end of Result 2: 

Both the block maxima approach and threshold exceedance approach require large amounts of 
data to be used in practice.   

Page 18, Section 4.3 

The section on the mean excess loss function has been reworded, to distinguish between the 
theoretical and empirical mean excess loss functions.  A replacement page is provided. 
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Page 24, Module Summary 

In the section on the Generalised Pareto distribution, the section on the mean excess loss 
function has been rewritten as follows: 

The empirical mean excess loss function is defined as: 
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To select a suitable threshold (above which a GPD is fitted to the data), determine the lowest 
threshold above which the empirical mean excess loss function,  e u , is linear in u .   

Module 22 

Page 5, Section 1.1 

The final bullet in the section on Returns on individual equities has been changed to: 

 return series are leptokurtic, ie more peaked and fatter-tailed than a normal distribution. 

The same change has been made in the Solution to question 22.1.  

Pages 15-16, Section 2 

The section on interest rate risk has been rewritten to incorporate prior knowledge from Subject 
CM2.  Replacement pages are provided. 

Module 23 

Page 5, Section 1 

The components of default risk have been reworded.  

Default risk in respect of a single counterparty has two components:  

1. probability of default, (ie the chance of a default event occurring) in respect of the 
counterparty 

2. loss on default (which, in respect of the counterparty, is a function of the exposure and 
the likely recovery in the event of default). 

Page 7, Section 1 

A correction has been made to the paragraph immediately following ‘ Obtaining information’: 

A particular problem with assessing credit risk is the availability of relevant and reliable 
information.  The borrower has much better knowledge about the risks they are creating than the 
lender, ie than the party ultimately holding the credit risk. 
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Pages 11-14, Sections 3.1 and 3.2 

The sections on the Merton model and KMV model have been modified to improve clarity and the 
links with prior knowledge from Subject CM2.  Replacement pages are provided. 

Page 19, Section 5.5 

In this section,   is now referred to as the continuous rate (or force) of shock, rather than as a 
probability. 

Module 25 

Page 10 

The section on risk rating has been expanded to include examples.  Replacement pages are 
attached. 

Module 26 

Pages 8-10, Section 2.3 

The sections on portfolio theory and the separation theorem have been rewritten to add in some 
questions / solutions, and to link back to Subject CM2.  Replacement pages are provided. 

Page 17, Section 3.5 

In the solution to the question, the reasons for retaining risk have been expanded to include: 

 if the risk is trivial 

This point has also been added to the Module Summary. 

Page 30, Solution 26.8 

The final bullet of the solution now reads: 

 An organisation may do this if the risk is trivial, a part of its core business or a diversifier, 
or if retention appears the most economic approach / there is no alternative. 

Module 27 

Pages 8-14, Section 2 

Multiple changes have been made to the section on derivatives.  Replacement pages are 
provided. 
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Module 30 

Page 7, Section 1.2 

The third bullet point in the solution has been modified to: 

 assessing the impact of strategic decisions on capital requirements – using a capital model 
is one way of assessing the level of risks, for example in potential mergers, acquisitions 
and divestments transactions 

A new bullet has been added to the solution: 

 modelling the impact of extreme events 

Similar changes have been made to the Module Summary. 

Page 9, Section 1.2 

The third bullet point in the solution has been modified to: 

 different objectives of the model, risk tolerance levels and/or time horizons 

A new bullet has been added to the solution: 

 different accounting assumptions, eg going concern or wind-up basis 

Page 21, Section 3 

At the end of the section on Economic Income Created, the following sentence has been added: 

EIC can be used in setting performance targets and executive remuneration. 

Page 26, Section 4.2 

The third line of the  formula involving the differentiation of the standard deviation has been 
corrected to: 
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The Value at Risk measure on the line under the formula has been corrected to: ( ) ( )F L VaR L . 

Module 34 

Page 3, Section 1 

The link to the article on copulas has been updated to: 

https://www.risk.net/topics/copulas 
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3 Changes to the X Assignments 

Assignment X1 

Question X1.2  

References to the ‘actuarial function’ have been replaced with ‘actuarial department’. 

Question X1.4 

The introduction to the question now specifies that the company is a proprietary company. 

Question X1.5 

References to ‘risk controls’ have been replaced with ‘internal risk controls’. 

Solution X1.1 

The solution has been rewritten.  A replacement page is provided. 

Solution X1.2  

References to the ‘actuarial function’ have been replaced with ‘actuarial department’. 

Solution X1.3 

The section on risk retention has been rewritten.  A replacement page is provided. 

Solution X1.4 

A definition of corporate governance has been added to the start of the solution.  A replacement 
page is provided. 

Solution X1.5(i) 

A section defining internal risk controls and giving examples has been added to the start of the 
solution.  A replacement page is provided. 

Solution X1.6(i) 

The solution has been rewritten.  A replacement page is provided. 

Assignment X2 

Question X2.1  

References to the ‘central risk function’ have been replaced with ‘risk management function’. 

Question X2.4 

In the first bullet point, ‘asset prices’ has been replaced by ‘asset returns’. 
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Question X2.6(i) 

The question has been rephrased and the mark allocation adjusted to: 

(i) Define the terms ‘exposure amount’, ‘volatility’ and ‘liquidity factor’ in relation to Value at 
Risk (VaR).  [3] 

In part (ii) of the question, ‘modified duration’ has been replaced with ‘discounted mean term’. 

In part (iii) of the question, the mark allocation has been increased from [4] to [6].   

Solution X2.1 

The solution has been rewritten.  A replacement page is provided. 

Solution X2.2(ii) 

Additional bullet points have been added to the schedule: 

 requiring evidence / rationale for any areas of subjectivity [½] 

 making a comparison with the outcomes of other similar projects … [½] 

 … or between proposals. [½] 

Solution X2.6 

The solution has been rewritten.  A replacement page is provided. 

Assignment X3 

Question X3.2(i)  

The question has been reworded to: 

 (i) (a) Explain what is meant by the term ‘volatility’.                                            [1] 

 (b) Give two examples of where the concept of volatility has been embedded into 
specific risk management activities. [1] 

Question X3.3(i)  

The question has been extended to: 

Outline the statistical features that are often observed in a financial time series, eg equity market 
returns.   [3] 

Question X3.3(iii)  

The command verb has been changed from ‘State’ to ‘Outline’.  The mark allocation has been 
increased from [2] to [3]. 

Question X3.3(iv)  

The mark allocation has been reduced from [3] to [2]. 
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Solution X3.2(i)  

The solution has been rewritten.  A replacement page is provided. 

Solution X3.3 

The solution has been rewritten.  A replacement page is provided. 

 
Assignment X4 

Question X4.1 

The first bullet now reads: 

 98 loss events from £1 to £50,819, with an average of £10,000 

Question X4.2 

The question now refers to a ‘large general insurance company’ rather than to a ‘large insurer’. 

Question X4.4(i) 

The command verb has been changed from ‘List’ to ‘Outline’. 

Question X4.6(ii) 

The question no longer refers to ‘business risks’ but to ‘risks’. 

Solution X4.1(i)  

The solution has been rewritten.  A replacement page is provided. 

Assignment X5 

There are no changes to this assignment. 

Assignment X6 

Solution X6.1(i) 

An additional bullet point has been added: 

 deriving value from the time, effort and money spent on risk management, rather than it 
being viewed as a box-ticking exercise [½] 
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4 Other tuition services 

In addition to the CMP you might find the following services helpful with your study. 

4.1 Study material 

We also offer the following study material in Subject SP9: 

 Flashcards 

 ASET (ActEd Solutions with Exam Technique) and Mini-ASET 

 Mock Exam and AMP (Additional Mock Pack). 

For further details on ActEd’s study materials, please refer to the 2021 Student Brochure, which is 
available from the ActEd website at www.ActEd.co.uk. 

4.2 Tutorials 

We offer the following (face-to-face and/or online) tutorials in Subject SP9: 

 a set of Regular Tutorials (lasting three full days)  

 a Block Tutorial (lasting three full days). 

For further details on ActEd’s tutorials, please refer to our latest Tuition Bulletin, which is available 
from the ActEd website at www.ActEd.co.uk. 

4.3 Marking 

You can have your attempts at any of our assignments or mock exams marked by ActEd.  When 
marking your scripts, we aim to provide specific advice to improve your chances of success in the 
exam and to return your scripts as quickly as possible. 

For further details on ActEd’s marking services, please refer to the 2021 Student Brochure, which 
is available from the ActEd website at www.ActEd.co.uk. 

4.4 Feedback on the study material 

ActEd is always pleased to get feedback from students about any aspect of our study 
programmes.  Please let us know if you have any specific comments (eg about certain sections of 
the notes or particular questions) or general suggestions about how we can improve the study 
material.  We will incorporate as many of your suggestions as we can when we update the course 
material each year. 

If you have any comments on this course please send them by email to SP9@bpp.com. 
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(ii) Efficient frontier

Rearranging the equation in (i)(b) to make  the subject gives:

2 P P

X X

V
V

Substituting this expression for  into the equation in (i)(a) and rearranging gives:

1P P
P X

X X

X
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X

E E r

E r
r

This is the equation of a straight line with intercept r  and gradient X

X

E r  (called the ‘market

price of risk’.)

The efficient frontiers for portfolios consisting of risky assets only and with the risk-free asset are
shown on the graph below.

expected return

       0
standard deviation

Since we have assumed that all investors have the same view of risk and return and behave
rationally then they should all want to hold a combination of the portfolio marked M  in the graph
above and the risk-free asset.  As a result, the portfolio M  must represent the market portfolio
consisting of all risky assets in proportion to their market capitalisation.

M

 r

efficient frontier
efficient frontier
(risky assets only)
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The fact that the portfolio M of risky assets for an investor can be determined without any
knowledge of their preferences towards risk and return (or their liabilities) is known as the
separation theorem, which is covered in Subject CM2.  In other words, the choice of the efficient
portfolio of risky assets is separate from the individual’s risk-return preferences.  Instead, the
investor’s risk-return preferences determine the relative weightings of risk-free and risky assets,
ie where on the efficient frontier the individual’s portfolio will be.

For example, an investor who is highly risk averse is likely to be heavily invested in the risk-free
asset and will hold a portfolio towards the bottom left of the efficient frontier.  An investor who is
highly risk seeking may choose to borrow at the risk-free rate and then re-invest the proceeds in
risky assets (ie will be short in the risk-free asset and invest >100% in risky assets).  Such an
investor will hold a portfolio towards the top right of the efficient frontier.

2.4 Benefits of active portfolio management in ERM

Active portfolio management is useful in an ERM strategy because:

1. it encourages companies to ‘unbundle’ the business into its component projects

2. it provides a mechanism for aggregating risks across the organisation

3. it provides a framework in which risk concentration limits and asset allocation targets can
be set

4. it influences investment, transfer pricing and capital allocation decisions.

Question

Explain how each of the above four (potential drivers) can aid optimisation of risk-reward.

Solution

1. ‘Unbundling’ the business into its component projects:

– enables management to decide (separately) how to treat each project, eg retain it
unchanged, increase/decrease investment in the project, transfer some of the
risks etc

– may encourage companies to think about where they add value or can best
compete – then focusing on that risk area by transferring other risks to those who
can manage them more efficiently.

2. A mechanism for aggregating risks across the organisation:

– is useful for more transparent reporting and information purposes

– enables transfer of some or all of these risks to a central team.  This allows a
specialist team to hedge or otherwise manage the risk.  In addition, if the business
units are charged a price for transferring the risk to the CRF/RMF (the transfer
price), the risk-adjusted profitability of the units can be assessed.
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2 Derivatives

A derivative is a financial security whose value depends upon that of some underlying security (or
reference asset).

A derivative redistributes risk from those who wish protect against a risk, to those who are
prepared to accept the risk in return for the possibility of a large reward.  As such, derivatives may
be used for hedging, or for speculation.

The gain or loss from a derivative depends on (or derives from) changes in the market price of the
underlying security (or reference asset), often referred to simply as ‘the underlying’.  The
underlying may be:

· an interest rate

· a foreign exchange rate

· a commodity (oil, gas, gold, copper, cocoa etc)

· an equity (a single stock) or portfolio of stocks (eg an index).

Question

Outline the main types of derivatives.

Solution

The main types of derivative are:

· forwards – a forward is a non-standardised, non-exchange-tradeable contract between
two parties to trade an underlying security (or reference asset) on a specified future date
(or within a date range) at a specified price (known as the forward price)

· futures – a future is like a forward, but is a standardised contract traded on an exchange.
Futures are generally ‘cash-settled’ whereas forwards typically result in delivery of the
underlying security (or reference asset).

· options – a call (put) option is the right but not the obligation for the option holder to buy
(sell) an underlying security (or reference asset) from (to) the option writer on a specified
future date (or within a date range), at a specified price, known as the strike or exercise
price.  The option holder pays an option premium to the option writer at outset.

· swaps – a swap is an obligation for both counterparties to exchange a series of cashflows,
eg:

– interest rate swaps where interest calculated at a fixed rate applied to a nominal
principal is exchanged for interest calculated at a floating rate applied to the same
nominal principal, but with no exchange of the principal

– currency swaps where interest and the principal in one currency are exchanged
for those in another currency.

Derivatives can be exchange-traded or over-the-counter (OTC).
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2.1 Exchange-traded derivatives

Futures (and some options) are exchange-traded contracts.

Question

Describe the characteristics of exchange-traded contracts.

Solution

· Exchange-traded contracts are standardised – available only on certain assets and indices
and only for specific delivery dates (or date ranges), as determined by the exchange.

· Trading is done through the exchange based on market prices (which may be subject to a
minimum price movement or tick).

· Deals are settled through a clearing house.

· The clearing-house acts as counterparty to both the long and short party to the contract
and therefore takes on the counterparty risk.

· Counterparty risk is reduced, for the clearing house, by the pooling of many contracts.  It
is managed by requiring the trading parties to provide the clearing house with collateral
(margin) and by (daily) marking to market.

· The above features result in a highly liquid market (ie prices being minimally affected by
large transactions) with comparatively low transaction costs.

Question

Outline the marking-to-market process.

Solution

At the start of an exchange-traded contract, cash is typically deposited by the counterparty into a
margin account – this deposit is called the initial margin.  The amount of initial margin is
determined as some function of both the size and the anticipated volatility of the contract.

Subsequently, the clearing house periodically (eg daily) considers whether to add or remove
amounts from the margin account based on the intervening movement in the price of the
underlying.  These additions or deductions reflect the respective profit or loss position of the
counterparty − a process known as marking-to-market.

If the margin account drops below a specified level, the maintenance margin, the counterparty
must top-up the account to the starting level by adding to the margin account – known as
variation margin.
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2.2 Over-the-counter (OTC) derivatives

Forwards and swaps are over-the-counter (OTC) contracts.  Some options are traded in this way.

Note that regulators of some established markets are aiming to increase transparency by moving
more derivative trading (including forwards) onto exchanges and central-clearing systems.

The characteristics of OTC markets include:

· Trading is done at the convenience of the parties.

· Pricing is by negotiation between the parties who take on the risk of the counterparty
defaulting on the arrangement.

· OTC contracts are very flexible in terms of the choice of both the underlying and the
delivery date.  They are generally provided by banks to address the specific needs of a
company, or other institution, usually for an option or a swap.

· Documentation is usually based on standard terms and conditions, such as those
published by the International Swaps and Derivatives Association (ISDA).

Question

Outline the main factors that influence the forward price (ie the price at which the underlying is
traded on delivery).

Solution

The main factors that influence the forward price are:

· the current (spot) price of the underlying

· the time to delivery

· expectations of interest rates over this period

· the expected income yield on the underlying over this period

· residual counterparty risk (allowing for effect of any collateral)

· the cost of carry (including the opportunity cost of providing collateral and the cost of
storage of the underlying for a commodity).

There is a higher degree of counterparty risk to both parties with forwards (OTC-traded),
compared with futures (exchange-traded).  This can be mitigated by insisting on the transfer of
acceptable collateral (eg government bonds), which would be kept in the case of default by the
other party, or through the use of a central clearing house.

The greater the residual counterparty risk and the more bespoke the contract, the higher the
price.  This is partly due to administration costs, default risks and the difficulty in hedging such
risks.

Some specific forward pricing examples are included later in this module.
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2.3 Collateral

Collateral may be held by one or both parties to a contract in order to provide protection from
the costs of any potential default.  It typically takes the form of a cash deposit or other securities.

Exchange-traded contracts

In some instances, the exchange may accept securities, rather than cash, as collateral.  In this case
it will specify both the acceptable securities and the proportion of their face value that counts as
collateral.

The amount of collateral that is required may be reduced to account for the degree of
diversification in the counterparty’s total set of positions with that exchange.

OTC contracts

Requirements for collateralisation of an OTC contract are typically specified in a credit support
annex (CSA), such as that published by the IDSA.  The requirements will specify:

· the types of security that can act as collateral

· when collateral must be calculated and transferred

· the minimum transfer amount, below which no transfer is required.

2.4 Hedging using derivatives

A common use of derivatives is to reduce risk by hedging against future price movements in the
underlying security (or reference asset).

Example

An airline company expects to purchase aviation fuel in three months’ time.  The company is
worried about the price of fuel increasing from its current level.  The company can hedge this risk
by entering into a long position in an aviation fuel forward with a delivery date in three months’
time.

One way to understand the hedge is to think in terms of the payoffs on both the underlying and
on the forward in three months’ time.

Suppose that the aviation fuel price now (at time 0t = ) is 0S  and that the forward price is K .
Recall that K  is the price at which the two parties have agreed to trade on delivery, which we
denote by time t T= .

The payoff (at the delivery date) to the long party of a forward contract is TS K- , ie the long

party pays K  and receives the underlying, worth TS .

Figures 27.1 and 27.2 below illustrate how the hedge works.
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Figure 27.1 Payoff = difference in the price of aviation fuel at time T compared to that if prices had
stayed the same as at time 0

Figure 27.2 Payoff = TS K- , on the forward at time T

Figure 27.1 above shows that, an increase in the price of aviation fuel results in a loss for the
airline company (relative to the current price).  However, Figure 27.2 above shows that this loss is
(partially) offset by a positive payoff on the forward contract.

However, such a strategy also hedges against a reduction in the aviation fuel price.  Figure 27.1
shows that a reduction in the price of aviation fuel results in a gain for the airline company
(relative to the current price).  However, Figure 27.2 above shows that this gain is (partially) offset
by a negative payoff on the forward contract.

A forward (or future) hedges against both upside as well as downside risk, whereas a single option
hedges against either upside or downside risk.

Question

Suggest a hedging strategy based on an option in respect of the above example.

K
0

ST

Payoff
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Solution

The airline company could buy an aviation fuel call option with three months to expiry.

Since a call option gives the right but not the obligation to purchase the fuel, the airline company
does not have to exercise the option.  Hence the option hedges against the downside risk but
leaves the airline company to benefit from upside risk.

The payoff on a call option at time T  is given by ( )max ,0TS K-  and is illustrated in Figure 27.3

below.

Figure 27.3 Payoff = ( )max ,0TS K- , on the call option at time T

Question

An investor owns shares in Company XYZ that she wants to sell when she retires in six months’
time.  She is worried that the shares will fall in value from their current level.  Suggest derivative
strategies that the investor can use to hedge against this risk.

Solution

The investor can hedge this risk by, for example:

· entering into a short position in a forward contract in Company XYZ’s shares with a
delivery date in six months’ time

· buying a put option in Company XYZ’s shares with an expiry date in six months’ time.

Payoff

K
ST
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2.5 Advantages and risks to using derivatives

The advantages of using derivatives, compared to trading the underlying asset, include:

· It may be cheaper and easier to deal in a derivative than the underlying asset.

· Derivatives can be very flexible and exposure can be changed quickly without the need to
deal in the underlying asset – for example, investment allocation can be changed quickly
while still holding the original assets.

However:

· While hedging is designed to reduce market risk, such strategies can be ineffective and
may even result in losses.

· Hedging a risk means that gains as well as losses may be eliminated.

· Trading derivatives involves transaction costs, spreads, premiums and management time
and effort.

· Trading derivatives exposes the parties involved to increased levels of risk.

Question

List all the risk types associated with dealing in derivatives.

Solution

Dealing in exchange-traded and OTC derivatives may expose the participant to the following risks:

· credit (counterparty) risk

· settlement risk (see below)

· aggregation risk

· operational risk

· liquidity risk

· legal risk

· reputation risk

· concentration risk

· basis risk.

Settlement risk is the risk that one counterparty does not deliver a security (or its value in cash) as
agreed when the security was traded, after the other counterparty has already delivered the
security (or cash value).
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2.6 Pricing forwards and futures

Forward pricing was covered in Subject CM2.  By the forward price, we are referring to the price
at which the underlying security (or reference asset) is to be traded.

So far in this module, the forward price has been denoted as K.  However, Sweeting denotes
forward / futures prices by tF , where time t is the time that the contract is struck.  This notation
works as follows:

· for a forward contract

The forward price is known at the time the contract is struck, hence tK F= , ie it is known
and constant through the life of the contract.  If two parties enter into such a forward
contract they are agreeing to trade the underlying security (or reference asset) at price tF
at an agreed date in the future, say time T, (or within an agreed date range).  Whilst the
two parties to the trade have locked into this price, the price at which (other) new similar
deals are struck (ie those on the same underlying, and with the same delivery date) will
change over time, hence the subscript t on the tF .

· for a (cash-settled) futures contract

Changes in the futures price over time are used in the marking to market process.   By the
end of the contract, the absolute value of the total marking to market cashflows will
amount to T tF F- .  Unlike forward contracts, there will be no (other) terminal cashflow

on the futures contract.

The discussion below focuses on forward contracts, however, the same principles can be applied
to the pricing of futures contracts.

Question

State the formulae for the forward price, 0F , with expiry at time T , based on an underlying

security (or reference asset) with current spot price, 0S , where the underlying:

(a)  involves no income nor costs

(b) pays a fixed income of D  immediately before time T

(c)  incurs a fixed cost of C  immediately before time T

(d)  pays income over the period to time T  with a present value of I

(e) incurs costs over the period to time T  with a present value of H

(f) pays continuously-compounded income at rate q

(g) incurs continuously-compounded costs at rate p .

Assume that the continuously-compounded risk-free rate of return is r .
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Solution

(a) 0 0
rTF S e=

(b) 0 0
rTF S e D= -

Intuitively, it makes sense that the forward price is reduced by D relative to the forward price
in (a).  This is because the original holder of the underlying receives the income, not the forward
holder.  Hence the forward holder is not likely to want to pay for it!

(c) 0 0
rTF S e C= +

(d) ( )0 0
rTF S I e= -

(e) ( )0 0
rTF S H e= +

(f) ( )
0 0

r q TF S e -=

(g) ( )
0 0

r p TF S e +=

Question

Derive the price in part (a) above by constructing a replicating portfolio and using the principle of
no arbitrage.

Solution

We assume the principle of no arbitrage applies and consequently that the law of one price holds
(ie if two portfolios give identical expected future cashflows, they must have the same price).

At time 0, we establish two portfolios:

Portfolio A Portfolio B

· one long forward, price 0F , expiry at
time T  based on an underlying with
spot price 0S

· invest cash equal to 0
rTF e-

· one unit of the underlying, with spot
price 0S

At time T , the payoffs on the portfolios are as follows:

Portfolio A: {0 0T T
cashforward

S F F S- + =123 Portfolio B: {T
underlying

S

Since the payoffs are equal at time T , then, by the law of one price, the values of the two
portfolios must be equal at time 0.
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At time 0, the values are:

Portfolio A: { 0 00 rT rT

forward cash

F e F e- -+ =123 Portfolio B: {0
underlying

S

Setting the values of the two portfolios equal gives:

0 0 0 0
rT rTF e S F S e- = Û =

Further examples of this approach to forward pricing are considered in the end of module
questions.

Relationship between spot and futures prices

The situation where the current futures price is below the expected future spot price is known as
normal backwardation.  The opposite situation, where the current futures price exceeds the
expected future spot price, is called contango.

Backwardation may occur due to the market expecting the income on the asset to outweigh any
cost of carry (hence a preference to hold the asset), or due to high demand for short positions in
the future (eg from the asset holder protecting the value of their assets).

Contango may arise due to demand for long positions in the future (for example, where storage
costs of the underlying commodity are particularly high).

2.7 Basis and basis risk

When dealing with futures contracts, the basis, tB , is the difference between the spot price of an

asset, tS , and the futures price, tF , at a particular point in time (ie t t tB S F= -  or the reverse).
Basis risk is the risk of loss arising from changes in the basis over time.

Question

Describe why basis risk may arise in practice.

Solution

Basis risk may arise if:

· a hedger is uncertain as to the exact date when the underlying (or reference) asset will be
bought or sold

· a speculator is expecting to close out a futures contract well before its expiration date

· a hedger requires the futures position to be rolled over at, or prior to, expiration (because
the futures contract is shorter than the desired period of the hedge)

· differences in income, benefits and/or costs between the futures contract and the
underlying asset are not known precisely in advance.
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Futures are standardised and they are only available on a limited set of underlying assets.  Hence
it may be difficult to match the risk exactly.  If the asset whose price is to be hedged is not exactly
the same as the asset underlying the futures contract then the resulting basis risk is known as
cross hedging risk.

Basis risk reduces to zero as expiry approaches if there is no cross-hedging risk and no uncertainty
as to the associated cashflows (income, benefits or costs).

Example

An asset is currently held but must be sold in one year’s time at the then market price.  The
market risk is to be eliminated using a hedge.

A futures contract is available, on the same underlying asset, but with two years to expiration.
There are no associated cashflows (income, benefits or costs) other than the payment of margin.

A hedge is established by entering into a short position in this futures contract now ( 0t = ).  One
year later (ie at 1t = ) the underlying asset is sold and the hedge is closed out (by entering into an
offsetting long position in the same futures contract, the clearing house then recognising and
cancelling the two matched opposite positions).

The associated cashflows are as follows:

Actual cashflow at
time 1

Total cashflows under
the contract, if held to

expiry, ie to time 2
(see note below)

Short futures position (established at time 0) 0 2F F-

Long futures position (established at time 1) 2 1F F-

Sell underlying at time 1 1S

Total (see note below) 0 1 1 0 1F F S F B- + = +

Hence the position exposes us to basis risk, as the total cashflow is a function of the uncertain
basis at 1t = .

Note that in summing up these cashflows we (like Sweeting) are ignoring the marking to market
process and the time value of money!

2.8 The optimal hedge ratio

In theory, in the absence of basis risk, the number of contracts required in order to hedge the
market risk of a portfolio is simply the ratio of that the value of the position to be hedged divided
by the a futures ‘contract value’.
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By means of an example, for an index future, the ‘contract value’ is the product of the index level
(in points) and the contract multiplier.  For example, if the FTSE 100 is at 7,500 and the contract
multiplier is £10 per index point, then the contract value would be £75,000.  If that were the case
then, in the absence of basis risk, two contracts would be needed to hedge exposure to a
portfolio of FTSE 100 equities valued at £150,000.

However, to allow for exposure to basis risk, this ratio is adjusted for differences in the relative
volatility of the portfolio and the future (or forward) using the optimal hedge ratio.

The optimal hedge ratio, h is given by:

S

F
h

s
r
s

=

Question

Define each of the terms in the above formula.

Solution

· Ss  is the standard deviation of SD , the change in spot prices over the life of the hedge.

· Fs  is the standard deviation in FD , the change in futures price over the life of the
hedge.

· r  is the correlation coefficient between the two.

Example

Airlines have significant fuel needs and are highly exposed to the risk of changes in aviation fuel
prices.  Many attempt to protect against excessive future fuel bills by buying fuel derivatives.
Historically, there has been no thriving aviation fuel futures market, so aviation fuel was mainly
hedged with heating oil futures. This is because the heating oil price moves in almost the same
way as crude oil but allows for the costs and capacity constraints in the oil refining process.
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Solution X1.1

This question covers material from Module 1 (What is ERM?).

There is no single definition of ERM – however, any definition should include the following key
points. [½]

ERM is the application of risk management across the whole of an enterprise … [½]

… in a structured and consistent way.                                   [½]

This concept of considering the risks of an enterprise as a whole is known as the holistic approach.
[½]

In order to achieve this, an important feature of ERM is the use of common definitions,
classifications and documentation to record risk (a common risk taxonomy). [½]

The consistency of ERM across an enterprise can be encouraged by establishing a risk
management function to co-ordinate the ERM activities. [½]

ERM will consider all the risks faced by an enterprise … [½]

… both upside (risk as an opportunity) and downside … [½]

… and the ways in which these risks interact with each other ... [½]

… eg whether there are diversification benefits or concentrations of risk. [½]

Such interactions are considered when deciding how best to deal with the risks being faced. [½]

A key feature of ERM is the use of consistent risk measurement techniques so that an aggregate
risk exposure can be determined. [½]

These techniques can be used to assess the likelihood of a risk occurring and its potential impact,
be this in a quantitative or qualitative way. [½]

ERM involves integrating risk measurement and management into business processes, and
strategic decisions … [1]

… in order to create value for the owners of the enterprise. [½]

ERM is a dynamic process, which should be regularly reviewed and updated in order for it to
remain relevant to the enterprise in question. [½]

[Maximum 7]
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Solution X1.2

Development of a strong risk culture is discussed in Module 4 (Internal risk frameworks).

Risk culture reflects how risk management is viewed in an organisation, so improving the risk
culture is dependent on improving the actuarial department’s attitude and approach to risk
management. [1]

Specific actions to take may include:

· introducing a risk management segment in the departmental team meetings to raise its
profile

· risk training for all staff, focussing on appropriate risk behaviours

· organising an away day for all staff where the main topic under consideration is risk and
its management, eg get all staff involved in the identification of risks

· taking opportunities to give positive feedback to those who manage risks well and display
appropriate risk behaviours

· publicising risk management success stories within the department

· introducing a review process, so that the department as a whole can learn from past
successes or mistakes

· setting up a central risk database to include information on all risks managed within the
department, to which all employees have access

· ensuring that all employees in the department have a goal or objective linked specifically
to risk management

· ensuring that part of each employee’s remuneration is dependent on the achievement of
risk management objectives

· introducing a clear process for the escalation of risk issues within the department

· ensuring that senior managers set good examples of risk behaviour to the rest of their
departments (ie lead from the top)

· considering the risk attitude of candidates during any recruitment processes

· ensuring that senior managers focus on how to fix problems that occur rather than
attributing blame for what has gone wrong

· identifying specific members of the department who have clear risk responsibilities and
who are the first contacts for those with risk-related concerns.

[½ each action, maximum 6]
[Markers – please award ½ for any other sensible suggestion]

[Total 7]
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Solution X1.3

Risk responses are introduced in Module 1 (What is ERM?).

(i) Risk responses

The four risk responses available to a company are:

1. Retain the risk – ie the company could choose to keep the risk in its current form. [1]

It may choose to do this because:

· the risk is trivial [½]

· the taking of that particular risk is a component of its core business [½]

· it appears to be the most economical approach, ie the cost of treatment is greater
than the exposure to that risk [½]

· it acts as a diversifier (or hedge) to another risk that is retained [½]

· the other risk response options are unsuitable or unavailable. [½]

2. Remove (avoid / reject) the risk – ie eliminate all exposure to the risk by removing its root
cause, where this is possible.  [1]

3. Reduce the risk – ie take action to diminish the effect the risk has on the company’s
operations. [1]

This can be achieved by:

· reducing its potential financial impact [½]

· reducing the frequency with which the risk may occur [½]

· a combination of these. [½]

4. Transfer the risk – ie the company pays a third party to bear the financial impact of the
risk. [1]

This may involve an insurance policy or an outsourcing arrangement with another
company. [½]

[Maximum 7]
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(ii) Examples in a life insurance company

1. Retain the risk:

· retention of mortality risk as the company understands this risk well and has
expertise in managing it

· retention of mortality and longevity risks as they (partially) hedge each other

· some operational risks, such as the risk of terrorist attack, may be retained, as
they would be difficult to deal with in another way.

2. Remove (avoid / reject) the risk:

· refusing to issue contracts which are deemed to have too high a level of risk
attached, eg life cover for skydivers or extremely old (eg over 80s) applicants

· retreating from international operations to remove currency risk

· selling a book of business that the insurer no longer wishes to manage

· changing investment strategy to avoid the exposure to a specific asset class,
eg commercial property.

3. Reduce the risk:

· improving underwriting and claims control processes in order to understand and
deal appropriately with each risk taken on

· imposing tighter internal controls and a more robust governance structure to
reduce the occurrence of fraud

· clear desk policies may reduce the impact of a fire occurring in the insurer’s
offices.

4. Transfer the risk:

· entering into a reinsurance arrangement for a particular line of business

· outsourcing of IT, security, printing, or legal services.

[1 mark for each example; maximum of 1 per risk response]
[Markers – please give credit for other suitable examples]

[Total 4]
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Solution X1.4

UK Corporate Governance is discussed in Module 4 (Internal risk frameworks).

Corporate governance is the system whereby Boards of directors, or governing bodies, are
responsible for the governance of their organisations upon appointment by shareholders.   [1]

Benefits of the regime

As with most regimes, there is no perfect ‘one size fits all’ solution. [½]

The ‘comply or explain’ regime in the UK gives guidance but leaves it up to the company to adopt
the methods that it prefers. [½]

This gives additional freedom and flexibility. [½]

Many factors affect the most suitable corporate governance structure:

· the size of the company

· the complexity of the transactions (contrasting examples: manufacturing sales or
insurance business)

· the competition

· regulatory oversight

· the international spread of the business. [½ mark for each, maximum 2]

The UK regime allows companies to diverge from the normal regime if another regime would
seem to suit better. [1]

However, if a company does adopt a different regime, it is required to explain the regime and why
it is better, … [½]

… which gives shareholders additional information to decide whether the management’s plan
should be adopted. [½]

Drawbacks of the regime

Because there is an opt-out, it is possible that some companies are adopting poor corporate
governance policies. [½]

These can lead to:

· inefficient or inaccurate shareholder communication

· inefficient control over executives of the company

· inadequate salary control of executives

· inadequate risk control systems and audit control system.

[½ mark each for reasonable suggestions, maximum 2]
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It might be better to prescribe a regime that all companies have to stick to.  In particular:

· it would lead to a level playing field for all companies [½]

· it would aid successful prosecution of executives that abuse their power [½]

· it would give the public greater confidence in the system which might enhance their
participation in the stock market [½]

· it may reduce the incidence of high-profile disasters such as WorldCom or Enron, where
inadequate reporting lead many shareholders to lose their investments. [½]

[Maximum 9]

Solution X1.5

Internal risk controls are introduced in Module 4 and capital requirements are discussed as part of
Mandatory external risk frameworks in Module 5.

(i) Key aspects of internal risk control to be investigated

Internal risk controls are processes effected by a company’s Board, management or other staff
designed to provide reasonable assurance as to the achievement of the company’s objectives. [1]

For example, such controls may include processes (which should be investigated) to:

· ensure accurate and adequate record-keeping

· prevent fraud and safeguard the company’s assets

· guarantee the accuracy of financial statements

· ensure compliance with law and any supervisory guidance

· ensure risks faced by the company are responded to appropriately.
[½ mark per example objective of internal risk controls, maximum 1]

Documentation is a key aspect of risk control. [½]

It is important that all processes are well set out and that responsibilities are clearly specified. [½]

It is important that controls are consistent across different countries … [½]

… and across different arms of the business (eg general insurance and life insurance). [½]

Often only factors that are easily measured and controlled are measured and controlled.  It is
important to check that all risks that could affect the company – even the difficult ones which
could have catastrophic impact – are monitored and controls put in place. [1]

It is important that risks that cannot be mitigated, are managed. [1]

Where risk measurement and management involve complex models, these models should be
properly tested before their results are relied on. [1]
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Where controls are in place, we should investigate:

· the effectiveness of these controls [½]

· the impact of failure of the controls. [½]
[Maximum 5]

(ii) Problems with a unified approach to determining capital requirements

As the insurance company operates internationally, it will be subject to several different
regulatory capital regimes. [½]

It is therefore difficult to operate a single, unified system consistently across all regions. [½]

The regulatory capital regimes that govern life insurance and general insurance are often very
different in many regions. [½]

Therefore different parts of the business will again be subject to different requirements, even
within each country. [½]

Sometimes there are different capital regimes within the same country / same sector. [½]

For example, large and small life insurers are treated differently in the UK.  This can add to the
problems with inconsistency. [½]

There may also be political factors when dealing between different subsidiaries in different
countries, and it may be politically difficult to enforce a regime operated in the UK across (for
example) all European countries. [1]

There may also be practical problems with a complex international business, for example, having
all the data recorded in a consistent manner in all countries for use by a modelling system. [½]

Any system will have to deal with multiple currencies and fluctuations in exchange rates. [½]

Capital my need to be ring-fenced in one country and may not easily be transferred to where it is
required (a lack of ‘fungibility’). [½]

[Maximum 4]

Solution X1.6

The role of the Board is discussed in Module 4 (Internal risk frameworks).

(i) Role of the Board

The Board is responsible for governing the company as a whole … [½]

… and will ultimately be held responsible for any risk management failures. [½]

With regards to ERM, the Board has a responsibility to ensure that effective risk management is in
place.  [½]

However, it should avoid involvement in the day-to-day operations of the company and focus on
general oversight and stewardship. [½]
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Its specific responsibilities include:

· setting the risk appetite [½]

· approving the risk strategy and/or policy of the organisation (including risk limits) [½]

· monitoring key risks … [½]

… by ensuring the implementation of a suitable risk management framework and/or
internal controls framework [½]

· ensuring compliance with supervisory requirements [½]

· supporting the establishment and maintenance of a good risk management culture. [½]

To discharge these responsibilities the Board’s activities may include:

· establishing the organisational structure for ERM, for example: [½]

– a risk management subcommittee of the Board [½]

– defining roles and responsibilities (including that of the CRO and the risk
management function) [½]

– ensuring that risk personnel are fit and proper [½]

· reviewing the outcomes of / lessons learnt from the risk management process on an
ongoing basis to achieve its goal of delivering long-term value to investors [½]

· ensuring alignment of the interests of management with investors through appropriate
remuneration packages. [½]

The Board will influence the success of ERM within the business, because without the full backing
of the Board any initiative will fail. [½]

[Maximum 5]

(ii) Steps to ease shareholder concerns

The company could reverse its decision and find a second person to act as either CEO or Chair of
the Board. [½]

If it is unwilling to take this step, under the UK corporate governance regime, the company must
explain why it is not complying with the best practice guidelines. [½]

This explanation must be given in the company’s annual report. [½]

Given the shareholders’ dissatisfaction, the issue could also be addressed at its Annual General
Meeting, or in a separate communication to shareholders. [½]

Arrangements should be put in place to allow the Board to meet regularly without the CEO/Chair
present. [½]

The non-executive directors should meet at east annually independently of the executive
directors. [½]

A ‘lead director’ should be appointed to coordinate the Board’s activities and independent
directors, and to act in cases where the CEO/Chair may be conflicted. [1]
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Solution X2.1

Parts (i) and (ii) of this question apply concepts from Module 12 (Governance functions and the
role of the CRO).  Part (iii) on risk reporting is discussed in Module 10 (Monitoring and
communication of risk).

(i) Organisational requirements for ERM to be successful

An integrated risk management function

There should be a risk management function that is responsible for setting risk policy. [½]

The function should be led by a Chief Risk Officer or other senior executive, who reports to the
CEO and/or company Board. [½]

Other risk specialists may work full-time in the business units, helping them to manage risks. [½]

These risk specialists should probably report to someone within the risk management function.
[½]

The risk management function needs technical expertise, and a wide range of skills … [½]

… including project management, change management, relationship management and
implementation skills. [½]

Integrated risk management strategies

Rather than each business unit managing its risks independently, the company should integrate its
risk management strategy. [½]

Integration will allow the company to identify its overall exposure to each type of risk and the
diversification benefits (and internal hedges) between risks . [½]

Risk transfer tends to be excessive if risk management strategies are not integrated because those
responsible do not recognise the organisation’s overall diversification of risks. [½]

Integration of risk management practices into normal business processes

ERM can only improve business performance if it is part of decision-making processes. [½]

Risk management ‘champions’ within each business unit have a key role to play in ensuring that
risk management practices become part of normal business processes. [½]

Each employee should be required to identify and manage risk as part of their role … [½]

… in order to do this, they need to be familiar with risk concepts … [½]

… and there should be a common language (taxonomy) so that there is a shared understanding of
risk. [½]
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Appropriate governance structure and processes

An appropriate structure for the governance of risk management activities is needed. [½]

This should be supported by processes for:

· engaging with business units

· communicating with stakeholders

· standard risk management

· determining appropriate incentives for employees, linked to agreed behaviours

· monitoring and risk reporting.
[½ mark for each bullet, maximum 2]

[Markers please give credit for other suitable points]
[Maximum 8]

(ii) Best practice relationships and the challenges these relationships face

Best practice

The staff in the risk management function and the business units should work in partnership:

· Some risk management function staff should be integrated into the business units and the
two functions should share some measures of performance. [½]

· The business units and risk management function should work together in a
client-consultant type relationship to manage risk. [½]

· Business units should recognise the benefit to long-term performance of a risk
management function. [½]

· Risk management function staff should recognise the importance of their role as
consultants, ie they must meet the needs of the business units (the client). [½]

Challenges

Challenges in managing the relationship between business units and the risk management
function include:

· resolving conflicts between staff [½]

· aligning incentives – designing suitable incentive structures for business unit and risk
management function staff can be difficult but, if successful, can reduce conflict [½]

· management of risk management function staff within business units:

– risk management function staff embedded within business units may not be
trusted by business unit staff and may feel stuck between two opposing sides [½]

– it may be best if the risk management function staff report to the business unit
head and have a ‘dotted line’ link to the CRO.  However, the CRO should have
input into the performance review of the risk management function staff
embedded in business units.  [½]
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· measuring operational risks – operational risks can be difficult to assess and incorporate
into performance measurement systems [½]

– it is particularly important to ensure a common taxonomy around
operational risks to help to minimise the risk of confusion. [½]

[Maximum 4]

(iii) Content of an internal risk report

Essential content of a risk report for senior management includes the following:

· losses – a comparison of losses to expectations or budget and a summary of: [1]

– trends in losses [½]

– losses above ceilings [½]

– total losses (relative to business revenue or volume) [½]

· incidents [½]

– a summary of major risk incidents (potential and actual causes and effects) [½]

– trends in incidents [½]

· forward-looking management statements – an assessment of potential risks in the future
and any important upcoming events / milestones [½]

· key performance and risk indicators [½]

– KPIs linked to the company’s objectives and strategy [½]

– KRIs relative to limits, with important deviations and trends highlighted. [½]
[Max 5]

Solution X2.2

Bias is covered in Module 13 (Business analysis, risk identification and initial assessment).

(i) Bias in each company’s proposal

Bias in Company A’s proposal may arise from:

· deliberately underestimating the expected costs and potential risks of the project, … [½]

… out of a desire to win this big contract and expand the business [½]

· its inexperience in projects of this nature and size, meaning the company may have:

– inadvertently overlooked key risks [½]

– paid insufficient attention to the risks associated with the development of new
internal processes and expertise, as this project is beyond the company’s current
experience [½]

– underestimated the effect of extreme events [½]

– made the assumption that certain risks are independent, when this is not the
case, thus concealing the concentration of risk faced [½]

– developed its models based on flawed logic, meaning they contain errors [½]
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· using assumptions in its models that do not correspond to the view taken by the planning
department. [½]

[Maximum 3]

Bias in Company B’s proposal may arise from:

· a lack of understanding of this specific project, … [½]

… basing its submission on assumptions formed from its experience elsewhere that is not
directly relevant to this project [½]

· its hurry to meet the submission deadline, meaning the company may have:

– overlooked key risks [½]

– given insufficient time to the analysis and evaluation of risks [½]

– incorrectly estimated key cashflows and timings [½]

– not fully considered the impact of winning this contract on its other business, eg if
it wins the contract will it be over-committed? [½]

– not fully checked their calculations and models, resulting in errors [½]

· using assumptions in its models that do not correspond to the view taken by the planning
department. [½]

[Maximum 3]
[Total 6]

(ii) How to tackle bias

The problem of ‘optimism bias’, where risks are understated and benefits are overstated, … [½]

… can be tackled by increasing the estimated cost of building the tunnel by a certain percentage
(an ‘optimism bias’) based on the department’s past experience of cost over-runs. [½]

It may be possible to apply different uplift factors to the submissions from each company, to
reflect the differing levels of bias judged to be present in each proposal. [½]

Thorough checking is necessary to validate each proposal by a competent and independent
source. [½]

This would include:

· requiring evidence / rationale for any areas of subjectivity [½]

· assessing the validity of the estimated cashflows [½]

· checking any calculations for errors, including considering the integrity of any models or
spreadsheets used [½]

· verifying any assumptions made [½]

· making a comparison with the outcomes of other similar projects … [½]

… or between proposals. [½]
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The progress of the alliance should be monitored carefully … [½]

… bearing in mind that standard financial measures of success may not be appropriate initially.
[½]

[Maximum 4]

Solution X2.6

Value at Risk and coherence are discussed in Module 14 (Risk measurement).

(i) VaR terminology

These three terms refer to the use of VaR when quantifying market risk in trading portfolios. [½]

1. Exposure amount

This is the net exposure of an open position, eg the size of the portfolio. [½]

It should be calculated by marking positions to market … [½]

… and aggregating across the portfolio carefully. [½]

2. Price volatility

This is the best estimate of future daily price volatility. [½]

It is estimated based on past data and judgement about future market performance. [½]

Alternatively, the implied volatility shown in traded option prices could be used. [½]

This factor should allow for correlations between the different asset types held. [½]

3. Liquidity factor

This represents the time in days taken to unwind a position in adverse conditions. [½]

The holding period assumed in the Value at Risk calculation may need to be adjusted to allow for
different investments having different liquidities. [½]

[Maximum 3]

(ii) 99% VaR

As there is a 1% chance of interest rates exceeding 7.5%, the 99% VaR is the change in the value
of the portfolio at this rate, ie:

discounted mean term  increase in interest rate  100,000,000= ´ ´ [1]

( )5.6 0.075 0.051 100,000,000= ´ - ´

13,440,000=

Therefore the 99% VaR is £13.4m. [1]
[Total 2]
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(iii) Why VaR is not a coherent risk measure

VaR is not a coherent risk measure as it does not meet the subadditivity criterion [½]

Assuming we have a number of risk portfolios, we can model the losses on each portfolio as
coming from certain probability distributions iL  (where 1,2,...i = ).

For a risk measure, ,F  to be subadditive, it must satisfy the following:

( ) ( ) ( )1 2 1 2F L L F L F L+ £ + [½]

ie a merger of risk situations does not increase the overall level of risk. [½]

In the given scenario, define ‘loss’ as the price paid for the bond less the payment received at the
end of the year (ie the loss is negative if the end-of-year payment exceeds the price paid).

Portfolio A

Portfolio A consists of 100 units of Bond 1.  Therefore, the loss on Portfolio A can be modelled as,

1100L L=  where 1L  represents the loss on Bond 1. [½]

The loss distribution for one unit of Bond 1 is:

1
5 withprobability 0.98

100 withprobability 0.02
L

-ì
= í
î

The loss distribution for 100 units of Bond 1 is:

1
500 withprobability 0.98

10,000 withprobability 0.02
L L

-ì
= = í

î
[½]

The 95% VaR is defined as:

( ){ }95%VaR inf :P 0.05l L l= Î > £R [½]

Considering the loss values in turn:

· when 500 : ( ) 0.02 0.05l P L l= - > = £

· when 10,000 : ( ) 0 0.05l P L l= > = £ .

According to the definition of 95% VaR, we require the minimum loss such that the probability of
it being exceeded is less than or equal to 0.05.  This is 500l =- , hence 95%VaR 500=- . [½]

This is equivalent to a gain of 500.
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Portfolio B

Portfolio B consists of one unit of each of 100 different bonds.  Therefore, the loss on Portfolio B can
be modelled as, 1 100L L L= + +L  where iL  represents the loss on Bond i . [½]

The number of bonds, N , that default in Portfolio B can be modelled with a ( )100, 0.02Bin

distribution. [½]

Therefore, the loss distribution on Portfolio B is given by:

# of
defaults

Loss on Portfolio B Probability of loss, ( )=P L l Cumulative
probability, ( )£P L l

0N = 100 5 500L=- ´ =- 0 100100
0.02 0.98 0.1326

0
æ ö

=ç ÷
è ø

0.1326

1N = 99 5 1 100 395L=- ´ + ´ =- 1 99100
0.02 0.98 0.2707

1
æ ö

=ç ÷
è ø

0.4033

2N = 98 5 2 100 290L=- ´ + ´ =- 2 98100
0.02 0.98 0.2734

2
æ ö

=ç ÷
è ø

0.6767

3N = 97 5 3 100 185L=- ´ + ´ =- 3 97100
0.02 0.98 0.1823

3
æ ö

=ç ÷
è ø

0.8590

4N = 96 5 4 100 80L=- ´ + ´ =- 4 96100
0.02 0.98 0.0902

4
æ ö

=ç ÷
è ø

0.9492

5N = 95 5 5 100 25L=- ´ + ´ = 5 95100
0.02 0.98 0.0353

5
æ ö

=ç ÷
è ø

0.9845

etc

[½ mark for each of the loss and probability of loss for 4N =  and 5N = , maximum 2]

The 95% VaR is defined as:

( ){ }95%VaR inf :P 0.05l L l= Î > £R

From the table above, we note that:

· when 4N = , 80l =-  we have ( ) 1 0.9492 0.0508 0.05P L l> = - = >

· when 5N = , 25l =  we have ( ) 1 0.9845 0.0155 0.05P L l> = - = £ .

According to the definition of 95% VaR, we require the minimum loss such that the probability of
it being exceeded is less than or equal to 0.05.  This is 25l = , hence 95%VaR 25= . [1]
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This illustrates the non-subadditivity of VaR since:

500 25A BVaR VaR= - < = [½]

which is non-intuitive, since Portfolio B is more diversified than Portfolio A. [½]
[Markers please give credit for alternative calculation methods]

[Maximum 6]

(iv) Other main problems with VaR as a risk measure

· VaR does not give any information about the potential losses in excess of the VaR.

· Hence, users of VaR may place too much reliance on this one figure and fail to appreciate
the full extent of possible losses on their portfolio …

· … which is exacerbated if VaR is used widely, due to the consequential herding behaviour.

· VaR is subject to model risk and measurement error (particularly at high confidence levels).

· VaR is often calculated using the symmetric normal distribution, whereas losses tend to be
skewed and more heavily tailed.

· There is no industry standard for what actually constitutes VaR, eg in terms of what
confidence level to use.  Inconsistencies between components of an enterprise can result
in misunderstandings.

· As VaR can be calculated at different confidence levels, it may be open to manipulation.
[½ mark per bullet, total 3]
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Solution X3.2

Financial time series are discussed in Module 17.

(i)(a) Definition of volatility

In general, volatility refers to the variability of potential outcomes. [½]

In respect of some risks it has a specific meaning; for example under market risk it is equivalent to
the standard deviation of returns on investments. [½]

[Total 1]

(i)(b) Examples of volatility in risk management activities

Volatility is important as it has many applications in risk management activities, eg:

· articulating risk tolerance (eg maximum deviation from expected, Value at Risk)

· risk assessment / quantification (eg deviation, Value at Risk, Black-Scholes formula)

· risk control (eg risk limits expressed in terms of Value at Risk)

· risk optimisation (eg mean-variance portfolio theory).
[½ for each distinct and reasonable example, maximum 1]

(ii) Basic form of the ARCH(1)  model

The basic form of the ( )1ARCH  model is given by:

t t t tX Ze s= =

where:

· 2 2
0 1 1t tXs a a -= +

· 0 0a >

· 1 0a ³

and { }tZ  is strict white noise with mean 0 and variance 1. [1]

The strengths of the ( )1ARCH  model can be summarised as:

· reasonably simple [½]

· generates volatility clustering [½]

· heavy-tailed (leptokurtic). [½]

The weaknesses can be summarised as follows:

· it does not distinguish between positive and negative returns [½]

· it is not very adaptive, ie is restrictive to use [½]

· it provides no explanation for what is happening. [½]
[Total 4]
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(iii) Stationarity and variance

The ( )1ARCH  model is weakly stationary when 1 1.a < [½]

In this case the variance of the model is given by 0

11
a
a-

. [½]

[Total 1]
(iv) Moments of stationary ( )ARCH 1  process

For a strictly stationary ( )1ARCH  process to have finite moments of order 2m  (for 1m ³ ) we

need:

( )2 .m
tE Z <¥ [1]

and:

( )
1

2
1

m m
tE Za

-
é ù< ê úë û

[1]

[Total 2]

(v) Fitting GARCH models to data and obtaining parameter estimates

GARCH models are usually fitted to data sets using the method of maximum likelihood estimation.
[½]

The log-likelihood can be calculated as:

( ) ( )
1

ln , ln
n

t
t

L f xq
=

=åX

where:

· q  is the vector of parameters to be estimated, and

· ( )tf x  is the marginal PDF of ,tX  given q . [1]

The maximum likelihood estimates are the solutions to the equations:

( ) ( )
1

ln
ln , 0

n
t

t

f x
L q

q q=

¶¶
= =

¶ ¶åX [1]

These equations are usually solved using numerical methods (as log-likelihood functions are
asymptotically normally distributed). [½]

[Total 3]
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Solution X3.3

Financial time series are discussed in Module 17.

(i) Statistical features in a financial time series

The following have been observed:

· returns are rarely independent and identically distributed [½]

· there is little evidence of serial correlation … [½]

… however there is some evidence of momentum effects (short term) and mean reversion
(longer term) [½]

· volatility appears to vary over time [½]

· there is evidence of serial correlation in absolute or squared returns … [½]

… ie extreme returns appear in clusters, known as volatility clustering [½]

· return series are leptokurtic, ie more peaked and fatter-tailed than a normal distribution.
[½]

[Maximum 3]

(ii) Model fitting

If the full distribution is modelled then this means we can model the tail outcomes.  Full modelling
can overcome the lack of data from severely stressed time periods, ie data from both stressed and
non-stressed periods is used to fit the distribution.  However, it is crucially important to ensure
that the form of the distribution is correct in the tails. [1]

The fact that return data is leptokurtic means that the normal distribution is going to
underestimate the frequency of extreme events. [½]

Fat tails are observed in financial data due to two factors.  Firstly, returns are heteroscedastic
– ie of different variances.  A heteroscedastic model should be fitted, eg an ARCH  model.   [½]

Secondly, the error terms in a heteroscedastic model are best modelled using a fat-tailed
distribution, eg a Pareto distribution. [½]

Even if a fat-tailed distribution is fitted, it may still be a poor fit for the tails of the data, as the
parameter estimates are calculated relying heavily on the bulk of the data in the middle of the
distribution. [½]

A better result might be achieved if just the tails of the data are modelled (independently of the
middle of the distribution) … [½]

… which can be done through the application of extreme value theory. [½]
[Total 4]
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(iii) Testing the data

Correlograms could be examined for evidence of autocorrelation. [½]

Confidence intervals (dotted lines) on correlograms indicate the 95% confidence intervals for a
process consisting of iid random variables. [½]

If more than 5% of the estimated correlations lie outside these confidence intervals then this
indicates that the variables are not iid. [½]

A statistical test for randomness could be performed, eg a Ljung-Box test (which is a specific form
of portmanteau test). [½]

The Durbin-Watson statistic is used to test for serial correlation (ie correlation between the values
of the process at adjacent times) … [½]

… the null hypothesis being that there is no serial correlation. [½]

For large samples, a significant value of the test statistic may suggest that there is positive (or
negative) serial correlation. [½]

Alternatively the test may produce an inconclusive result. [½]
[Maximum 3]

(iv) Relationships in table

There is little cross-correlation between the returns on Company X and Company Y stock, except
for those returns that pertain to the same day. [½]

This is generally to be expected. [½]

Cross-correlation at lag 0 will be caused by factors that affect the market as a whole on that day.
[½]

There is little correlation in returns over time for Company Y stock … [½]

… but typically you would expect each day to be independent from the next. [½]

There is higher correlation over time for the returns on Company X stock … [½]

… which may be due to the impact of volatility clustering. [½]
[Maximum 2]
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Solution X4.1

Extreme value theory is discussed in Module 20.

(i) Graph

The plot will look something like this:

The three highest data values used to create this plot are £500,000, £100,000 and £50,819.

When the mean excess loss is calculated based on a threshold of £100,000, the only higher data
value is £500,000 (corresponding to an excess of £400,000). [½]

So the right-most point on the graph will have coordinates of £100,000 and £400,000. [½]

The second point from the right corresponds to a threshold of £50,819.  The mean excess for this
threshold is:

( ) ( )1
100,000 50,819 500,000 50,819 £249,181

2
é ù- + - =ë û [½]

So there will be another point on the plot (the second from the right) with coordinates of £50,819
and £249,181. [½]

The remaining points on the plot will be distributed on the left-hand side … [½]

… and will very roughly follow a straight line, but may exhibit a ‘shark’s teeth’ pattern. [½]
[Total 3]

(ii) Fitting a GPD

The main parameter that must be estimated to fit the GPD is the shape (or tail) parameter g . [½]

Theoretically, the mean excess plot should roughly follow a straight line, and the slope of this line is
directly linked to the value of .g   So, if we can draw a line of best fit, this will determine the value
of .g [½]
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In practice, this is a rather subjective process that is not easy to do.  The points can be rather erratic,
so that it is not easy to identify the correct slope of the line of best fit. [½]

The final few data points may need to be omitted as they may distort the picture. [½]

Also, we need to decide where to start the line.  A high threshold is theoretically more accurate
because this is the genuine tail of the distribution. [½]

However, this extreme right-hand region may provide insufficient data to form an accurate picture
of the slope. [½]

[Total 3]

(iii) Maximum likelihood methodology

Assume that our original data, before the application of the cut-off threshold ,u  is

{ }1 , , ,nX X X= K  and is assumed to be independent and identically distributed.  Let j jY X u= -

denote the amount of the excess loss when the threshold is exceeded. [½]

We assume the jY  follow a GPD, not the .jX  We will assume a random number of observations

uN  exceed the threshold. [½]

If we attempt to fit a GPD with parameters g  and ,b  and density function :f

( ) ( )
1

1
1 , ,

x
f x x D

g
g b

b gb

- -
æ ö

= + Îç ÷
è ø

[1]

to the data ( )1 2, , , nY Y YK  then we get the following log-likelihood function:

( ) ( )

( )

,
1

1

, , ln

ln 1 ln 1

u

u

N

j
j

N
j

u
j

L Y f Y

Y
N

g bg b

b g
gb

=

=

=

æ ö
= - - + +ç ÷

è ø

å

å [1]

The notation ( ),D g b  refers to the domain of valid values for x , which will depend on the values

of the parameters g  and .b [1]

The log-likelihood function needs to be maximised subject to the constraints 0b >  and

1 0jY

gb
+ >  for all j  to yield the maximum likelihood estimates of b  and .g [1]

[Total 5]


