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Subject ST6 
 
 

CMP Upgrade 2014/15 
 
 

CMP Upgrade 
 
This CMP Upgrade lists all significant changes to the Core Reading and the ActEd 
material since last year so that you can manually amend your 2014 study material to 
make it suitable for study for the 2015 exams.  It includes replacement pages and 
additional pages where appropriate.   
 
Alternatively, you can buy a full replacement set of up-to-date Course Notes at a 
significantly reduced price if you have previously bought the full price Course Notes in 
this subject.  Please see our 2015 Student Brochure for more details. 

 
 
This CMP Upgrade contains: 
 
 all changes to the Syllabus objectives and Core Reading 
 
 changes to the ActEd Course Notes, Series X Assignments and Question and 

Answer Bank that will make them suitable for study for the 2015 exams. 
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1 Changes to the Syllabus objectives and Core Reading  
 

1.1 Syllabus objectives  
 
There have been no changes to the Syllabus objectives. 
 

1.2 Core Reading 
 
Unit and section references are to the separate Core Reading included at the end of the 
Course Notes. 
 
Unit 1 

In Section 1, on CCPs, the following minor wording changes have been made to the 
third and fourth paragraphs: 
 
In the second sentence of the third paragraph, the phrase “changes so that, over time,” 
has been inserted before “standard”, and “to be” has been changed to “are”. 

 The phrase “and these are also being implemented in phases” has been added to 
the end of the third paragraph. 

 In the fourth paragraph, the phrase “substantially mitigate” has been amended 
to “reduce and change the nature of”. 

Replacement pages for this unit are included at the end of this document. 
 
Unit 4 

The penultimate paragraph of Section 1.2 has been amended to the following: 

Over £26 billion worth of commercial property derivatives have been executed in the 
UK since 2004.  Trading volumes, and therefore liquidity of property derivatives, 
initially grew quickly, reaching £7 billion in 2008, although have fallen since then to 
less than £1 billion in 2013.  At December 2013 the total outstanding notional amount 
was around £1.5 billion ($2.6 billion), compared with a total global derivative market of 
around $700,000 billion. 

Replacement pages 3 and 4 for this unit are included at the end of this document. 
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In the second paragraph of Section 1.5 the phrase “Commercial index” has been 
amended to “annual property index” and the word “much” has been inserted before 
“lower”. 

Replacement pages 5 and 6 for this unit are included at the end of this document. 
 
Unit 15 

Section 1.5, on Inflation (RPI) swaps, and Section 1.6, on LPI swaps, have both been 
rewritten. 
 
Replacement pages 3 and 4 for this unit are included at the end of this document. 
 
This material is reflected in the changes to Chapter 14, described in the next section. 
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2 Changes to the ActEd Course Notes 
 
Chapter 1 
 
Page 4 
 
Section 1.2 on OTC derivatives has been updated, including a mention that the first 
European CCP has been authorised.   
 
Replacement pages 3-4 are included at the end of this document. 
 
Page 16 
 
FAQs 1 and 2 have been updated and now read: 
 
Q1 Where can I find out more about CCPs? 

 The May 2012 edition of The Actuary magazine contains an article “A clearer 
view”, which considers the impact that CCPs will have on pension funds and 
insurers.  It is available online at: 

www.theactuary.com/features/2012/05/risk-a-clearer-view-on-otc-derivatives/ 

Hull wrote a paper in April 2010 entitled “OTC Derivatives and Central 
Clearing: Can All Transactions Be Cleared?”, which may also be of interest.  
Performing an online search for “Hull OTC” should give a link to the paper 
within the top half dozen results listed. 

Q2 Where can I find out more about options exchanges and their products? 

 Options on UK equities are traded on NYSE Liffe, which is the global 
derivatives business of the NYSE Euronext group – a good place to start.  You 
can go to the website https://globalderivatives.nyx.com/products and explore 
the various derivatives on offer. 

Replacement pages 15-16 are included at the end of this document. 
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Chapter 3 
 
Page 6 
 
A paragraph on margin requirements for exchange-traded options has been added to 
the end of Section 1.1: 
 
Margin requirements 

A trader has the risk of paying out under an option for short positions only, so there is 
no risk to the exchange from traders with long positions.  Therefore only traders with 
short positions are required to maintain margin accounts.  The exchange will specify a 
formula for the amount of margin needed, which will depend on the current value of the 
underlying.  This amount is checked each day, with a top-up required whenever the 
result is higher than the amount currently in the margin account.  But unlike futures, 
daily marking-to-market is not applied, so there is no concept of moving money 
between the accounts of those with long and short positions each day. 

Replacement pages 5-6 are included at the end of this document. 
 
Page 16 
 
FAQ 1 has been updated and now reads: 
 
Q1 I’d like to take a closer look at the types of option available on exchanges.  

Can you help me? 

 Yes.  NYSE Liffe offers options on interest rates, equities, equity indices and 
commodities.  Its website (globalderivatives.nyx.com/en/nyse-liffe) contains 
lots of relevant information about these options.  

An alternative is the Chicago Board Options Exchange (CBOE) website 
(www.cboe.com).  The “Products” tab is the best place to start, although there’s 
lots of other interesting features if you explore. 

Replacement pages 15-16 are included at the end of this document. 
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Chapter 9 
 
Page 10 
 
The definition of a binary option now reads: 
 

A binary (or digital) option is an option where the payoff is “all or nothing” (and so 
they have a discontinuous payoff). 

 
The following text has been added to the description of a binary option: 
 
Binary options are usually European-style options. 

Replacement pages 9-10 are included at the end of this document. 
 
 
Chapter 14 
 
Pages 5-6 
 
Sections 1.5 and 1.6 (covering Inflation and LPI swaps) have been rewritten, following 
changes to the Core Reading. 
 
Replacement pages 5-6a are included at the end of this document. 
 
Pages 9-10 
 
In Section 2.4, there have been a few wording changes made to the descriptions of 
longevity bonds and mortality swaps and a new paragraph added about recent 
developments in mortality swaps.  The new paragraph reads: 
 
Since the introduction of more stringent banking capital adequacy rules, mortality 
swaps have become less attractive for banks and most deals in the UK since 2011 have 
been arranged with reinsurers. In recent years, an increasing number of undated 
mortality swaps have been arranged, where the swap stays in force until all annuities 
from the pension fund have come to an end. 

Replacement pages 9-12 are included at the end of this document. 
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Chapter 16 
 
Pages 9-10 
 
Section 1.4 “Deltas for credit derivatives” has been rewritten and expanded to make it 
clearer. 
 
Replacement pages 9-10 are included at the end of this document. 
 
Page 21 
 
The Checklist bullet on delta for a credit derivative has been expanded to: 
 
○ Define delta for a credit derivative and explain how it may be calculated for a 

basket CDS 

Replacement pages 21-22 are included at the end of this document. 
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3 Changes to the Q&A Bank 
 
Part 4 
 
Question 4.10 
 
The solution to Question 4.10 part (iii) was based on incorrect values for the Greeks.  
This has been corrected. 
 
Pages to replace pages 27-28 of the Q&A Bank Part 4 Solutions are included at the end 
of this document. 
 
Part 6 
 
Question 6.1 
 
The first word of the solution to Question 6.1(ii)(a) has been changed from “Assuming” 
to “If”, since it’s becoming more common for mortality swaps arranged with reinsurers 
to be based on the hedger’s own experience. 
 
Question 6.2 
 
The wording in the first sentence of Question 6.2 has been expanded and now reads: 
 
“The income stream from a longevity bond to be issued by an investment bank depends 
on the values of a survivor index ( )S t .” 

Since the longevity bond is issued by an investment bank rather than by a reinsurer, the 
survivor index used is likely to be based on an independent index or table, rather than 
one individual purchaser’s particular experience. 
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4 Changes to the X Assignments 
 
Assignment X1 
 
X1.10 
 
Solution X1.10 has been changed and now reads: 
 
(i) Differences in settlement cashflows for a forward and a future 
 
For a forward, the only cashflow is the settlement price paid by the purchaser on the 
delivery date.  [½] 

In addition, there may be collateral that is returned on the delivery date.  [½] 
 
For a future, settlement is carried out by means of margin payments at the end of each 
day (“marking to market”).  Usually futures contracts are closed out before delivery, so 
there is no extra payment on the delivery date. [1] 
   [Total 2] 

Replacement pages 11-12 are included at the end of this document. 
 
Assignment X4 
 
X4.4 
 
In Solution X4.4(i), for the third method of estimating delta, the words “or a finite 
difference grid” have been added after “If we can construct a binomial lattice”. 
 
In part (ii) of the same solution, the first and fourth main bullets now read: 

 Theta is usually negative for plain vanilla options. [½] 

 This is because the scope for future favourable movements in the price of the 
underlying reduces the time value as time progresses. [1] 

 In some circumstances, however, other factors may outweigh this effect. [½] 

 For example, theta may be positive for: 

 – a call option on a share that pays a very high dividend rate [½] 
 – a put option on a share when the risk-free rate is very high [½] 
 – the share itself when it is dividend-paying [½] 
 – some non-standard or exotic derivatives. [½] 
 
Replacement pages 3-6 are included at the end of this document. 
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X4.5 
 
Solution X4.5(iii) has been amended and now reads: 
 
(iii) Advantages / disadvantages of the two methods 
 
Future volatility may not be the same as the historical volatility. [½] 
 
Estimates of the historical volatility will vary according to the time period used ...  [½] 
 
... and the sampling frequency (eg daily versus hourly). [½] 
 
Implied volatility can only be calculated if there is a derivative with a publicly quoted 
price.   [½] 
 
The implied volatility is model-dependent. [½] 
 
A graph of implied volatility against strike price is usually not horizontal, but instead 
shows a volatility skew.  Allowing for this effect when pricing a new derivative is 
subjective.   [½] 
 
The implied volatility requires assumptions for the other parameters in the model, eg the 
dividend rate for a dividend-paying share. [½] 
 
The implied volatility cannot be used for pricing the derivative from which it was 
derived.  [½] 
   [Maximum 3] 
 
Replacement pages 7-8 are included at the end of this document. 
 
X4.9 
 
Solutions X4.9(i)(e) and (ii)(b) have been made more precise and now read: 
 
(i)(e) This payoff function can be written in the form: 
 

  max[max( ,0),max( ,0)] max[ , ]T T T T TS K S K K S c p- = - - =  

 
This corresponds to a simple chooser (or “as-you-like-it”) option with the 
“choose” date being equal to the maturity date.  [1] 
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(ii)(b) Describe how you would value the options in (i)(e) and (i)(f) 
 
The European chooser option in part (i)(e) is equivalent to a package consisting of: 

 1 call option with strike price K  and maturity date T  

 1 put option with strike price K  and maturity date T . [1] 
 
The call and put options in this package can be valued using an explicit pricing formula 
such as the Garman-Kohlhagen (Black-Scholes) formula or using a multi-step binomial 
tree model.  [½] 
 
The exchange option in part (i)(f) is effectively a call option on Asset U . [½] 
 
If we use Asset U  as the numeraire in the calculations, we can use a slightly modified 
version the Black-Scholes formula to value the option. [1] 
 
The calculation will involve the volatility of tV  in terms of tU  (ie of t tV U ), rather than 

the absolute volatility of tV . [½] 

 
This volatility depends on the correlation between the prices of the two assets, which 
will need to be estimated. [½] 
 
Replacement pages 15-18 are included at the end of this document. 
 
Assignment X6 
 
X6.3 
 
The following paragraph has been added to the end of Solution X6.2 (just before the 
comment in italics): 
 
The reference population underlying the survivor index might be the actual group of 
pensioners or some other population, eg an entire nation.  [½] 

Replacement pages 3-4 are included at the end of this document. 
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5 Other tuition services 
 

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

5.1 Study material 
 
We offer the following study material in Subject ST6: 

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

 Mock Exam  

 Additional Mock Pack. 
 
For further details on ActEd’s study materials, please refer to the 2015 Student 
Brochure, which is available from the ActEd website at www.ActEd.co.uk. 
 
 

5.2 Tutorials 
 
We offer the following tutorials in Subject ST6: 

 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. 
 
 

5.3 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 2015 Student 
Brochure, which is available from the ActEd website at www.ActEd.co.uk. 
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6 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 ST6@bpp.com 
or by fax to 01235 550085. 
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All study material produced by ActEd is copyright and is sold 
for the exclusive use of the purchaser.  The copyright is owned 

by Institute and Faculty Education Limited, a subsidiary of 
the Institute and Faculty of Actuaries. 

 
 

Unless prior authority is granted by ActEd, you may not hire 
out, lend, give out, sell, store or transmit electronically or 

photocopy any part of the study material. 
 
 

You must take care of your study material to ensure that it is 
not used or copied by anybody else. 

 
 

Legal action will be taken if these terms are infringed.  In 
addition, we may seek to take disciplinary action through the 

profession or through your employer. 
 
 

These conditions remain in force after you have finished using 
the course. 
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 UNIT 1 — DERIVATIVES MARKETS 
 
Syllabus objectives 
 
(a) Show an awareness of the basic characteristics of the derivatives markets. 
 

(i) Define and describe exchange traded contracts and over-the-counter 
contracts. 

 
(ii) Describe the payoffs of forwards and futures, calls and puts (American 

and European). 
 
(iii) Describe the uses of forwards, futures and options by hedgers, speculators 

and arbitrageurs. 
 
(iv) Demonstrate an understanding of how futures markets work. 

 
 
The material required for this unit is covered in: 
 
Options, futures and other derivatives.   Hull, J. C.    
Chapter 1 – Introduction (all) 
Chapter 2 – Mechanics of futures markets (all) 
 

excluding the following: 
 

8th edition:  
 business snapshots 1.1 and 1.3 (these may be of interest, but are not directly 

examinable) 
 sections 2.9 Regulation and 2.10 Accounting and tax 
 sub-section “The use of clearing houses in OTC markets” within section 2.5 

(also therefore excluding business snapshot 2.3) 
 

7th edition:  
 business snapshot 1.2 (this may be of interest, but is not directly examinable) 
 sections 2.8 Regulation and 2.9 Accounting and tax 

 
supplemented by the additional material below: 
 

1 Central Counterparties (CCPs) 
 
During the credit crisis of 2007/08, governments became increasingly concerned about the 
risks posed by the expansion of the OTC derivatives (“OTCs”) market.  Based on 
problems experienced at AIG and in the Lehman default, new regulation in the US was 
proposed in 2009 (the Dodd Frank Act) aiming to reduce the systemic risk inherent in the 
counterparty risk management of OTCs.  (The Dodd Frank legislation is very extensive 
and has many other aims.)  Since each derivative position can be replicated several times 
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across multiple counterparts, if one of those counterparts were to default the effect could 
be propagated around the market, leading to instability and possibly further failures. 
 
The main proposal in the US is to require a derivatives trade between two counterparties to 
be cleared by an independent Central Counterparty (CCP), in a similar way to the clearing 
of futures at futures exchanges.  Margin is placed to provide protection against the risk of 
default.  In this context, each CCP is like a dedicated futures exchange for swaps and 
options.   
 
The legislation is being adopted by other jurisdictions in Europe and Asia/Japan.  The 
European Union confirmed its European Market Infrastructure Regulation (EMIR) in 
August 2012, requiring changes so that, over time, standard derivative contracts are 
cleared through CCPs.  Further regulatory and technical standards were adopted in 
December 2012, and these are also being implemented in phases. 
 
Once most OTCs are cleared through a few large CCPs, major economies of scale will be 
achieved and the resulting process will reduce and change the nature of counterparty risk.  
Information flow will be improved, especially for regulators.  However, systemic 
concentrations will be significant, with the failure of a CCP being an extremely unlikely 
event but one that is potentially catastrophic for market liquidity.  Economists have 
commented that moving to CCPs from bilateral OTCs might not in fact decrease pro-
cyclicality (the risk of exacerbation of credit cycles) or reduce liquidity risk. 
 
Furthermore, a competitive environment amongst CCPs is being allowed, albeit with 
stringent organisational, business conduct and prudential requirements, so that only a few 
major global CCPs are expected to thrive.  
 
Other residual problems being resolved are: standardisation of risk assessment methods, 
backstop liquidity arrangements for CCPs, a robust mechanism for segregating client 
money and interoperability between CCPs. 
 
 

E N D 
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 to enable property owners to reduce their exposure to the market without physically 
selling their individual properties. 

 
In summary, the uses are: 
 

Buying Selling 

Fast and efficient asset allocation Hedging against a market downturn 

Diversification using an index Portfolio re-balancing / reduction in 
portfolio gearing 

Lower cost international diversification Reduction of concentration risk 

Reduction of time lag in using new cash Alpha retention (long physical property, 
short index, to lock in outperformance) 

Options and other tailored solutions Options and other tailored solutions  
 

The advantages of property derivatives are that they are a good proxy for the risk of 
physical real estate, are relatively liquid, have price transparency, and are unencumbered 
by the costs of physical real estate.  Traditional forms of property have high transactional 
costs and are illiquid, hence limiting effective risk management.  Even indirect property 
investment has relatively high fees and low liquidity.  With property derivatives the costs 
are isolated and there is ease of entry to and exit from the market, allowing for quick, 
efficient and cost effective risk management or portfolio readjustment. 
 
In 2004 the property synthetics market was very small but subsequently grew rapidly, 
particularly in the UK.  By far the largest number of transactions reference commercial 
property, since this is where institutional investment is centred and hedging capacity is 
most required.  Commercial deal sizes can range from £10 million to over £300 million.  
Maturities are typically between one and five years, with the average at two years.  
Residential deals are usually smaller in size but longer in maturity. 
 
Over £26 billion worth of commercial property derivatives have been executed in the UK 
since 2004.  Trading volumes, and therefore liquidity of property derivatives, initially 
grew quickly, reaching £7 billion in 2008, although have fallen since then to less than     
£1 billion in 2013.  At December 2013 the total outstanding notional amount was around 
£1.5 billion ($2.6 billion), compared with a total global derivative market of around 
$700,000 billion.    
 
Residential market volumes are much harder to determine as there are no official statistics 
to measure this market, but the volumes are much lower than for commercial property 
derivatives. 
 

1.3 Risks 
 

Physical property is the largest asset class in the world (residential and commercial) and 
yet the risk management of property is relatively poor.  As a consequence, it exposes every 
economy in the world to significant risk. 
 



Subject S

 
Unit 4, P

ST6 
 

 

Page 4 

The char
liquidity 
allow inv
managem
better ris
 
Other ris
 
 basis

unde
 liquid
  trans
  volat
  credi

 
Basis risk
cheap) or
 
Otherwis
indirect p
resulting 
similar, a
forecasts
appropria
 

rt above iden
and macroec

vestors to add
ment strategie
k-adjusted re

k features in

 – are there b
erlying physi
dity – are sw
sparency – ar
tility – are sw
it risk – is the

k can work in
r against. 

se, property s
physical prop
in higher liq

and often der
.  Counterpa
ate, priced in

Top 

tifies the ma
conomic – ar
dress these ri
es surroundin
eturns. 

nherent in pro

basis differen
cal property?

waps liquid en
re consistent 
waps more vo
e counterpar

n favour of t

swaps genera
perty market
quidity and tr
rivatives are 
arty credit ris
nto the contra

Introductio

Risk Factor

ain risks to pr
re extremely
isks so they 
ng their phys

operty deriva

nces between
? 
nough to trad
swap prices 
olatile than t
rty to the swa

the derivative

ally perform
ts on the abov
ransparency.
the better pr

sk is mitigate
act. 

on

© I

rs in Real Es

 
roperty, of w
 difficult to m
can adopt m
sical property

atives are: 

n using a pro

de in large si
readily avai

the underlyin
ap sufficientl

e holder (e.g

well on com
ve criteria.  C
.  Volatility o
redictor of fu
ed by docume

Institute and 

state 

which two of 
manage.  Pro
ore compreh
y holdings, p

operty index 

ze? 
lable? 

ng market? 
ly creditwort

. buying the 

mparisons wit
Costs of deal
of the two fo
uture property
entation (see

d Faculty of A

the biggest –
operty deriva
hensive risk 
potentially le

as a hedge a

thy? 

index when 

th the direct 
ling are lowe

orms of expos
y returns tha
e below) and

2015 

Actuaries 

– 
atives 

eading to 

and the 

it is 

or 
er, 
sure is 
n expert 
, where 

 



2015 Traded derivatives contracts Subject ST6 
 

 

 
© Institute and Faculty of Actuaries Unit 4, Page 5 

1.4 Pricing property swaps 
 

The major driver of property swap pricing is the market expectation of property returns.  
The “fixed rate” on the swap is therefore mainly a forecast of the property total return over 
the life of the contract.  Property professionals use these prices to compare their own 
internal property forecasts. 
 
Other drivers of price are changes to the physical costs of owning a property, changes to 
the interest rate used for discounting, and the usual supply/demand influences that affect 
the risk premium of the swap versus the index. 
 
For commercial swaps, prices are quoted as an annual growth rate (with a bid/offer spread 
to cover buying and selling).  For residential swaps, prices are given as an implied capital 
value (e.g. a 10% rate of return is expressed as a price of 90 and +10% as 110).  Like 
most bonds, property linked notes are quoted as a percentage of notional value. 
 
Valuing, or marking-to-market, a property swap is a matter of calculating the future cash 
flows and then discounting those cash flows at an appropriate discount rate to reflect the 
future riskiness of those cash flows.  The discounted cash flows are summed to find the 
present value of the swap. 
 

1.5 Property indices 
 
Property indices measure property returns, whether on commercial property or residential 
property.  They measure capital values, incomes, and total returns.  They are produced 
annually, quarterly or monthly, and the values are based either on regular valuations or 
actual transactions. 
 
The most commonly used indices are those provided by Investment Property Databank 
(IPD).  The largest UK index, the IPD annual property index, covers around 60% of all 
investment grade stock, although for some other countries (e.g. Germany) the coverage 
rate is much lower.  IPD produces the following property measures: 
 
 total return 
 income return 
 capital growth 
 rental value growth 
 gross, net or equivalent yield 
 
IPD indices are based on valuations, not transactions.  IPD also provides sub-sectoral 
indices by region and asset class. 
 

1.6   Tax and documentation 
 
In most countries, the tax treatment of property derivatives is the same as the treatment of 
the underlying property.   
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Standard documentation for property derivatives was first produced by ISDA 
(International Swaps and Derivatives Association) in May 2007.  This provides templates 
and definitions for executing trades, and deals with, among other things, what happens 
when a property index is delayed, discontinued, re-based or revised. 
 
 

E N D 
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1.4  Index-linked gilts 
 
An index-linked gilt is a UK government bond under which coupon and redemption 
payments are increased in proportion to increases in the UK Retail Prices Index. In the 
past the notional coupon payable in month T would be multiplied by RPI(T-8 
months)/RPI(base month). Recent and future UK index-linked gilts have a shorter time lag 
of 3 months, and other national governments issue index-linked bonds with 2 or 3 months' 
time lag. 
 
Index-linked gilts are used, for example, by pension funds to match, approximately, RPI-
linked cashflows for pensions in payment. They can also be used to help hedge LPI-linked 
pensions in payment, although this requires a greater degree of dynamic hedging than RPI-
linked pensions. 
 

1.5  Inflation (RPI) swaps 
 
Inflation (RPI) swaps are OTC contracts typically between banks (usually the payer of the 
floating RPI-linked cashflow) and pension funds. An example of a RPI swap is one that 
swaps a fixed cashflow for one that is linked in some linear fashion to the Retail Prices 
Index. 
 
The use of inflation swaps allows a pension fund that is invested in fixed interest bonds to 
hedge inflation-linked cashflows.  Inflation swaps therefore offer an alternative to direct 
investment in index-linked gilts.  A further alternative would be to use a combination of an 
inflation swap and an interest rate swap to hedge changes in value of the inflation-linked 
cashflow.  However, the greater flexibility in the contractual details of an inflation swap 
means that it can offer the opportunity to hedge RPI-linked liabilities more accurately than 
might be possible with the limited range of index-linked gilts.  Typically, inflation swaps 
are traded as zero coupon swaps. 
 

1.6  Limited Price Indexation (LPI) Swaps 
 
LPI swaps perform the same function as RPI swaps for pension funds that have pension 
liabilities that are subject to LPI increases in payment rather than full RPI-linked increases. 
As with RPI swaps, LPI swaps are typically traded as zero coupon.  Thus the OTC 
contract will swap, for example, a fixed cashflow for an LPI-linked cashflow.  
 
LPI swaps, which involve a degree of optionality, are more difficult to price than RPI 
swaps, which can be priced in a simple linear fashion using index-linked gilts as 
benchmarks.  LPI swaps are also much less liquid than RPI swaps.  It is more common to 
hedge LPI liabilities using a combination of RPI and interest rate swaps that delta hedge 
the liabilities than to use LPI swaps. 
 

1.7  LPI bonds 
 
LPI bonds are index-linked bonds that increase coupon and redemption payments in line 
with a special index. From one year to the next the index is increased in line with the 
increase in the RPI but subject to some maximum and subject, typically, to a floor on the 
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change of zero. LPI bonds can be created synthetically by combining a fixed interest bond 
with a suitably defined LPI swap. 
 
 

2 Hedging non-economic risks 
 

2.1 Introduction 
 
In this section we focus on systematic or non-diversifiable risks. By focusing here on non-
economic risks we are excluding things like market risk, inflation risk, interest-rate risk, 
credit risk etc. Instead we are concerned with systematic mortality risks, non-life insurance 
risks (such as catastrophe reinsurance), lapse risks in life insurance. In many instances the 
risks are already traded in the sense that they are bundled up with other risks that the 
parent company is exposed to and the total risk is traded through the shares of the 
company. In this section we are less concerned with this aspect and more concerned with 
securities and financial contracts that allow much more explicit trading in single non-
economic risks. 
 
Current financial contracts that trade explicit non-economic risks include non-life-
insurance catastrophe bonds, short-term mortality catastrophe bonds and weather 
derivatives. 
 
By way of illustration we will concentrate on mortality risk.  
 
Mortality risk can be split into two components: 
 
 Non-systematic mortality risk is the risk that can be diversified by having a large 

portfolio of independent life insurance policyholders or annuitants. 
 
 Systematic mortality risk is the risk that aggregate mortality rates deviate from their 

anticipated values. 
 
Systematic mortality risk can occur in different forms including: 
 
 Short-term risk: the risk that in a given year aggregate mortality rates are abnormally 

high or low due to environmental conditions or catastrophes such as earthquakes, 
terrorist attacks, disease etc. 
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0 Introduction 

The stated aim of the ST6 course is “to instil in successful candidates the ability: 

● to value financial derivatives 

● to assess and manage the risks associated with a portfolio of derivatives, 
including credit derivatives 

● to value credit derivatives using simple models for credit risk.” 
 

A derivative is a financial instrument whose value depends on some underlying asset(s) 
or variable(s). 

 
In this chapter, we set the background to achieving this aim by looking at: 

 derivatives markets 

 types of derivative 

 types of derivatives trader. 
 
We also remind you of some key concepts from Subject CT8. 
 

Warning! 

Using derivatives can lead to very large losses due to the large exposures to market 
movements that can be gained for relatively little capital outlay.  For this reason it is 
vital for all organisations that use derivatives to have proper processes in place to 
control their use.  You’ll be reminded of this again in Chapter 15 of the ActEd Notes, 
which covers risk management. 

 
 

1 Derivatives markets 

1.1 Exchange-traded derivatives 

Key features of derivatives exchanges are: 

● Contracts are standardised 

● Margin is required as security, to reduce credit risk 

● Exchanges exist in many different countries 

● Trading is usually carried out electronically by entering the trades on a computer 

● The alternative to electronic trading is open outcry, where trades are carried 
out through dealers at the exchange, in a “pit” using specified hand signals. 
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1.2 Over-the-counter (OTC) derivatives 

Key features of the OTC market are: 

● Trades are carried out directly with a counterparty, rather than through an 
exchange 

● Traders might be banks, insurers, pension funds, corporate treasurers 

● Contracts are not standardised 

● Contracts are typically much larger than those on exchanges 

● Credit risk is present in (non-collateralised) OTC trades. 
 
Following the credit crisis of 2007/08, regulators worldwide have sought to strengthen 
the financial system by proposing changes for certain types of OTC derivative contracts.  
An example of the problems in the OTC market was that AIG was able to issue over 
$400 billion of unhedged credit risk protection without having the capacity to absorb 
anything like these losses.  They then ran into difficulty when bond default rates 
increased, triggering greater claims than expected. 
 
In the US, the Dodd-Frank Act was signed into federal law in July 2010 and aims to 
reduce the systemic risk present in the OTC derivatives market.   
 
For certain types of OTC transaction, the trades need to be “cleared” by an independent 
central counterparty (CCP), which means that after the trade is executed, it is then 
replaced by two new contracts, between the CCP and each of the two original 
counterparties.  (In practice, this happens by transferring the contract to a clearing 
member, who then registers it with a CCP.) 
 
When a trade is cleared with a CCP, margin will be required to protect against default. 
 
In the EU, the European Market Infrastructure Regulation (EMIR) came into force in 
August 2012.   
 
Under EMIR, OTC contracts are still negotiated between counterparties in the usual 
way, but with the requirement for all counterparties to all OTC trades to report the 
deal to a central body (known as a trade repository).  This will help regulators keep 
track of how much risk is present in the financial system. 
 
As in the US, for certain types of OTC transaction, the trades will need to be “cleared” 
by an independent CCP and margin will be required to protect against default.   
 
The first European CCP was authorised in March 2014 and clearing obligations are 
expected to be phased in from 2015, starting with interest rate derivatives and credit 
default swaps. 
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5 Questions 

5.1 Questions from Q&A Bank 

○ Q1.1 Arbitrage-free markets 
○ Q1.2* Role of speculators, hedgers and arbitrageurs 
○ Q1.3 Payoffs from call and put options 
○ Q1.13(i) OTC vs exchange-traded derivative products 
○ Q1.14 Impact of introducing CCPs 
 
* This question is based on a past Specimen CiD question. 
 
 

5.2 Past exam questions 

Past exam questions from ST6 
 
○ S06 Q1(i) Role of arbitrageurs 
○ A08 Q1(iii) Role of arbitrageurs 
○ S11 Q1(i) Arbitrage and the role of arbitrageurs 
○ S11 Q7 PCP, early exercise, bounds for American options, graph of 

European and American put values 
○ A12 Q6(iii) Impact of introducing central clearing houses for OTC trades 
○ S13 Q2 CCPs – purpose, initial margin, clearing 
 
Most ST6 exam questions will go beyond the basics covered in much of this introductory 
chapter. 
 
Past exam questions from CiD 
 
○ A99 Q7** No-arbitrage principle, finding an arbitrage opportunity 
 
** This question also appears on the ST6 specimen paper. 
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5.3 FAQs* 

Q1 Where can I find out more about CCPs? 
 
 The May 2012 edition of The Actuary magazine contains an article “A clearer 

view”, which considers the impact that CCPs will have on pension funds and 
insurers.  It is available online at: 
www.theactuary.com/features/2012/05/risk-a-clearer-view-on-otc-derivatives/ 

  
Hull wrote a paper in April 2010 entitled “OTC Derivatives and Central 
Clearing: Can All Transactions Be Cleared?”, which may also be of interest.  
Performing an online search for “Hull OTC” should give a link to the paper 
within the top half dozen results listed. 

 
Q2 Where can I find out more about options exchanges and their products? 
 
 Options on UK equities are traded on NYSE Liffe, which is the global 

derivatives business of the NYSE Euronext group – a good place to start.  You 
can go to the website https://globalderivatives.nyx.com/products and explore 
the various derivatives on offer. 

 
Q3 The Business Snapshot entitled “Hedge Funds” in Chapter 1 of Hull refers 

to mutual funds.  What are these? 
 
 In the US (Hull is an American book), a mutual fund is a particular form of 

collective investment that pools money from many investors and invests the 
money in various financial instruments.  Further details aren’t required for the 
ST6 course. 
 
Outside the US, mutual fund is just a generic term for various types of collective 
investment. 
 
In the UK we have unit trusts, which work in a similar way. 

 
*  Each of the FAQs at the end of the chapters has been answered by an ActEd tutor. 
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This is summarised in the following table: 
 

 Call option Put option 

In-the-money >S K  <S K  

At-the-money =S K  =S K  

Out-of-the-money <S K  >S K  

 
● In practice, an option whose strike price is very close to the underlying share 

price is said to be at-the-money. 
 
When one expiry date has passed and new options are being created by the exchange, 
two or three different strike prices will be made available, with a specified spacing 
between strike prices that is roughly proportional to the share price at the time.  So, the 
higher the share price, the larger the gap between strike prices. 
 
If the share price falls below the lowest strike price or rises above the highest strike 
price, the exchange is likely to introduce a new strike price so that there will always be 
both in-the-money and out-of-the-money call and put options available for each expiry 
date. 
 
The following terms have been introduced to keep track of all these different options: 
 

An option class refers to all calls (or puts) on a particular underlying. 

 
● For example, all call options on British Airways shares. 
 

An option series refers to all options in a class that have the same expiry date and strike 
price. 

 
● For example, all December call options on British Airways shares with a strike 

price of 360p. 
 
Non-standard options 
 
A key feature of exchange-traded options is that contracts are standardised.  However, 
some exchanges offer FLEX options, which allow customers to choose their own 
expiry dates and strike prices. 
 
For example, in the UK, European FLEX options on individual equities can be chosen 
with expiry terms of up to three years. 
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Corporate events 
 
The exchange must specify how option contracts will deal with certain corporate events, 
eg dividend payments, rights issues, scrip issues, share splits, mergers and takeovers. 
 
A few examples are: 

● Typically, no adjustment is made for cash dividend payments. 

● If there’s a share split, the option contract is amended so that option holders are 
not affected.  For example, assuming a 2-for-1 share split causes the share price 
to halve, the strike price will also be halved and the number of contracts covered 
by each contract will double. 

● A share dividend (where shareholders are given “bonus” shares) can be 
regarded as being equivalent to a share split and so is dealt with in the same way. 

 
Position limit 
 
This is the maximum number of option contracts that an investor can hold on one 
side of the market (ie “long calls and short puts” or “long puts and short calls”). 
 
Position limits will depend on the size of the underlying company and how frequently 
their shares are traded. 
 
Exercise limit 
 
This is the maximum number of option contracts that an investor can exercise in a 
specified period (typically five trading days). 
 
Exercise limits are usually set equal to the corresponding position limits. 
 
Margin requirements 
 
A trader has the risk of paying out under an option for short positions only, so there is 
no risk to the exchange from traders with long positions.  Therefore only traders with 
short positions are required to maintain margin accounts.  The exchange will specify a 
formula for the amount of margin needed, which will depend on the current value of the 
underlying.  This amount is checked each day, with a top-up required whenever the 
result is higher than the amount currently in the margin account.  But unlike futures, 
daily marking-to-market is not applied, so there is no concept of moving money 
between the accounts of those with long and short positions each day. 
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5 Questions 

5.1 Questions from Q&A Bank 

○ Q1.3 Profit or loss on options 
○ Q1.9 Options vs futures 
○ Q1.12 Property derivatives 
 
 

5.2 Past exam questions 

Past exam questions from ST6 
 
○ A11 Q1 Property swap mechanism and benefits, risks of property 

derivatives 
○ S12 Q5(i)(a) Conversion of convertible corporate bond 
 
Much of the material in this chapter is just an introduction to options and, as such, is 
unlikely to be the sole source of material for many exam questions. 
 
Property derivatives was a new topic introduced for the 2010 exams. 
 
Past exam questions from CiD 
 
○ A00 Q1 Payoffs from futures options 
○ A00 Q4 Warrants vs exchange-traded options 
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5.3 FAQs 

Q1 I’d like to take a closer look at the types of option available on exchanges.  
Can you help me? 

 
 Yes.  NYSE Liffe offers options on interest rates, equities, equity indices and 

commodities.  Its website (globalderivatives.nyx.com/en/nyse-liffe) contains 
lots of relevant information about these options.  
 
An alternative is the Chicago Board Options Exchange (CBOE) website 
(www.cboe.com).  The “Products” tab is the best place to start, although there’s 
lots of other interesting features if you explore. 
 

Q2 I would have thought that an option “series” referred to a set of options 
with different expiry dates, not to a single contract as in Hull’s definition.  
In what sense is this a “series”? 

 
 Yes, this does seem illogical, and in fact we have seen the word “series” used 

elsewhere in the sense you suggest.  However, the US Securities & Exchange 
Commission (who produce a lot of legal documentation) use the word “series” in 
the same sense as Hull.  Perhaps this could be considered to be a “series” in the 
sense that there will be a succession of trades over time, all on identical terms. 

 
Most people would normally refer to all December call options on British 
Airways shares with a strike price of 360p as an options “contract”.  However, 
this may not be the correct legal terminology since each trade (which will 
involve different people) is really a contract in itself. 
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 Only the first “knock” counts. 
 
 Certain combinations of in/out barrier options are equivalent to vanilla 

options: 
 
Down-and-out Down-and-in Vanilla option+ =  

Up-and-out Up-and-in Vanilla option+ =  

 
 This assumes that all the options are of the same type (ie call or put), with the 

same strike price and barrier, so that exactly one of the barrier options will 
exist at the expiry date. 

 
 Prices of barrier options depend on the barrier status and the proximity of the 

barrier: 
 

Barrier status Underlying price Knock-in option Knock-out option 

Not yet hit S  approaches H  Price ↑ rapidly Price ↓ rapidly 

S  far from H  ª 0 ª vanilla price 

Already hit = vanilla price 0 

 
 Barrier options are a popular cheaper alternative to the corresponding vanilla 

options.  (If a barrier option still exists at expiry, its payoff will be the same as 
the vanilla option.  Otherwise, the payoff will be zero.) 

 
 For barrier options, vega can sometimes be negative eg for an up-and-out call 

option when the underlying asset price is just below the barrier.  (This is because 
an increase in volatility will make it more likely to cross the barrier and become 
worthless). 

 
Variants 
 
 A two barrier option has both an upper and a lower barrier. 

 A partial barrier option has a barrier that is only active at certain times. 

 An outside barrier option has a barrier that relates to a different underlying 
asset, eg it might be triggered when an exchange rate crosses a certain level. 
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1.5 Binary options 

Description 
 

A binary (or digital) option is an option where the payoff is “all or nothing” (and so 
they have a discontinuous payoff). 

 
These can be divided into two main types: cash-or-nothing and asset-or-nothing. 
 
A cash-or-nothing call / put option pays a fixed amount (Q ) if the price of the 

underlying asset at time T  is above / below the strike price K , and nothing otherwise. 
 
An asset-or-nothing call / put option pays an amount equal to the price of the 
underlying asset at time T  if this is above / below the strike price K , and nothing 
otherwise. 
 
Binary options are usually European-style options.   
 
Example 
 
A trader buys an asset-or-nothing call option and a cash (10)-or-nothing put option, both 
with strike price 100, for a total cost of 15.  The final price of the underlying is 120.  So 
he gets 120 (paid in cash) from the call option and nothing from the put option, and his 
overall profit is 105. 
 
Notes 
 
 The Garman-Kohlhagen formula for the value at time 0 of a vanilla European 

call option is 0 0 1 2( ) ( )- -= F - FqT rTc S e d Ke d .  In this formula, 2( )dF  denotes 

the risk-neutral probability of the option being in-the-money at expiry.  So the 

value of a cash-or-nothing call option is 2( )rTQe d- F . 

 
 We can deduce the following pricing formulae (in which 1d  and 2d  are 

calculated based on K ): 
 

 Asset-or-nothing 
option 

Cash-or-nothing 
option 

Call 
0 1( )qTS e d- F  2( )rTQe d- F  

Put 
0 1( )qTS e d- F -  2( )rTQe d- F -  
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1.4 Index-linked gilts 

Description 
 
Index-linked gilts are UK government bonds where the coupon and redemption 
payments are increased in line with RPI (the retail prices index, a measure of inflation).  
For practical reasons, payments in month t  are based on the RPI figure for month 3t - , 
ie a three-month lag.  For gilts issued prior to 2005, an 8-month lag is used. 
 
Other countries also have index-linked government bonds with varying time lags 
(typically two or three months). 

Hedging 
 
Pension funds can use index-linked gilts to hedge RPI annuities (ie annuities where the 
payments are linked to RPI inflation). 
 
 

1.5 Inflation swaps (or RPI swaps in the UK) 

Description 
 
Inflation swaps are OTC contracts, often arranged by pension funds with a bank. 
 
A common type of inflation swap in the UK is a zero-coupon RPI swap, where a fixed 
amount is swapped for an RPI-related amount at maturity of the contract.  No cashflows 
are exchanged under the swap prior to maturity, although collateral arrangements might 
result in collateral being transferred between counterparties during the lifetime of the 
swap. 
 
The fixed amount represents a specified return, R  pa, on a notional principal, L ,  after 
T  years, ie: 
 

 (1 ) 1TL RÈ ˘+ -Î ˚  

 
The RPI-related amount reflects the cumulative effect of RPI on the same notional 
amount, for example: 
 

 
0

1TRPI
L

RPI

È ˘
-Í ˙

Î ˚
 

 
where tRPI  is the value of RPI at time t . 
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In continental Europe, year-on-year inflation swaps are more common, where 
cashflows are exchanged each year, throughout the swap.  In the US, swaps are 
typically arranged on a month-by-month basis. 
 
Instead of having fixed cashflows opposite the inflation leg, other cashflows might be: 

● equity cashflows (eg from a defined portfolio, or more likely from an equity 
index such as the FTSE 100) 

● other floating-rate cashflows (eg an overseas inflation index). 
 
Hedging 
 
Pension funds holding fixed-interest bonds can use a standard RPI swap to hedge their 
portfolio of RPI annuities.  This approach is more flexible than investing directly in 
index-linked gilts, where there is limited choice and less liquidity. 
 
Alternatively, a combination of RPI swaps and interest rate swaps could be used to 
hedge changes in value of a portfolio of RPI annuities. 
 
If a pension fund holds a widely-diversified portfolio of UK equities or overseas index-
linked bonds, it can use the other types of RPI swap to transform the income on its 
assets to hedge its expected RPI annuity outgo. 

In the UK, public-sector pension scheme increases have switched from being based on 
RPI to being based on CPI (consumer prices index).  If this also happens for private-
sector schemes, a new basis risk will be introduced for funds using RPI swaps.  This 
will increase the demand for derivatives based on CPI, eg CPI swaps or CPI-RPI basis 
derivatives. 
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1.6 LPI swaps 

Description 
 
Limited price indexation (LPI) is a form of inflation indexation used in conjunction 
with pension benefits, where the level of indexation is capped at a certain level, 
eg min( ,5%)LPI RPI= .  The increases are usually subject to a minimum of zero. 

 
LPI swaps are similar to RPI swaps, but are based on LPI rather than RPI.  As with RPI 
swaps in the UK, LPI swaps are usually effected on a zero-coupon basis. 
 
Hedging 
 
LPI swaps could be used in the same way as RPI swaps, but where liabilities are linked 
to LPI instead of RPI.  However, since LPI swaps are much less liquid than RPI swaps, 
it is more common to use a combination of RPI swaps and interest rate swaps that delta-
hedges the liabilities. 
 
 

1.7 LPI bonds 

Description 
 
LPI bonds are bonds where the coupon and redemption payments are increased in line 
with LPI. 
 
LPI bonds can be synthesised from conventional bonds and LPI swaps. 
 
Hedging 
 
Pension funds can use LPI bonds to hedge LPI annuities. 
 
 



 



ST6-14: Structured derivatives and synthetic securities Page 9 

The Actuarial Education Company  © IFE: 2015 Examinations  

2.4 Derivatives for hedging longevity risk 

We will look at the following derivative products for hedging this risk: 

● longevity bonds 

● mortality swaps 

● survivor caps and caplets 

● principal-at-risk longevity bonds. 
 
Longevity bonds 
 
The aim with a longevity bond is to reduce uncertainty by producing an income stream 
that resembles the expected outgo from our cohort for a specified number of years. 
 

A longevity bond is a traded security that pays ( )k S t  per unit, at time t , for 

1, 2, ... ,t T= , where: 

k  = nominal coupon rate 

 ( )S t  = (0, ) (1, ) ... ( 1, )p x p x p t x¥ ¥ ¥ -  

 T  = term of the bond 

 
( )S t  is known as the survivor index.  The survival probabilities used to calculate it are 

determined using a specified reference population.  This may be a national population, 
for example, rather than the actual experience of any particular pension fund. 
 

(0) /N k  units of a suitable -yearT longevity bond will act as a partial hedge for our 

cohort for T  years since the reference probabilities should be positively correlated with 
the pension fund’s experience.  Even if this correlation were perfect, the hedge would 
still be partial because payments after time T are not hedged and they depend on 
mortality improvements over the first T years. 
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Mortality swaps (also known as longevity swaps) 
 
The aim with a mortality swap is to transform the unknown cash outflow in respect of 
the cohort into known cash outflow for a specified number of years.  This 
transformation won’t be perfect if the floating leg of the swap is based on a reference 
population other than the cohort’s actual experience. 
 

A mortality swap is an OTC contract that swaps ( )k S t  for ˆ( )k S t  at time t , for 

1, 2, ... ,t T= , where: 

k  = amount specified in contract, depending on size of cohort 

 ( )S t  = (0, ) (1, ) ... ( 1, )p x p x p t x¥ ¥ ¥ -    (floating leg) 

 ˆ( )S t  = values of a survivor index agreed at outset  (fixed leg) 

T  = term of the swap 

 
As with longevity bonds, the survival probabilities used to determine ( )S t  are 

determined using a specified reference population. 
 
By effecting a -yearT  mortality swap with (0)k N=  and holding a portfolio of 

fixed-interest bonds chosen to match the ˆ( )k S t  cashflows, the pension fund’s 

uncertainty has changed from “actual experience vs expected” to “actual experience vs 
reference population”, which should be less volatile. 
 
Since the introduction of more stringent banking capital adequacy rules, mortality 
swaps have become less attractive for banks and most deals in the UK since 2011 have 
been arranged with reinsurers. In recent years, an increasing number of undated 
mortality swaps have been arranged, where the swap stays in force until all annuities 
from the pension fund have come to an end. 
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Survivor caps and caplets 
 
The aim with the previous two solutions (longevity bonds and mortality swaps) was to 
reduce uncertainty, but we switch now to reducing downside risk only.  Because we are 
considering annuities, this is the risk that survival probabilities are higher than 
expected. 
 

A survivor caplet is an OTC contract that pays ˆmax ( ) ( ),0S t S tÈ ˘-Î ˚  at time t , where: 

 ( )S t  = the specified (uncertain) survivor index 

 ˆ( )S t  = the cap rate (agreed at the outset) 

 
The specified survivor index could be based on either a reference population or the 
actual cohort concerned. 
 
As with mortality swaps, the payment can be scaled up by a factor of (0)k N= . 

 

A survivor cap is a set of caplets with payment times 1, 2, ... ,t T= . 

Principal-at-risk longevity bonds 
 
Ignoring cashflows unrelated to mortality, the aim with a principal-at-risk longevity 
bond is to provide a cashflow at time T  that is related to the cohort’s mortality 
experience to date, if this has been adverse. 
 

A principal-at-risk longevity bond is a traded security that pays (non-mortality-
related) coupons throughout the term of the bond plus a redemption amount equal to the 
principal amount less a possible adjustment that depends on aggregate mortality 
experience. 

 
The coupons could be either fixed or floating, but will be at higher rates than available 
on equivalent vanilla bonds, due to the possibility of having a mortality-related 
deduction made from the principal amount. 
 
OTC versions also exist. 
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An example of a deduction made from a principal amount of 100 is: 

 ˆ100 max ( ) ( ),0S T S TÈ ˘-Î ˚  

where: 

 ( )S t  = the specified (uncertain) survivor index 

 ˆ( )S t  = some threshold amount 

 
This deduction depends solely on the aggregate mortality over the whole period 0 to T .  
It would, however, be possible to have a deduction that depends on the survivor index at 
intermediate times, if so desired. 
 
 

2.5 Other products 

Principal-at-risk mortality bonds 
 
We now turn from pension funds and look at a contract designed for life reinsurers to 
hedge their exposure to short-term catastrophic mortality risk. 
 

A principal-at-risk mortality bond is a short-term contract that pays (non-mortality-
related) coupons throughout the term of the bond plus a redemption amount equal to the 
principal amount less a possible adjustment if aggregate mortality rates in one or more 
years during the term exceed some threshold level. 

 
Principal-at-risk mortality bonds are generally traded securities. 
 
The threshold level is known as the attachment point. 
 
The deduction from the principal amount will be designed to at least partially offset any 
loss made by the reinsurer on its mortality portfolio. 
 
Catastrophe bonds 
 
Non-life insurers have used catastrophe bonds to hedge against risks other than 
mortality.  These are very similar to principal-at-risk mortality bonds, except the 
deduction from the principal amount depends on non-life risks, rather than mortality. 
 
It is also possible to have coupon payments under these bonds that are risk-dependent, 
either instead of, or as well as, the redemption amount. 
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Synthetic CDO’s 
 
Here, the tranches represent repackaged CDS’s rather than bonds (or other underlyings).  
So, using the same CDO structure as above, Tranche 1 has to make all payments under 
the CDS’s up to the first 10% of the total notional principal, and so on. 
 
There will be rules as to how the total premium income from the CDS’s is shared 
between the various tranches. 
 
Single tranche trading 
 
Instead of considering an actual portfolio of bonds or CDS’s, it is possible to consider 
an unfunded theoretical portfolio of bonds and agree to make payments based on the 
default experience of these. 
 
For example, the credit derivatives market has defined several tranches based on a 
theoretical portfolio of 125 American bonds and also on a theoretical portfolio of 125 
European bonds.  Counterparties can then agree to trade cashflows based on one of 
these tranches, hence the name single tranche trading. 
 
 

1.4 Deltas for credit derivatives 

Recall that: 

 for an equity derivative, there is just one delta, ie the sensitivity to a change in 
the underlying equity 

 for an interest rate derivative, there are many deltas, eg the sensitivities to 
various points on the yield curve. 

 
For a credit derivative, the number of deltas will depend on the number of reference 
entities (also referred to as ‘names’ or ‘credits’) involved. 
 
To hedge a credit derivative involving several reference entities, a trader would take 
opposite positions in CDSs on each of the reference entities. 
 

The delta (in respect of a particular reference entity) is the sensitivity of the value of the 
credit derivative to a change in the value of a CDS on that reference entity. 

 
Unlike for equity derivatives, there are no analytical formulae to calculate delta for 
credit derivatives.  To estimate the delta for a credit derivative with reference to a 
particular reference entity, we look at what happens when the credit spread on that 
reference entity goes up by 1bp.   
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For example, for a single-name CDS, there is only one reference entity and so delta 
equals the change in CDS value when the credit spread goes up by 1bp, divided by 
itself.  This gives a delta of 1. 
 
The Core Reading gives the following numerical example for a basket CDS: 

● The original credit spread on a reference entity = 60 basis points. 

● We calculate what happens if the credit spread widens by 1 basis point. 

● Suppose the value of a single-name CDS on the reference entity changes by 
£4,650 and the value of the basket CDS changes by £2,100. 

● The resulting mark-to-market movement has been calculated to be £4,650 on the 
underlying asset and £2,100 on the value of a particular tranche position. 

● The value of delta would then be 2,100 4,650 0.452= . 

● So, suppose we want to delta-hedge a basket CDS with respect to the reference 
entity we’ve been considering.  If the basket exposure to the reference entity has 
a notional value of £2m, we would require protection of: 

£2m 0.452 £904,000¥ =  

ie a single-name CDS on the reference entity with a notional value of £904,000. 
 
This calculation will work in exactly the same way for each different reference entity in 
the basket, and also for other types of credit derivative, including CDOs. 
 
The delta for a tranche of a CDO is calculated as: 
 

Change in mark-to-market value of tranche
Delta

Change in mark-to-market value of credit spread
=  

 
As for most derivatives, delta will change as prices move, resulting in convexity issues.  
So dynamic hedging is usually required.  Problems associated with dynamic hedging 
include: 

● the high cost of frequent rebalancing 

● the possible unavailability of the precise amount of hedging required 

● high bid-offer spreads for illiquid names. 
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4 Checklist 

Definitions and concepts you should know 
 
○ Define a credit derivative 
○ Explain what a credit default swap (CDS) is and define the terms reference 

entity, credit event, notional principal and CDS spread 
○ Explain how a credit default swap can be used to hedge the credit risk of a 

corporate bond 
○ Define CDS-bond basis 
○ Explain how a basket CDS works and how they are used 
○ Define the purpose of a collateralised debt obligation (CDO) 
○ Describe a cash CDO 
○ Define an equity tranche 
○ Describe a synthetic CDO 
○ Describe what is meant by single tranche trading 
○ Define unfunded in the context of single tranche trading 
○ Define delta for a credit derivative and explain how it may be calculated for a 

basket CDS 
○ Explain default correlation and why default correlation models are used 
○ State two types of default correlation models 
○ Distinguish between reduced form and structural default correlation models 
○ Describe the purpose of the Gaussian copula model 
○ Explain what is meant by a percentile-to-percentile transformation 
○ Define copula correlation 
 
Facts and formulae you should know 
 
○ Describe in detail the cashflows that occur with a credit default swap 
○ Give 4 different examples of a basket CDS 
○ Define the one-factor model for ix  in the context of default correlation 

 
Results and proofs you should know 
 

○ Derive an expression for ( )iQ T M , the conditional probability of default by 

time T, and simplify this in the special case where ( ) ( )iQ T Q T=  and ijr r=  

for all i  
 
Techniques you should know 
 
○ Use the Gaussian copula model to simulate defaults over a specified future 

time period 
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5 End of Part 6 

What next?   
 
1. Briefly review the key areas of Part 6 and/or re-read the checklists at the end of 

Chapters 14 to 16. 

2. Attempt some of the questions in Part 6 of the Question and Answer Bank.  If 
you don’t have time to do them all, you could save the remainder for use as part 
of your revision. 

3. Attempt Assignment X6. 
 
 
Time to consider – “rehearsal” products 
 
Mock Exam A / AMP and Marking – There are three separate mock exam papers that 
you can attempt and get marked.  A recent student survey found that students who do a 
mock exam of some form have significantly higher pass rates.  Students have said: 
 

“I find the mock a useful tool in completing my pre-exam study.  It helps 
me realise the areas I am weaker in and where I need to focus my study.”  
 
“Overall the marking was extremely useful and gave detailed comments on 
where I was losing marks and how to improve on my answers and exam 
technique.  This is exactly what I was looking for – thank you!” 
 
“Brilliant feedback! SO thorough and encouraging.  I really appreciate it.  
It’s helped me know where I’ve gone wrong, how to improve and has given 
me so much encouragement to know I can and will do better.” 

 

You can find lots more information on our website at www.ActEd.co.uk. 
 

Buy online at www.ActEd.co.uk/estore 
 
 
And finally ... 
 
Good luck! 
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(ii)(b) Estimate vega 
 
If we change the value of s , this will change the values of u  and d .  So we will need a 
new tree. 
 
If we increase the value of u  to 1.26 (say), the new value of s  will be log1.26s = . [½] 

 
The risk-neutral probability is now: 
 

 

1
1.05

1.26 0.549694
1

1.26
1.26

re d

u d

-- = =
- -

 [½] 

 
The new tree looks like this: 
 

 

480

604.8

380.9524

10,983

14,172

?

0.549694

0.450306
 

   [1] 
The new price is: 
 

 0
1

(0.549694 10,983 0.450306 14,172) 11,828
1.05

V = ¥ + ¥ =  [1] 

 
So the approximate value for vega is: 
 

 0 11,828 10,987
106,000

log1.26 log1.25

Vd
ds

n -ª = ª
-

 (to 3SF) [1] 

 
Again, we’ve quoted our answer to 3 significant figures. You may get a slightly different 
answer if you didn’t use 1.26. 
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(ii)(c) Estimate lambda 
 
If we change the value of q , this will change the final share prices.  So again we will need 

a new tree.  The risk-neutral probabilities will be unchanged. 
 
The risk-neutral probability does not change because the total return on the share 
remains the same as before, although part of this total return is now paid as a dividend 
rather than as a capital gain. 
 
If we use 0.01q = , the new tree looks like this: 

 

480

594.03

380.1791

8,842

14,357

?

5

9
 

4

9
 

 [1] 
The new price is: 
 

 ( )5 4
0 9 9

1
8,842 14,357 10,755

1.05
V = ¥ + ¥ =  [1] 

 
So the approximate value for lambda is: 
 

 0 10,755 10,987
23,200

0.01 0

dl
d

-ª = ª -
-

V

q
 (to 3SF) [1] 

   [Total 9] 
 
(iii) Estimate the new derivative price 
 
We can use our estimates of the Greeks to approximate the change in the price: 
 

 

0 0 0
0 0

0

0

18,600(0.0025) 106,000(0.01) 53.7( 2) 906.1

V V V
V dr d dS

r S

dr d dS

d s
s

r sn

∂ ∂ ∂ª + +
∂ ∂ ∂

= + + D
ª - + + - =  [1½] 

 
This would make the new price 10,987 906.1 11,893.1+ = . [½] 
   [Total 2] 
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The cashflows then look like this: 
 
 Cashflow now Cashflow in 6 months 

Bonds 
(London) 

–£95.19 +£100.00 

Bonds 
(New York) 

+$171.69 –$175.54 

£ forwards  –£96.45 

+$175.54 

Exchange now +£95.19 

–$171.69 

 

Totals ZERO £3.55 
 
   [2 for a table showing transactions of the appropriate types] 
 
In words: 

 we purchase £100 nominal of the London bond 

 we sell $175.54 nominal of the New York bond 

 we sell forward £96.45 

 we sell now $171.69. 

   [2 for appropriate numerical values] 
   [Total 7] 
 
Marks should be awarded for alternative arbitrages that work. 
 
(iii) If the maturity dates differ 
 
If the New York bond and the pound forward did not mature at precisely the same time, 
the dollar cashflows would not cancel out and you would be exposed to adverse 
currency movements over the intervening period. [1] 
 
As a result, the profit of £3.55 could be reduced or reversed to create a loss. [1] 
   [Total 2] 
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Solution X1.10  

Comment 
 
Course Reference: Chapter 2. 
 
(i) Differences in settlement cashflows for a forward and a future 
 
For a forward, the only cashflow is the settlement price paid by the purchaser on the 
delivery date.  [½] 
 
In addition, there may be collateral that is returned on the delivery date.  [½] 
 
For a future, settlement is carried out by means of margin payments at the end of each 
day (“marking to market”).  Usually futures contracts are closed out before delivery, so 
there is no extra payment on the delivery date. [1] 
   [Total 2] 
 
(ii) Relationship between spot price and futures price at maturity 
 
At maturity the spot price and the futures price converge to the same value. [1] 
 
If this was not the case, it would be possible to set up an arbitrage by buying in the spot 
market and delivering in the futures market or vice versa. [1] 
   [Total 2] 
 
(iii)(a) Expression for the margin account gain 
 

At the end of the previous day (day 1i - ) the individual held 1 2 ied d d+ + +  contracts.  
The futures price will have changed from 1iF -  at the end of the previous day to iF  at 

the end of day i .  So the margin account gain would be: 
 

 1 2
1( ) i

i iF F ed d d+ + +
--   [2] 

 
(iii)(b) Accumulated gain at end of day 180 
 
Over the remaining period (days 1i +  to 180), this will accumulate to: 
 

 1 2 1 2 180 1 2 180
1 1( ) ( )i i i

i i i iF F e e F F ed d d d d d d d d+ ++ + + + + + + + +
- -- ¥ = -    [1] 
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(d) Binary option 
 
Binary options are not path dependent, since the payoff depends only on the price of the 
underlying on the expiry date.  [½] 
 
(e) Lookback option 
 
Lookback options are path-dependent, since the payoff depends on the highest or lowest 
price during the life of the option.  [½] 
 
(f) Bermudan option 
 
Bermudan options (like American options) are path-dependent, since the payoff might 
be based on the price of the underlying asset at a time before the expiry date.  [½] 
   [Total 3] 
 
 
Solution X4.3  

Comment 
 
Course Reference: Chapter 8. 
 
(i) Sketch graphs 
 
The graphs below are taken directly from the Core Reading (see Unit 12).  The 
continuous curve is for the 6-month option and the dotted one is for the 3-month one. 
 

   [2] 
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(ii) Describe the main features of the graphs 
 
If the option is deeply in-the-money (ie to the right of the dotted vertical line) or deeply 
out-of-the-money (ie to the left of the dotted vertical line), the delta is close to 1 or 0, 
respectively.  [1] 
 
If the option is in-the-money, the delta increases to 1 as the maturity date approaches. 
   [½] 
 
If the option is out-of-the-money, the delta decreases to 0 as the maturity date 
approaches.  [½] 
 
If the option is at-the-money, the delta is approximately equal to ½, irrespective of the 
term.   [1] 
   [Total 3] 
 
 
Solution X4.4  

Comment 
 
Course Reference: Chapter 8. 
 
(i) 4 methods of estimating theta 
 
Markers: Give marks for up to four of the following: 
 
1. One method is to use a pricing model that has an explicit formula for the current 

price of the derivative.  We can then differentiate this formula with respect to 
time t  and substitute the appropriate parameter values to evaluate theta. [2] 

 
2. If we are using a pricing model that does not have an explicit formula for the 

current price of the derivative, we can evaluate the price at the current time t  
and a slightly later time t td+ , using the same values for the other parameters in 
both cases.  If we then divide the difference by td , this will give an 
approximation to the current value of theta. [2] 

 
3. If we can construct a binomial lattice, or a finite difference grid, for the price of 

the underlying and the derivative, we can calculate the change in the derivative 
price between one node and a later node where the price of the underlying is 
similar, then divide by the time interval involved.  This will give an estimate of 
the value of theta over this period. [2] 
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4. If we have market data available, we can look at the change in the derivative 
price over a recent period when the share price didn’t change, eg yesterday.  
This will give an estimate of the value of theta over the next period, eg today. [2] 

5. If we already have estimates available of D  and G , we can calculate the 
corresponding value of Q  from the Black-Scholes PDE. [2] 

   [Maximum 8] 
 
(ii) “Theta is always negative.” 
 
 Theta is usually negative for plain vanilla options. [½] 
 
 This is because the scope for future favourable movements in the price of the 

underlying reduces the time value as time progresses. [1] 
 
 In some circumstances, however, other factors may outweigh this effect. [½] 
 
 For example, theta may be positive for: 

 – a call option on a share that pays a very high dividend rate [½] 
 – a put option on a share when the risk-free rate is very high [½] 
 – the share itself when it is dividend-paying [½] 
 – some non-standard or exotic derivatives. [½] 
 
 If the underlying asset becomes worthless (ie 0tS = ), the value of a put option 

will be ( )r T tKe- - .  This is an increasing function of t  and theta is positive in 
this case. [½] 

 
 Similarly, a future with a negative cost of carry may have a positive theta (as can 

be seen from the formula 0 0
cTF S e= ). [1] 

  [Maximum 3] 
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Solution X4.5  

Comment 
 
Course Reference: Chapter 8. 
 
(i) Two methods of estimating volatility 
 
One method is to calculate the historical volatility. 
 
 We need the share prices over an appropriate past period.  Call these iS , 

1, 2, ,i n=  . [½] 

 
 We then work out the percentage returns between consecutive quoted prices, 

ie 
1

log i
i

i

S
u

S -
= , 2,3, ,i n=  . [½] 

 
 The sample standard deviation of the iu ’s gives an estimate of the volatility over 

the inter-observation time interval tD . [½] 
 

 The annualised figure is then calculated by dividing by tD . [½] 
 
Another method is to calculate the implied volatility. 
 
 We need the market price of the asset and a derivative (eg an option) on this 

asset.  [½] 
 
 We then need a mathematical model for pricing the derivative, eg the Black-

Scholes formula. [½] 
 
 We also need values for the other parameters in the formula, eg the risk-free 

rate.  [½] 
 
 We then determine the value of s  that gives a price that is consistent with the 

observed market value of the derivative. [½] 
   [Total 4] 
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(ii) Estimate  
 
Here the values of the iu ’s are: 

 
 0.01002,  –0.00667,  0.00667,  0.02946,  0.01600, –0.00957,  0,  0,  0.00320 [1] 
 
The sample standard deviation of these figures is 0.01197. [1] 
 
So the annualised estimate of s  is: 
 

 0.01197 250 0.18933=   ie 18.9% [1] 
   [Total 3] 
 
(iii) Advantages / disadvantages of the two methods 
 
Future volatility may not be the same as the historical volatility. [½] 
 
Estimates of the historical volatility will vary according to the time period used ...  [½] 
 
... and the sampling frequency (eg daily versus hourly). [½] 
 
Implied volatility can only be calculated if there is a derivative with a publicly quoted 
price.   [½] 
 
The implied volatility is model-dependent. [½] 
 
A graph of implied volatility against strike price is usually not horizontal, but instead 
shows a volatility skew.  Allowing for this effect when pricing a new derivative is 
subjective.   [½] 
 
The implied volatility requires assumptions for the other parameters in the model, eg the 
dividend rate for a dividend-paying share. [½] 
 
The implied volatility cannot be used for pricing the derivative from which it was 
derived.  [½] 
   [Maximum 3] 
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Solution X4.6  

Comment 
 
Course References: Chapters 4 (Binomial tree), 7 (Black-Scholes) and 10 (Trinomial 
tree). 
 
(i)(a) Price using a 5-step binomial tree 
 
The parameters for a 5-step binomial model are: 
 
 0 105S = ,  100K = ,  5n = ,  0.05tD = ,  0.05r = ,  0.2s =  

 0.2 0.05 1.0457tu e es D= = = ,  
1

0.9563d
u

= =  [½] 

 
The risk-neutral “up” probability is: 
 

 0.5168
r te d

q
u d

D -= =
-

 [½] 

 
Since this is a European, non-path-dependent option, we can value it directly using the 
summation formula: 
 

 ( )

0

0

0
0

[ ]

Payoff at node Probability for node

max ,0 (1 )

rn t
Q n

n
rn t

k

n
rn t k n k k n k

k

V e E V

e k k

n
e K S u d q q

k

- D

- D

=

- D - -

=

=

= ¥

Ê ˆ
= - ¥ -Á ˜Ë ¯

Â

Â  [½] 

 
In fact, this option is only in-the-money at time step 5 at the nodes corresponding to 

0k =  and 1k =  (the bottom two nodes).  So this gives: 
 

 

{ }
{ }

0.0125 5 5 4 4

0.0125 5 4

0.0125

5 5
(100 105 ) (1 ) (100 105 ) (1 )

0 1

16.0389 (1 ) 8.1831 5 (1 )

0.4225 1.1527

1.56

BinomialV e d q ud q q

e q q q

e

-

-

-

Ï ¸Ê ˆ Ê ˆ
= - - + - -Ì ˝Á ˜ Á ˜Ë ¯ Ë ¯Ô ÔÓ ˛

= ¥ - + ¥ -

= +
=  [2] 
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If we differentiate with respect to the share price, we see that: 
 
 1 0P f fD = ¥ + =  [1] 

 
So f  is equal to the portfolio delta, which can be calculated as the weighted sum of the 

deltas for each option: 
 

 

0.93 0.79 0.55 0.32 0.17

0.07 0.21 0.45 0.68 0.83 0.52
Pf = D = + + + +

- - - - - =  [1] 

 
y  can then be found as the balancing item from the equation: 

 
 P tV Sf y= +  

 
ie 830 0.52 500 y= ¥ +   830 0.52 500 570yfi = - ¥ =  [1] 

 
So the replicating portfolio consists of 0.52 shares and 570 cash. 
   [Total 3] 
(iv) Which option has the highest vega? 
 
Vega measures the sensitivity of the underlying share to the assumed volatility. 
 
This is reflected in the time value of the options. 
 
Other things being equal, the time value will be greatest for options that are at-the-
money.  [1] 
 
Note that, differentiating the put-call parity relationship shows that the vegas for 
corresponding put and call options are the same. 
 
The formula, according to the Black-Scholes model, for the vega of both a call and a 

put option is 1( )c p tS d T tfn n= = - , which will be highest when 1d  is closest to zero.  

Since the 2( ½ )( )r T ts+ -  term in the formula for 1d  is usually relatively small, this 

requires that log 0tS

K
ª , ie tS Kª . 

 
So vega will be greatest for the two options with strike price 500. [1] 
   [Total 2] 
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Solution X4.9  

Comment 
 
Course Reference: Chapter 9. 
 
(i) Identify the exotic options 
 
(a) This is an average price Asian put option. [1] 
 
(b) This is a lookback call option.  [1] 
 
(c) This option makes a positive payoff provided the underlying price does not dip 

below H .  It is a down-and-out put option.  [1] 
 
(d) This is an asset-or-nothing binary call option.  [1] 
 
(e) This payoff function can be written in the form: 
 

  max[max( ,0),max( ,0)] max[ , ]T T T T TS K S K K S c p- = - - =  

 
This corresponds to a simple chooser (or “as-you-like-it”) option with the 
“choose” date being equal to the maturity date.  [1] 

 
(f) This is an exchange option in which the holder has the option to receive one unit 

of Asset V  in exchange for one unit of Asset U .  [1] 
   [Total 6] 
 
(ii)(a) Two reasons why the option in (i)(a) might be preferred 
 
The Asian-style option might be preferred if: 

 the holder is trying to hedge a series of payments, eg where the underlying asset 
is a foreign currency [1] 

 the holder requires an option that is less highly geared (less volatile). [1] 
 
(ii)(b) Describe how you would value the options in (i)(e) and (i)(f) 
 
The European chooser option in part (i)(e) is equivalent to a package consisting of: 

 1 call option with strike price K  and maturity date T  

 1 put option with strike price K  and maturity date T . [1] 
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The call and put options in this package can be valued using an explicit pricing formula 
such as the Garman-Kohlhagen (Black-Scholes) formula or using a multi-step binomial 
tree model.  [½] 
 
The exchange option in part (i)(f) is effectively a call option on Asset U . [½] 
 
If we use Asset U  as the numeraire in the calculations, we can use a slightly modified 
version the Black-Scholes formula to value the option. [1] 
 
The calculation will involve the volatility of tV  in terms of tU  (ie of t tV U ), rather than 

the absolute volatility of tV . [½] 

 
This volatility depends on the correlation between the prices of the two assets, which 
will need to be estimated. [½] 
 
(ii)(c) Graph of vega for the option in (i)(c) 
 
When tS K , the option price will be similar to a non-barrier option, which will have 

a humped graph for vega.  When tS H< , the option will be knocked out and will be 

worthless, irrespective of the volatility.  So vega will be zero.  When tS  is just above 

H , an increase in volatility will put the option in greater danger of being knocked out, 
and vega can be negative. [1] 
 

H K 

share price

vega

 
   [2 for graph] 
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(ii)(d) Two problems with hedging the option in (i)(d) 
 
Binary options are difficult to hedge because their payoff function contains a 
discontinuity.  [½] 
 
In particular, they are difficult to delta hedge when the underlying asset price is close to 
the strike price because the graph of delta contains a spike at this point. [1] 
 
This problem is confirmed by the graph of gamma, which changes signs from “large 
positive” to “large negative” across the strike price. [½] 
   [Total 11] 
 
 
Solution X4.10  

Comment 
 
Course Reference: Chapter 9. 
 
This question was Question 8 on the April 2006 exam for Subject CT8.  Since it was one 
of the harder questions and it involves an exotic option, it is also suitable for 
Subject ST6. 
 
(i) Value of the contract with each employee 
 
The employee will receive the shares if the share price in a year’s time turns out to be 
£1.50 or greater.  Otherwise he will receive nothing.  So this is a binary share-or-
nothing call option. [1] 
 
This is equivalent to having a call option on 1,000 shares with a “strike price” of £1.50.  
However, this option differs from a vanilla call option in that the employee does not 
need to actually hand over the strike price of £1.50 to exercise the option.  In fact, at the 
time of exercise he pays nothing – the “strike price” of £1.50 is therefore notional. [½] 
 
In the Black-Scholes formula on page 47 of the Tables, the second term, involving K  

and ( )2dF  – which is the risk-neutral probability that the option will be exercised – 

represents the discounted present value of the strike price payable on exercise.  As the 
strike price is not actually payable here, we must ignore this term when pricing the 
option.   [½] 
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Solution X6.3  

Comment 
 
Course Reference: Chapter 14. 
 
Longevity risk is the systematic risk that, in aggregate, over the long term, actual 
mortality rates might decrease more quickly than expected. [1] 
 
A pension fund will be concerned about longevity risk because, the longer its pensioners 
live on average, the more costly the stream of pension payments will be. [½] 
 
The pension fund has the following options for dealing with longevity risk: 
 
Leave the risk with the sponsoring employer [½] 
 
A decrease in pensioner mortality rates will then increase the cost to the fund of the 
pensions in payment.  These mortality rates should therefore be kept under regular 
review.  [1] 
 
Any trends, together with knowledge of medical advances, will be used to project future 
mortality rates when assessing the cost of the benefits.  This will be reflected in planned 
employer contributions. [½] 
 
This longevity risk should be considered when looking at any potential benefit 
enhancements, to assess the possible impact on future employer funding rates. [½] 
 
Transfer the risk to the active members of the pension fund [½] 
 
To some extent, the benefits granted to active members in respect of death in service 
provide a natural partial hedge against longevity risk.  If mortality rates decrease, then 
the expected cost of future death benefits will also decrease, reducing the effect of the 
higher expected cost of pensions. [1] 
 
This hedge won’t be perfect and will be affected by: 

● the size of the death benefits [½] 

● the relative numbers of actives and pensioners [½] 

● the relative changes in mortality rates for actives and pensioners, which will be 
correlated, but not perfectly (eg some medical advances might improve the 
success rates for operations predominantly carried out on elderly patients, which 
will improve mortality rates for pensioners more than for actives). [1] 
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So, to keep the cost to the employer unchanged, the benefits for active members in 
respect of future accrual could be reduced in such a way that the resulting reduction in 
the expected cost offsets the residual expected increased cost in respect of pensioners.[1] 
 
Transfer the risk to a life insurer (new pensioners) [½] 
 
The pension fund could buy an annuity from a life insurer whenever a member of the 
pension scheme retires. [½] 
 
Since the insurer would be accepting the longevity risk, the basis used to set the annuity 
rates will contain margins and a profit loading, and so the overall cost to the pension 
fund is likely to be higher than if the pension were paid directly from the fund. [1] 
 
Since insurer’s annuity rates won’t be known in advance, the pension fund will still be 
subject to longevity risk until the time each annuity is bought. [½] 
 
Transfer the risk to a life insurer (existing pensioners) [½] 
 
Transfer a group of existing pensioners to a life insurer.  This is known as a bulk-
buyout, for which the insurer would charge a one-off premium.   [½] 
 
Again, since the insurer would be accepting the longevity risk, the basis used to set the 
buyout premium will contain margins and a profit loading, and so the overall cost to the 
pension fund is likely to be higher than if the risk were kept in the fund. [1] 
 
Transfer the risk to the capital markets [½] 
 
The pension fund could hedge its longevity risk by using suitable mortality-linked 
securities and over-the-counter contracts.  [½] 
 
For example, a longevity bond would produce an income stream designed to resemble 
the expected outflow from the pension fund in respect of a group of pensioners over a 
specified term. [1] 
 
This hedge would last only for a fixed term and its success would depend on how 
closely the experience of the group of pensioners mirrored the survivor index 
underlying the bond. [½] 
 
The reference population underlying the survivor index might be the actual group of 
pensioners or some other population, eg an entire nation.  [½] 
 
Up to 1½ marks can be awarded for relevant comments on other suitable securities or 
contracts such as mortality swaps, survivor caps and principal-at-risk longevity bonds. 
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