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Subject ST6 
 
 

CMP Upgrade 2015/16 
 
 

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 2015 study material to 
make it suitable for study for the 2016 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 2016 Student Brochure for more details. 

 
 
This CMP Upgrade contains: 
 
 all non-trivial 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 2016 exams. 
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1 Changes to the Syllabus objectives and Core Reading  
 
Unit and section references are to the separate Core Reading included at the end of the 
Course Notes. 
 

1.1 Syllabus objectives  
 
Objective (l)(i) no longer refers to gilts and so the bullet items now read: 
 

 STRIPS 

 interest-rate swaps 

 interest-rate swaptions 

 index-linked bonds 

 inflation swaps 

 limited Price Indexation (LPI) swaps 

 LPI bonds 
 
This affects Unit 15 and Chapter 14. 
 
Objective (m) has been split in two, so (m)(vi)-(ix) are now (n)(i)-(iv).  Total return 
swaps have been added to the list of credit derivatives, so that Objective (n)(i) now 
reads: 
 
 (i) Demonstrate a knowledge and understanding of the following types of credit derivative: 

 credit default swaps (CDS’s) 

 Nth-to-default baskets 

 collateralised debt obligations (CDO’s) 

 total return swaps 
 
This affects Unit 16, which is now split into Units 16 and 17 in the same way as the 
objectives, and Chapter 16. 
 
Replacement pages covering both of these Syllabus changes are included with the 
changes to our Course Notes, later in this pack. 
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1.2 Core Reading 
 
All units 

All references to the 7th edition of Hull have been removed and the course is now 
designed to be used alongside the 8th edition only. 
 
Unit 1 

Two of the exclusions from the reading in Hull (8th edition) have been removed.  
Section 1, on CCPs, has been rewritten and split into two sections. 
 
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.  However, since then trades have 
fallen to less than £300 million in 2014.  At December 2014 the total outstanding 
notional amount was around £0.7 billion ($1.2 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. 
 
Unit 5 

The final sentence of Section 2.1, about LIBOR, has been extended to say “the accuracy 
of the measure has also been challenged”. 
 
A Section 2.5 has been added, about the LIBOR “scandal”. 
 
Section 3, on repo rates, has been expanded. 
 
In Section 9, on interest rate swaps, a new paragraph has been inserted after the first 
one. 
 
Replacement pages for all of this unit are included at the end of this document. 
 
Unit 10 

All of Hull Chapter 19 (8th edition) is now included in the required reading.  This is 
reflected in the latest Chapter 8 of the Course Notes. 



Page 4  ST6: CMP Upgrade 2015/16 

© IFE: 2016 Examinations The Actuarial Education Company 

Unit 14 

All of Hull Chapter 30, Sections 1 to 5 (8th edition) is now included in the required 
reading.  This is reflected in the latest Chapter 13 of the Course Notes. 

Unit 15 

Most of the sub-sections in Section 1 have been rewritten to make them a little less UK-
only focussed. 

Section 2.3 on mortality swaps has had the following sentence added to the end of the 
section: 

It is possible to enter into an undated mortality swap. 

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

The changes to this unit are reflected in the latest Chapter 14 of the Course Notes. 

Unit 16 

This unit now stops at Section 6, with material after this point now comprising the new 
Unit 17. 

Unit 17 

This new unit comprises Section 7 of the 2015 version of Unit 16, but parts of it have 
been rewritten to improve clarity, and a new section on total return swaps has been 
added. 

A copy of this new unit is included at the end of this document. 

The changes to this unit are reflected in the latest Chapter 16 of the Course Notes. 
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2 Changes to the ActEd Course Notes 

Chapter 1 

Page 4 

Section 1.2 has a new paragraph, on the G20:  

The Core Reading refers to the 2009 G20 summit.  The G20 (Group of Twenty) is made 
up of finance ministers and central bank governors from 20 of the world’s largest 
economies including the UK, the US and the European Union.  They have an annual 
summit to discuss global financial matters. 

Replacement pages 3-4 are included at the end of this document. 

Page 5 

An addition bullet has been added to the bottom of the page: 

 Operation – rules for the operation of CCPs.

Replacement pages 5-6 are included at the end of this document. 

Page 16 

FAQ 2 has been updated and now reads: 

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

Options on UK equities are traded on ICE Futures Europe – a good place to 
start.  You can go to the website https://www.theice.com/infographic/equity-
derivatives and explore the various derivatives on offer. 

 Euronext (https://derivatives.euronext.com/en) is another possibility. 

Page 17 

The “Facts and formulae” section of the Checklist has had the following two bullets 
added at the start: 

○ State the benefits of having OTC trades cleared by CCPs
○ State the issues raised by the introduction of CCPs

A replacement page 17 is included at the end of this document. 
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Chapter 2 
 
Page 2 
 
The text in brackets by Chapter 3, Section 5 on the reading list has been deleted. 
 
Page 23 
 

The bullet point about *h  on this page as been deleted as it related to a comment in an 
earlier version of Hull and does not appear in the 8th edition. 
 
 
Chapter 3 
 
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.  Have a look at 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. 

 
Chapter 7 
 
Page 4 
 
The Hull page references in bold have been corrected to “(Hull p309-311)”. 
 
 
Chapter 8 
 
Page 2 
 
The reading list now includes Sections 6 and 8 of Hull Chapter 19. 
  
Page 15 
 
Section 3.2, on estimating volatility, has been expanded slightly, so replacement pages 
15-16 are included at the end of this document. 
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Page 35 
 
The “Facts and formulae” section of the Checklist has had the following bullet added 
after the first one: 
 
○ State an expression for the delta of an option where implied volatility varies 

with the moneyness of the option 

Replacement pages 35-36 are included at the end of this document. 
 
 
Chapter 11 
 
Page 4 
 
A sentence has been added on each of the LIBOR scandal and repos, to reflect new 
Core Reading. 
 
Replacement pages 3-6a are included at the end of this document. 
 
 
Chapter 13 
 
Page 2 
 
The text in brackets by Chapter 30, Sections 2 and 3 on the reading list have been 
deleted. 
 
Page 17 
 
A brief description of the Black-Derman-Toy model has been added, since this is no 
longer excluded from the reading list specified by the Core Reading. 
 
Replacement pages 17-18 are included at the end of this document. 
 
 
Chapter 14 
 
Page 1 
 
In Objective (l)(i), “gilt STRIPS” has changed to “STRIPS” and “index-linked gilts” 
has changed to “index-linked bonds.” 
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Pages 3-7 
 
The material on these pages has been modified to give it a lightly less UK-only focus, as 
with the Core Reading. 
 
Replacement pages 1-8 are included at the end of this document. 
 
Page 21 
 
In the first checklist item, the same changes have been made as for page 1. 
 
 
Chapter 16 
 
Pages 1-3 
 
The Syllabus objectives have been renumbered and total return swaps have been added 
to the list of credit derivatives on each page. 
 
Replacement pages 1-4 are included at the end of this document. 
 
Pages 9-10 
 
A new Section 1.4 has been added on total return swaps and the previous Section 1.4 is 
now Section 1.5. 
 
Replacement pages 9-10b are included at the end of this document. 
 
Page 21 
 
The following Checklist bullet on total return swaps has been added to the definitions 
and concepts section: 
 
○ Describe how a TRS works 

Replacement pages 21-22 are included at the end of this document. 
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3 Changes to the Q&A Bank 
 
Part 1 
 
Question 1.15 
 
In the solution to part (ii), there was a typo in the approximation for h , which had 0S  

and 0F  the wrong way round.  The second sentence in this solution now reads: 

 

Comparing this with the initial futures price, ie 
( )

0 0
fr r T

F S e
-= , we see that: 

 
 0 0h S Fª , as required.  [½] 
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4 Changes to the X Assignments 
 
Assignment X4 
 
X4.7 
 
In part (i) of the question, there was a typo in the formula for X , which has been 
corrected to: 
 

( )

( )

q T t
t

r T t

S e
X

Ke

- -

- -=  

 
 
Assignment X6 
 
X6.1 
 
The maturity year of the UK gilt in part (i)(a) of the question has been updated from 
2014 to 2025 to keep it in the future.  The solution is unaffected. 
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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 2016 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 2016 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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 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 sections 2.9 Regulation and 2.10 

Accounting and tax) 

 

supplemented by the additional material below: 

 

1 Central Counterparties (CCPs) 
 

As noted in Hull section 2.5, during the credit crisis of 2007/08 governments became 

increasingly concerned about the risks posed by the expansion of the OTC derivatives 

(“OTCs”) market.   

 

It was agreed at a G20 summit in 2009 that by the end of 2012: 

 

 Standardised OTC derivatives transactions should be traded on exchanges or 

electronic trading platforms. 

 

 Standardised OTC derivatives transactions should be cleared through central 

clearing parties (“CCPs”).  This happens 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.  
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USA 

 

Based on this G20 summit and the problems experienced at AIG and in the Lehman 

default, new regulation in the USA 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.)  This systemic risk 

arises since each derivative position can be replicated several times 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. 

   

Europe/Other 

 

New legislation is being adopted by other jurisdictions in Europe and Asia/Japan.  The 

European Union (EU) confirmed its European Market Infrastructure Regulation (EMIR; 

see below) in August 2012, requiring changes so that, over time, standard derivative 

contracts are cleared through CCPs.  The requirements came into force in phases: the first 

obligations came into force in March 2013 with the final requirements due to come in 

during 2015. 

 

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. 

 

2 Regulation 

As noted above, EMIR was established in 2012.  It applies to any entity established in the 

EU which has entered into a derivatives contract, and also applies to any non-EU 

counterparties trading with EU parties. 

Its requirements include: 

 mandatory reporting of details of open derivative contracts,  

 mandatory clearing obligations for certain classes of OTC derivatives (as noted 

above),  

 for contracts that are not cleared through a CCP: 

o additional operational risk management requirements,  
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o in the case of financial counterparties (which include banks, insurers, 

investment firms and fund managers), contracts which are not cleared 

through a CCP require bilateral collateralisation (this means that the 

exchange of initial and variation margin is obligatory), 

o for non-financial counterparties, the requirements for clearing and 

bilateral collateralisation are only required if OTC derivative positions 

are large and are not used for risk management or treasury activity, 

 and rules for the operation of CCPs. 

In the USA, futures and options markets are regulated by the Commodity Futures Trading 

Commission (CFTC), an independent government agency created in 1974.  

 

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.  However, since then trades have fallen to less 

than £300 million in 2014.  At December 2014 the total outstanding notional amount was 

around £0.7 billion ($1.2 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. 
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Top Risk Factors in Real Estate 

 
 

The chart above identifies the main risks to property, of which two of the biggest – 

liquidity and macroeconomic – are extremely difficult to manage.  Property derivatives 

allow investors to address these risks so they can adopt more comprehensive risk 

management strategies surrounding their physical property holdings, potentially leading to 

better risk-adjusted returns. 

 

Other risk features inherent in property derivatives are: 

 

 basis – are there basis differences between using a property index as a hedge and the 

underlying physical property? 

 liquidity – are swaps liquid enough to trade in large size? 

  transparency – are consistent swap prices readily available? 

  volatility – are swaps more volatile than the underlying market? 

  credit risk – is the counterparty to the swap sufficiently creditworthy? 

 

Basis risk can work in favour of the derivative holder (e.g. buying the index when it is 

cheap) or against. 

 

Otherwise, property swaps generally perform well on comparisons with the direct or 

indirect physical property markets on the above criteria.  Costs of dealing are lower, 

resulting in higher liquidity and transparency.  Volatility of the two forms of exposure is 

similar, and often derivatives are the better predictor of future property returns than expert 

forecasts.  Counterparty credit risk is mitigated by documentation (see below) and, where 

appropriate, priced into the contract. 
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 UNIT 5 — INTEREST RATE DERIVATIVES 
 

Syllabus objectives 

 

(e) Define and describe the following interest rates, and interest-rate derivatives: 

 

 Treasury rates 

 LIBOR rates 

 Repo rates 

 Zero rates 

 Forward rates 

 Forward rate agreements 

 Interest rate futures 

 Treasury bond futures 

 Interest rate swaps 

 European swap options (swaptions) 

 Caps and caplets 

 Floors and floorlets 

 Bermudan swaptions 

 

 

1 Treasury rates 
 

The Treasury rate is the rate of interest applicable to borrowing by a government in its 

own currency.  Treasury rates are regarded as risk-free rates.  However, derivatives traders 

tend to use LIBOR rates as risk-free rates. 

 

 

2 LIBOR rates 
 

2.1 Definition 
 

LIBOR stands for London Interbank Offered Rate.  It was developed in the 1980s and is 

the rate which large banks active in a particular money market charge each other for 

borrowing (hence the word “offer”) in a currency for a particular term.  LIBOR is co-

ordinated by the British Bankers' Association (BBA), which sets the rules and runs the 

process by which it is calculated. 

 

LIBOR rates apply to the short-term international interbank market for large loans with 

maturities from 1 day (overnight) to 12 months and beyond.  LIBOR is the most common 

reference base for pricing interest rate sensitive instruments, e.g. swaps, and loans to larger 

companies and institutions.   
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It is officially fixed in London once a day by a defined group of large banks, but the rate 

changes throughout the day.  It is not restricted to Sterling – there are currently LIBOR 

rates for ten major international currencies: 

 

Currency Symbol 

Pound Sterling GBP 

US Dollar USD 

Euro EUR 

Japanese Yen JPY 

Swiss Franc CHF 

Canadian Dollar CAD 

Australian Dollar AUD 

New Zealand Dollar NZD 

Danish Kroner DKK 

Swedish Krona SEK 

 

Central banks (such as the Bank of England, the US Federal Reserve and the European 

Central Bank) fix official base rates monthly, but LIBOR reflects the actual rate at which 

banks borrow money from each other.  It is accepted as an accurate barometer of how 

global markets are reacting to market conditions, supporting a swap market estimated at 

$350 trillion and a loan market estimated at $10 trillion.  However, as described below, the 

severe liquidity shortage in the interbank market during the 2007/08 “credit crunch” has 

led some to question LIBOR’s effectiveness as a benchmark for interest rates, and the 

accuracy of the measure has also been challenged. 

 

2.2 Setting process and calculation 
 

A panel of between eight and sixteen banks is appointed to set the LIBOR rate for each 

currency.  The aim is to produce a reference panel of banks which reflects the balance of 

the market, by country and by type of institution.  Individual banks are selected within this 

guiding principle on the basis of reputation, credit standing, scale of market activity and 

perceived expertise in the currency concerned.  The composition of the panels is reviewed 

annually by the BBA. 

 

The BBA uses Reuters to fix and publish the data daily, usually before 12 noon UK time.  

It assembles the interbank borrowing rates from the contributor panel banks at 11am, looks 

at the middle two quartiles of these rates (discarding the top and bottom quartile) and uses 

this to calculate an average, which then becomes that day’s LIBOR rate.  This process is 

followed repeatedly to create rates for all fifteen maturities (ranging from overnight to 12 

months) and all ten currencies for which a LIBOR rate is quoted.  The quotes from all 

panel banks are published on-screen to ensure transparency. 

 

LIBOR is not a compounded rate, but is calculated on the basis of actual days in funding 

period divided by 360.  The formula for calculating interest using LIBOR is: 

interest due = principal  (LIBOR rate/100)  (actual no. of days in interest period/360) 

 

For Sterling only, the calculation basis is 365 days, not 360 days.  It is also important to 

work out the exact actual number of days in the funding period: there are not always 90 
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days in a 3 month period: there could be 89 or 91, depending on the precise calendar 

months involved. 

 

Rates for periods for which LIBOR is not set are obtained by linear interpolation – for 

example, to arrive at a 75-day LIBOR rate, interpolate between the 2 month and 3 month 

rates. 

 

2.3 Spread to government yields 
 

LIBOR rates are dependent on a number of factors such as: local interest rates, banks’ 

expectations of future rate movements, the profile of contributor banks, and liquidity in 

London in the currency concerned. 

 

LIBOR rates are different from government bond yields because bank counterparties are 

not credit risk free (in the way that government debt is, at least in its own country).  The 

spread between government and LIBOR rates is usually positive (LIBOR is higher), but 

occasionally supply and demand effects will distort this relationship.  This does not 

prevent the LIBOR rate from being the standard rate for swaps since the interbank market 

is the place where most swaps are transacted. 

 

2.4 LIBOR during the “credit crunch” 
 

During the recent “credit crunch”, the interbank market became very illiquid, as banks 

were unable to obtain the usual amount of long-term funding, so were unable to lend to 

each other except at the very shortest time period (overnight).  There were two important 

impacts from this crisis. 

 

Firstly, on several days during 2007 and 2008 it was not possible to obtain interbank 

quotes with the usual reliability, either because a two-way quote was not being made or 

the amounts being traded were too small.  This led to some discontinuities in the LIBOR 

time series.  Secondly, a large liquidity premium developed in the interbank market.  The 

spread between LIBOR and the official intervention rate in a number of currencies rose to 

unprecedented levels – from a norm of around 25bps (0.25%) to a peak (albeit briefly) of 

over 4% at the time of the collapse of Lehman Brothers in September 2008.  The spread, 

known as the “LIBOR-OIS spread” (OIS = Overnight Index Swap), remained well above 

1% for many months during 2008 and into 2009. 

 

The period was a difficult one for LIBOR, but the BBA was able to ensure that the rate 

setting process continued through the crisis.  Questions were asked, though, about the 

suitability of LIBOR as the benchmark for rate-setting on a number of loans and financial 

instruments.  An investigation was undertaken by the BBA to ascertain how the 

construction and operation of LIBOR could be strengthened for the future.  The resulting 

report proposed a number of actions: tighter scrutiny of the contribution mechanism, wider 

panel membership, re-assessment of the need for transparency where it could result in 

adverse market reaction, and some details regarding timing of quotes and normal market 

size. 

 



Subject ST6 Interest rate derivatives 2016 
 

 

 

Unit 5, Page 4 © Institute and Faculty of Actuaries 

The BBA concluded that, in the particularly benign conditions for credit markets over the 

previous decade, insufficient attention may have been paid by certain parties in the 

interbank markets to funding liquidity risk and counterparty risk, and that these aspects 

would need to be addressed.  (Funding liquidity risk is the risk that a lender may be unable 

to raise funds as expected as liabilities fall due; counterparty risk is the risk that the party 

who borrowed the money may not be able to repay as agreed.)   Despite the distortions that 

occurred during the crisis, the status of LIBOR rates as benchmarks has been accepted by 

the markets, ultimately because it would not be feasible in the short run to replace them 

with any other sets of rates that are as credible. 

 

2.5 LIBOR “scandal” 
 

In 2012, it was discovered that some banks were fraudulently mis-reporting the interest 

rates which they were submitting (and colluding with other banks in doing so) in order to 

manipulate LIBOR.   

 

This led to increased validation requirements (e.g. provision of records of actual inter-bank 

transactions) and a change in the regulatory oversight of LIBOR in the UK. 

 

 

3 Repo rates 
 

A repo (or repurchase) agreement is the sale of securities to a counterparty plus an 

agreement for the seller to buy back the securities from that counterparty at a later date.  

This date may be fixed for a term repo agreement or unspecified in an open repo 

agreement. 

 

Repo agreements tend to be money market instruments (i.e. they are typically short term 

transactions from overnight to a few days).  Longer term repo agreements may have a 

maturity of up to two years or, as noted above, may even be open-ended. 

 

The difference between the price at which the securities are sold and the price at which 

they are repurchased under a repo agreement is the interest earned by the counterparty.  

The interest rate is referred to as the repo rate.  The repo rate is typically only slightly 

higher than the corresponding Treasury rate. 

 

The seller has effectively used their securities as collateral for a loan at a fixed rate of 

interest.  Typically highly liquid securities are preferred for repo agreements, so that they 

can readily be sold if the seller defaults and so that the buyer (who is in the “reverse repo” 

position, i.e. has an agreement to sell the securities back) can obtain them readily on the 

open market if they have created a short position. 

 

 

4 Zero rates 
 

The n-year zero rate is the rate of interest earned on an investment that starts today and 

lasts for n years, where all the interest and principal is realised at the end of n years.  The 

n-year zero rate is sometimes also referred to as the n-year spot rate. 
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5 Forward rates 
 

A forward interest rate is the interest rate implied by current zero rates for a specified 

future time period.  If R1 and R2 are the zero-coupon rates for maturities T1 and T2 
respectively, and RF is the forward interest rate for the period between T1 and T2, then 

 

RF = 2 2 1 1

2 1

R T R T

T T




 

 

 

6 Forward rate agreements 
 

A forward-rate agreement (FRA) is a forward contract where the parties agree that a 

certain interest rate will apply to a certain principal amount during a specified future time 

period.  The value, V, of a FRA where it is specified that an interest rate RK will be earned 

for the period of time between T1 and T2 on a specified principal of L can be evaluated as: 

 

V = L(RK  RF) (T2  T1) 2 2R T
e
  

 

i.e. the present value of the difference between the interest payments. 

 

 

7 Interest rate futures 
 

Interest rate futures contracts come in two main types: those where the underlying is a 

government bond (Treasury bond futures – see below) and those where the underlying is a 

short-term Eurodollar or LIBOR interest rate. 

 

Three-month interest rate futures contracts are typically available in a wide range of 

currencies.  The contracts trade with delivery months of March, June, September and 

December up to ten years into the future (as well as short-maturity contracts with other 

delivery months).  The variable underlying the contract is the relevant market interest rate 

applicable to a 90-day period beginning on the third Wednesday of the delivery month. 

 

If Q is the quoted price for a futures contract, the contract price is 

 

10,000 [100  0.25(100 – Q)] 

 

A change of one basis point, 0.01, in a Eurodollar futures quote corresponds to a contract 

price change of $25. 

 

When the third Wednesday of the delivery month is reached and the actual interest rate for 

the 90-day period is known, the contract is settled in cash. 

 

If Q is a Eurodollar futures quote, (100 – Q)% is the Eurodollar futures interest rate for a 

three-month period beginning on the third Wednesday of the delivery month. 



Subject ST6 Interest rate derivatives 2016 
 

 

 

Unit 5, Page 6 © Institute and Faculty of Actuaries 

8 Treasury bond futures 
 

Under a Treasury (or government) bond futures contract, settlement is made when the 

party with the short position delivers a bond in return for cash paid by the party with the 

long position.  Any government bond with more than 15 years to maturity on the first day 

of the delivery month (and not callable within 15 years from that date) can be delivered. 

When any particular bond is delivered, a parameter known as a conversion factor defines 

the price received by the party with the short position, who can choose which of the 

available bonds is “cheapest-to-deliver” i.e. the bond for which [quoted price  (quoted 

futures price  conversion factor)] is least. 

 

If we assume that both the cheapest-to-deliver bond and the delivery date are known, the 

government bond futures contract is a futures contract on a security providing the holder 

with a known income.  Today’s futures price F0 is therefore related to today’s spot bond 

price B0 by 

 

F0 = (B0  I) erT 

 

where F0 is the cash futures price, B0 is the cash bond price, I is the present value of the 

coupons during the life of the futures contract, T is the time when the futures contract 

matures and r is the risk-free interest rate applicable to an investment maturing at time T. 

 

 

9 Interest rate swaps 
 

In a “plain vanilla” interest rate swap, company B (the “payer”) agrees to pay company A 

(the “receiver”) cash flows equal to interest at a predetermined fixed rate on a notional 

principal for a number of years.  At the same time, company A agrees to pay company B 

cash flows equal to interest at a floating rate on the same notional principal for the same 

period of time.  The currencies of the two sets of cash flows are the same. 

 

A swap position under which the fixed rate is received may be referred to as a “receiver 

swap”, with the opposite position being termed a “payer swap”.  In the example above, 

company A has entered into a receiver swap and company B a payer swap. 

 

Note that the notional principal is used only for the calculation of interest payments.  The 

principal itself is not exchanged. 

 

The swap contract has the effect of transforming the nature of the liabilities.  In the 

example above, company B can use the swap to transform a floating-rate loan into a fixed-

rate loan, while, for company A, the swap has the effect of transforming a fixed-rate loan 

into a floating-rate loan.  Equally, swaps can be used to transform the nature of an asset 

from one earning a fixed rate of interest into one earning a floating rate of interest (or vice 

versa). 

 

Usually, two non-financial companies do not get in touch directly to arrange a swap.  They 

each deal with a financial intermediary (such as a bank) which is remunerated by the 
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difference between the values of a pair of offsetting transactions, providing neither client 

defaults on their swap.  The intermediary has two separate contracts, one with company A 

and the other with company B.  (In most instances, company A will not even know that the 

intermediary has entered into an offsetting swap with company B, and vice versa.) If one 

of the companies defaults, the intermediary still has to honour its agreement with the other 

company.  The spread earned by the intermediary is partly to compensate it for the default 

risk it is bearing.  (In practice, any outstanding risk to the intermediary is normally 

collateralised with securities, minimising the default risk.) 

 

In practice, it is unlikely that two companies will contact an intermediary at the same time 

and want to take opposite positions in exactly the same swap.  For this reason, a large 

financial institution will be prepared to enter into a swap without having an offsetting 

swap with another counterparty in place.  This is known as warehousing swaps. 

 

If we assume no possibility of default (which is reasonable when collateralised), an 

interest-rate swap can be valued as a long position in one bond compared to a short 

position in another bond, since the notional principal is the same in both cases. 

 

 

10 European swap options 
 

Swap options (or swaptions) are options on interest rate swaps.  They give the holder the 

right, but not the obligation, to enter into a certain interest rate swap at a certain time in the 

future. 

 

Swaptions provide companies with a guarantee that the fixed rate of interest they will pay 

on a loan at some future time will not exceed some level.  The company is able to benefit 

from favourable interest rate movements while acquiring protection from unfavourable 

interest rate movements. 

 

 

11 Caps and caplets 
 

11.1 Caps 
 

First let us consider a floating-rate note where the interest rate is reset periodically equal to 

LIBOR.  The time between resets is known as the tenor.  Suppose the tenor is 3 months. 

The interest rate on the note for the first 3 months is the initial 3-month LIBOR rate; the 

interest rate for the next 3 months is set equal to the 3-month LIBOR rate prevailing in the 

market at the 3-month point; and so on. 

 

An interest rate cap is designed to provide insurance against the rate of interest on the 

floating-rate note rising above a certain level, known as the cap rate.  The cap provides a 

payoff equal to the excess of the interest on the floating rate over the interest determined at 

the cap rate.  The payoff would not occur on the reset date but would occur, in the example 

above, three months afterwards to reflect the time lag between an interest rate being 

observed and the corresponding payment being required.  If LIBOR were less than the cap, 
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there would be no payoff.  Caps are usually defined so that the initial LIBOR rate, even if 

it is greater than the cap rate, does not lead to a payoff on the first reset date. 

 

11.2 Caplets 
 

A cap can be expressed as a portfolio of interest rate options as follows: 

 

Consider a cap with a total life of T, a principal of L, and a cap rate of RK.  Suppose the 

reset dates are t1, t2, …, tn and define tn+1 = T.  Define Rk as the interest rate for the period 

between time tk and tk+1 observed at time tk (1 ≤ k ≤ n).  The cap leads to a payoff at time 

tk+1 (k = 1, 2, …, n) of 

 

Lδkmax(Rk - RK, 0) 

 

where δk = tk+1 - tk.  Both Rk and RK are expressed with a compounding frequency equal to 

the frequency of the resets. 

 

The equation above is a call option on the LIBOR rate observed at time tk with the payoff 

occurring at time tk+1.  The cap can therefore be expressed as a portfolio of n such options. 

These n options are known as caplets. 

 

 

12 Floors and floorlets 
 

12.1 Floors 
 

A floor is similar to a cap, but it provides a payoff when the interest rate on the underlying 

floating-rate note falls below a certain rate instead of above.  Using the notation in Section 

11.2 above, the payoff at time tk+1 becomes: 

 

Lδkmax(RK - Rk, 0) 

 

12.2 Floorlets 
 

Using the analogy in Section 11.2 above, a floor can be similarly expressed as a portfolio 

of options, this time a portfolio of put options on interest rates.  Each of the individual 

options is known as a floorlet. 
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13 Bermudan swaptions 
 

Bermudan swaptions are similar to European swaptions but can be exercised on some or 

all of the payment dates of the underlying swap. 

 

Bermudan swaptions are difficult to value.  Most traders value them using the one-factor 

no-arbitrage models discussed in Unit 14.  A more accurate method is the least-squares 

approach adopted by Longstaff and Schwartz, as described in Unit 11. 

 

 

E N D 
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 UNIT 15 — STRUCTURED DERIVATIVES AND 
SYNTHETIC SECURITIES 
 

Syllabus objectives 

 

(l) Demonstrate an awareness of the characteristics of different types of structured 

derivatives and synthetic securities that can be encountered in actuarial work. 

 

(i) Define the following securities and OTC contracts and describe how each can 

be used to hedge certain types of liability: 

 

 STRIPS 

 Interest-rate swaps 

 Interest-rate swaptions 

 Index-linked bonds 

 Inflation swaps 

 Limited Price Indexation (LPI) swaps 

 LPI bonds 

 

(ii) Describe how non-economic risks such as longevity risk can be hedged using 

suitable index-linked securities and OTC contracts. 

 

(iii) Describe how the following issues affect the suitability of traded securities and 

OTC contracts for liability hedging: 

 

 Basis risk 

 Capital structure 

 Credit risk 

 

(iv) Describe how special purpose vehicles can be used as part of a mechanism for 

risk transfer, including the role of a credit enhancement agency. 

 

 

1 Definitions 
 

1.1  STRIPS 
 

STRIPS (Separate Trading of Registered Interest and Principal of Securities) are zero-

coupon bonds that are created by securitising the individual cashflows arising under a 

fixed-interest bond.  They are often simply termed “strips”.  

 

Typically, government bonds are “stripped” (e.g. Treasury strips in the USA, gilt strips in 

the UK) although non-government bonds may also be available in strip form. 
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For example, a single unit of the bond Treasury 4¼% 2055 makes coupon payments of 

2.125 on 7 June and 7 December each year until 7 June 2055 and has a final coupon, also 

of 2.125, payable on 7 December 2055 along with the redemption payment of 100 on        

7 December 2055. Each of the coupons of 2.125 and the single redemption payment of 

100 can be traded as individual zero-coupon bonds. 

 

Each coupon becomes an individual “interest only” (IO) strip.  Coupons from different 

bonds that are payable on the same date can be amalgamated into the same strip issue.  To 

enhance liquidity in the strip market, a government may deliberately issue bonds with 

coupons payable on the same sets of dates in the year (e.g. in the UK). 

 

Each maturity amount becomes a “principal only” (PO) strip.  To avoid altering the 

balance between the smaller coupons and much larger final payments, the principal cannot 

be combined with coupons payable on the same date.   

 

A bond may be reconstituted from its individual strips by combining a complete set of IO 

strips for the coupons and one PO strip for the principal at maturity. 

 

Government bond strips can be used, for example, to help an annuity portfolio match its 

expected liability cashflows.  However, the market in strips is typically not especially 

liquid and so they tend not to be used for dynamic hedging. 

 

1.2  Interest-rate swaps 
 

The material required for this section is covered in: 

 

Options, futures and other derivatives.   Hull, J. C.   

Chapter 7 – Swaps, sections 7.1 Mechanics of interest rate swaps. 

 

1.3 Interest-rate swaptions 
 

An interest-rate swaption or swap option is an over-the-counter (OTC) contract that gives 

the holder the right but not the obligation to enter into an interest-rate swap at a future 

date. For European swaptions the exercise date is fixed; for Bermudan swaptions there is a 

series of exercise dates. Like interest-rate swaps, most interest-rate swaptions are heavily-

traded, standardised contracts. 

 

A payer swaption is a swaption where the option lies with the party that will pay the fixed 

rate under the swap contract. A receiver swaption is a swaption where the option lies with 

the party that will receive the fixed rate under the swap contract. 

 

Interest-rate swaptions can be used for a variety of purposes. For example, they can be 

used to help hedge insurance contracts that incorporate some form of interest-rate 

guarantee. Often the interest-rate-contingent payoff under the insurance contract is similar 

to a swaption payoff. The payoff profile might not be exactly the same as a standardised 

interest-rate swaption, but since the latter is liquid and heavily traded it can be used to help 

hedge the interest-rate-contingent payoff under the insurance contract. Interest-rate 
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swaptions have been used, for example, to help hedge the interest-rate risk embedded in 

annuity guarantee contracts. 

 

1.4  Index-linked bonds 
 

An index-linked bond is a bond under which coupon and redemption payments are 

increased in proportion to increases in a specified inflation index. 

 

For example, in the UK index-linked gilts (government bonds) are linked to the Retail 

Prices Index (RPI).  In the past the notional coupon payable in month T would be 

multiplied by RPI(T-8 months) divided by 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 bonds are used, for example, by pension funds to match, approximately, 

inflation-linked cashflows for pensions in payment. They can also be used to help hedge 

LPI-linked pensions in payment (see below), although this requires a greater degree of 

dynamic hedging than, say, RPI-linked pensions. 

 

1.5  Inflation swaps 
 

Inflation swaps are OTC contracts typically between banks (usually the payer of the 

floating inflation-linked cashflow) and pension funds.  An example of an inflation swap is 

one that swaps a fixed cashflow for one that is linked in some linear fashion to a defined 

national inflation 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 bonds.  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 inflation-linked liabilities more 

accurately than might be possible with a limited range of index-linked bonds.  Typically, 

inflation swaps are traded as zero coupon swaps. 

 

1.6  Limited Price Indexation (LPI) Swaps 
 

In the UK, LPI swaps perform the same function as inflation swaps for pension funds that 

have pension liabilities which are subject to LPI increases in payment (i.e. capped at 5%) 

rather than full inflation-linked increases. As with inflation 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 standard 

inflation swaps, which can generally be priced in a simple linear fashion using index-

linked gilts as benchmarks.  LPI swaps are also much less liquid than inflation swaps.  It is 

more common to hedge LPI liabilities using a combination of inflation and interest rate 

swaps that delta hedge the liabilities than to use LPI swaps. 
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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 inflation index but subject to some maximum and subject, typically, to a 

floor on the 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. 

 

 Longevity risk: the risk that in the long run aggregate mortality rates are lower than 

anticipated (due to mortality rates improving more quickly than expected). 

 

Let us focus further on longevity risk. Longevity risk is a key risk factor for annuity 

providers and pension plans. Specifically if aggregate mortality rates fall by more than was 
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anticipated in a life office’s or pension plan’s pricing calculations then the institution will 

make a financial loss. Equally, the pattern in which surplus emerges from one year to the 

next will be affected, in part, by how the mortality projection used in the reserving basis 

changes from one year to the next. The question then arises: how can the life office or 

pension plan hedge this longevity risk? 

 

For a life office the possible range of responses includes: 

 

 It can accept the risk as a legitimate business risk in return for a suitable risk premium. 

 

 It can reduce the risk by adopting a policy of natural hedging: that is, if it sells a 

mixture of annuity and term assurance business then unanticipated mortality 

improvements will cause losses on the annuity contracts but gains on the term 

assurance contracts. If mortality improvements on both types of business are perfectly 

correlated then the right balance between the two lines of business will hedge out 

longevity risk. 

 

 It can enter into a reinsurance deal to share some or all of the downside longevity risk. 

 

 The office can securitize a block of business in order to transfer all risks into the 

capital markets. 

 

 It can replace traditional fixed (non-profit) annuities with with-profit annuities that 

share out the effects of mortality improvements amongst policyholders, so that 

policyholders are then exposed to the effects of longevity risk. 

 

 The office can invest in a range of mortality-linked securities and enter into tailor-

made OTC contracts that allow it to hedge part or all of its risk. 

 

For a pension plan the possible range of responses includes: 

 

 The sponsoring employer can accept longevity risk as part of its business risks. 

 

 The benefits offered by the pension plan might be modified to offer death benefits that 

balance out the effects of unanticipated mortality improvements on pensions in 

payment (similar to natural hedging for life insurers). 

 

 It can purchase an annuity at the time of retirement of each plan member, thereby 

transferring the post-retirement longevity risk to the insurer. Longevity risk remains in 

the form of the annuity tables that will be used by insurers at future retirement dates. 

 

 It can transfer a block of pensioners to a life insurer or similar entity (buy-out). 

 

 It can invest in a range of mortality-linked securities and enter into tailor-made OTC 

arrangements that allow it to hedge part or all of its risk. 

 

Consider now the run-off of a cohort of pensioners. Suppose that each pensioner receives a 

payment of £1 at the start of each year, and let N(t) be the number of pensioners still alive 
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at time t. Let ( , )p t x be the probability (measured retrospectively) that an individual aged x 

at time 0 survives from time t to time t + 1.  If N(0) is initially large then the dominant risk 

associated with the annuity cashflows is the risk of unanticipated changes in aggregate 

mortality over time, and we will have ( ) (0) (0, ) (1, ) ( 1, )N t N p x p x p t x     . The 

possibility that aggregate mortality rates change in unanticipated ways manifests itself in 

randomness in the ( , )p t x  aggregate survival probabilities.  

 

2.2  Longevity bonds 
 

The simplest form of mortality-linked security appropriate for the run-off of this cohort is 

a longevity bond. A longevity bond is a traded security and is a form of index-linked, 

amortisation bond, that pays an amount ( )k S t  per unit at time t for 1,2, ,t T , where 

T is the maturity of the bond, k is the nominal coupon rate, and 

( ) (0, ) ( 1, )S t p x p t x     is called the survivor index. The factor p(u,x) is calculated 

using a specified reference population (e.g. England and Wales males) and this is covered 

in more detail in Section 3.1 below. If the pension plan buys (0) /N k  units of this bond 

then it will be able to hedge the pension payments for this cohort during the first T years.  

But note that the bond does not provide 100% protection against longevity risk for the first 

T years: the pension payments after time T are not hedged and their size does depend on 

mortality improvements over the first T years. 

 

2.3  Mortality swaps 
 

A mortality swap is an OTC contract, that swaps the floating amount ( )kS t  for a fixed 

amount ˆ( )kS t  for 1, ,t T , where ˆ ˆ(1), , ( )S S T  are fixed at time 0 when the OTC 

contract is arranged.  

 

If the pension plan enters into such an OTC contract with (0)k N , and holds fixed 

interest bonds that hedge the ˆ(0) ( )N S t  fixed cashflows, then the plan will have hedged its 

longevity risk associated with cashflows up to time T. 

 

It is possible to enter into an undated mortality swap. 

 

2.4  Survivor caps and caplets 
 

Survivor caps and caplets are OTC contracts and derive their names from interest-rate caps 

and caplets. The concept here is that a pension plan might be concerned specifically about 

high survival rates and hedging against this excess risk while continuing to take surplus if 

survival rates are lower than anticipated. A survivor caplet can provide the right sort of 

payoff under these circumstances. Specifically, a survivor caplet will pay, at time t, the 

maximum of  ˆ( ) ( )S t S t  and 0. Here ( )S t  is the actual survivor index (as defined in 2.2 

above or possibly the actual survival rate out of a specified cohort) and ˆ( )S t  is the cap rate 

for payments at time t (different cap rates for each t). 

 

A survivor cap is simply a collection of survivor caplets with payment dates 1, ,t T . 
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2.5  Principal-at-risk longevity bond 
 

Principal-at-risk longevity bonds might, contractually, be floating rate bonds (paying 

LIBOR plus a defined margin) or fixed-interest bonds (paying a defined, fixed coupon 

rate). They are generally traded securities. 

 

A principal-at-risk longevity bond shares characteristics with a corporate bond. The bond 

pays coupons at a specified rate that are not affected by changes in aggregate mortality 

rates, followed by a repayment of principal that may be reduced if aggregate mortality 

rates are different from anticipated. In this sense the reduction in principal is similar to a 

default on a corporate bond at the maturity date. For example, if a fixed-interest bond is to 

be sold initially at par then the coupon rate will be set at a level that is higher than the 

equivalent government bond par yield to reflect the fact that the principal might not be 

repaid in full.  

 

A simple example might be that the principal repaid at T is equal to 

 ˆ100 100max ( ) ( ) 0S T S T ,  : that is it is reduced if the survivor index at T  is above a 

certain threshold. This simple structure only allows the investors to hedge the risk 

associated with survivorship at T. A variation on the contract might therefore link the 

repayment of principal to each of (1), , ( )S S T  making it a form of path-dependent 

option. The form of path dependency needs to be carefully chosen to maximise the 

usefulness of the bond as a hedging instrument, typically from the perspective of the 

issuers of the bond.  

 

2.6  Principal-at-risk mortality bonds 
 

A similar structure to 2.5 has been used by life reinsurance companies to hedge their 

exposure to short-term catastrophic mortality risk. The term of the contract is much shorter 

than a longevity bond, the reinsurer is the issuer of the bond, and the principal is reduced if 

aggregate mortality rates in one or more years during the contract exceed a specified 

threshold (the attachment point). The reduction in principal provides a local profit to the 

issuer, which provides a hedge against the unanticipated losses on its life reinsurance 

business. 

 

Similar structures have also proved popular in the non-life insurance, catastrophe bonds 

market. These are generally traded securities. 
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3 Basis risk, capital structure and credit risk 
 

For these topics we will focus on the longevity bond, but the comments apply equally to 

other contracts. 

 

3.1  Basis risk 
 

Where the longevity bond is a traded security, the reference probabilities ( , )p t x  will 

typically be calculated using a standard population index rather than the survivor rates of 

the pension plan itself, and might, therefore, be different from the ( , )p t x appropriate to the 

members of the pension plan. Where these differences are random (rather than one being, 

say, a constant multiple of the other) there is basis risk.  

 

There are many instances where pension plans and other financial institutions aim to 

hedge their exposures to risk. If the hedging strategy is imperfect in some sense (here, 

because the reference population is different from the hedger’s own population) the 

strategy results in a hedging error. The risk that this error is specifically a loss is referred 

to as basis risk.  

 

Traded mortality-linked securities will typically refer to some form of national mortality 

index or table. The reasons for this include: 

 

 The security is sometimes intended for many hedgers rather than just one. 

 

 National mortality tables are regarded as being more trustworthy than tables that might 

be produced by the hedger itself, which would give rise to moral hazard and the risk of 

insider trading. 

 

 National mortality tables are produced in a reasonably timely manner compared to 

other published mortality tables. 

 

National mortality tables will differ from the hedger’s own mortality tables for various 

reasons including: 

 

 different mixtures of socio-economic groups 

 different geographical distributions 

 selection (an issue primarily for insurers) 

 

Additionally the age mix implicit in the mortality-linked security’s cashflow structure 

might be different from the hedger’s. 

 

It is these differences that give rise to basis risk. 

 

3.2  Capital structure and credit risk 
 

The capital structure of a mortality-linked security or OTC contract is an important 

consideration for a life insurer or pension plan. A longevity bond, for example, requires a 
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substantial initial capital outlay by the hedger. This might be considered too high since it 

might leave the hedger with little capital to use for other purposes (such as hedging LPI 

increases in pensions).  

 
The capital structure of a security or OTC contract also brings credit risk into play. For 

certain structures the hedger might be exposed to considerable counterparty credit risk. 

Typically a pension plan will not want to be exposed to this type of risk. If it wishes to 

speculate in the credit-risk market then there are more efficient means available to them in 

the credit derivatives market, besides the potential concentration of risk with the single 

counterparty. In any mortality-linked deal, therefore, the hedger will wish to ensure that 

adequate credit insurance is in place to minimise this risk within this specific transaction.  

 

Special purpose vehicles (SPVs) offer one mechanism for reducing credit risk for investors 

in mortality-linked securities and are discussed in the next section. 

 

Counterparty credit risk is considered in more detail in Unit 16. 
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4 Special Purpose Vehicles 
  

Special Purpose Vehicles (SPVs) offer one mechanism for reducing credit risk, and also 

offer transparency in a transaction.  

 

An example of a principal-at-risk longevity bond that involves an SPV is given in Figure 

15.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 15.1: Cash flows from a longevity bond structure involving a special purpose vehicle.  

Based on the presentation “Mortality and Longevity Securitisation” by Albert Shamash 

 

The SPV (which could be a special purpose reinsurer) is a financial entity that is set up 

solely for the purpose of servicing the bonds. The SPV holds low-risk assets (such as 

government bonds matching the total outgo) which maximise the probability that the 

contracted payments will be made to the various counterparties to the transaction. Where 

there is deemed to be any residual credit risk, some form of credit enhancement or credit 

insurance might be put in place to ensure that credit risk is minimised.  

 

At the outset both the ceding company (or protection buyer or sponsor) and investors in 

the bonds (or protection sellers) will pay a premium to the SPV. The combined premiums 

will be used: 

 

(a) To purchase zero-coupon government bonds or AAA-rated fixed-interest debt or 

AAA-rated floating-rate debt. Where floating-rate debt is used, the SPV will enter 
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into a floating-for-fixed interest-rate swap. The investments should result in riskless 

cashflows of  K at times 1, , .t T  

 

(b) To purchase credit insurance.  The protection purchased could be: 

 against default on any of the SPV’s assets or on the interest-rate swap. Provided 

the SPV invests in appropriate AAA or riskless assets, the cost of this credit 

insurance should be very small; or 

 against insurance risk as well as asset risk, so that investors are exposed to the 

credit risk of the credit enhancement agency rather than to the underlying 

insurance risk. 

The total return swap (TRS; see Unit 17) achieves the credit enhancement on the 

underlying pool of assets and generates a floating interest rate (to help service the notes).  

This sort of arrangement is not without risk, as was discovered after the collapse of 

Lehman Brothers when a number of TRS arrangements entered into with Lehmans 

ultimately failed to protect investors. 

 

SPVs can be used to underpin many other types of mortality-linked security, usually with 

the purpose of accessing capital market investors and reducing the counterparty credit risk 

taken by both the ceding company and the investors. 

 

 

E N D 
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 UNIT 17 — CREDIT DERIVATIVES 
 
Syllabus objectives 
 
(n) Demonstrate a knowledge and understanding of credit derivatives and their 

application. 
 

 (i) Demonstrate a knowledge and understanding of the following types of 
credit derivative: 
 
 Credit default swaps (CDS’s) 
 Nth to default baskets 
 Collateralised debt obligations (CDO’s) 
 Total return swaps 

 
(ii) Demonstrate an awareness of the relationship between CDS’s and 

corporate bonds, in particular as shown by their relative credit spreads. 
 

(iii) Describe how credit derivatives can be used to manage the credit risk 
present in a portfolio of securities. 
 

(iv) Show an awareness of the role of correlation in pricing credit derivatives. 
 
 

1 Credit default swaps (CDS’s) 
 
The material required for this section is covered in: 
 
Options, futures and other derivatives.   Hull, J. C.   
Chapter 24 – Credit derivatives, sections 24.1 Credit default swaps and 24.2 Valuation of 

credit default swaps 
 
 

2 Collateralised debt obligations (CDO’s) 
 
The material required for this section is covered in: 
 
Options, futures and other derivatives.   Hull, J. C.   
Chapter 8 – Securitization and the credit crisis of 2007, sections 8.1 Securitization to 8.3 

What went wrong? inclusive 
Chapter 24 – Credit derivatives, section 24.8 Collateral debt obligations 
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3 Basket credit default swaps 
 

3.1 Definitions 
 

A basket default swap is a product with which the investor gains either long or short 
exposure to a relatively small basket of credits.  Baskets typically consist of up to a dozen 
credit names (larger baskets would most likely be structured as an index). 
 
A basket default swap is most readily defined in terms of a first-to-default basket, then 
generalised to the nth default, as follows: 
 
 First-to-default (FTD) basket swap – A leveraged investment on the default risk of a 

reference portfolio where the buyer of protection is protected against the first default 
of the basket by means of a special credit default swap (CDS), and the seller is 
exposed to it.  If and when the first default occurs, the swap buyer is compensated for 
the amount of loss by the seller, and the swap is terminated. This is analogous to a 
plain vanilla CDS, except that the reference credit is a basket instead of a single name. 

 
 Nth-to-default basket swap – Identical to a first-to-default basket, except in this case 

the nth credit event triggers settlement. Nth-to-default baskets behave very similarly to 
securitised or index tranches.  Tranches are defined as follows: 

 
 Tranches – A tranche is a defined portion of credit risk within a securitised pool of 

assets.  Each tranche has a specific attachment and detachment point, representing its 
percentage exposure to losses due to defaults.  For example, the 0% to 3% tranche 
takes the first loss up to 3% of the total principal amount.  The first-loss tranche is 
known as the “equity” tranche, the most junior in terms of priority right to underlying 
collateral within the capital structure.  This is followed by the “mezzanine” and then 
various “senior” tranches. 

 
However, in contrast to tranches, the credit loss attributable to a particular nth-to-default 
basket depends on the order of the credit names defaulting, not just on the total amount of 
loss. 
 
The first-to-default basket is similar to an equity tranche, becoming more senior with each 
move up the sequence.  The Nth-to-default event in a basket of N credits will have almost 
a zero probability of loss, so will be “super senior” (above “senior”), since for a loss to 
occur all the credits in the basket must default within a given time period. 
 
Nth-to-default baskets can be traded in funded or unfunded form.  These terms are defined 
as follows: 
 
 Unfunded form – This form of synthetic credit risk copies the characteristics of a 

swap, i.e. the same as the funded form but without exchange of principal.  Payments 
between the buyer and seller of protection consist of premium payments and a 
termination payment should a credit event occur.  This follows the same pattern as a 
single-name CDS. 
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 Funded form – This form of synthetic credit risk copies the characteristics of a bond.  
Credit risk is embedded into a note (bond) that pays a fixed or floating coupon based 
on the riskiness of the credit.  The protection seller (buyer of the bond) pays the full 
principal amount at the outset of the trade.  If a credit event occurs, losses reduce the 
principal. 

 
Most basket default swaps are structured and executed in unfunded form and are not 
assigned credit ratings.  However, it is possible to combine an nth-to-default basket with a 
deposit to create a funded product.  In that case, the protection seller would buy a bond 
with a spread (for example, over LIBOR) deriving from an nth-to-default position.  In case 
of a default in the underlying basket, the bond-holder would incur a loss of principal 
reflecting the payment of par minus recovery on the nth defaulting credit in the basket. 
 

3.2 Overview of basket default swap mechanics 
 
Suppose an investor sells FTD protection on a six-name basket of reference credits.  The 
investor receives a periodic payment (the “premium”) in exchange for taking on the credit 
risk of the basket.  If there are no credit events during the term of the basket default swap, 
the swap expires.  However, if a credit event occurs during this term, the swap is 
terminated and the seller of protection delivers compensation for the loss on the reference 
credit. 
 
This process is similar to that of a single name credit default swap.  A credit event is 
defined as in the single name market, with investors having the option of choosing 
whether to include restructuring as an event.  When a credit event occurs, the seller of 
protection in the basket effectively loses the difference between the recovery value of the 
defaulted asset and par (100% of notional). 
 
Consider alternatively the example of a fourth-to-default swap with an underlying basket 
of six names.  The seller provides protection to a purchaser via a special CDS in return for 
periodic payments.  The purchaser of protection receives no payment under the 
arrangement for the first three defaults amongst the basket of reference credits, but if a 
fourth default happens amongst the six names the seller of the protection must compensate 
the purchaser for the loss on that particular default.      

Unless the credits in the basket are very risky or highly correlated, the probability of 
recording a loss under a fourth-to-default CDS on six names will be very low. 
 
Hence selling an nth-to-default basket swap (n > 1) is similar to investing in a senior 
Collateralised Debt Obligation (CDO) tranche.  It is not exposed to initial losses, but is 
providing protection against increasingly severe loss scenarios (as n increases) arising 
from multiple credits defaulting (sometimes known as “tail risk”).  One key difference, 
though, is that the return profile of the protection seller in the nth-to-default basket (n > 1) 
is independent of the severity of the first n-1 losses. 
 
Settlement in the event of default can be performed either physically using the reference 
entity (a security selected by the protection buyer that qualifies for delivery under the 
terms of the underlying default swap on the credit), or with a cash equivalent amount equal 
to an agreed difference between par and the recovery amount on the reference entity. 
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Quoted market prices for the swaps assume that the basket CDS seller/buyer would also 
buy/sell a delta-neutral amount of protection on the underlying credits from the basket.  As 
with option delta-hedging, this enables the most efficient transaction to be put in place, 
since there would be no residual exposure to the credits at outset.   
 

3.3 Correlation 
 
As with CDO tranches, correlation between defaults of the credits in a particular basket 
can have a dramatic effect on the pricing of the basket default swaps.  This is because a 
higher correlation of default will result in a greater chance of a loss to the protection seller 
in the senior tranches (the higher values of m in the mth-to-default tranches).  The “price” 
of these tranches (i.e. higher values of m) will therefore increase as the correlation 
increases.  Ultimately, if the correlation is 100%, all the tranches will experience losses if 
there is a default event.  Equally, if the overall expectation of loss for the portfolio remains 
unchanged, a higher correlation will result in a reduction in price of the first-to-default 
tranche, the equity tranche.  This is because the equity tranche will now share losses with 
the more senior tranches. 
 
As a simple example, consider the basket of six credits, each with a default swap trading at 
a premium of 60bp (0.60%).  In the case of 0% correlation, i.e. all credits are independent 
of each other, a first-to-default swap would carry a premium of approximately 300bp, the 
sum of the individual default swap premiums.  But in the case of 100% correlation, the 
first-to-default swap would have a premium of 60bp, the maximum of the individual 
default swap premiums.  The effect from correlation on the price of the first-to-default is 
clearly dramatic.  The impact on the other tranches is lower in absolute terms, but more 
complicated to calculate. 
 
So, fundamentally, an investor who buys or sells protection on a tranche is taking a view 
on correlation: 
 
 An investor can be long correlation (i.e. benefits if correlations increase) by being 

either short the FTD tranche or long a senior tranche. 
 
 An investor can be short correlation (i.e. benefits if correlations fall) by being either 

long the FTD tranche or short a senior tranche. 
 

Mezzanine tranches, the middle values of m (e.g. second- or third-to-default from our 
basket of six credits), are more correlation neutral. 
 
This sensitivity to correlation can change through time as a function of spreads, defaults 
and time decay.  For instance, if all spreads in the underlying credits tighten significantly, 
a (correlation neutral) mezzanine tranche would begin to take on the correlation sensitivity 
of a senior tranche, i.e. as correlation increased, its premium would rise.  Similarly, if all 
spreads widen significantly, the mezzanine tranche would begin to take on the correlation 
sensitivity of an equity tranche, i.e. as correlation increased, its premium would fall.  The 
exact behaviour of this tranche would be a function of the magnitude of the spread change 
and the attachment point (value of m). 
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3.4 Uses of basket default swaps 
 

3.4.1 Buying protection on a basket of credits 
 
Buying first-to-default protection is effectively a way of shorting a basket of credits with 
less premium outlay than buying protection individually on each underlying credit.  Since 
the swap gets terminated when the first credit event occurs, this makes the basket a better 
hedge for default risk (which ceases on a credit event) than spread risk (which continues to 
apply to the rest of the portfolio). 
 
Buying FTD protection is also a way of hedging existing (long) exposure to credits, 
particularly for investors wanting to reduce concentration risk but not necessarily being 
negative on credit spreads.  For example, if the investor has a generally positive view on 
the credits but would like to reduce concentration risk, rather than buying protection 
individually on a portfolio of names, buying protection on the basket will be cheaper and 
more useful.  The buyer of FTD protection is also effectively short correlation (i.e. an 
increase in correlation among the underlying names would be adverse). 
 
Buying second-to-default protection (or more senior tranches) can be a significantly 
cheaper way of hedging existing long credit exposure when the investor is willing to take 
the risk of some losses on the first credit event, but wants to hedge against more severe 
default scenarios.  The correlation exposure becomes more positive as the tranches become 
more senior. 
 

3.4.2 Selling first to default protection 

Suppose that an investor has a positive view on a basket of six credits and that each credit 
pays a premium of 60bp in the 5-year default swap market, as in the previous examples.  
By entering into six individual default swaps of £2 million each, the investor could gain 
notional exposure to each credit and effectively receive 60bp of premium per annum on 
£12 million notional for five years, assuming no credit event occurs.  If there is one or 
more credit events, then there will be a principal loss on each default swap, as described 
above. 
 
As an alternative, though, the investor could express a positive view on the same basket of 
credits by selling FTD protection on the basket with a notional amount of £12 million.  
This strategy can have advantages over the single-name approach, depending on the 
outcome. 
 
If we assume a portfolio default correlation of 30% on the six-credit basket, the premium 
earned might be around 257bp (compared with a total portfolio spread of 300bp).  To get 
the same spread from the single-name approach, the investor would have to write 
protection on 4.3 times the amount of notional.  Therefore, selling a FTD is a levered way 
of expressing a positive view on credits. 
 
The seller of FTD is effectively long correlation. 
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3.4.3 Selling second to default (or more senior) protection 

Selling protection in a second-through-sixth default basket is potentially a less volatile 
way to gain long exposure to a basket of credits.  In exchange for a smaller premium, the 
protection seller has direct exposure to any defaults after the first credit event, but is 
protected from the first credit event.  This is useful if the investor considers that one 
default is likely but multiple defaults are not, which could apply in an industry where 
demand is solid but competition is fierce, such as the airline industry.  Hence an investor 
with a positive view on the underlying credits can sell protection via such a swap and 
potentially earn a better risk-adjusted return than selling protection on some of the 
individual names. 
 
In contrast to selling FTD protection, the seller of more senior protection is increasingly 
short correlation as the seniority increases. 
 

3.5  Delta hedging 

3.5.1 Definition of Delta 

All tranches are subject to mark-to-market (MTM) movements as credit spreads on names 
in the underlying portfolio move about over the life of the transaction. 
 
We define the Delta of a credit in the underlying portfolio as the amount of protection the 
dealer sells (buys) on that name to hedge the MTM risk of a short (long) tranche position 
due to movements in the credit spread of that name. 
 
More formally, we can define the Delta of a credit as the ratio of the spread sensitivity of 
the tranche position to the spread sensitivity of that credit: 
 

Delta of Credit = Change in MTM of Tranche / Change in MTM of Credit 
 

This relationship defines the percentage of the notional amount of the credit that needs to 
be sold (bought) in order to hedge a short (long) tranche position. 
 
For example, assume that a credit in the underlying portfolio, originally with a spread of 
60bps, widens by 1bp.  Suppose this spread widening translates into an absolute MTM 
change of £4,650 on the credit.  If this spread widening also resulted in an absolute MTM 
change on the short tranche position of £2,100, then the Delta for that credit would be 
equal to 45.2% (= 2,100 / 4,650).  This means that to hedge the MTM risk of the tranche to 
small moves in the credit spread of that name, the dealer would sell protection on 45.2% of 
the notional of that credit.  If the credit had a notional value of £2 million in the basket, the 
amount of protection sold would be £904,000. 
 
To hedge the spread risk of a short position in a tranche, a dealer needs to sell protection 
on each of the underlying credits in the portfolio according to the Delta measure.  
Similarly, to hedge the spread risk of a long position in a tranche, a dealer needs to buy 
protection on each of the underlying names in the portfolio according to the Delta 
measure. 
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There are no analytical formulae to calculate Delta.  Instead, Deltas are generally 
calculated using “brute force”, by shifting the credit spreads on each individual name in 
the basket by a small amount (say 1bp), and then calculating the resultant MTM change of 
the tranche.  Deltas range from 0% to 100%.  The Delta of a single-name CDS is 
obviously 100%. 
 

3.5.2 Dynamic hedging 

Tranche deltas behave very similarly to options. 
 
We calculate Delta for small spread changes in the underlying credits.  For larger spread 
changes, a delta-hedged tranche is not totally immune to spread movements.  A delta-
hedged CDO position is still subject to spread convexity for larger spread moves, and as a 
result the Deltas will need to be dynamically rebalanced throughout the life of the 
transaction. 
 
Dealers will typically manage the spread risk of a single-tranche position by dynamically 
rebalancing the Delta hedges as spreads move.  However, as with options, there are 
practical limits to such a process:  
 
1. There is a cost associated with rebalancing the hedges.  Whilst underlying spread 

curves move on a daily basis, rebalancing will typically be on a less frequent basis as 
buying and selling small portions of credit risk can become relatively expensive when 
bid-offers are taken into account.  The more frequent the rebalancing of Deltas, the 
more expensive the hedging cost. 
 

2. It may not always be possible to transact single-name hedges in the precise Delta 
amounts that are produced from analytical models. 
 

3. Not every name in the basket will have the same liquidity in the underlying single-
name CDS market.  This may cause a conflict between the need to rebalance hedges 
on a frequent basis and the availability of liquid CDS contracts for which to hedge.  
For more liquid names, tighter bid-offer spreads in the single name CDS market helps 
mitigate the cost of rebalancing. 

 
 

4 Total return swaps (TRS’s) 
 
Under a total return swap (TRS):  
 
 the total return from an asset (or group of assets) is swapped for the total return on 

another asset (or group of assets); or  
 

 the total return from an asset (or group of assets) is swapped for a fixed or variable 
swap rate. 

 
A TRS is designed to transfer the credit risk from one party to another.  It is often used by 
banks and other financial institutions to manage their credit risk exposure. 
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The total return on the underlying asset(s) is the interest payments and any changes in the 
market value of the asset(s) to allow for capital appreciation.  The settlement in relation to 
the value of the appreciation will depend on the contract, but it is often cash-settled or via 
physical delivery of the reference asset at the maturity of the TRS (in this case the 
receiving counterparty would have to pay the initial asset value, i.e. the value at the start of 
the TRS). 
 
The value of the underlying asset(s) is obtained from a third party source.  The swap 
element of the TRS will usually take place on a quarterly or semi-annual basis, with the 
underlying asset(s) being marked-to-market on these dates.  The maturity date of the TRS 
is usually different to the maturity date of the underlying asset(s). 
 
A TRS creates a hedge for both market (price) risk and for the credit (default) risk of the 
reference asset(s), which are typically bonds, loans or an equity index.   
 
As the total return from the underlying asset(s) is swapped, a TRS differs from other credit 
derivatives.  In particular, the payments between counterparties are linked to changes in 
the market value of the underlying asset, as well as changes as a result of a credit event.  
Therefore, the cash flows of a TRS are not just linked to the occurrence of a credit event. 
 
A TRS allows the party receiving the total return to gain exposure to the reference asset 
without actually having to own it.  For example, if the reference asset is a bond, then the 
complete cash flows of the bond can be received without a counterparty actually buying 
the bond.  This is an example of a synthetic bond product.  Such swaps are popular with 
hedge funds, since they can achieve a large exposure with a minimal cash outlay and the 
swaps provide access to illiquid assets. 
 
Investors who are unable to short securities may be able to hedge a long position by 
paying the total return in a TRS.   
 
The liquidity of a TRS may be better than that of the underlying asset(s), which gives it an 
advantage as a hedging tool rather than directly selling the credit risk in the cash markets. 
 
However, the use of a TRS introduces counterparty risk in respect of the other party to the 
swap and the risk of default of the reference asset obligor. 
A TRS can also be known as a total rate of return swap (TRORS) or TR swap. 

 
 

5 Practical applications of credit derivatives 
 
The material required for this section is covered in: 
 
Options, futures and other derivatives.   Hull, J. C.  
Chapter 23 – Credit risk, section 23.9 Default correlation. 

E N D 
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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. 
 
The Core Reading refers to the 2009 G20 summit.  The G20 (Group of Twenty) is made 
up of finance ministers and central bank governors from 20 of the world’s largest 
economies including the UK, the US and the European Union.  They have an annual 
summit to discuss global financial matters. 
 
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.   
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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. 
 
The benefits of having a few large CCPs to clear these OTC trades include: 

● economies of scale 

● mitigation of counterparty risk 

● improved information flow concerning OTC trades. 
 
Issues raised by the introduction of CCPs include: 

 consistency of risk assessment methods across CCPs 

 backstop liquidity arrangements for CCPs to reduce the risk of them failing 

 the need for a robust mechanism for segregating client money 

 interoperability between CCPs. 
 
This legislation affects EU insurers in four main areas: 

● Reporting – all OTC trades must be reported to a trade repository within 1 day 
and daily exposure information is needed, including mark-to-market or mark-to-
model values and collateral values. 

● Clearing – as mentioned above some OTCs need to be cleared by a CCP. 

● Risk mitigation (for non-cleared trades) – this includes timely confirmation of 
all OTC trades, regular reconciliation of data (the frequency of which depends 
on the number of open trades with each counterparty) and margin requirements. 

● Operation – rules for the operation of CCPs. 
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2 Derivative types 

2.1 Forwards 

A forward contract is an agreement between two parties to buy (or sell) an asset in the 
future on a set date at a specified price. 

 
Forwards are traded in the OTC market. 
 
Examples of the underlying asset (often just called the “underlying”) are equities, 
bonds, commodities and foreign currencies. 
 
A financial institution can choose to act as a market maker in a particular contract, in 
which case it commits to quoting bid and offer prices at which it is willing to trade. 
 
The trader who agrees to buy the asset has a long position and the trader who agrees to 
sell the asset has a short position. 
 
Why might forward contracts be used? 
 
Here’s one example: 
 
Consider a UK exporter who expects to receive €1m in three months’ time and is 
worried about future £/€ exchange rates.  By entering into a three-month short forward 
contract on €1m, the exporter agrees a sterling price now for selling the €1m in three 
months and has therefore hedged the foreign currency risk. 
 
Payoffs 
 
The payoff from a long forward position is TS K- , where: 

● tS   = the price of the underlying at time t  

● T   = the time at the maturity of the contract 

● K   = the delivery price 
 
The payoff from a short forward position is TK S- . 

 
The combined payoff from both positions is ( ) ( ) 0T TS K K S- + - = , as expected. 
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6 Checklist 

Definitions and concepts you should know 
 
○ State the key features of derivatives exchanges 
○ State the key features of OTC markets 
○ Give an overview of the OTC legislation introduced since the credit crisis 
○ Explain the role of a CCP in the OTC derivative market 
○ Define a forward, a future and an option 
○ State 6 differences between forward and futures contracts 
○ Define and give examples of: 

○ hedger 
○ speculator 
○ arbitrageur 

○ Define the following terms from CT8: 
○ risk-free interest rate 
○ conditional expectation 
○ filtration 
○ martingale (in discrete and in continuous time) 

 
Facts and formulae you should know 
 
○ State the benefits of having OTC trades cleared by CCPs 
○ State the issues raised by the introduction of CCPs 
○ State the payoff from a forward contract 
○ State the payoffs from the various types of option contracts 
 
Results and proofs you should know 
 
○ Derive the put-call parity relationship for European options 
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A graph of implied volatility against strike price varies according to the current 
underlying price.  A more stable graph can be produced by plotting implied volatility 
against a different function.  These functions are shown in the table below, together 
with a statement of what traders usually mean when they use the term “at the money” in 
each case. 
 

Plot implied volatility 
against: 

Option referred to “at 
the money” when: 

0K S  0K S=  

0K F  0K F=  

Delta, D  0.5cD = , 0.5pD = -  

 
Since implied volatility also varies with term to maturity, traders often use a volatility 
surface (depending on both strike price and term to maturity) to price options.  In this 
case a volatility smile could be defined as the relationship between implied volatility 

and ( )1
0ln

T
K F . 

 
If implied volatility is assumed to vary with the “moneyness” of an option, then an 
extra term is needed in the expression for delta of the option to reflect this dependency.  
For example, the delta of a call option would be: 
 

 t t
call

t t

c c

S S

s
s

∂ ∂ ∂D = +
∂ ∂ ∂

 

 
Other methods of estimating volatility 
 
To calculate historic volatility: 

1. Select an appropriate past period, eg if you’re pricing a 3-month option, you 
could use the last 3 months. 

2. Obtain data for the asset price at regular intervals during that period, eg at the 
close of trading on each trading day. 

3. Calculate the rates of return for each subperiod, ie the changes in the log asset 
prices. 

4. Calculate the sample standard deviation of these returns. 

5. Rescale to obtain an annualised volatility estimate, remembering that the 

volatility over a time period of length u  is proportional to u .  So to convert a 

daily estimate (based on trading days) to an annual estimate, multiply by 250 . 
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Other methods of estimating volatility include: 

 formulae for estimating s  based on the “high” and “low” values observed for 
the underlying asset price over a past period (eg the last 12 months). 

 basing the estimate on a published volatility index, which can be used as a 
benchmark for estimating volatility. 

 
Units for volatility 
 
If we assume that price movements are independent over each subperiod, then the 
overall variance over a time period 1 2( , )t t  will be proportional to 2 1t t- .  Hence the 

volatility s  is proportional to 2 1t t- , the square root of the time period.  By 

convention, volatilities are usually quoted as “20% per annum” (say), which means that 
0.2s =  when calculations are carried out in units of years. 

 
Stock market volatility 
 
The following commonly-used strategies are considered to increase the volatility of 
equity (and other) markets: 

 portfolio insurance strategies  

 short-selling futures (or buying puts) on an equity index 

 the strategy (which may be subconscious) of selling a share when it falls to a 
specified level in order to cap losses. 
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7 Checklist 

Definitions and concepts you should know 
 
○ Understand what is meant by delta, gamma and vega hedging 
○ Understand the reasons for delta, gamma and vega hedging 
○ Distinguish between static and dynamic hedging 
○ Define volatility and understand why it is important 
○ Define implied volatility 
○ Describe how other common measures of volatility are calculated 
○ Understand what is meant by a volatility smile and why these arise for foreign 

currency options 
○ Understand what is meant by a volatility skew and why these arise for equity 

options 
○ Define alternative definitions of “at the money”, sometimes associated with 

different volatility smiles/skews 
○ Know the terminology used in describing trading strategies 
○ Know what is meant by a combination 
○ Define a position diagram and a profit profile 
○ Distinguish between naked and covered positions 
○ Be familiar with the units in which numerical values of the Greeks are 

commonly expressed 
 
Facts and formulae you should know 
 
○ Describe how options prices are affected by changes in the six parameters 
○ State an expression for the delta of an option where implied volatility varies 

with the moneyness of the option 
○ State the objectives of a trading strategy 
○ Explain why a stop-loss strategy won’t work in practice 
○ Know how to construct long or short positions in each of the common trading 

strategies (including naked / covered puts and calls, bull / bear spreads, 
calendar spreads, straddles / strangles and butterflies / condors) 

 
Results and proofs you should know 
 
○ Know the shapes of the graphs of delta and gamma for vanilla call and put 

options and how these change over time 
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Techniques you should know 
 
○ Calculate implied volatility 
○ Assess the extent to which the objectives of a trading strategy have been met 
○ Sketch a position diagram or a profit profile for a specified trading position 
○ Sketch a graph of delta or gamma for a specified trading position 
○ Calculate delta for a forward or a future 
○ Describe how a particular trading strategy will be affected by the passage of 

time 
○ Identify the risks associated with a specified trading strategy 
○ Use numerical values of the Greeks to estimate a price movement for an option 
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0 Introduction 

In this chapter, we will look at the different theoretical measures of interest rates and 
how these can be calculated from market data. 

In preparation for the next chapter, we will then look at some technical issues relating to 
bonds. 

We will also look at the Black model.  This model is used to price some of the interest 
rate derivatives we will be looking at in the next chapter (but is not restricted to 
interest rate derivatives). 
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1 Market interest rates 

1.1 Market rates 

Official interest rates 
 
The following market rates all provide information about the current yield curve, 
ie how current interest rates vary according to term: 

 Treasury rates 

 LIBOR 

 repo rates 

 zero rates 

 swap rates 

 interest rates that can be inferred from other interest rate products including 
forward rate agreements, interest rate futures, Treasury bond futures and 
swaptions (which we cover in the next chapter) 

 official lending rates (eg the Bank of England’s “base rate” in the UK). 
 
Definitions 
 
Treasury rates are the gross redemption yields on fixed-interest securities issued by 
governments in their own currency. 
 
LIBOR is the “London InterBank Offer(ed) Rate”.  It is the rate at which one large 
international bank is willing to lend money to another large international bank.  LIBOR 
is quoted with various terms (eg 3 months) in various currencies, which are published 
daily in the Financial Times.  LIBOR rates are generally higher than rates derived from 
government securities because banks are not considered to be risk-free.  Most large 
companies regard LIBOR as the rate that most closely mirrors their cost of borrowing. 
 
The Core Reading describes the daily process for setting LIBOR and discusses the 
effect of the “credit crunch”.  During the credit crunch, it became increasingly hard to 
actually earn the LIBOR rates.  An alternative to LIBOR that is being used by some 
banks is SONIA (Sterling OverNight Index Average), which is calculated using actual 
trades between banks rather than offered possible rates. 
 
As a result of the 2012 LIBOR “scandal” (where some banks were caught submitting 
false borrowing rates to manipulate LIBOR), oversight of the process was strengthened. 
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Repo rates reflect the difference between the price at which securities are sold and then 
repurchased under a repo (or repurchase) agreement, ie they are the interest rate earned 
by the counterparty.  Rates are available for terms ranging from overnight to two years. 
Alternatively, open repos are ones with no specified term. 

An n -year zero rate is the rate of interest earned on an investment that starts today and 
lasts for n  years, where all interest and principal is realised at the end of the n -year 
period, eg a rate derived from the price of a zero-coupon bond.  These will not usually 
be the same as the rates earned on securities that pay regular interest payments 
(eg coupon bonds). 

Swap rates (sometimes called par swap rates) are deduced from interest rate swaps. 
In the swap markets, the fixed coupon rate is chosen so that there is no initial cost 
when the swap is entered into.  This rate is the swap rate.  Swap rates are published in 
the Financial Times with terms ranging from 1 year to 30 years.  

1.2 Bonds and gilts 

UK 

Fixed-interest securities issued by the UK government are called gilts. 

They can be subdivided into conventional (with coupons and redemption payments that 
are fixed amounts) and index-linked (where the coupon payments and redemption 
payment are linked to inflation). 

Gilts are categorised as short, medium, long or undated, according to their remaining 
term.  (We have only shown this split for conventional gilts in the table below.)  Gilts 
with remaining terms of less than one year may be referred to as ultra-short. 

Type Remaining term Examples 

Conventional 

Short < 5 years Treasury 2% 2016 

Medium 
5 to 10 years Treasury 4% 2022 

10 to 15 years Treasury 4¼% 2027 

Long >15 years Treasury 4½% 2042 

Undated Effectively irredeemable War Loan 3½% 

Index-linked I/L 2½% 2024 
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Prices and gross redemption yields for all gilts are published in the weekend edition of 
the Financial Times, with an abbreviated version shown on other days.  In the current 
economic climate of low inflation, gilt yields are much lower than they have been in 
the past.  The yields quoted for index-linked gilts are real yields. 

All gilts pay coupons.  However, the coupons for some issues can be traded 
individually (“stripped”).  These then behave like zero-coupon bonds. 

When new gilts are issued, the coupon rate is usually chosen so that the gilt can be 
sold at par.   This coupon rate is called the par yield.  It reflects average market interest 
rates over the term of the gilt. 

US 

Fixed-interest securities issued by the US government have various names (and there 
is a much wider choice than in the UK).  Issues with less than 1 year to maturity that 
make only a single payment are called Treasury bills (“T-bills”).  Issues that pay 
coupons are called Treasury notes if they have less than 10 years to run and Treasury 
bonds if they have more than 10 years.  Inflation-indexed securities are also issued. 

Other 

Fixed-interest securities issued by large companies and banks are called corporate 
bonds.  They usually have higher yields than similar government securities, because of 
the risk of payment default. 

1.3 Yield curves 

The yield curve shows either spot rates or forward rates plotted against the term to 
which they apply. 

It is not usually flat, but has a term structure, ie the rates vary by term. 

Yield curves usually slope upwards or are “humped”, although inverted yield curves 
(ie downward-sloping) arise from time to time. 

An interest rate difference of 0.01% is often referred to as one basis point. 
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Bootstrapping 

The yield curve is constructed from the available market rates by bootstrapping.  This 
technique requires a set of benchmark rates that cover the full range of terms required 
(called spanning instruments).  The yields are calculated iteratively starting at the 
shortest term and applying  interpolation between the terms of the benchmark rates. 

Typically the yield curve will be constructed for all terms from 0 to 30 years.  For terms 
up to 1 year, LIBOR rates can be used.  For slightly longer terms, rates for interest 
rate futures can be used.  After that, swap rates can be used. 
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Cox-Ingersoll-Ross model 
 
+ Prevents ( )r t  from taking negative values 

– More complicated than Vasicek model 
– Derivative pricing formulae are based on non-central chi-square distribution 
– In preventing negative values, it tends to impose an effective lower limit on ( )r t  

– Results don’t match the current yield curve exactly 
 
Hull & White model 
 
+ Matches observed yield curve, so better for pricing derivatives 
– Allows ( )r t  to take negative values 

– More complicated because not time-homogeneous 
 
 

2.11 Other models 

Hull mentions some other models in Sections 30.2 and 30.3, including: 
 
 The Rendleman and Bartter model assumes that the short rate follows 

geometric Brownian motion.  This model does not incorporate mean reversion. 
 
 The Ho-Lee model, ( )dr t dt dzq s= + , is a no-arbitrage model without mean 

reversion. 
 
 The Black-Derman-Toy model, ln [ ( ) ( ) ln ] ( )d r t a t r dt t dzq s= - + , has a 

mean-reversion parameter that is linked to the volatility by ( ) ( ) ( )a t t ts s= - ¢ .  

This is a no-arbitrage model that prevents negative interest rates arising by 
modelling the log of r . 

 
When the volatility is constant, we have ( ) 0a t =  and the model becomes 

ln ( )d r t dt dzq s= + . 

 
 The Black-Karasinski model, ln [ ( ) ( ) ln ] ( )d r t a t r dt t dzq s= - + , is a 

generalisation of the Black-Derman-Toy model, where the mean-reverison rate 
and volatility may be independent of each other, ie the link between ( )a t  and 

( )ts  specified above for the Black-Derman-Toy model does not apply here. 

 
 The Hull-White two-factor model is a more complicated model in which the 

mean reversion level (reflected by an extra stochastic variable u ) is stochastic. 
 



Page 18 ST6-13: Interest rate models 

© IFE: 2016 Examinations The Actuarial Education Company 

2.12 Bond options 

Zero-coupon bonds 
 
As we saw in Chapter 12 of the ActEd Notes, bond options can be valued using Black’s 
model.  In the special case of a zero-coupon bond for principal amount L , the Vasicek, 
Ho-Lee and Hull-White models give the following formulae for T -year options with 
strike price K : 
 
 Call option: . (0, ) ( ) . (0, ) ( )Pc L B s h K B T h s= F - F -  

 Put option: . (0, ) ( ) . (0, ) ( )Pp K B T h L B s hs= F - + - F -  

 

where: 1
2

1 . (0, )
ln

. (0, ) P
P

L B s
h

K B T
s

s
= +  

 Ps  is the volatility of the log bond price at time T  (which has a different form 

for each of these three models). 

Coupon bonds 
 
For one-factor models, the value of a European option on a coupon bond can be 
calculated as the sum of European options on zero-coupon bonds (ZCBs).  The process 
is described in Hull Section 30.4. 
 
For two-factor models, this doesn’t apply because yield curve changes could cause 
ZCBs to increase in value at some durations, whilst decreasing in value at other 
durations. 
 
 

2.13 Volatility structures 

Different short rate models give rise to different volatility structures as shown in the 
table below. 
 

Short rate model 
Forward rate volatility as 

a function of term 

Ho-Lee Flat 

Hull-White (one factor) Decreasing 

Hull-White (two factor) Humped 
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Chapter 14 
 
 

Structured derivatives and synthetic securities 
 
 

Syllabus objectives 
 
(l) Demonstrate an awareness of the characteristics of different types of structured 

derivatives and synthetic securities that can be encountered in actuarial work. 
 
 (i) Define the following securities and OTC contracts and describe how 

each can be used to hedge certain types of liability: 

  STRIPS 

  Interest-rate swaps 

  Interest-rate swaptions 

  Index-linked bonds 

  Inflation swaps 

  Limited price indexation (LPI) swaps 

  LPI bonds 
 
 (ii) Describe how non-economic risks such as longevity risk can be hedged 

using suitable index-linked securities and OTC contracts. 
 
 (iii) Describe how the following issues affect the suitability of traded 

securities and OTC contracts for liability hedging: 

  Basis risk 

  Capital structure 

  Credit risk 
 
 (iv) Describe how special purpose vehicles can be used as part of a 

mechanism for risk transfer, including the role of a credit enhancement 
agency. 
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Reading / Topics covered 
 
Topics shown in brackets in the table are “optional” topics that may be useful to read, 
but are not listed explicitly in the official reading. 
 

Hull (8th edition)   

Chapter 7 §1 Mechanics of interest rate swaps† 

(Chapter 33) 
(§5) (Weather derivatives) 

(§6) (Insurance derivatives) 

Core Reading   

Unit 15 

§1 Definitions 

§2 Hedging non-economic risks 

§3 Basis risk, capital structure and credit risk 

§4 Special purpose vehicles 

 
† This section of Hull formed part of the “optional” reading for Chapter 12 of the 

ActEd Notes. 
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0 Introduction 

Many traded securities and OTC contracts have been developed to help various 
entities, including pension funds and life insurers, to hedge their exposures to economic 
and non-economic risks.  In this chapter, we will look at some examples of these. 
 
We will also mention interest rate swaps and swaptions, which were previously 
covered in detail in Chapter 12 of the ActEd Notes. 
 
The issues of basis risk, capital structure and credit risk are also covered. 
 
The chapter ends with a description of how a special purpose vehicle can be used to 
reduce the credit risk present in a mortality-related security. 
 
 

1 Products used to hedge certain types of liability 

1.1 Strips 

Description 
 
Strips are zero-coupon bonds created by separating the individual coupon payments and 
the principal repayment of a fixed-interest bond and trading them separately.  (“Strips” 
is an acronym for Separate Trading of Registered Interest and Principal of Securities.)  
Examples include gilt strips, where the bond being stripped is a UK government bond, 
and Treasury strips, where the bond being stripped is a US Treasury bond. 
 
Example 
 
Treasury 6% 2028 is a “strippable” UK government bond.   
 
The individual coupons are payable on 7 June and 7 December each year until 
7 December 2028.  Each of these coupons can become an “interest only” (IO) strip and 
can be combined with coupons from other strippable bonds provided they’re payable on 
the same date.   
 
The principal is payable on 7 December 2028 (along with the final coupon payment).  
The principal can become a “principal only” (PO) strip and can’t be combined with IO 
strips. 
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Hedging 
 
Prior to the introduction of gilt strips in 1997, many UK life insurers tried to hedge their 
annuity portfolio by holding gilts (and perhaps corporate bonds) to match the expected 
annuity payments.  However, producing a smooth graph of cash inflow against time was 
impossible due to the spikes caused by redemption amounts and the limited range of 
maturity dates.  The existence of strips has made this much easier, although static 
hedging is more common than dynamic hedging due to the relative illiquidity of the gilt 
strips market. 
 
 

1.2 Interest rate swaps 

Description 
 
See Section 2 of Chapter 12 of the ActEd Notes. 
 
Hedging 
 
Interest rate swaps can be used to transform a fixed-rate asset (liability) into a floating-
rate asset (liability), or vice versa. 
 
 

1.3 Interest rate swaptions 

Description 
 
Interest rate swaptions are OTC options to effect an interest rate swap in the future on 
set terms. 
 
Under a payer swaption, the holder of the long position would pay fixed (and receive 
floating). 
 
Under a receiver swaption, the holder of the long position would receive fixed (and 
pay floating). 
 
Hedging 
 
Life insurers can use swaptions to hedge interest rate guarantees, eg guaranteed annuity 
rates where the insurer might promise to convert a lump sum into an annuity at 
retirement using annuity rates based on interest rates no lower than 6% pa. 
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1.4 Index-linked bonds 

Description 
 
Index-linked bonds are bonds where the coupon and redemption payments are 
increased in line with a specified inflation index. 
 
For example, the UK has index-linked gilts, which are based on RPI (the retail prices 
index).  For practical reasons, payments in month t  are based on the RPI figure for 
month 3t - , ie a three-month lag.  For index-linked 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 
 
UK 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 ˚  
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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 . 

 
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 an inflation swap to hedge their 
portfolio of inflation-linked annuities.  This approach is more flexible than investing 
directly in index-linked bonds, where there is often limited choice and less liquidity. 
 
Alternatively, a combination of inflation swaps and interest rate swaps could be used to 
hedge changes in value of a portfolio of inflation-linked annuities. 
 
If a pension fund holds a widely-diversified portfolio of domestic equities or overseas 
index-linked bonds, it can use the other types of inflation swap mentioned above (see 
bullets) to transform the income on its assets to hedge its expected inflation-linked 
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.  A UK 
example is min( ,5%)LPI RPI= .  The increases are usually subject to a minimum of 

zero. 
 
LPI swaps are similar to standard inflation swaps, but are based on LPI rather than 
directly on an inflation index.  As with RPI swaps in the UK, LPI swaps are usually 
effected on a zero-coupon basis. 
 
Hedging 
 
In the UK, 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. 
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2 Hedging non-economic risks 

2.1 Which risks and what are the options? 

We’re interested in non-economic risks here, so we’re not considering risks such as: 

● market risk 

● inflation risk 

● interest rate risk 

● credit risk. 
 
Insurers might wish to hedge the non-diversifiable parts of the following separate risks: 

● mortality risk 

● lapse risk (ie non-renewal of policies) 

● non-life insurance risks (eg catastrophe insurance). 
 
Examples of contracts designed to hedge non-life insurance risks are weather 
derivatives and catastrophe bonds.  (See the optional reading listed on page 2 of this 
chapter.) 
 
 

2.2 Mortality risk 

Mortality risk can be subdivided as follows: 
 

Mortality risk

Non-systematic Systematic

Short term Long term
 

 
● Non-systematic risk (which relates to the random element of the timing of 

mortality amongst individuals) can be diversified away by increasing the number 
of independent lives in the portfolio. 

● Systematic risk is the risk that, in aggregate, actual mortality rates are different 
from expected rates. 

● In the short term, mortality rates may fluctuate due to environmental factors or 
catastrophes. 

● In the long term, there is a longevity risk, where mortality rates decrease more 
quickly than expected. 
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Chapter 16 
 
 

Credit derivatives 
 
 

Syllabus objectives 
 
(n) Identify the market, credit and liquidity risks that arise in the use of derivatives. 
 
 (i) Demonstrate a knowledge and understanding of the following types of 

credit derivatives: 

  Credit default swaps (CDS’s) 

  N th to default baskets 

  Collateralised debt obligations (CDO’s) 

  Total return swaps 
 
 (ii) Demonstrate an awareness of the relationship between CDS’s and 

corporate bonds, in particular as shown by their relative credit spreads. 
 
 (iii) Describe how credit derivatives can be used to manage the credit risk 

present in a portfolio of securities.  
 
 (iv) Show an awareness of the role of correlation in pricing credit 

derivatives. 

 
 



Page 2 ST6-16: Credit derivatives 

© IFE: 2016 Examinations The Actuarial Education Company 

Reading / Topics covered 
 
Topics shown in brackets in the table are “optional” topics that may be useful to read, 
but are not listed explicitly in the official reading. 
 

Hull (8th edition)   

Chapter 24 

§1 Credit default swaps 

§2 Valuation of credit default swaps 

(§6) (Basket credit default swaps) 

(§7) (Total return swaps) 

§8 Collateralised debt obligations 

(§9) Role of correlation in a basket CDS and CDO 

Chapter 8 §1-3 Securitisation and the credit crisis of 2007 

Chapter 23 §9 Default correlation  

Core Reading   

Unit 17 

§1 Credit default swaps (CDSs) 

§2 Collateralised debt obligations (CDOs) 

§3 Basket credit default swaps 

§4 Total return swaps (TRSs) 
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0 Introduction 

This chapter looks at the nature and use of credit derivatives, and then goes on to 
consider the role of correlation in credit risk models. 

The market in credit derivatives started in 1993 and has grown massively since then, 
although some types of credit derivative became less popular following the credit crisis 
in 2007-2008. 

1 Credit derivatives 

A credit derivative is a derivative contract where the payoff depends on the 
creditworthiness of one or more entities (eg a company or a country). 

Credit derivatives allow companies to trade credit risks.  This means that banks and 
other financial institutions can actively manage their credit risks in much the same way 
as they do with market risk. 

We will now describe four particular types of credit derivative: 

● Credit default swaps

● N th-to-default baskets

● Collateralised debt obligations
● Total return swaps.

1.1 Credit default swaps (CDS's) 

The holder of a credit default swap has the right to sell a bond for its par value in the 
event of default by the issuer. 

This is the most popular type of credit derivative. 

The company or country issuing the bond specified in the CDS arrangement is known 
as the reference entity. 

A default by the reference entity is known as a credit event. 

The par value of the bonds that may be sold under the CDS is known as its notional 
principal. 
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The cost of the CDS is spread throughout the life of the contract (usually in arrears) or 
until the credit event happens, if earlier.  The annual cost, expressed as a percentage of 
the notional principal, is known as the CDS spread. 

The following diagram illustrates the possible cashflows involved: 

Figure 1: Possible cashflows under a CDS 

Notes 

● We assume premiums are paid half yearly in arrears (although quarterly or
annual payments are also possible).

● We assume a credit event happens after 3 years and 10 months, and that this is
before expiry of the CDS.

● At this point, one final premium equal to two-thirds of the full amount is
payable.

● The seller of the CDS settles by either:

– physically buying the bonds for their par value, or

– settling the contract in cash for the difference between the par value and the
market value of the bonds. 

● In practice, a CDS usually specifies several alternative bonds (of equal seniority)
that may be delivered in the event of default, resulting in a cheapest-to-deliver
bond option on the part of the CDS holder.

● The payoff under a CDS is (1 )L R-

where L  = the notional principal
R  = the recovery rate, ie (market value after default) / (par value) 

0 1 2 3 4 5 

CDS premiums, including a proportionate amount in respect of final period

Payout in the event of a credit event

time

Outflows

Inflows
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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 Total return swaps (TRS’s) 

Total return swaps are swaps where the total return on an asset (or portfolio of assets) 
is exchanged for any of: 

 a fixed swap rate

 a variable swap rate, eg LIBOR plus a spread

 the total return on a different asset (or portfolio of assets).

Example  

● The following diagram shows how a TRS might work:

Company A
LIBOR + 2%

Total return on Bond B

Bank

(income plus capital gains)

Figure 3: TRS example 
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– Company A pays a spread over LIBOR on an agreed notional amount
every six months throughout the term of the TRS, which could be the
same as the term of the bond, but is usually shorter.  Company A is
referred to as the total-return receiver.

– The bank is the total-return payer and pays Company A the income on
the agreed notional amount of Bond B every six months throughout the
term of the TRS.  In addition, the bond is marked-to-market every six
months and any capital gain is also paid from the bank to Company A.
(If there is a capital loss, this is paid from Company A to the bank.)

– If the issuer of Bond B defaults during the term of the TRS, the TRS will
terminate and the capital loss since the most recent payment date will be
paid across.

Notes 

 In the example above, Company A gains exposure to both the market and
credit risk associated with Bond A without having to purchase the bond.  This
is an example of a synthetic bond product.

 As an alternative to marking-to-market every six months, the total change in
capital value could be paid in one instalment at the end of the TRS.  This could
be done by cash settlement or by physical delivery of the bond in return for its
initial value.

 The reference assets underlying TRS’s are typically bonds, loans or equity
indices.

 TRS’s are popular with hedge funds, since a large exposure can be gained for
relatively little initial cash.

 TRS’s might have better liquidity than the reference asset and can be used to
hedge a positive exposure to a reference asset where shorting isn’t possible.

 TRS’s are sometimes referred to as total rate of return swaps (TRORS’s).
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1.5 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.   

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.
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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
○ Describe how a TRS works
○ 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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