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What is Inflation?

Inflation is Rise in general level of Prices over a period of Time

Retail Price Index (RPI) published monthly by ONS, first
published in 1947

Basket of items bought by average family eg food transport
communication, rent, council tax, housing costs, rebalanced
every year via Family Expenditure Survey

RPI Dec 2011 239.4 (rebased to 100 January 1987)

Limited Price Indexation (LPI) is RPIl with CAPS and FLOORS
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History of Limited Price Indexation - LPI
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History of LPI — Historical Pricing
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LPI — The Players: Supply and Demand
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Annuity liabilities
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Bulk annuity market in 2011

—The total deal volume in 2011 Total bulk annuity market size
was over £11bn with
significant activity coming in

the last quarter of the year | I I I I
—Qver £7bn of the transactions - .

were longevity swaps

Market share £ bn

including Rolls Buy mlm; Buy ouuis Year.Lto:mSYS:;t 2011
Royce/Deutsche (£3bn), |
ITV/Credit Suisse (£1.7bn) L

—In Oct 2011, L&G transacted

the largest buy-out deal to
date - £1.1bn with Turner and
Newall o
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Source: LCP, Hymans Robertson



LPI's Impact on BPA Pricing

BPA price calculated using a discounted cashflow approach

Demographics, Benefit
Escalation Rates, etc.

Market Data,
Asset Data, etc.

Escalation parameter is market consistent

How material is the impact of Escalation?



Materiality of LPIl on Pricing

Investigation of impact of 10bp increase in escalation (LPI) rate

Project Chop

m Liab Cashflows
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Duration ~ 14yrs

10bp increase in escalation rate results in pricing increase of

1.36%
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Materiality of LPIl on Pricing

Investigation of impact of 10bp increase in escalation (LPI) rate

Project Bruges

m Liab Cashflows
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Materiality of LPIl on Pricing

Investigation of impact of 10bp increase in escalation (LPI) rate

Project Oscar

m Liab Cashflows
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135 7 9111315171921 232527 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

Duration ~ 27yrs

10bp increase in escalation rate results in pricing increase of

2.66%
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Modelling of LPI

Two most common forms of LPI

YoY :LPI, = LPI,_, *min[max[1+floor%,RPI/RPI._],1+cap%]
Index : LPI, = RPI, *min[max[(1+floor%);,RPI/RPI.],(1+cap%)]

The building blocks of the LPI derivatives market are zero
coupon RPI swaps

Three forms of “standard” RPI options trade in the market

1.YoY RPI caps and floor
2.RPIl Index caps and floors
3.LPIl swaps



Modelling of LPI

RPI options trade on price

RPI Index Options
Natural to use Black Scholes model

RPI YoY Options
Market convention is to assume the underlying yoy rate has a
normal distribution



Modelling of LPI

10 Curncy

11:499 UK ZC LPI COLLARED SWAP SPREAD PA
LPI Spreads quoted in bps running, with respect to the RPI 7CS rate
Indicative mid for a delta neutral trade
LPI[O,5] LPI[O,1ntf] LPI[0,3]
MID TIME MID TIME MID TIME

\¥ 4

1 C¢

Ye:
40 Ye:

50 Yeal

Source:
Bloomberg

PI base i1ndex follows standard RPI base
Nov 2011

rading:
'lease see RPDS(GO> for example ZC LPI termsheet

: S00 Europe H 20 7 00 Germany <49
Jaap :n 81 3 Singapo ra 635 12 1000 1

Screen prices do exist but for small size

© 2010 The Actuarial Profession * www.actuaries.org.uk

14



Option Practicalities Recap

Standard option pricing theory assumes a distribution for the
underlying (RPI in our case today)




Option Practicalities Recap

Market Consistent calibration requires the mean of the
distribution to match forward prices

RPI fwd



Option Practicalities Recap

And the variance/std dev parameter is set so as to match
observable option prices

RPI fwd K

Model price, cap,4 = DF j:(x— K)f (x)dx, compared to market price
and variance parameter set such as to make the two equal.



Option Practicalities Recap

And the variance/std dev parameter is set so as to match
observable option prices

RPI fwd K

Model price, cap,4 = DF j:(x— K)f (x)dx, compared to market price
and variance parameter set such as to make the two equal.



Modelling of LPI

Skew graph of RPI Index
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Modelling of LPI

Skew graph of RPI YoY

normal volatility
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Modelling of LPI

Historically the implied volatility smile first appeared in the
equity option markets

Techniques developed for equities have subsequently been
used in interest rate and inflation markets

SABR model is the market standard for fitting the implied
volatility smile  dF, = o,FfdW}, F = f

day = va (dW,?, g =

Advantage is that equivalent lognormal implied volatility can be
approximated analytically

For extreme parameter values and strikes far away-from-the-
money, these approximations break down



Alternatives to matching LPI exposure

RPI volatility skew has been getting worse

Implied vol at the 0% floor is 66% higher than at the money

Valuing a 0% RPI YoY floor using at the money vol results in a
fixed coupon of ~50bps less, which would have a significant

Impact on BPA pricing



Alternatives to matching LPI exposure

30y LPI[0,5] spread versus 30y RPI Rate

LPI[0,5] spread
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Alternatives to matching LPI exposure
These calculations can now be done on Swap Manager

GRAB CurncySWPM

Swap Manager
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Alternatives to matching LPIl exposure
Macro Hedge

The correlation between RPI & 3m Libor over the period of
data is 75%

During the recent period of negative RPI, 3month Libor
averaged 1.2% and an appropriately struck Libor floor would
have provided a good hedge

By hedging the RPI
floor embedded in your
BPA liability on a more
macro basis there is
potential to release
efficiency savings

987-1989 1990-1994 1995-1999 2000-2004 2005-2009

= 200 3 2010-2014
Copyright@ 2011 Bloomberg Finance L.P. 13-Nowv-2011 17:23:52

25



Alternatives to matching LPI exposure
Macro Hedge

We consider the example of hedging a 0% YoY RPI floor with
a 2% Libor floor and 0% cumulative RPI floor

Macro hedge with an upfront gain which works against major

shocks
—p ] N .
-Performs under severe RPI " :
RPI-DObps 1
movements d ;  revauesinna
S o : pickup following
-Sensitive to interest rates Uoor-Dinps E ?w‘?gn%
Libor-00bps :
‘Exposed to LPI-RPI spread | ; «eicoens.moe | '
Widening LPL-RP Ispread 25bpsil E )
. . -5 0 5 10 15
*Gains if the spread e per £00m notional

normalises



Alternatives to matching LPI exposure
Delta Manage

Similar to how many WP funds hedge the embedded options
in the Cost of Guarantees

Significant potential value (banks are still doing it!)

Risks as with any option replication

*Model risk (we discussed the perturbation issue with SABR
model)

*Transaction costs (ZC RPI swaps are the building blocks)

Gamma Trap



Alternatives to matching LPI exposure

Delta Manage
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Alternatives to matching LPI exposure

Delta Manage
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Alternatives to matching LPI exposure
Do nothing

Do nothing

This has the benefit of simplicity and is a widely used
technique

Not very suitable for insurers given the requirement to
consider and hold capital against a 1 in 200 yr event

Has not worked well as LPI| has not normalised but
become even more expensive



Other flavours of LPI

LPI[0,2.5], LPI[0,3], LPI[3,5] are more common ‘exotic’ variants
Strikes more ATM so issues with high gamma more relevant
Interdealer market trades [0,5], [0,3] and [0, =]

5.00%

More exotic benefit RPI YoY fwds
escalation magnifies the o

issues: C ~—__
3.00%

\ )

Fewer sources

2.00%

*No comfort from visible  RPIYeY fude
| evel S 1.00% ——3% Strike

*No market to transfer risk  °®* : A . ” v 2



The rise of CPl — Timeline

22" June 2010 — Public Sector indexation moved from
RPI to CPI for all public sector pensions

8th July 2010 — Pension Minister announces intention to
legislated so that all private sector pensions also CPI

8th December 2010 — DWP announces consultation and
backtracks on claim all linkage will be CPI

16" June 2011 — DWP response, result is no rule changes
so RPI linked benefits must stay RPI

29" June 2011 — DMO announced consultation on issuing
CPI linked bonds
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The rise of CPI

As there is no government override for private pension
scheme inflation linkage

The overall effect is:

* For pension in payment — 80% RPI linked, 20% CPI
linked

* For increases in deferment — 20% RPI linked, 80% CPI
linked

So CPI linkage will be highest in the 10-25y maturity and
RPI will be highest 25y plus
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CPI linked liabilities

Also evident from historical data that CPI is less volatile than
RPI

B UKRPCIYR Index 5.20 P10
B UKRPYOY Index 5.60
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34



The rise of CPI

CurncyRILS

9:19 UK CPI PAGE 1 / 1
Size (MM)
Bit_i Ask

CPI Average 2.79%
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Bid offers for CPI are 40 bps versus 5bps for RPI. Possible
to execute regular large RPI trades not possible for CPI
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The rise of CPIl v RPI

Analysis of CPIl and RPI

Driver of monthly volatility
IS housing in RPI which is
not (currently) in CPI.

The chart also shows that
the so called “formula”
effect is the main cause of
CPI tending to be lower
than RPI

Eurostat looking to include
housing in next 2 yrs

CPI-RPI basis broken into
_its constituent parts

(6)]
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CPI-RPI basis
other coverage
- - - . other and weights

total housing
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Questions or comments?

Expressions of individual views by
members of The Actuarial Profession
and its staff are encouraged.

The views expressed in this presentation p—
are those of the presenters.




