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While there are many different aspects to volatility trading, not all of them are suitable for all investors. In
order to allow easy navigation, we have combined the sections into six chapters (plus Appendix) that are
likely to appeal to different parts of the equity derivatives client base. The earlier chapters are most suited
to equity investors, while the later chapters are aimed at hedge funds and proprietary trading desks. We
have tried to explain the topics assuming the least amount of prior knowledge, but swiftly move onto
advanced areas in order to add the most value.

Click on section title below to navigate Page
EXECUTIVE SUMMARY 2
DIRECTIONAL VOLATILITY TRADING 9
(@010l ol i = Te 1 To I Tl o] =Tt = TSP E U USPRPR 10
Maintenance Of OPLION POSITIONS.......c.uuiiiiiiie e et e e e e e e e e s e e e e e e e s s et e e raaaeeessnstbsreeaaaeeeaans 17.......
(= 1 o)V =T Y 1110V PSRRI 20
Protection Strategies USING OPTIOIS. . ..evtieeeiiiiiriieeeeeeee e e s iei et et e e e e e s st b e e e aeeaeeessataaareraeaeessssasarsseeeeaaeeesins 26.
(©) o) (o] ) (0o (8] (=TT (=T L1 T PRSPPI 32
VOLATILITY AND CORRELATION TRADING 37
Volatility trading USING OPtIONS ... ..uuuiiiiiieeiiiiiiieees e e e s e st e e s e e e e e e e e s sasaebseeeeaeassaereeaeeessansssseeeeas 38
Variance is the Key, NOt VOIALIITY ..........euiiee i e e e e s e e e e e e e e e s nanesd Al.......
Volatility, variance and gammMa SWaAPS.........cicuuurrieiieeeeertetteeesesitirarreeeeeessaeteaessassstraereeaesssssrnanesssanssssesees 50
OPLIONS ON VAITANCE. ... eeeeee e e ettt e e oottt et e e e e et ettt et eaeeeeeaa e a b aaeeeeaaeeeaanntbeeeeeeeaeesaannsbeneaaaeeasaansnnnnes 62
(0704 =] 21 1Te] g N1 =To [T Vo TP 66
[DJ\ViTe =T oo IV o] = L] 1Y 1 = To 1o To TR RPN 80.
OPPORTUNITIES, IMBALANCES AND MYTHS 83
Overpricing Of VOl IS partly @n iUSION.........coi i e e e e e e e e e 84
Long volatility iS @ POOr @QUILY NEAGE. ..ot e et e e e e e e e et eaae e e e e e annees 86
Variable annuity hedging liftS IORGEIM VOL...........uii e e e e 89
Structured ProdUCES VICIOUIICIE. .......oie ittt e e e e e e ettt et e e e e e e s antbeeeeeeaaaeaeeaannnees o1
FORWARD STARTING PRODUCTS AND LIGHT EXOTICS 95
Forward Starting PrOGUCES. ... ....u ittt e e e ettt e e e e e e e s aab b e et e e e e e e s e naneeeeeeaaeeeaanneneneeaaaaens 96.........
2 T TS 0] o 1T ] LTS UPRPPPIN 104
Vo155 7o) 74 o =TS Jo] o] o] 1] 1S SRRSO PEPTRN 108
OULPEITOIMANCE OPLIONS ... ittt e e e e ettt e e e e e ettt e e e e s e s b ar e et aaeesaaaatbaeeeaaeeessaaasbaaeseaeeessansnsnnes 110
[oTo] o= Yot Qo] o] 1 o] o =T PRSP RPRR 112
COoNtINGENT PreMIUM GDINS ..eeeeiiiiiiiiteereeeeee ettt e e eee e e s et b eaeeteaeeeassaasstbeeeaaaeeesaasssaseeaaeeaessaasnsseeraaaeessms 113
CompOosSite aNd QUANTO OPLIAMNS ... .uuuiiiiiiieeeiiiiiiie e et e e e s e st e e e e e e e e ssab b e e e eeeeesaaasastreeeeaeessssansnssraeeeaeeesins 114
ADVANCED VOLATILITY TRADING 117
REIALIVE VAIUE tradING. ... ieeiiiiiie e ettt e et e e e e e st e e e e e e s et b e reeeaeeeeaas s sabtbeeeeaeeeessasrbanaeeeas 118
Trading earnings anNOUNCEMENTS/JUITIDS. ... ..uvurteteeeeieiitrtreteeeeeessasssstreeteeeessssasssssreseeaeesssansrsseeseaeseessanses 124
Stretching BlackSCholes aSSUMPLIONS. . ...iiiiiiiiiiiiiiii et s e e e e e e e e st e e e e e e s e e snrbraereeeas 128
SKEW AND TERM STRUCTURE TRADING 137
Skew and ternstructure are INKEM...........ovuiie ittt e e e 138
Square root of time rule can compare different term structures and.skews...........cccccceeeveviviiiiieeeee e, 144
HOW t0 Measure SKEW and SMILE.........uuiii ittt e e abeee s 149
5] GV = To [T Lo SRR 154
APPENDIX 171
(o Toz= Y] -1 111/ PRSP PPPPRRN 172
Measuring NISTOrICAl VOIALHIITY..........oiii e e e et e e e e e e e e e e eneneeeeeeas 174
Prod variance swaps can be hedged by 10g CONract BFL/K ...........ceeueeeereeeeeeeeeeeee e e eesenen s 184
Modelling VOIAtility SUITACES. ..ot e e e e e et e e e e e e e s e e nnraeeeaaaeeaan 186
Black-SCHOIES FOIMUIAL ......ceeiie ettt e e e e e e e ettt e e e e e e e s e enneeaeeaaaeeaanan 189
Greeks and their MEANIIG .......ei ittt e e e e e e ettt e e e e e e e e s tbe e e e e eeaaeeesaannnnneeeeaaeas 190
Advanced (practical or ShAOOW) GrEEKS.........uuuiiiiiiiiiiiiiiiii et e s ettt e e e e e e e e s s eeaeae e e e s anes 194
Shorting StOCK BY DOITOWING SNAIES.......c..uiiiiieiii e e e e e e st r e e e e e e e e e annees 197
10 1] Lo I = 1o TR OO P PR UPPPPPTPR 200

(O To]1 = LS U (o (U (oI g o1 (=T =P UUP PSPPI 201



EXECUTIVE SUMMARY

DIRECTIONAL VOLATILITY TRADING

Directional investors can use options to replace a long position in the underlying, to
enhance the yield of a position through call overwriting, or to provide protection from
declines. We evaluate these strategies and explain how to choose an appropriate strike
and expiry. We show the difference between delta and the probability that an option
expires in the money and explain when an investor should convert an option before
maturity.

Option trading in practice. Using options to invest has many advantages over investing in
cash equity. Options provide leverage and an ability to take aonewlatility as well as

equity direction. However, investing in options is more complicated than iimyeist

equity, as a strike and expiry need to be chosen. This can be seen as an advamtage, as
enforces investor discipline in terms of anticipated reamth ensures a position is not held
longer than it should be. We examine how investors can choose the apprdmataty s

strike and expiryWe alsoexplainthe hidden riskssuch as dividendsind the difference
between delta and the probability an option ends up in-the-money.

Maintenance of option positions. During the life of an American option, many events can
occurwhereit might be preferable to own the underlying shgrasher than the optign
and exercise early. In addition to dividends, an itoresiight want the voting rights or
alternatively might want to sell the option to purchase another option (rolling the option).
We investigate these lifeycle events and explain when it is in an investor’s interest to
exercise, or roll, an option be®expiry.

Call overwriting. For a directional investor who owns a stock (or index), call onvngy

by selling an OTM call is one of the most popular methods of yield enhancement.
Historically, call overwriting has been a profitable strategy due ttiechpolatility usually
being overpriced. However, call overwriting does underperform iatie| strongly rising
equity markets. Overwriting with the shortest maturity is best, andttfiee should be
slightly OTM for optimum returns.

Protection strategies using options. For both economic and regulatory reasame of the

most popular uses of options is to provide protection against a long position in the
underlying. The cost of buying protection through a put is lowest in calm, low itglatil
markets butin more turbulent markets, the cost can be too high. In order to reduce the cost
of buying protection involatile markets (which is often when protection is in most
demand), many investors sell an OTM put and/or an OTM call to lower the costafghe

put protection bought.

Option structures trading. While a simple view on both volatility and equity market
direction can be implemented via a long or short position in a call or put, a far widér se
payoffs is possible if two or three different optione aised. We investigate strategies
using option structures (or option compdlsat can be used tameet different investor
needs.
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VOLATILITY AND CORRELATION TRADING

We investigate the benefits and disadvantages of volatility trading via options, volatility
swaps, variance swaps and gamma swaps. We also show how these products, correlation
swaps, basket options and covariance swaps can give correlation exposure. Recently,
options on alternative underlyings have been created, such as options on variance and
dividends. We show how the distribution and skew for these underlyings is different from
those for equities.

Volatility trading using options. While directional investors typically use options for their
equity exposure, volatility investors delta hedge their equity expodA delta hedged
option (call or put) is not exposed to equity markets, but only to volatility nsarkée
demonstrate how volatility investors are exposed to dividend and borrow costdibiw
volatility traders can ‘pin’ a stock ap@ching expiry.

Variance is the key, not volatility. Partly due to its use in Blackcholes, volatility has
historicallybeen used as the measure of deviation for financial assets. Hpilvevesrrect
measure of deviation is variance (or volatility squar®latility should be considered to
be a derivative of variance. The realisation that variance d¢hoel used instead of
volatility-led volatility indices such as the VIXto move away from ATM volatility (VXO
index)towards a varianebased calculatian

Volatility, variance and gamma swaps. In theory, the profit and loss from delta hedging
an option is fixed and based solely on the difference between the implied tyotdtilne
option when it was purchased and the realised volatility over the liftaeobption. In
practice with discrete delta hedging and unknown future volatility, this is not the case

which haded to the creation of volatility, variance and gamma swaps. These products also

remove the need to continuously delta hedge, which can be very -latengive and
expensive. Until the credit crunch, variance swaps were the most liquie tfiree but
now volatility swaps are more popular for single stocks.

Options on variance. As the liquidity of the variancewap market improved in the dale
of the last decadamarket participants started to trade options on variance. As volatility is
more volatile at high levels, the skew is positive (the inverse of the negative skeim seen
the equity market). In addition, volatility term structure niserted, as volatility mean
reverts and does not stay elevated for long periods of time.

Correlation trading. The volatility of an index is capped at the weighted average volatility
of its constituents. Due to diversification (or less than 100% etiog), the volatility of
indices tends to trade significantly less than its constituents. The flom both
institutions and structured products tends to put upward pressurepbediroorrelation,
making indeximplied volatility expensive. Hedge funds anamietary trading desks try

to profit from this anomaly eitheby selling correlation swaps or through dispersion
trading (going short index implied and long single stock impli@&#sket options and
covariance swaps can also be used to trade correlation.

Dividend volatility trading. If a constant dividend yield is assumed, then the volatility
surface for options on realised dividends should be identical to the itplatitface for
equities. However, as companies typically pay out less than 100% ofgsantiay have
the ability to reduce the volatility of dividend payments. In addition to lowetireg
volatility of dividends to between %2%and the volatility of equities, companies are
reluctant to cut dividends. This means that skew is more neghsinddr equities, as any
dividend cut is sizeable.



OPPORTUNITIES, IMBALANCES AND MYTHS

The impact of hedging both structured products and variable annuity products can cause
imbalances in the volatility market. These distortions can create opportunities for
investors willing to take the other side. We examine the opportunities from imbalances
and dispel the myths of overpriced volatility and using volatility as an equity hedge.

Overpricing of vol is partly an illusion. Selling implied volatility is one othe most
popular trading strategies in equity derivatives. Empirical arsalysbws that implied
volatility or variance is, on average, overpriced. However, as volatilityegatively
correlated to equity returns, a short volatility (or variance) posgiamplicitly long equity
risk. As equity returns are expected to return an equity risk premium oveskified rate
(which is used for derivative pricing), this implies short volatilityosld also be
abnormally profitable. Therefore, part of the jifrom short volatility strategies can be
attributed to the fact equities are expected to deliver returns abovsktfree rate.

Long volatility is a poor equity hedge. An ideal hedging instrument for a security is an
instrument withr100% correlatiorio that security and zero cost. As the return on variance
swapscan have up toa ¢70% correlation with equity markets, adding long volatility
positions (either through variance swaps or futures on volatility indiceds asud/IX or
vStoxx) to an equity position could be thought of as a useful hedge. However, agyvolatili
is on average overpriced, the cost of this strategy far outweighs any die¢imifisenefit.

Variable annuity hedging lifts long term vol. Since the 1980s, a significant amount of
variable annuity products have been sold, particularly in the US. Eheoithis market is
now over US$1trn. From the mitB90s, these products started to become more
complicated and offered guarantees to the purchaser (similar to being long &hgut
hedghg of these products increases the demand fordated downside strikes, which
lifts long-dated implied volatility and skew.

Structured products vicious circle. The sale of structured products leaves investment
banks with a short skew position (eg, shant OTM put in order to provide capital
protected products). Whenever there is a large decline in equities, thiskehe position
causes the investment bank to be short volatility (eg, as the short OTdéqmumes more
ATM, the vega increases). The camg of this short vega position lifts implied volatility
further than would be expected. As investment banks are also shartemgexity, this
increase in volatility causes the short vega position to increase in sigecarhlead to a
‘structured prodcts vicious circle’ as the covering of short vega causes the size of the
short position to increase. Similarly, if equity markets rise andigaplolatility falls,
investment banks become long implied volatility and have to sell. Structurddgte can
therefore cause implied volatility to undershoot in a recovery, #sawevershoot in a
crisis.
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FORWARD STARTING PRODUCTS AND LIGHT EXOTICS

Advanced investors can make use of more exotic equity derivatives. Some of the most
popular are forward starting products and light exotics, such as barriers, worst of/best of
options, outperformance options, look-back options, contingent premium options,
composite options and quanto options.

Forward starting products. Forward starting options are a popular method of trading
forward volatility and term structure as there is no exposure totewarvolatility and,
hence, zero theta (until the start of the forward starting option). Receatling forward
volatility via VIX and vStoxx forwards have become increalsimppular. However, as is
the case with forward starting options, there are modelling issues. Hostating
variance swaps are easier to price as the price is determined by two variance swaps.

Barrier options. Barrier options are the most popular tygfdight exotic product as they
are used within structured products or to provide cheap protection. The pagobdrofer
option knocks in or out depending on whether a barrier is hit. There are eightafype
barrier option, but only four are commonhaded, as the remaining four have a similar
price to vanilla options. Barrier puts are more popular than callstgdsteuctured product
and protection flow), and investors like to sell visually expensive kivooktions and buy
visually cheap knockut options.

Worst-of/best-of options. Worstof (or bestof) options give payouts based on the worst
(or best) performing asset. They are the second most popular light éxetio structured
product flow. Correlation is a key factor in pricing these opti@rs] investor flow
typically buys correlation (making uncorrelated assets \ath correlation the most
popular underlyings). The underlyings can be chosen from different assstscl@ue to
low correlation), and the number of underlyings is typically between threeland 2

Outperformance options. Outperformance options are an option on the difference
between returns on two different underlyings. They are a popweitroeh of implementing
relative value trades, as their cost is usually cheaper than an optieither underlying.
The key unknown parameter for pricing outperformance options is implied tiomelas
outperformance options are short correlation.

Look-back options. There are two types of look-back options, strike lbakk and payout
look-back and both are usually mulfear options. Strike reset (or lcblck) options have
their strike set to the highest, or lowest, value within an initial-lmadk period (of up to
three months). These options are normally structured so the strikes nagaist the
investor in order to cheapen the cost. Payout-tmak options conversely tend to be more
attractive and expensive than vanilla options, as the value for theyimglaised is the
best historical value.

Contingent premium options. Contingent premim options are initially zero premium

and only require a premium to be paid if the option becomes ATM on the close. The
contingent premium to be paid is, however, larger than the initial premium would be
compensating for the fact that it might never havde paid. Puts are the most popular,
giving protetion with zero initial premium.

Composite and quanto options. There aretwo types of optios involving different
currencies. The simplest is a composite option, where the strike (of)payoéncy ism a
different currency to the underlying. A slightly more complicated option isatquoption,
which is similar to a composite option but the exchange rate of the camverfixed.



ADVANCED VOLATILITY TRADING

Advanced investors often use equity derivatives to gain different exposures; for example,
relative value or the jumps on earnings dates. We demonstrate how this can be done and
also reveal how profits from equity derivatives are both path dependent and dependent
on the frequency of delta hedging.

Relative value trading. Relative value is the name given to a variety of trades that attempt
to profit from the mean reversion of two related assets that have div&rgedelationship
between the two securities chosen can be fundamental (differeet tsipas of same
company or significant crodmlding) or statistical (two stocks in same sector). Relative
value can be carried out via cash (or défaoptions or outperformance options.

Trading earnings announcements/jumps. From the implied volatilitie of neadated
options it is possible to calculate the implied jump on key dates. Tradisg tiptions in
order to take a view on the likelihood of unanticipated (low or high) iligfadn reporting
dates is a very common strategy. We examine the different methods of calcuiating t
implied jump and show how the jump calculation should normalise for index term
structure.

Stretching Black-Scholes assumptions. The BlackScholes model assumes an investor
knows the future volatility of a stock, in addition to being able to continuously lkdige.

In order to discover what the likely profit (or loss) will be in reality, wetsh these
assumptions. If the future volatility is unknown, the amount of profit () lasll vary
depending on the path, but bugioheap volatility will always show some profit. However,

if the position is deltdnedged discretely, the purchase of cheap volatility may reveal a loss.
The variance of discretely delteedged profits can be halved by hedging four times as
frequently. We also show why traders should hedge with a delta calculateexpected

— not implied— volatility, especially when long volatility.
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SKEW AND TERM STRUCTURE TRADING

We examine how skew and term structure are linked and the effect on volatility surfaces
of the square root of time rule. The correct way to measure skew and smile is examined,
and we show how skew trades only breakeven when there is a static local volatility
surface.

Skew and term structure are linked. When there is an equity market decline, there is
normally a larger increase in ATlNmplied volatility at the near end of volatility surfaces
than the far end. Assuming sticky strike, this causesdead skew to be larger than-far
dated skew. The greater the term structure change for a gigagecin spot, the higher
skew is. Skew is also positively correlated to term structure (this relapoosh break
down in panicked markets). For an index, skew (and potentially term structuaéoi
lifted by the implied correlation surface. Diverse indices tend to hajehskew for this
reason, as the ATM correlation is lower (and low strike correlation ten@i®0% for all
indices).

Square root of time rule can compare different term structures and skews. When
implied volatility changes, typicallthe change in ATM volatility multiplied by the square
root of time is constant. This means that differentT{) term structures can be compared
when multiplied by/(T ,T,)/(NT,~VT,), as this normalises against -B¥ term structure.
Skew weighted by the square root of time should also be constant. Looking at tlemdiffer
term structures and skews, when normalisgthke appropriate weighting, can allow us to
identify calendar and skew trades in addition to highlighting which strikeapidy is the
most attractive to buy (or sell).

How to measure skew and smile. The implied volatilities for options of the same
matuity, but of different strike, are different from each other for two reasorstly-ihere

is skew, which causes legtrike mplieds to be greater than hightrike implieds due to the
increased leverage and risk of bankruptcy. Secotiitye is smile (joconvexity/kurtosis),
when OTM options have a higher implied than ATM options. Toge#kew and smile
create the'smirk of volatility surfaces. We look at how skew and smile change by
maturity in order to explain the shape of volatility surfaces battuitively and
mathematically. We also examine which measures of skew are best and why.

Skew trading. The profitability of skew trades is determined by the dynamics of a
volatility surface. We examine sticky delta (amoneynes$, sticky strike, sticky loal
volatility and jumpy volatility regimes. Long skew suffersoad in both a sticky delta and
sticky strike regimes due to the carry cost of skew. Long skew is only profitathle wi
jumpy volatility. We also show how the best strikes for skew trading cahdsen.



APPENDIX

This includes technical detail and areas related to volatility trading that do not fit into
earlier sections.

Local volatility. While BlackScholes is the most popular method for pricing vanilla
equity derivatives, exotic equity deatves (and ITM American options) usually require a
more sophisticated model. The most popular model after Eabkles is a local volatility
model as it is the only comp#dy consistent volatility model. A local volatility model
describes the instantangs volatility of a stock, whereas Bla8kholes is the average of
the instantaneous volatilities between spot and strike.

Measuring historical volatility. We examine different methods of historical volatility
calculation, including closto-close volatilty and exponentially weighted volatility, in
addition to advanced volatility measures such as Parkinson, G#tamss (including
Yang-Zhang extension), Rogers and Satchell and Y&rang. We also show that it is best
to assume a zero drift assumption flwseto-close volatility and that under this condition
variance is additive.

Proof variance swaps can be hedged by a log contract (= 1/K%). A log contract is a
portfolio of options of all strikes (K) weighted by F/KWhen this portfolio of options is
delta hedged on the close, the payoff is identical to the payoff of a variawge Be
prove this relationship and hence show that the volatility of a \@iswap can be hedged
with a static position in a log contract.

Modelling volatility surfaces. There @ a variety of constraints on the edges of a
volatility surface, and this section details some of the most impadastraints from both

a practical and theoretical point of view. We examine the consideraton®iy short
dated options (a few days weeks), options at the wings of a volatility surface and very
long-dated options.

Black-Scholes formula. The most popular method of valuing options is the Black
ScholesMerton model. We show the key formulas involved in this calculation. The
assumptionsdhind the model are also discussed.

Greeks and their meaning. Greeks is the name given to the (usually) Greek letters used to
measure risk. We give the Bla8choles formula for the key Greeks and describe which
risk they measure.

Advanced (practical or shadow) Greeks. How a volatility surface changes over time can
impact the profitability of a position. Two of the most important are the implattie
passage of time on skew (volatility slide theta) and the impact of a movemermt ionsp
OTM options (anchodelta).

Shorting stock by borrowing shares. The hedging of equity derivatives assumes you can
short shares by borrowing them. We show the processes involved in this opdra&on.
disadvantages and benefits for an investor who lends out shares as® a@xplained.

Sortino ratio. If an underlying is distributed normally, standard deviation is the gerfec
measure of risk. For returns with a skewed distribution, aschith option trading or call
overwriting, there is no one perfect measure of risk; éieseveral measures of risk should

be used. The Sortino is one of the most popular measures of skewed risk, as it only takes
into account downside risk.

Capital structure arbitrage. The high levels of volatility and credit spreads during the
bursting of the TMT bubble demonstrated the link between credit spreads, eqdity, a
implied volatility. We examine four models that demonstrate this linkr{®dm model,
jump diffusion, put vs CDS, and implied kefault volatility).
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Options were first
traded in London
from 1690

Options increase
in value as
volatility rises

OPTION TRADING IN PRACTICE

Using options to invest has many advantages over investing in cash equity. Options
provide leverage and an ability to take a view on volatility as well as equity direction.
However, investing in options is more complicated than investing in equity, as a strike
and expiry need to be chosen. This can be seen as an advantage, as it enforces investor
discipline in terms of anticipated return and ensures a position is not held longer than it
should be. We examine how investors can choose the appropriate strategy, strike and
expiry. We also explain hidden risks, such as dividends and the difference between delta
and the probability an option ends up in-the-money.

HISTORY OF VOLATILITY TRADING

While standardised exchange traded options only started trading inwi$8 the CBOE
(Chicago Board Options Exchange) opened, options were first traded in Loodorl600.
Pricing was made easier by the BlggholesMerton formula (usually shortened to Black
Scholes), which was invented in 1970 by Fischer Black, Myron Scholes and Raberh M
The derivatives explosion in the 1990s was partly due to the increasing pgpafldredge
funds, which led to volatility becoming an asset classsimwn right. New volatility products
such as volatility swaps and variance swaps were created, and a decade lasrdintur
volatility indices gave investors listed instruments to trade volatilitythis section we shall
concentrate on option trading.

LONG OR SHORT STRATEGIES ARE POSSIBLE WITH OPTION TRADING

A European call is a contract that gives the investor the right (but not tigatad) to buy a
security at a certain strike price on a certain expiry date (American options can hgeéexerc
beforeexpiry). A put is identical except it is the right to sell the securityalhaption profits
when markets rise (as exercising the call means the investor can buy thginmderturity
cheaper than it is trading, and then sell it at a profit). A ptiboprofits when markets fall (as
you can buy the underlying security for less, exercise the put and sell thigysiec a profit).
Options therefore allow investors to put on long (profit wheceprrise) or short (profit when
prices fall) stratgies.

Option trading allows investors to take a long or short position on volatility

If the volatility of an underlying is zero, then the price will not move and an Optmayout is
equal to the intrinsic value. Intrinsic value is the greater of zero and tite-'sfsike price’ for

a call and is the greater of zero and ‘strike prigpot’ for a put. Assuming that stock prices
can move, the value of a call and put will be greater thaims$itrdue to the timealue (price

of option = intrinsic value + time value). If an option strike is equal to spads(the nearest
listed strike to spot) it is called-#te-money (ATM). If volatility is zero, an ATM option has a
price of zero (as intrinsic is zero). Howeviérve assume a stk is €50 and haa50% chance
of falling to €40 and 50% chance of rising to €60, it has a volatility alzeve. In this
example,an ATM call option with strike €50 has a 50% chance of making €libdiprice
rises to €6Q@he call can be exercised to bthe stock at €50, which can be sold for €10 profit).
The fair value of the ATM option is therefore €5 (50% x €1@nce as volatility rises the
value of a call rises (a similar argument can be used for puts). An ATM option hasdtesy
time value.This can be seen in the same example by looking at anfdbe-money (OTM)
call option of strike €60 (an OTM option has strike far away from spot and zero intrins
value). This OTM €60 call option would be worth zero, as the stock in this exampletdae
above €60.



Both anequity and volatility view is needed to trade options

Option trading allows a view on equity and volatility markets to be taken. p®priate
strategy for a one leg option trade is shown in Figure 1 below. Multipletegbos)are dealt
with in the sectior©Option Sructures Trading.

Figurel1. Option Strategy for Different Market and Volatility Views

MARKET VIEW
Bearish Bullish
VOLATILITY VIEW
Short call Short put
5 5

Volatility high 0 I N— OW /o ‘
£90 100 \QO _54/ 100 110

Long put Long call

5 \ 5 /
Volatility low 0 W 0 w

QJO \90—1—10 40—1-@(; 110

-5

-5

Source: Santander Investment Bolsa.



CHOOSING THE STRIKE OF AN OPTION STRATEGY IS NOT TRIVIAL

If an investor is While it is relatively simple to pick the option strategy, choosing the strike andyegpghe

certain of market a1 dfficult part of an options strategy. Choosing the matofitpe option is easier if there

direction (counter . . . . .. .

intuitively), the is a specmc event (eqan earnings datet)_wa_tt is _ant|C|pated tobe a driver for the stock.

best strike is ITM  Choosing the strike of the trade is not trivial either. Investorsdconbose ATM to benefit
from greatest liquidity. Alternatively, they could look at the highesieetqa return (option
payout less the premium paid, as a percentage of the premium paid). Witiking a cheap
OTM option might be thought of as giving the highest return, Figure 2 below shows that, in
fact, the highest returns come fromtire-money (ITM) options (ITM options have a strike far
away from spot and have intrinsic value). This is because an ITM option hgh adiia
(sensitivity to equity price)hence, if an investor is relatively confident of a specificrretan
ITM option has the highest return (as trading an ITM option is similaating aforward).

Figure 2. Profit of 12 Month Options if Markets Rise 10% by Expiry
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Forwards (orfutures) are better than options for pure directional plays

A forward is a contract that obliges the investor to buy a security on a cextarg date at a
certain strike price. A forward has a delta of 100%. An ITM call option tas/reimilarities
with being long a forward, as it has a relatively small time value (compared@Nt) And a
delta close to 100%Vhile the intrinsic value does make the option more expensive, this
intrinsic value is returned at expiry. However, for an ATM aptithe time value purchased is
deducted from the returns. ATM or OTM options are only the best strike (ifvastor is vey
confident of the eventual return) if the anticipated return is very large (asdevboosts the
returns). For pure directional plays, forwards (or futures, thsiedi equivalent) are more
profitable than options. The advantage of options is in ioffeconvexity: if markets move
against the investor the only loss is the premium pattereas a forward has a virtually
unlimited loss.



Delta measures
dividend
sensitivity

OPTION LIQUIDITY CAN BE AFACTOR IN IMPLEMENTING TRADES

If an underlying is relatively illiquid, or if the size of theade is large, an investor should take
into account the liquidity of the maturity and strike of the option. TWic®TM options are
more liquid than ITM options as ITM options tie up a lot of capital. This means thstritees

less than spot, puts are more liquid than calls and vice versa. We ricds thesstrike puts
have a higher implied than higtrike calls, their value is greater and, hence, traders are more
willing to use themLow strike put options arthereforeusually more liquid thanigh-strike

call options. In addition, demand for protection lifts liquidity for low ssilemmpared with
high strikes.

Single stock liquidity is limited for maturities of two years or more

For single stock options, liquidity starts to fade after one gedroptions rarely trade over two
years. For indices, longer maturities are liquid, partly due to the demalmh@alated hedges
and their use in structured products. While structured products can havargynadtfive to

ten years, investors typicallpse interest after a few years and sell the product back. The
hedging of a structured product, therefore, tends to be focused on more liquidiesatdr
around three years. Hedge funds tend to focus around thgeanenaturity, with two to three
yearsbeingthe longest maturity they will consider. The ttasthree year maturity is where
there is greatest overlap betweeddefunds and structured desks.

DELTAIS THE DIVIDEND RISK, AS WELL AS THE EQUITY RISK

The dela of the option is the amount of equity market exposure an option has. As a steck pri
falls by the dividend amount on its-eate, delta is equal to the exposure to dividends that go
ex before expiry. The dividend risk is equal to the negative of the delta. For exahyalu
have a call of positive delta, if (expected or actual) dividends rise, this gaitth less (as the
stock falls by the dividend amount).

If a dividend is substantial, it could be in an investor's interest tociseeearly. For me
details, se¢he sectionMaintenance of Option Positions.



Difference
between delta and
ITM is greatest for
long-dated
options with high
volatility

DIFFERENCE BETWEEN DELTA AND PROBABILITY EXPIRES ITM

A digital call option is an option that pays 100% if spot expires abovertke grice (a digil

put pays 100% if spot is below the strike price). The probability of such tionagxpiring
ITM is equal to its delta, as the payoff only depends on it being ITM or nosiiheof the
payment does not change with how much ITM spot is). For a vanilla option this is nas¢he c
hencethere is a difference between the delta and the probability of beingTRis difference

is typically small unless the maturity of the option is very long.

Deltatakes into account the amount an option can be ITM

While a call can have an infinite payoff, a put's maximum value is the strike (as spot ganno
below zero). The delta hedge for the option has to take this into accoartalaelta must be
greater than the probability of being ITM. Similarly, the absolgkie (as put deltas are
negative) of the put delta must be less than the probability of expiring ITNnoke
mathematical explanation (for European options) is given below:

Call delta > Probability call ends up ITM

Abs (Put delta)< Probability put eds up ITM

Mathematicalproof option delta is different from probability of beindM at expiry

Call delta = N(dy) Put delta =N(dy) - 1
Call probability ITM = N(d,) Put probability ITM =1 N(dy)
where:

Definition of d, is the standard BlaeBchdes formula for d

d2 =d1-6ﬁ

o = implied volatility
T = time to expiry
N(z) = cumulative normal distribution

As @, is less than d(see above) and N(z) is a monotonically increasing functio® means
that N(@) is less than N(d. Hence the probability of a call being in the money = N( less
than the delta = Ng)l As the delta of a put = delta of calll, and the sum of call and put
being ITM = 1, the above reksfor a put must be true as well.

The difference between delta and probability being ITM at expiry igegefor longdated
options with high volatility (as the difference betweemdd d is greatest for them).



STOCK REPLACING WITH LONG CALL OR SHORT PUT

As a stock has a delta of 100%, the identical exposure to the equity market casirieddint
purchasing calls (or selling puts) whose total delta is 100%. For exaonglestock could be
replaced by two 50% delta calls, or by going short {8@% delta puts. Such a strategy can
benefit from buying (or selling) expensive implied volatility. Theae also be benefits from a
tax perspective and, potentially, from any embedded borrow cost in tleeopriptions (price
of positive delta option strategies is improved by borrow cost). As the proceedsédlling
the stock are typically greater than the cost of the calls (or margin requirefithe short put)
the difference can be invested to earn interest. It is important tohadtihe dividend gposure
is not the same, as only the owner of a stock receives dividends. téhidgtion owner does
not benefit directly, the expected dividend will be used to price the opaioly {hence
investors only suffer/benefit if dividendseadifferent from egectations).

Figure 3. Stock Replacing with Calls Stock Replacing with Puts
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Stockreplacing via calls benefits from convexity

Stock replacing
with calls suffers
if underlying
range trades

As a call option is convex, this means that the delta increases ascspates and vice versa.
If a long position in the underlying is sold and replaced with calls of equi, deen if

markets rise the delta increases and the calls make maweyritan the long position would
have. Similarly, if markets fall the delta decreases and the losses are redus@anTbe seen

in Figure 3 above as the portfolio of cash (proceeds from sale of the underlying) and call

options is always above the long underlying profile. The downside of using <ahatithe
position will give a worse profile than the original long positiorihié underlying does not
move much (as call options will fall each day by the theta if spot remainsngezt)a Using
call optins is best when implied volatility is cheap and the investor expects the ctodke
by more than currently implied.



Gaining equity
exposure (or
stock replacing)
via puts is known
as put
underwriting

Put underwriting benefits from selling expensive implied volatility

Typically the implied volatility of options trades slightly abawe expected realised volatility

of the underlying over the life of the option (due to a mismatch between suppbbeanand).
Stock replacement via put selling therefore benefits from selling (on averagensaxp
volatility. Selling a naked put is known as put underwriting, as the investorfiieatively
underwritten the stock (in the same way investment banks underwrite a rightsTssusfrike
should be chosen at theghiest level at which the investor would wish to purchase the stock,
which allows an investor to earn a premium from taking this view (whereamally the work
done to establish an attractive entry point would be wasted if the stakotlifall to that
level). This strategy has been used significantly recently by asset allocators who are
underweight equities and are waiting for a better entry point-enter the equity market
(earning the premium provides a buffer should equities rally). If asstov @es not wish to
own the stock and only wants to earn the premium, then an OTM strike shouldske eha
support level that is likely to remain firm.

If OTM puts are used, put underwriting benefits from selling skew

Put underwriting gives a similar priefito a longstock, shortall profile, otherwise known as
call overwriting. One difference between call overwriting andymaerwriting is that if OTM
options are used, then put underwriting benefits from selling skew (which is normall
overpriced). Formore details on the benefits of selling volatilityee the section Call
Overwriting.
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The decision to
exercise early
depends on the
net benefit vs the
time value of the
options

MAINTENANCE OF OPTION POSITIONS

During the life of an American option, many events can occur in which it might be
preferable to own the underlying shares (rather than the option) and exercise early. In
addition to dividends, an investor might want the voting rights, or alternatively might
want to sell the option to purchase another option (rolling the option). We investigate
these life cycle events and explain when it is in an investor’s interest to exercise, or roll, an
option before expiry.

CONVERTING OPTIONS EARLY IS RARE, BUT SOMETIMES NECESSARY

Options on indices are usually European, which means they cabewlyercised at maturity.
The inclusion of automatic exercise, and the fact it is impossibleaiwisg before maturity,
means European options require only minimal maintenance. Single stock optionghane
typically American (apart from emerging market underlyings). While Agaaroptions are
rarely exercised early, there are circumstances when it is in an investerést to exercise an
ITM option early. For both calls amulits the correct decision for early exercise depends on the
net benefit of doing so (iehe difference between earning the interest on the strike and net
present value of dividends) versus the time value of the option.

Calls should be exercised just before the ex-date of a large unadjusted dividend. In
order to exercise a call, the strike price needs to be paid. The interess etrikiei price
normally makes it unattractive to exercise early. Howeifahere is a large unadjusted
dividend that goes dxefore expiry, it might be in an investor’s interest to exercise an ITM
option early (see Figuréd below). In this casethe time value should be less than the
dividend NPV (net present value) less total interest ¥’{=&) earned on the strike price
K. In order to maximise ‘dividend NRAKr’, it is best to exercise just before andate

(as this maximises ‘dividend NPV’ and minimises the total interest r).

Puts should be exercised early (preferably just after ex-date) if interest rates are high.
If interest rates are high, then the interest r from putting the stock back at aikegprate
K (less dividend NPV) might be greater than the time value. In this case saquid be
exercised early. In order to maximise ‘Krdividend NPV’ a put shouldoreferably be
exercised just after an -@hate.

Figure 4. Price of ITM and ATM Call Option with Stock Price over Ex-Date of Dividend
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Investors need to
take into account
trading costs and
taxation

Calls should only be exercised early if there is an unadjustedagnd

The payout profile of a long call is similar to the payout of a long stock + longf ¢ same
strike*. As only ITM options should be exercised and as the strike of an ITM call means the put
of the same strike is OTM, we shall use this relatignshcalculate when an option should be
exercised early.

An American call should only be exercised if it is in an investor'sestdo exercise the option
and buy a European put of the same strike (a European put of same strike will haveethe sam
time value as a European call if intrinsic value is assumed to be the forward).

Choice A: Do not exercise. In this case there is no benefit or cost.

Choice B: Borrow strike K at interest r (£&7-1) in order to exercise the American call.
The called stock wilkarn the dividend NPV and the position has to be hedged with the
purchase of a European put (of cost equal to the time value of a Europgan call

An investor will only exercise early if choice B > choice A.

= -Kr + dividend NPV —time value > 0
= dividend NPV Kr > time value for American call to be exercised

Putsshould only be exercised if interest earned (less dividends) exceeds time value

For puts, it is simplest to assume an investor is long stock and long an Americahiput. T
payout is similar to a lancall of the same strike. An American put should only be exercised
against the long stock in the same portfolio if it is in an investor'sasitén exercise the option
and buy a European call of the same strike.

Choice A: Do not exercise. In this case the portfolio of long stock and long put benefits
from the dividend NPV.

Choice B: Exercise put against long stock, receiving strikemich can earn interest r
(=¢™T-1). The position has to be hedged with the purchase of a European call (of cost
equal to the time value of a European put).

An investor will only exercise early if choice B > choice A

= Kr —time value > dividend NPV

= Kr —dividend NPV > time value for American put to be exercised

Selling ITM options that should be exercised early can be patfie

There have been occasions when traders deliberately sell ITM optairshbuld be exercised
early, hoping that some investors will forget. Even if theinaigcounterparty is award this
fact, exchanges randomly assign the counterparty to exercised optiongs Asilikely that
100% of investors will realise in time, such a strategy can be profitable.

! But not identical due tthe difference between spot and forward.
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ITM OPTIONS TEND TO BE EXERCISED AT EXPIRY TO PREVENT LOSSES

Hurdle for In order to prevent situations where an investor might suffer afltfey do not give notice to
a”t‘:“?at"? y EXercise an ITM option in time, most exchanges have some formtoatic exercise. If an
Zﬁivc:s:.r':nl:zua Y investor (for whatever reason) does not want the option to be automatiaitysed, he must
account for give instructions to that effect. The hurdle for automatic exercisguiglly above ATM in order
trading costs to account for any trading fees that might be incurred in gdhim underlying post exercise.
Eurex automatic exercise has a higher hurdle th&uronext-Liffe or CBOE
For the CBOE, options are automatically exercised if they ar®0$$%r more ITM (reduced
in June 2008 from US$0.05 or more), which is in line with Eexthiffe rules of a €0.01 or
GBPO0.01 minimum ITM hurdle. Eurex has a higher automatic hurdle, as a contradigsito
be ITM by 99.99 or more (edpr a euredenominated stock with a contract size of 100 shares
this means it needs to be at €0.9999 or more). Eurex does allow an investor to specify an
automatic exercise level lower than the automatic hurdle, or a percentage of exéreisg pr
t0 9.99%.
CORPORATE ACTIONS CAN CAUSE STRIKE TO BE ADJUSTED
Principal of While options do not adjust for ordinary dividefidthey do adjust for special dividends.
unchanged Different exchanges have different definitions of what is a special dividentlydically it is

contract values

ensures investor  COMsidered special if it is declared as a special dividend, or is larger than a temshold
does not suffer (eg 10% of the stock price). In additipoptions are adjusted in the event of a corporate action,
from special for example a stock split or rights issue. Options on equities and indicesreanbonus share
dividends or issues differently. A stock dividend in lieu of an ordinary dividendoissitiered an ordinary

corporate actions ;iqand for options on an equity (hence is not adjusted) but isatigradjusted by the index

provider. For both special dividends and corporate agttbesadjustment negates the impact
of the event (principal of unchanged contract values), so the theoreta=mlop the options
should be able to ignore the event. As the strike post adjustment will kstamatard, typichf
exchanges create a new set of options with the normal strikes. While oldersogin still
trade, liquidity generallypasses to the new standard strike options (particularly for ionge
maturities which dmot have much open interest).

M&A AND SPINOFFS CAN CAUSE PROBLEMS

If a company spins off a subsidiary and gives shareholders shares in treomeany, the
underlying for the option turns into a basket of the original equity andptireo$f company.
New options going into the original company are usually created, and the liquidibe of
options into the basket is likely to fade. For a compthayis taken over, the existing options
in that company will convert into whatever shareholders were offerghde lacquisition was
for stock then the optios convert into shares, but if the offer is partly in ¢césén options can
lose a lot of value as the volatility of cash is zero.

OPTIONS OFTEN ROLLED BEFORE EXPIRY TO REDUCE TIME DECAY

The time value of an option decays quicker for sdated options #n for fardated options.
To reduce the effect of time decayvestors often roll before expiry. For example, an investor
could buy aone-year option and roll it afteix months to a newneyear option.

2 Some option markets adjust for all dividends.



Best to overwrite
with slightly OTM
option to reduce

probability of
expiring in ITM

Figure 5. Short Call

CALL OVERWRITING

For a directional investor who owns a stock (or index), call overwriting by selling an
OTM call is one of the most popular methods of yield enhancement. Historically, call
overwriting has been a profitable strategy due to implied volatility usually being
overpriced. However, call overwriting does underperform in volatile, strongly rising
equity markets. Overwriting with the shortest maturity is best, and the strike should be
slightly OTM for optimum returns.

OPTION IMPLIED VOLATILITY IS USUALLY OVERPRICED

The implied volatility of optiongs on average-2pts above the volatility realised over the life
of the option. Thisimplied volatility premium is usually greater for indices than for single
stocks. As we can see no reason why these imbalances will fade, we expect caltiogeowri
continue to outperform on average. The key imbalances are:

Option buying for protection.

Unwillingness to sell low premium options causes market makers to raise their prices
(selling low premium options, like selling lottery tickets, has to be done agedcale to
be attractive).

High gamma of near-dated options has a gap risk premium (risk of stock jumping,
either intraday or between closing and opening prices).

Index implieds lifted by structured products.

CALL OVERWRITING BENEFITS FROM SELLING EXPENSIVE VOLATILITY

Shortdated implied volatility has historically been overpritede to the above supply and
demand imbalances. In order to profit from this characteristiong investor can sell a call
against a long position in the underlying of the option. Should the underlying perélang
the call be exercised, the underlying can be used to satisfy éhgisexof the call. As equities
should be assumed to have,arerage, a positive return, it is best to overwrite with athligh
OTM option to reduce the probability of the option sold expiring ITM.

Call Overwriting (or Buy Write)
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% We note that implied volatility is not necessarily as overpriced as Viiostidppear. For more detail,
see the seittn Overpricing of Vol Is Partly an Illusion.
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As there are
typically more
Buy ideas than
Sell ideas, call
overwriting is
useful to enforce
an exit strategy

Call overwriting is a useful way to gain yield in range trading markets

If markets are range trading, or are approaching a technicahresdevel, then selling a call
at the top of the range (or resistance level) is a useful way of gaieidgSuch a strategy can
be a useful tactical way of earning income on a core strategic portfofiotemtially could be
used as part of an exit strategy for a given target price.

Selling attarget price enforces disciplined investing

If a stock reaches the desired target price, there is the temptation to comtinure the strong
performer. Over time a portfolio can run the risk of being Bection of stocks that had
previously been undervalued, but are now at fair value. To prevent thig idduting the
performance of a fund, some fund managers prefer to call overwrite atatwgt price to
enforce disciplined investing, (as the stock will be called away when it seduhéarget). As
there are typically more Buy recommendations than Sell recommendaiadinsyverwriting
can ensure a better balance between the purchase and (called away) sale of stocks.

CALL OVERWRITING PROFILE IS SIMILAR TO PUT UNDERWRITING

Figure5 shows the profiles of a short call and of a long equity with an overwritténToe
resulting profile of call overwriting is similar to that of a short put (Fég6); hencecall
overwriting could be considered similao stock replacement with a short put (or put
underwriting). Both call overwriting and put underwriting attempt to profit from #ue that
implied volatility, on average, tends to be overpriced. While selling adhakit is seen as
risky, due to the nednfinite losses should stock prices fall, selling a call againsh@ dgjuity
position is seen as less risky (as the equity can be delivered against the exereisal)f th

Figure 6. Put Underwriting
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Boosters (1x2 call spreaylare useful when a bounceback is expected

If a near zero cost 1x2 call spread (long 1xATM call, short 2xOTM)aaltsverlaid on a long
stock position, the resulting position offers the investor twice the retuagtoty increases up
to the short upper strike. For very high returns the payout is capped, in a similes feagall
overwriting. Such positioning is useful when there has been a sharp drop in Ke¢smazaid a
limited bounce back to earlier levels istigipated. The level of the bounce back should be in
line with or below the short upper strike. Typically, short maturitiesbast (less than three
months) as the profile of a 1x2 call spread is similar to a short cédiniger maturities.

Figure 7. Booster (1x2 Call Spread) Call Overwriting with Booster
Return Return
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Source: Santander Investment Bolsa estimates.

CALL OVERWRITING IS BEST DONE ON AN INDEX

Need to compare  Many investors call overwrite agingle stocks. However, singock implied volatility trades

BXM index to more in line with realised volatility than index implieds. The reason whyxiimiglieds are
S&P500 total . ) 7 .

return index (as more overpriced than singiock implieds is due to the demand from hedgers and structured
BXM is total product sellers. Call overwriting at the index level also reduces tradiats (due to the
return) narrowerbid-offer spread). The CBOE has created a-ovmth call overwriting index on the

S&P500 (BXM index), which is the longestlic@verwriting time series available. It is
important to note that the BXM is a total return inde&nce it needs to be compared to the
S&P500 total return index (SPXT Bloomberg code) not the S&P500 peicen (SPX
Bloomberg code). As can be seerfigure 8 below, comparing the BXM index to the S&P500
price return index artificially flatters the performance of call ovamgi

Figure 8. S&P500 and S&P500 1M ATM Call Overwriting Index (BXM)
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Call overwriting performance varies according to equity and volatility margenditions

On average, call overwriting has been a profitable strategy. However, there haversgs p
of time when it is has been unprofitable. The best way to examine thesrahdar different
market conditions is to divide the BXM index by the total return S&P500 indexdd&Xh is

a total return index).

Figure 9. S&P500 1M ATM Call Overwriting (BXM) Divided by S&P500 Total Return Index
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Call overwriting underperforms in strong bull markets with low volatility

It is difficult to Since the BXM index was creatdtlere have been seven distinct periods (see Fiyabave),
;%ev'::g;“ eriods each with different equity and volatility market conditions. Of tbees periods, the two in
when ca"p which returns for call overiiting are negative are the bull markets of the -&88&0s and
overwriting willbe Middle of the last decad&hese were nkets with very low volatility, causing the short call
successful option sold to earn insufficient premium to compensate for the option being IETM.

important to note that call overwriting can outperform in slowly risingketar as the premium
earned is in excess of the amount the option ends up ITM. This was the case Bd{Mh
between 1986 and the mi®90s. It is difficult to identify these periods in advance as there is a
very low correlation between BXM outperformance and the earlier histmadatility.

LOWER DELTA REDUCES BENEFIT OF EQUITY RISK PREMIUM

We note that while profits should be earned from selling an expensivéheatlelta (or equity
sensitivity) of the long underlying short call portfolio is signifitg less than 100% (even if
the premium from the short call is reinvested into the strategy). Assuhmhgdquities are
expected to earn more than the risk free rateh@gea positive equity risk premium), this
lower delta can mean more money is lost by having a less egugjtive portblio than is
gained by selling expensive volatility. On averaggl overwriting appears to be a successful
strategy, and its success has meant that it is one of the most popular usessgbd pihins.



OVERWRITING WITH NEAR-DATED OPTIONS HAS HIGHEST RETURN

Overwriting with Neardated options have the highest theta, so an investor earns the greatest caogllfrom
near-dated overwriting with shordated options. It is possible to overwrite with 12-omenth gtions in a
options has . . . .. .
highest return, year, as opposed tq four thfmmnth options or one 3ihonth option. While overwriting with
and highest risk the shortest maturity possible has the highest returns on average,atbgysttoes have
potentially higher risk. If a market rises one month, thereaét back to its original value by
the end of the quarter, a en®nth call overwriting strategy will have suffered a loss on the
first call sold but a thremonth overwriting strategy will not have had a call expire ITM.
However overwriting with fardaied expiries is more likely to eliminate the equity risk
premium the investor is trying to earn (as any outperformance above a cerghiwilebe

called away).

BEST RETURNS FROM OVERWRITING WITH SLIGHTLY OTM OPTIONS

While overwriting with neadated exgies is clearly gperior to overwriting with fadated
expiries, the optimal choice of strike to overwrite with depends on the markedrenent. As
equities are expectedn averageto post a positive returroverwriting should be done with
slightly OTM options. Howeverif a period of time where equities had a negative return is
chosen for a baetest, then a strike below 100% could show the highest return. Looking at a
period of time where the SX5E had a positive return shows that femonth optionsa strike
between 10%-104% is best (see Figul® below). For threamonth optionsthe optimal strike

is a higher 10%-108%, but the outperformance is approximately half as good as fer one
month options. These optimal strikes for overwriting could be sedie arguably high, as
recently there have been instances of severe declines (TMT bubble bursting, Lehman
bankruptcy),which were followed by significant price rises afterwardsr singlestock call
overwriting, these strikes could seem to be low, as single stocks are matite VMBor this
reason, many investors use the current level of volatility to determinstiikeor choose a
fixed delta option (eg, 25%).

Figure 10. Call Overwriting SX5E with One-Month Calls of Different Strikes
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Sortino ratio is a
better measure of
risk for skewed
distributions
(such as returns
from call
overwriting)

OVERWRITING REDUCES VOLATILITY AND INCREASES RETURNS

While selling an option could be considered risky, the volatility of returns fraemasiting a
long equity positioris reduced by overwriting. This is becaubke payout profile is capped for
equity prices above the strike. An alternative way of looking at thisasthe delta of the
portfolio is reduced from 100% (solely invested in equity) to 100% less ttee alehe call
(c50% depending on strike). The reduced delta suppresses the volatilitypoftfio&o.

Benefit of risk reduction is less impressiveSbrtinoratios are used to measure risk

We note that the low call overwriting volatility is due to the latk/olatility to the upside, as
call overwriting has the same downside risk as a long position. Foretgon, using the
Sortino ratio (for more detajlsee thesectionSortino Ratio in the Appendix) is likely to be a
fairer measure of call overwriting risk than standard deviation, as staneldediah is not a
good measure of risk for skewed distributions. Sortino ratios show thaaltheverwriting
downside risk is identical to a long positidrence call overwriting should primarily be done
to enhance returns and is not a viable strategy for risk reduction.

We expect optimal strike for overwriting to be similar for single stocks ardides

While this analysis is focused on the SX5E, the analysis can be useditosiuglestock call
overwriting (although the strike could be adjusted higher by the sitgbé implied divided
by SX5E implied).

ENHANCED CALL OVERWRITING IS POSSIBLE BUT DIFFICULT

Enhaiced call overwriting is the term given when call overwriting is only done
opportunistically or the parameters (strike or expiry) are varied @iogoio market conditions.

On the index levelthe returns from call overwriting are so high that enhancédwatwriting

is difficult, as the opportunity cost from not always overwriting ishah. For single stocks,

the returns for call overwriting are less impressivence enhanced call overwriting could be
more successful. An example of singleck enhaced call overwriting is to only overwrite
when an implied is high compared to peers in the same sector. We note that even with
enhanced singistock call overwriting, the wider bidffer cost and smaller implied volatility
premium to realised means returns can be lower than call overwriting iatithx level.

Enhancedcall overwriting returns is likely to be arbitraged away

Should a systematic way to enhance call overwriting be viable, this method couldiled &ppl
volatility trading without needing an existing long position in the underlyingetithe
presence of statistical arbitrage funds and high frequency sraderbelieve it is unlikely that
a simple automated enhanced call overwriting strategy on equity ofisolatrkets is likely
to outperform vanilla call overwriting on an ongoing basis.
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PROTECTION STRATEGIES USING OPTIONS

For both economic and regulatory reasons, one of the most popular uses of options is to
provide protection against a long position in the underlying. The cost of buying protection
through a put is lowest in calm, low-volatility markets, but in more turbulent markets the
cost can be too high. In order to reduce the cost of buying protection in volatile markets
(which is often when protection is in most demand), many investors sell an OTM put
and/or an OTM call to lower the cost of the long put protection bought.

CHEAPEN PUT PROTECTION BY SELLING OTM PUTS AND CALLS

Buying a put against a long position gives complete and totalgtimiefor underlying moves
below the strike(as the investor can simply put the long position back for the strike price
following severe declines). The disadvantage of a put is thiévedyahigh cost, as an investor

is typically unwilling to pay more than 1286 for protection (as the cost of pgotion usually

has to be made up through alpha to avoid underperforming if markats decline). The cost

of the long put protection can be cheapened by selling an OTM put (turning the long put into a
long put spread)by selling an OTM call (turning puprotection into a collay)or both
(resulting in a put spread vs call, or put spread collar). The stikid® OTM puts and calls

sold can be chosen to be in line with technical supports or resistance levels.

Puts give complete protection without capping performance. As puts give such good
protection, their cost is usually prohibitive unless the strike is low.tli® reason, put
protection is normally bought for strikes around 90%. Given that this protegtilonot
kick in until there is a declinef 10% or more, puts offer the most ceffiective protection
only during a severe crash (or if very short-term protection is required).

Put spreads only give partial protection but are cost effective. While puts give complete
protection, often only p#ial protection is necessary, in which case selling an OTM put
against the long put (a put spread) can be an attractive protectieqg\stiehe value of the
put sold can be used to either cheapen the protection or lift the sttilelohg put.

Collars can be zero cost as they give up some upside. While investors appreciate the

need for protection, the cost needs to be funded through reduced performance (or less
alpha) or by giving up some upside. Selling an OTM call to fund a put (a collatsrasal

cap on performance. However, if the strike of the call is set at a reasonable level, the
capped return could still be attractive. The strike of the OTM call éafhosen to give

the collar a zero cost. Collars can be a visually attractive low (o) zest method of
protection as returns can be floored at the largest tolerable loss and chfipedaaget

return. A collar is uniqgue among protection strategies in not haigmifisant volatility
exposure, as its profile is similar to a short posiin the underlying. Collars greowever,
exposed to skew.

Put spread collars best when volatility is high, as two OTM options are sold. Selling

both an OTM put and OTM call against a long put (a put spread collar) is typically
attractive when volatity is high, as this lifts the value of the two OTM options sold more
than the long put bought. If equity markets are range bound, a put spread collapdam al
an attractive form of protection.
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Portfolio protection is usually done via indices for loweosts and macro exposure

While an equity investor will typically purchase individual stocks, it@cton is bought then
this is usually done at the index level. This is because the risk tastanwvishes to hedge
against is the general equity or macroeconomic risk. If a stock is seen as having excessive
downside risk, it is usually sold rather than a put bought against it. Anoaddliteason why

index protection is more common than single stock protection isththat bid-offer spreads
for singlestocks are wider than for an index.

Figure 11. Protection Strategies
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Source: Santander Investment Bolsa estimates.

Partial protection can give a more attractive risk reward profile than full pgotion

For sixmonth maturity optionghe cost of a 90% put is typically in line with a 98%% put
spread (exceptuding periods of high volatilitywhen the cost of a put is usually more
expensive). Put spreads often have an attractivaeislrd profile for protection of the same
cost, as the strike of the long put can be higher than the long put of a put spdiadnalty,

if an investor is concerned with outperforming peers, then a c10% outparfoe given by a
95%-85% put spread should be sufficient to attract investors (tlzeddtle incremental
competitive advantage in a greater outperformance).



Implied volatility is far more important than skew for pespread pricing

A rule of thumb is that the value of the OTM put sold should be approximatelghiodehe
value of the long put (if it eresignificantly less, the cost saving in moving from a put to a put
spread would not compensate for giving up complete protection). While safli@TM put
against a neaATM put does benefit from selling skew (as the implied volatility of tAMO
put sold is higher than the volatility of the near ATM long put boughé) efffect of skew on
put spread pricing is not normally that significant (far more significathe level of implied
volatility).

Collars are more sensitive to skew than implied volatility

Selling a call against a long put suffers from buying skew. The effect of skewaitergfor a
collar than for a put spread, as skew affects both legs of the structure the same weas(thieer
effect of skew on the long and short put of a put spread partly cancels). If skelatyhe tost
of a collar typically redces by 1% of spot. The level of volatility for nearo cost collars is not
normally significant, as the long volatility of the put cancels the short volatilitye call.

Choice of Cappingperformance should only be used when a letagting rally is unlikely

protection ) )

strategy is A collar or put spread collar capise performance of the portfolio at the strike of the OTM call
determined by sold. They should only therefore be used when the likelihood of a stomgasting rally (or
magnitude of significant bounce) is perceived to be relatively small.

expected decline
Bullish investors could sell two puts against long put (=pseudo-protection 1x2retsl)

If an investor is bullish on the equity market, then a protection strateggapstperforrance

is unsuitable. Additionally, as the likelihood of substantial declissgén to be small, the cost
of protection via a put or put spread is too high. In this scenario, a zero cost 1x2epdt sp
could be used as a psetglmtection strategy. The long put is normally ATM, which means the
portfolio is 100% protected against falls up to the lower strike. We do not cortsidesfier
true protection, as during severe declines a 1x2 put spread will suffegsawhen the
underlying portfolio is also heavily loss making. The payout of 1x2 put spreadsaforitias

of around three months or more is initially similar to a short put, so wedeorisito be a
bullish strategy. However, for the SX5E a roughlymsignth zerecost 1x2 put spread, whose
upper strike is 95%, has historically had a breakeven below 80% and dedlimese than
20% in six months are very rare. As 1x2 put spreads do not provide protection when you need
it most, they could be seen as a separate long position rather than a preteaitgyy.

Figure 12. 1x2 Put Spread Pseudo-Protection with 1x2 Put Spread
Return Return
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Source: Santander Investment Bolsa estimates.



PROTECTION MUST BE PAID FOR: THE QUESTION IS HOW?

If an investor seeks protection, the most important decision that has to be rhadetspay
for it. The cost of protection can be paid for in one of three ways. Fi@ureldw shows when
this cost is suffered by the investor, and when the structuts gigsrovide protection against
declines.

Premium. The simplest method of paying for protection is through premium. In thisecpseé,
or put spread should be bought.

Loss of upside. If the likelihood of extremely high returns is small, or if @prum cannot be
paid, then giving up upside is the best method of paying for protectitlar<and put spread
collars are therefore the most appropriate method of protection if a preraiurat be paid.

Potential losses on extreme downside. If an investor is willing to tolerate additional losses
during extreme declines, then a 1x2 put spread can offer a zero cost wayngf ffimogection
against limited declines in the market.

Figure 13. Protection Strategy Comparison

Equity Performance Put
Bull markets (+10% or more) Loss of premium
Flat markets (£5%) Loss of premium

Put Spread Collar  Put Spread Collar 1x2 Put Spread
Loss of premium Loss of upside Loss of upside -
Loss of premium - - -

Moderate dip (c-10%) Loss of premium Protected - Protected Protected
Correction (c-15%) Protected Protected Protected Protected Protected
Bear market (c-20% or worse) Protected Partially protected Protected Partially protected Severe loss

Source: Santander Investment Bolsa estimates.

STRATEGY ATTRACTIVENESS DETERMINED BY LEVEL OF VOLATILITY

The level of volatility can determine the most suitable protection syrategnvestor needs to
decide how bullish and bearish they are on the equity and volatility marketatifity is low,
then puts should be affordable enough to buy without offsetting stebgoselling an OTM
option. For low to moderate levels of volatility, a put spread is likely to bidést protection
that can be easily afforded. As a collar is similar to a short posititn Iwited volatility
exposure, it is most appropriate fob@arish investor during average periods of volatility (or if
an investor does not have a strong view on volatility). Pugasis collars (or 1x2 put spreads)
are most appropriate during high levels of volatility (as two options atlef@okvery option
bought).

MATURITY DRIVEN BY SEVERITY AND DURATION OF LIKELY DECLINE

The choice of protection strategy is typically driven by an investdgs wn equity and
volatility markets. Similarly lte choice of strikes is usually restricted by the premium an
investor can afford. Maturity is potentially the area where there is mogtectand the final
decision will be driven by an investor’s belief in the severity and durati any decline. If he
wants protection against a sudden crash, a -slabed put is the most appropriate strategy.
However, for a long drawn out bear market, a longer maturity is most appeopria

Declines can be

categorised as a
crash, correction
or a bear market

Figure 14. Types of DAX Declines (of 10% or more) since 1960

Type Average Decline Decline Range Average Duration Duration Range
Crash 31% 19% to 39% 1 month 0 to 3 months
Correction 14% 10% to 22% 3 months 0to 1 year
Bear market 44% 23% to 73% 2.5 years 1to 5 years

Source: Santander Investment Bolsa.



Average maturity
of protection is c6
months, boosted
by a few long
dated hedges

Median maturity of protection bought is c4 months but can be more than year

The average choice of protection is c6 months, but this is skeyvaddw longdated hedges.
The median maturity is ¢4 months. Protection can be bought for matofitee week to over

a year. Even if an investor has decided how long he needs protection, he can imiplei@ent
one fardated option or multiple nealated options. For example, eyear protetion could be
via a oneyear put or via the purchase of a thmeenth put every three months (four puts over
the course of a year). The typical cost of ATM puts for different maturtigvén below.

Figure 15. Cost of ATM Put on SX5E

Cost 1 Month 2 Months 3 Months 6 Months 1 Year
Individual premium 2.3% 3.3% 4.0% 5.7% 8%
Cost for year rolling protection 27.7% 19.6% 16% 11.3% 8%

Source: Santander Investment Bolsa.

Shortdated puts offer greatest protection but highest cost

If equity markets fall 20% in the first three months of the year and recover to ther é&arél

by the end ofhe year, then a rolling threeonth put strategy will have a positive payout in the
first quarter but a ongear put will be worth nothing at expiry. While rolling nekated puts
will give greater protection than a lowigted put, the cost is higher (see Figlsahove).

MULTIPLE EXPIRY PROTECTION STRATEGIES

Typically, a protection strategy involving multiple options has the same maturigifof the
options. Howeversome investors choose a nearer maturity for the options they are short, as
more premium can be earned selling a ftlded option multiple times (as nadated options

have higher theta). For more detaifee the sectionGreeks and Their Meaning in the
Appendix. These strategies are most successful when term structure is inverted;aatility

for the neardated option sold is higher. Having a nearer maturity for the long put option and
longermaturity for the short options makes less sense, as this increases f@Essaming the
nearerdated put is rolled at expiry).

Calendarcollar effectively overlays call overwriting on a long put position

If the maturity of the short call of a collarékser than the maturity of the long put, then this is
effectively the combination of a long put and call overwriting. For example pteot athree
month put can be recovered by selling -omenth calls. This strategy outperforms in a
downturn ad alsohas a lower volatilitfsee Figure 16)



Selling near-dated
volatility can help
pay for far dated
protection

Figure 16. Performance of 3M Put vs 1M Call Overwriting
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Source: Santander Investment Bolsa.

Calendarput spread collar effectively sells shegtaited volatility against long put

For a calendar put spread collar, if the maturity of the short put isadetdithe long puthen

the results are similar to a calendar collar above. If the manfrihe short put is the same as
the maturity of the short nedated put, then, effectively, this position funds the longhyut
selling shordated volatility. This type of calendar put spread collar is sinidlaa long far

dated put and short nedated straddle (as the payoff of a short strangle and straddle are
similar, we shall assume the strikes of the short call and short put are ileRtican investor

who is able to trade OTC, a similar strategy involves long put and isbartiated variance
swaps.



Long call can be
cheapened by
selling an OTM
call and/or and
OTM put

OPTION STRUCTURES TRADING

While a simple view on both volatility and equity market direction can be implemented
via a long or short position in a call or put, a far wider set of payoffs is possible if two or
three different options are used. We investigate strategies using option structures (or
option combos) that can be used to meet different investor needs.

BULLISH COMBOS ARE MIRROR IMAGE OF PROTECTION STRATEGIES

Using option structures to implement a bearisltsgy has already been discussed in the
sectionProtection Srategies Using Options. In the same way a long put protection can be
cheapened by selling an OTM put against the put protection (to creats@gad giving only
partial protection), a call can be cheapened by selling an OTM call (i@ @eall spread
offering only partial upside). Similarly, the upside exposure of the callajbsjgread) can be
funded by put underwriting (just as put or pread protection can be funded by call
overwriting). The four option structures for bshi strategies are given below.

Calls give complete upside exposure and floored downside. Calls are the ideal
instrument for bullish investors as they offer full Wiegsexposure and the maximum loss is
only the premium paid. Unless the call is short dated or is purchased in a period of low
volatility, the cost is likely to be high.

Call spreads give partial upside but are cheaper. If an underlying is seen as unlikely t
rise significantly, or if a call is too expensive, then selling an OTM calhagéie long
call (to create a call spread) could be the best bullish strategy. The strike of gwdcal
could be chosen to be in line with a target price or technicataase level. While the
upside is limited to the difference between the two strikes, theotos$te strategy is
normally onethird cheaper than the cost of the call.

Risk reversals (short put, long call of different strikes) benefit from selling skew. If a
long call position is funded by selling a put (to create a risk revetbalyolatility of the
put sold is normally higher than the volatility of the call bought. The higkew is, the
larger this difference and the more attractive this strate@@inslarly, if interest rates are
low, then the lower the forward (which lifts the value of the put and deesethe value of
the call) and the more attractive the strategy is. The profile of this risk reigesgailar to
being long the underlying.

Call spread vs put is most attractive when volatility is high. A long call can be funded
by selling an OTM call and OTM put. This strategy is best when implied vglasilhigh,
as two options are sold.



Figure 17. Upside Participation Strategies
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Source: Santander Investment Bolsa estimates.

LADDERS HAVE A SIMILAR PROFILE TO 1x2 SPREADS

With a 1x2 call or put spread, two OTM options of the same sarkesold against one
(usually near ATM) long ajon of a different strike. A ladder has exactly the same structure,
except the two short OTM options have a different strike.

Figure 18. Put Ladders and 1x2 Put Spreads Call Ladders and 1x2 Call Spreads
Return Return
20% 1 20% -
15% A 15% 1
10% A 10% 4
5% A 59 1
0% A . . . 0% —
50% 0%  70%  80%  90% 100% 110% 120% 130% 140% 150% 50%  60%  70%  80%  90% 100% 110% 120% 130% 140%_ 150%
-5% o -5% 1
10% 1 -10%
Put ladders and 1x2 put spreads both sell two OTM
15% 4 puts to fund cost of a (typically) near ATM put. These -15% 1 _Call ladders and 1x2 call spreads can be used
structures can be used for pseudo protection. instead of a short call for call overwriting
-20% A -20% -
Put ladder ™====1x2 put spreac Strike Call ladder 1x2 call spread Strike

Source: Santander Investment Bolsa estimates.



Calendars are
useful as a
butterfly
substitute when
OTM options are
illiquid

STRADDLES, STRANGLES AND BUTTERFLIES ARE SIMILAR

Using option structures allows a straddle (long call and put of same dgirilstjangle (long
call and put of different strikes) to be traded. These structures are dtatidity, but do not
have any exposure to the direction of the equity market. For more dsémlsiext section
Volatility Trading Using Options. Butterflies combine a short straddle with a long strangle,
which floors thdosses.

1X1 CALENDAR TRADES ARE SIMILAR TO TRADING A BUTTERFLY

We note the theoretical profile of a short calendar trade is similaadmngr a butterfly (see
Figure19 below).If an underlying does not have liquid OTM options, then a calendar can be
used as a butterfly substitute (although this approach does ineoestructure risk, which a
butterfly does not have). A long calendar (short silzded, long fadated) is therfere short
gamma (as the short nedaited option has more gamma than thaedéted option).

Figure 19. Theoretical Value of Butterfly and Short Calendar
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Source: Santander Investment Bolsa.



OPTION STRUCTURES ALLOW A RANGE OF VIEWS TO BE TRADED

Figure D shows the most common structures that can be traded with up to three differen
options in relation to a view on equity and volatility markets. For sintplistrangles and
ladders are not shown, but they can be considered to be similar to straddles and 1x2 ratic
spreads, respectively.

Figure 20. Option Structures

Implied expensive
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Source: Santander Investment Bolsa.



This page |eft blank intentionally.



VOLATILITY AND CORRELATION
TRADING



VOLATILITY TRADING USING OPTIONS

While directional investors typically use options for their equity exposure, volatility
investors delta hedge their equity exposure. A delta-hedged option (call or put) is not
exposed to equity markets, but only to volatility markets. We demonstrate how volatility
investors are exposed to dividend and borrow cost risk and how volatility traders can
‘pin’ a stock approaching expiry.

VOL TRADING VIA CALLS AND PUTS IS IDENTICAL (PUT-CALL PARITY)

A forward is a contract that obliges the ist@ to buy (or sell if you have sold the forward) a
security on a certain expiry date (but not before) at a nestéke price. A portfolio of a long
European call and a short European put of identical expiry and strike same as a forward
of that expiry and strike, as shown in Figufie Phis means that if a call, a put or a straddle is
delta hedged with a forward contract (not stock), the end profile iidderWe note putall
parity is only true for European options, as American options eagxércised before expiry
(although in practice they seldom are).

Figure 21. Put-Call Parity: Call - Put = Long Forward (not long stock)
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Source: Santander Investment Bolsa.

Deltahedging must be done with forward of identical maturfigr put call parity

Dividend risk is It is important to note that the delta hedging must be done with a forward of aleniturity

equal to delta to the options. If it is done with a different maturity, ortwétock, there will be dividend risk.
This is because a forward, like a European call or put, gives the right to a securitiugtym
but does not give the right to any benefits such as dividends that have an exatatexyery.
A long forward position is therefore equal to long stock and shwaidends that go ex before
maturity (assuming interest rates and borrow cost are zero or are hetlgedjan be seen
from the diagram below, as a stock will fall by the value of the dividsuljéct to a suitable
tax rate) on the ex date. The divideigk of an option is therefore equal to the delta.



Figure 22. Why Forwards Are Short Dividends
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Source: Santander Investment Bolsa.

BORROW COST IMPACT ON OPTION PRICING

From a derivative pricing point of view, borrow cost (or repo) can be addée tiviidend.
This is because it is something thHa bwner of the shares receiesl the owner of a forward
does not. While the borrow cost should, in theory, apply to both the bid and offer ofnchlls a
puts, in practice an investment kanstock borrow desk is usually separate from the volatility
trading desk (or potentially not all of the long position can be lent out). If thersra the
volatility trading desk do not get an internal transfer of the borrow cost, thgmoalside D

the trade (the side that has positive delta for the volatility trading deskgative delta for the
client) usually includes the borrow cost. This is shown in Fi@@rbelow. While the borrow
cost is not normally more than 40bp for General Collaté&l) names, it can be more
substantial for emerging market (EM) names. If borrow cost is only iedlind one leg of
pricing, it creates a bidffer arbitrage channel.

Figure 23. When Borrow Cost Is Usually Included in Implied Volatility Calculations
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Calls Include borrow -
Puts — Include borrow

Source: Santander Investment Bolsa.

Zerodelta straddles still need to include borrow cost on one leg of the steaddl

Like dividends, the exposure to borrow cost is equal tal¢ta. However, a zero delta straddle
still has exposure to borrow cost because it should be priced as the sunsepasate trades,
one call and one put. As one of the legs of the trade should include borrow, so doddle stra
This is particularly imprtant for EM or other high borrow cost names.

Zerodelta straddles have strike above spot

Zero delta A common misperception is that ATM options have a 50% de#tace an ATM straddle has
straddles have to be zero déa. In fact a zero delta straddle has to have a strike above spot (an ATM straddle

strike greater than . . ..
spot (or forward)  Nas negative delta). The strike of a zero delta straddle is given below.

Strike (%) of zero delta straddleeir st 12t

where r = interest rate, 6 = volatility and T = time.



Delta-hedged
option gives a
position whose
profitability is
determined by
volatility

DELTA HEDGING AN OPTION REMOVES EQUITY RISK

If an option is purchased at an implied volatility that is lower thandbbsed volatility over
the life of tie option, then the investan theory earns a profit from buying cheap volatility.
However the effect of buying cheap volatility is dwarfed by the profit or loss fitbm
direction of the equity market. For this reason, directional investors ardyusoa¢ concerned
with premium rather than implied volatility. Volatility investors will, howeveedge the
equity exposure. This will result in a position whose profitabilityolely determined by the
volatility (not direction) of the underlying. As del measures the equity sensitivity of an
option, removing equity exposure is called delta hedging (as a portfolio neit equity
exposure has delta = 0).

Deltahedging example

As the delta of a portfolio is equal to the sum of the deltas of the securities portfolio, a
position can be delta hedged by purchasing, or going short, a number of shares @irfuture
the case of an index) equal to the delta. For example, if ten call options leaMedagiht with

a delta of 40%, then four shares (10 x 40% = 4) have to be shorted to create ia pdtfaio
delta. The shares have to be shorted as a call option has positivdeletathe delta hedge
has to be negative for the sum of the two positions to have zero delta. If wéong put
(which has ngative delta)then we would have to buy stock to ensure the overall delta was
zero.

Figure 24. Delta-Hedged Call
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Source: Santander Investment Bolsa.

Constant delta hedging is called gamma scalping

The rate delta changes as spot moves is called gah@nee gamma is the convexity of the
payout. As the delta changes, a volatility investor has ta tielige in order to ensure there is
no equity exposure. Constantly delta hedging in this way is called gamma scakpiiig,
ensures a longolatility position earns a profit as spot moves.
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Short gamma
positions have
to cross the
underlying bid-
offer spread
(when delta
hedging)

Gammascalping (delta rededging) locks in profit as underlying moves

We shall assume an investor has purchased a zero delta straddle (or strangie ardguinent
will hold for long call or put positios as well. If equity markets fall (from position 1 to
position 2 in the chart) the position will become profitable and the deltadedliease from
zero to a negative value. In order to lock in the profit, thestor must buy stock (or futures)
for the portfolio to return to zero delta. Notliatthe portfolio is equity market neutra will
profit from a movement up or down in the equity market. If equity markemsribe, the initial
profit will be kept and a further profit earned (movement from positiea Rosition 3). At
position 3 the stock (or futures) position is sold and a short position edittat return the
position to zero delta.

Figure 25. Locking in Gains through Delta Hedging
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Source: Santander Investment Bolsa.

Long gamma position can sit on the bid and offer

As shown above, a long gamma (long volatility) position has to buy shares fatheynd sell
them if they rise. Buyig low and selling high earns the investor a profit. Additionally, as a
gamma scalper can enter bids and offers away from current spot, there edrto oeoss the
spread (as a long gamma position can be delta hedged by sitting bid and offer). Alsort
gamma position represents the reverse situation, and requires crossingette tepdelta
hedge. While this hidden cost is small, it could be substantial over the long derm f
underlyings with redtively wide bidoffer spreads.

Best todelta hedge 0 key dates or on turn of market

If markets have a clear direction,(ikey are trending), it is best to delta hedge less frequently.
However, in choppy markets that are range bound it is best to delta hedgesgagnftly. For

more detail on how hedgirfgequency affects returns and the path dependency of returns, see
the section Sretching Black-Scholes Assumptions. If there is a key announcement (either
economic or earningelated to affect thenderlying),it is best to delta hedge just before the
announcement to ensure that profit is earned from any jump (up or down) that occur



Single stocks (but
not indices) can
be pinned
approaching
expiry

GAMMA HEDGING CAN ‘PIN’ A STOCK APPROACHING EXPIRY

As an investor who is long gamma can delta hedge by sitting on the bid and offegdéis t
can pin an underlying to the strike. This is a side effect of selling ifttiok sises above the
strike, and buying if the stock falls below the strike. The@am of buying and selling has to
be significant compared with the traded volume of the underlying, whickhy pinning
normally occurs for relatively illiquid stocks or where the position igiqdarly sizeable.
Given the high trading volume of indigdsis difficult to pin a major index. Pinning is more
likely to occur in relatively calm markets, where there is no strong tiemblive the stock
away from its pin.

Large sizeof Swisscom convertible pinned underlying for many months

One of the most gible examples fapinning occurred in late 2004/early 2005, due to a large
Swiss government debt issue, (Swisscom 0% 2005) convertible into thigefhglatiquid
Swisscom shares. As the shares traded close to the strike approaching ,ntaeurigyward

trend of the stock was broken. Swisscom was pinned for two to three months until the
exchangeable expired. After expiration, the stock snapped back to where it waailoeleavif

the upward trend had not been paused. A similar event occurred to AXMe imonth
preceding the Jun05 expiry, when it was pinned close to €20 despit@#debmarket rising
(after expiry AXA rose 4% iffiour days to make up for its earlier underpeniance).

Figure 26. Pinning of Swisscom Stock Approaching Convertible Expiry
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A stock that
moves 1% a day
has 16% volatility,
and a stock that
moves 2% has
32% volatility

OPTION TRADING RULES OF THUMB

To calculate option premiums and volatility exactly is typically too difficult to do without the
aid of a tool. However, there are some useful rules of thumb that can be used to give an
estimate. These are a useful sanity check in case an input to a pricing model has been entered
incorrectly.

Profit from delta hedging is proportional to square of return. Due to the convexity of
an option, if the volatility is doubled the profits from delta hedging are multiplied by a
factor of four. For this reason, variance (which looks at squared returns) is a better measure
of deviation than volatility.

ATM option premium in percent is roughly 0.4 x volatility x square root of time. If
one assumes zero interest rates and dividends, then the formula for the premium of an
ATM call or put option simplifies to 0.4 x ¢ x VT. Therefore, a one-year ATM option on
an underlying with 20% implied is worth ¢8% (= 0.4 x 20% x \1). OTM options can be
calculated from this estimate using an estimated 50% delta.

Historical annualised volatility roughly equal to 16 x percentage daily move.
Historical volatility can be estimated by multiplying the typical return over a period by the
square root of the number of periods in a year (eg, 52 weeks or 12 months in a year).
Hence, if a security moves 1% a day, it has an annualised volatility of 16% (as 16 ~ 252
and we assume there are 252 trading days).

Historically, annualised volatility is roughly equal to 16 x percentage daily move

Volatility is defined as the annualised standard deviation of log returns (where return = P; / P;)).
As returns are normally close to 1 (=100%) the log of returns is very similar to ‘return — 1’
(which is the percentage change of the price). Hence, to calculate the annualised volatility for a
given percentage move, all that is needed is to annualise the percentage change in the price.
This is done by multiplying the percentage move by the square root of the number of samples
in a year (as volatility is the square root of variance). For example, market convention is to
assume there are approximately 252 trading days a year. If a stock moves 1% a day, then its
volatility is 1% x V252, which is approximately 1% x 16 = 16% volatility. Similarly, if a stock
moves 2% a day it has 32% volatility.

Number of trading days in year =252 => Multiply daily returns by V252 =16
Number of weeks in year =52 => Multiply weekly returns by V52 ~7
Number of months in year =12 => Multiply monthly returns by V12 ~3.5



ATM option premium in percent is roughly 0.4 x volatility x square root of time
Call price = S N(@ —K N(dp) €
Assuming zero interest rates and dividends (r = 0)
= ATM call price =S N(c X VT /2)—S N(o x T / 2) as K=S (as ATM)
= ATM call price = S xo x VT /\(27)
= ATM call price = 6 x VT / \(27) in percent

= ATM call price= 0.4 x ¢ x \T in percent

where:

Definition of d, and d is the standard Blae®8choles formula.

o = implied volatility

S = spot

K = strike

R = interest rate

T = time to expiry

N(z) = cumuative normal distribution
Example 1

1Y ATM option on an underlying with 20% implied is worth c.8% (=0.4 x 2094 x
Example 2

3M ATM option on an underlying with 20% implied is worth ¢.4% (=0.20% %/0.25 =0.4
x 20% x 0.5)

OTM options can be calculated by assuming 50% delta

If an index is 3000pts and has a 20% implied then the price of a 3M ATM option is
approximately 240pts (3000x8% as calculated above). A 3200 call is thempfmaximately

240 —50% (32063000) = 140pts assuming a 50% delta. Siryilax 3200 put is approximately
340pts.
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Profit from delta hedging is proportional to percentage move squared

Due to the convexity of an option, if the volatility is doubled, the profits from teldging are
multiplied by a factor of four. For this reason, variance (which looks atedjuaturns) is a
better measure of deviation than volatility. Assuming constant volatiliro interest rates and
dividend, the daily profit and loss (P&L) from delta hedging an option is givenvbel

Daily P&L from option = Delta P&L + Gamma P&L + Theta P&L

= Daily P&L from option = S8 + S?% /2 + t0 where S is change in Stock and t is time
= Daily P&L from option -S& = + S% /2 + t§ = Delta hedged P&L from option
= Delta hedged P&L from option Z§/2 + cost term (t0 does not depend on stock price)

where:

) = ddta

Y = gamma
t = time

0 = theta

Hedge investors If the effect of theta is ignored (as it is a cost that does not depend sizélof the stock price
prefer occasional  movement)the profit of a delta hedged option position is equal to a scaling factor (g@mma
large moves to multiplied by the square of the return. This means that the profit from a 2% mavstock
constant small . . . . .
moves price is four times (24) the profitirom a 1% move in stock price.
This can also be seen from Fig@&2 below,as tle additional profit from the move from 1% to
2% is three times the profit from 0% to 1% (for a total profit fannes the profit for a 1%
move).

Figure 27. Profile of a Delta-Hedged Option
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Source: Santander Investment Bolsa.



Example: make same delta hedge profit with 1% a day move as 2% every four days

Let's assume there are two stocks: one of them moves 1% a day and the other 2% every fou
days (see Figur28 below). Both stocks have the same 16% volatility and delta hedging them

earns the same profit (as four times as much profit is earned on the days thaastesk% as
when it moves 1%).

Figure 28. Two Stocks with the Same Volatility
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Variance swaps
are quoted in
volatility terms
due to greater
user familiarity

VARIANCE IS THE KEY, NOT VOLATILITY

Partly due to its use in Black-Scholes, historically, volatility has been used as the measure
of deviation for financial assets. However, the correct measure of deviation is variance (or
volatility squared). Volatility should be considered to be a derivative of variance. The
realisation that variance should be used instead of volatility led volatility indices, such as
the VIX, to move away from ATM volatility (VXO index) towards a variance-based
calculation.

VARIANCE, NOT VOLATILITY, IS CORRECT MEASURE FOR DEVIATION

There are three reasons why variance, not volatility, shoulddx as the correct measure for
volatility. However, despite these reasons, even variance swaps arallyajooted as the
square root of variance for an easier comparison with the implietilitplaf options (but we
note that skew and convexity mean the fair price of variance should alwagysbade ATM
options).

Variance takes into account implied volatility at all stock prices. Variance takes into
account the implied volatility of all strikes with the same expiry (whilévAimplied will
change with spot, even if volatility surface does not change).

Deviations need to be squared to avoid cancelling. Mathematically if deviations were
simply summed then positive and negative deviations would cancel. This ibevbyrh of
squared deviations is taken (variance) to prevent the deviations from icandedking the
square root of this sum (volatility) should be considered a derivativesoptine measure
of deviation (variance).

Profit from a delta-hedged option depends on the square of the return. Due to the
convexity of an option, if the volatility is doublethe profits from delta hedging are
multiplied by a factor offour. For this reasarvariance (which looks at squared returns) is
a better measure of deviation than volatility.

(1) VARIANCE TAKES INTO ACCOUNT VOLATILITY AT ALL STOCK PRICES

When looking at how rich or cheap options with the same matusgtyrather than looking at
the implied volatility for a certain strikée( ATM or another suitable strike) it is better to look
at the implied variance as it takes into account the implied volatility of all stilar example,

if an option with a fixedstrikethatis initially ATM is bought, then as soon as spot moves it is
no longer ATM. Howeverif a variance swap (or log contraaf options in the absence of a
variance swap market) is bought, then its traded level is aplglinalmatter what the lel of
spot. The fact a variance swap (or log contract) payout depends only oalibedregariance
and is not patkdependent makes it the ideal measure for deviation.

* For more details, see the sectiuiatility, Variance and Gamma Swaps.



(2) DEVIATIONS NEED TO BE SQUARED TO AVOID CANCELLING

If a seesaw has two weights on it &hd weights are the same distance either side from the
pivot, the weights are balanced as the centre of the mass is in line with the pivoagseergr
left hand side below). If the weights are further away from the pivotéhé&re of the mass
(hence tle average/expected distance of the weights) is still in line with toé (ee graph on
right hand side below). If the deviation of the two weights frbengivot is summed together

in both cases they would be zero (as one weigigviation from the pbt is the negative of
the other). In order to avoid the deviation cancelling this way, the square of thiode(oa
variance) is taken, as the square of a number is always positive.

Figure 29. Low Deviation High Deviation
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Source: Santander Investment Bolsa.

(3) PROFIT FROM DELTA HEDGING PROPORTIONAL TO RETURN SQUARED

Assuming constant volatility, zero interest rates and dividend, the dafiy gmd loss (P&L)
from delta hedging an option is given below:

Deltahedged P&L from option =%3/2 + cost term

where:

Y = gamma

This can also be seerom Figure27 Profile of a Delta-Hedged Option in the previous section

(page 45) as the additional profit from the move from 1% to 2% is thirees the profit from
0% to 1% (for a total profit fouimes the profit for a 1% move).
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VIMEX is one of
the few volatility
indices not to use
a variance swap
based calculation

VOLATILITY SHOULD BE CONSIDERED A DERIVATIVE OF VARIANCE

The three examples above show why variance is the natural measure for devidtolity)yo
the square root of variance, should be considered a derivative aficaniather than a pure
measure of deviation. It is variance, not volatilityatis the second moment of a distribution
(the first moment is the forward or expected price). For more details amentg read the
sectionHow to Measure Skew and Smile.

VIX AND VDAX MOVED FROM OLD ATM CALCULATION TO VARIANCE

Due to the realisation that variance, not volatility, was the correct measdeyiation, on
Monday,SeptembeR2, 2003 the VIX index moved away from usimgTM implied towards a
variancebased calculation. Variandmsed calculations have also been used for by other
volatility index providers. The old VIX, renamed VXO, took thepliad volatility for strikes
above and below spot for both calls and puts. As the firstrtamath expiries were usethe

old index was an average @fjhtimplied volatility measures as 8 = 2 (strikes) x 2 fgalf) x

2 (expiry). We note that the use of the first two expiries (excluding tdm¢ fnonth if it was
less than eight calendar days) meant the maturity was on average 1.5 months, rottbras m
for the new VIX.

Similarly, the VDAX index which was based on 4tay ATM-implied volatility, has been
superseded by the V1X indexhich, like the new VIX, uses a variance swap calculation. All
recent volatility indicessuch as the vStoxx (V2X), VSMI (V3X), VFTSE, VNKY and VHSI
use a variance swap calculation, although we note the recent VIMEX indexa usimilar
methodology to the old VIX (potentially due to illiquidity of OTM options on the Mexbol
index).

VARIANCE TERM STRUCTURE IS NOT ALWAYS FLAT

While average variance term structure should be flat in theory, in practice sunoptlemand
imbalancegan impact variance term structure. The buying of protection at the lonh@uid s
mean that variance term structure is on average upward sloping, but in turbaikets it is

usually inverted.



Naming of
volatility swaps,
variance swaps
and gamma
swaps is
misleading, as
they are in fact
forwards

VOLATILITY, VARIANCE AND GAMMA SWAPS

In theory, the profit and loss from delta hedging an option is fixed and is based solely on
the difference between the implied volatility of the option when it was purchased and the
realised volatility over the life of the option. In practice, with discrete delta hedging and
unknown future volatility, this is not the case, leading to the creation of volatility,
variance and gamma swaps. These products also remove the need to continuously delta
hedge, which can be very labour-intensive and expensive. Until the credit crunch,
variance swaps were the most liquid of the three, but now volatility swaps are more
popular for single stocks.

VOLATILITY, VARIANCE & GAMMA SWAPS GIVE PURE VOL EXPOSURE

As spot moves away from the strike of an option the gamma decreases, and it becames mor
difficult to profit via delta hedging. Secomggneration volatility productsuch as volatility
swaps, variance swaps and gamma swapee created toige volatility exposure for all levels

of spot and alsto avoid the overhead and cost of delta hedging. While volasifity variance
swaps have been traded since 1993, they became more populd®3svhen Russia
defaulted on its debts and Lofigrm Gapital Management (LTCM) collapsed. The naming of
volatility swaps, variance swaps and gamma swaps is misleadinigey are in fact forwards.

This is because their payoff is at maturity, whereas swaps have intermediagmfzaym

Volatility swaps. Volatility swaps were the first product to be traded significantly and
became increasingly popular in the late 1990s until interest migtatedriance swaps.
Following the collapse of the singi#ock variance market in the credit crunch, they are
having a renaissance due to demand from dispersion traders. A theoretidahak of
volatility swaps is the fact that they require a volatility of volatility (vbivol) model for
pricing, as options need to be bought and sold during the life of the contradt igets to
higher trading costs). However, in practitee vol of vol risk is small and volatility swaps
trade roughly in line with ATM forward (ATMf) implied volatility.

Variance swaps. The difficulty in hedging volatility swaps drove liquidity towards the
variance swap market, particularly during the 2002 equity collapse. As vaneaps san

be replicated by delta hedging a static portfolio of options, it is hot necésdauy or sell
options during the life of the contract. The problem with this capibn is that it assumes
options of all strikes can be bought, but in reality very OTM optawasither not listed or

not liquid. Selling a variance swap and only hedging with the available roughly ATM
options leaves the vendor short tail risk. As thgqut is on variance, which is volatility
squared, the amount can be very significant. For this reason, liquidity on-stincje
variance disappeared in the credit crunch.

Gamma swaps. Dispersion traders profit from overpriced indexplied volatility by

going long singlestock variance and short index variance. The portfolio of variance swaps
is not stati¢c hence rebalancing trading costs are incurred. Investment banks attempted to
create a liquid gamma swap market, as dispersion can be implementedatia portfolio

of gamma swaps (and, hence, it could better hedge the exposure of their bookdlifrgm se
structured products). However, liquidity never really took off due toeininterest from
other market participants.
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Variance swaps
are quoted as the
square root of
variance (to allow
easier comparison
with implied
volatility)

Only for flat skew
will the price of a
volatility swap
and variance
swap (and gamma
swap) be the
same

VOLATILITY SWAP < GAMMA SWAP < VARIANCE SWAP

Variance and gamma swaps are normally quoted as the square rocamtevém allow easier
comparison with the options markétowever, typically variance swaps trade in line with the
30 delta put (if skew is downward sloping as normal). The square root of taaceastrike is
always above volatility swaps (and ATMf implied as volatility swapSTMf implied). This is
due to thdact a variance swap payout is convex (hendk always be greater than or equal to
volatility swap payout of identical vega, which is explained later inst#ion). Only for the
unrealistic case of no vol of vol (ie, future volatility isnstant andnown) will the price of a
volatility swap and variance swap (and gamma swap) be the.saheefair price of a gamma
swap is between volatility swaps and variance swaps.

(1) VOLATILITY SWAPS

The payout of a volatility swap is simply the notional, multiplied by the differdmtween the
realised volatility and the fixed swap volatility agreed at the timeaafing. As can be seen
from the payoff formuldoelow, the profit and loss is completely path independent as it is solely
based on the realised volatility. Volatility swaps were previoufibyitl, but are now more
popular with dispersion traders, given the single stock varianceetnaoklonger existpost
credit crunch. Unless packaged as a dispersion, volatility swaps rarely teadesparsion is
short index volatility, long single stock volatility, single stock volatility swégwd to be bid
only (and index volatility swaps offered only).

Volatility swap payoff

(oF —os) X volatility notional
where:
or = future volatility (that occurs over the life of contract)

os = swap rate volatility (fixed at the start of contract)

Volatility notional = Vega = notional amount paid (or received) pertiitygpoint

(2) VARIAN CESWAPS

Variance swaps are identical to volatility swaps except their payout is baseariance
(volatility squared) rather than volatility. Variance swaps are lomgvsfimore exposure to
downside put options than upside calls) and convexity (more exposure to OTM opé#ons t
ATM). Oneyear variance swaps are the most frequently traded.

Variance swap payoff
(o¢” - 659 x Variance notional

where:
Variance notional = notional amount paid (or received) per variance point

NB: Variance notional = Vega / (2s) where 65 = current variance swap price

® A variance swap payout is based on cash return assuming zero mean, wheltedsdged option
variance payout is based on a forwatfénce, a variance swap fair price will be slightly above a constant
and flat volatility surface if the drift is nezrero (as clos¢o-close cash returns will be lifted by the drift).



Corridor variance
swaps give
exposure to
volatility, only
when spotisin a
certain range

VARIANCE SWAPS CAPS ARE EFFECTIVELY SHORT OPTION ON VAR

Variane swaps on single stocks and emerging market indices are normally capped at 2.5 times
the strike, in order to prevent the payout from rising towanfisiiy in a crisis or bankruptcy.

A cap on a variance swap can be modelled as a vanilla variance sweagnleption on
variance whose strike is equal to the cap. More details can be found in the Gptibos on
Variance.

Capped variance should be hedged with OTM calls, not OTM puts

The presence of a cap on a vada swap means that if it is to be hedged by only one option it
should be a slightly OTM call, not an OTM (approx delta 30) put. iBhig ensure the option

is so far OTM when the cap is hit that the hedge disappears. If this is not doriéattrawler

is long a capped variance swap he would hedge by going short an OTM put. If matkets fal
with high volatility hitting the cap, the trader would be naked short a (now to&€&M) put.
Correctly hedging the cap is more important than hedging the skew position.

S&P500 variance market is increasing in liquidity, while SXSE has become less liquid

The payout of volatility swaps and variance swaps of the same vega is similar for small
payouts, but for large payouts the difference becomes very samifilue tdhe quadraticié¢,
squared) nature of variance. The losses suffered in the credit crunckhizcale of variance
swaps, particularly single stock variance (which, like single stockiMglawaps now, was
typically bid), have weighed on their subsequent liquidity. Now variance swapsaaéyfor
indices (usually without cap, but sometimes with). The popularity of VIX fathees raised
awareness of variance swaps, which has helped S&P500 variance swaps become more liqui
than they were before the diecrunch. S&P500 variance swaps now trade withideoffer
spread of c30bp and sizes of approximately US$5mn vega can regularly tragedayer
However, SX5E variance swap liquidity is now a fraction of itsgoeglitcrunch levels, with
bid-offer spreds now c80bp compared with c30bp previously.

CORRIDOR VARIANCE SWAPS ARE NOT LIQUID

As volatility and spot are correlated, volatility buyers would typicaltyy wantexposure to
volatility levels for low values of spot. Conversglplatility sellers would only want exposure

for high values of spot. To satisfy this demand, corridor variance swaps weed cigatse

only have exposure when spot is between spot values A and B. If A jghmsrat is a down
variance swap. If B is infinityit is an up variance swap. There is only a swap payment on
those days the spot is in the required range, so if spot is never angeethere is no payment.
Because of this, a dowariance swap and up variance swap with the same spot barrier is
simply a vanilla variance swap. The liquidity of corridor vacmiswaps was always far lower
than for variance swaps and, since the credit crunch, they are rarely traded.

Corridor variance swap payoff

(OF when in corrides - 052) x variance notional x percentage of days spot is within corridor
where:

OF when in corridor = future volatility (of returns ¥, which occur when B< RB; < By)
B. and By, are the lower and higher barriers, wheree@®uld be 0 and Bcould be infinity.
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Gamma swaps are
ideal for trading
dispersion as it is
‘fire and forget’

(3) GAMMA SWAPS

The payout of gamma swaps is identical to that of a variance swap, except the daily P&
weighted by spot (prige divided by the initial spot (prige If spot range trades after the
position is initiated, the payouts of a gamma swap are virtually idemtiche payout of a
variance swap. Should spot decline, the payout of a gamma swap decreases. Coifiagrsiely
increases, the payout of a gamma swap increases. Thisvaigbting of a vadance swap
payout has the following attractive features:

Spot weighting of variance swap payout makes it unnecessary to have a cap, even for

single stocks (if a company goes bankrupt with spot dropping daserd with very high
volatility, multiplying the payout by spot automatically prevents an excessive payout).

If a dispersion trade uses gamma swaps, the amount of gamma swaps needed does n

change over time (hencde trade is ‘fire and forgetas the constituents do not have to be
rebalanced as they would if variance swaps were used).

A gamma swap can be replicated by a static portfolio of options (althodiffier@nt static
portfolio to variance swaps), which reduces hedging costs. Hence, no volatildiatility
model is needed (unlike volatility swaps).

Gamma swap market has never had significant liquidity

A number of investment banks attempted to kick start a liquid gamma swap nparkigtto
satisfy potential demand from dispersion traders and partly to get rid ofafcime exposure
from selling structured products (if the product has less volatiipsure if prices fall, then a
gamma swap better matches the change in the vega profile whemaped). While the
replication of the product is as trivial as for variance swaps, it wéisulifto convince other
market participants to switch to the new product and liquidity stayéud wairiance swaps
(although after the credit crunch, singkeck variance liquidity maed to the volatility swap
market). If the gamma swap market ever gains liquidity, long skew trades coultidrepith

a long varianceshort gamma swap position (as this would be long downside volatility and
short upside volatility, as a gamma swap paymecreases/increases with spot).

Gamma swap payoff

(06° - 0659 x variance notional

where:
og’ = future spot weightedd, multiplied bypr!ﬂ) variance
pric

os” = swap rate variance (fixed at the start of contract)



PAYOUT OF VOLATILITY, VARIANCE AND GAMMA SWAPS

The payout of volatility swapsariance swaps and gamma swaps is the difference between the
fixed and floating leg, multiplied by the notional. The calculation for volatdggumes zero
mean return (or zero drift) to make the calculation easiet@atlow the variance calculation

to be additive.

Fixed leg. The cost (or fixed leg) of going long a volatility, variance or gamma swap i
always based on the swap price, 6s (Which is fixed at inception of the contract). The fixed
leg is o for volatility swaps, but is 6s” for variance and gamma swaps).

Floating leg. The payout (or floating leg) for volatility and variance swaps is based on the
same variable o (See equation below). The only difference is that a volatility swap payout
is based on of, whereas for a variance swap it is oc°. The gamma swap payout issed on a
similar variable 6> which is o multiplied by pricg/price,

-
> [Ln(return)]?
or =100x [ T x numberbusinesslaysn year
exp
= price »
> = —[Ln(return)]
o =100x 1|12 Price, = x numberbusinesslaysin year

exp

return :p_ni for indices

pricg_,;
price + dividend : o .
return = orice for single stocks (dividends dividend going ex on day n)
-1
where:

number of bainess days in year = 252 (usual market practice)

Texp = Expected value of N (if no market disruption occurs). A market disruptiorhén w
shares accounting for at least 20% of the index market cap have not tradedast the
minutes of the trading day.
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As variance is
additive, payout
is not path
dependent and
no vol of vol
model is needed

As variance
swaps are long
skew, momentum
of volatility
trading moves
skew the same
way

Variance is additive with zero mean assumption

Normally, standard deviation or variance looks at the deviation from tla@.nTde above
calculations assume a zeream, which simplifies the calculation (typicallynewould expect
the mean daily return to be relatively small). With a zero mean assumptioancearis
additive. A mathematical proof of the formula below is giventhe sectionMeasuring

Historical Volatility in the Appendix.

Past variance + future variance = total variance

Lack of dividend adjustment for indices affects pricing

The return calculation for a variance swap on an index does not adjuahyfodividend
payments that go ex. This means that the dividend modelling methodffeat the pricing.
Neardated and, hence, either known or relatively certain dividends shmuldhodelled
discretely rather than as a flat yield. The changing expostine @ariance swap to the volatility
on the ex date can be as large as 0.5 volatility points for aytbasevariance swap (if all other
inputs are kept constant, discreie, {ixed) dividends lift the value of both calls and puts
proportional dividends simply reduce the volatility of the underlying by the dividietd).

Calculation agents might have discretion as to when a market disruption event occurs

Normally, the investment bank is the calculation agent for any variance swaps tradéd. As t
cdculation agent normally has some discretion over when a market disrupéoh aocurs,

this can lead to cases where one calculation agent believes a market disruption occurs an
another does not. This led to a number of disputes in 2008, as it wagaroif @ market or
exchange disruption had occurred. Similaifya stock is delisted, the estimate of future
volatility for settlement prices is unlikely to be identical betweemdirwhich can lead to
issues if a client is long and short identical prad at different investment banks. These
problems are less of an issue if the counterparties are joint calculagiais.ag

HEDGING OF VARIANCE SWAPS CAN IMPACT EQUITY & VOL MARKET

Hedging volatility, variance and gamma swaps always involve dlinty ofa strip of options
of all strikes and delta hedging at the close. The impact the hedgingtokallproducts has on
equity and volatility markets is similar, but we shall use the term varianmgssas it has by
far the most impact of the three (the same arguments will apply for volatilipssaval gamma
swaps).

Short end of volatility surfaces is now pinned to realised

If there is a divergence between skaated variance swaps and realised volatility, hedge funds
will put on variance swap trades to profit from this divergence. Thispessure on the short
dated end of volatility surfaces to trade close to the currenslefekalised volatility. Due to
the greater risk of unexpected events, it is riskier to attenspmnilar trade at the longdated

end of volatility surfaces.

Skew levels affected by direction of volatility trading

As variance swaps became a popular way to express a view of the directionliefl imp
volatility, they impacted the levels of skew. This occurred as variance swaps are dang sk
(explained below) and, if volatility is being sold through vaci& swaps, this weighs on skew.
This occurred between 2003 and 2005, which pushed skew tdipleayar low. As volatility
bottomed, the pressure from variance swap selling abated and skew recovered.



Direction of
hedging variance
swap flow, is in
the direction
which ensures
less money is
made

Delta hedge can suppress or exaggerate market moves

As the payout of variance swaps is based on the-tdadese return, they all have an intraday
delta (which is equal to zero if spot is equal to the previous day’s) clss¢his intraday delta
resets to zero at the end of the day, the hedging of thedeqgts requires a delta hedge at the
cash close. A rule of thumb is that the direction of hedging flow is inliteetionthat makes

the trade the least profit (ensuring that if a trade is crowded, it makes less nidngyjow

can be hundreds of millions of US dollarseairosper day, especially when structured products
based on selling shedated variance are popular (as they were in 2006 and 2007, less so since
the high volatility of the credit crunch).

Variance buying suppresses equity market moves. If clients are net buyers of variance
swaps, they leave the counterparty trader short. The trader will hegigddini position by
buying a portfolio of options and delta hedging them on the close. If spot has ris¢heover
day the position (which wagriginally deltaneutral) has a positive delta (in the same way
as a deltdnedged straddle would have a positive delta if markets rise). The end of day
hedge of this position requires selling the underlying (to become-fig)tawhich
suppresses the rise of spot. Similarly, if markets fall, the delta hedge requaodiliisthe
underlying, again suppressing the market movement.

Variance selling exaggerates equity market moves. Should clients be predominantly
selling variance swaps, the hedging of these products exaggerates market moves. The
argument is simply the inverse of the argument above. The trader who is Vanigrece

swap (as the client is short) has hedged by selling a portfolio of opfiomstkets rise, the

delta of the position is nega#ivand, as the variance swap delta is reset to zero at the end of
the day, the trader has to buy equities at the same time (causing tht deskfted for
underlyings that have increased in value over the day). If markets falthénénader has to

sdl equities at the end of the day (as the delta of a short portfolio of options ivgositi
Movements are therefore exaggeratat realised volatility increases if clients have sold
variance swaps.

Basis risk between cash and futures can cause traders problems

We note that the payout of variance swaps is based on the cash close, but tradehg delta
hedge using futures. The difference between the cash and futures pricedisheabbasis, and
the risk due to a change in basis is called basis risk. Traders have to take this basiseesk bet
the cash close and futures close, which can be significant as liquidity in tinesfubarket
tends to be reduced after the cash market closes.
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As height and
width of vega
profile is doubled
when strike is
doubled, variance
swaps hedged
with portfolio
1/strike2

HEDGING VOLATILITY, VARIANCE AND GAMMA SWAPS WITH OPTIONS

As volatility, variance and gamma swaps give volatility exposure for all valuesogftspy
need to be hedged by a portfolio of options of every strike. An agpighted portfolio is not
suitable, as the vega profile of an option increases in size and widthlke increasese(| an
option of strike 2K has a peak vega double the peak vega of an option of strike K auad is al
twice the width). This is shown below.

Figure 30. Vega of Options of Different Strikes
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Source: Santander Investment Bolsa.

Variance swaps are hedged with portfolio weighted 1/K*

Because a variance swap has a flat vega profile, the correct hedgerifollopaf options
weighted 1/K (where K is the strike of the optioi®, each option is weighted by 1 divided by
its own strike squared). The reason why this is the correct weighting is dudfdotttiee vega
profile doubles in height and width if the strike is doubled. The portfolio has divisked by
strike K once, to correct for the increase in height, and dgaiompensate for the increase in
width (for a combined weight of 1A A more mathematical proof of why the hedge for a
variance swap ia portfolio of options weighted 17{a secalled log contract) is given in the
sectionProof Variance Swaps Should Be Hedged by a Log Contract (= 1/K?) in the Appendix.

As a gamma swap payout is identical toasiance swap multiplied by spot, the weighting is
1/K (multiplying by spot cancels one of the K’'s on the denominator). The vegée prbia
portfolio weighted 1/K and 1/Kis shown below, along with an equagighted portfolio for
comparison. We note thalthough the vega profile of a variance swap is a flat line, the value is
not constant and it moves with volatility (variance swap vega = variarimalox)2 The

vega profile of a volatility swap is of course a flat line (as vega is equal to thidityola
notional).



Variance swaps
are long skew,
long volatility
surface curvature
and vega
convexity

Figure 31. Vega of Portfolio of Options of All Strikes

Vega
2.0 q
As vega distribution height and
151 width is doubled when strike is
doubled, need to divide portolio by
1/strike? to have flat vega payout
1.0
0.5 4
0.0 + : : : )
0 50 100 150 200

Spot
m— Equal weighted 1/strike (gamma swap) =====1/strike”2 (variance swap) P

Source: Santander Investment Bolsa

Variance swaps are long skew and volatility surface curvature

The 1/K weighting means a larger amount of OTM puts are traded than OTM calls (approx
60% is made up of puts). This causes a log contract (portfolio imhepieighted 1/R) to be

long skew. The curved nature of the weighting means the wings (veryf-thé-money
options) have a greater weighting than the body (near ATM optiogghwneans a log
contract is long volatility surface curvatfire

Figure 32. Weight of Options in Log Contract (Variance Swap)
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Source: Santander Investment Bolsa

® The inclusion of OTM (and hence convex) options mean the log coistralsb long volga (or vega
convexity), but they are not the same thing. Long OTM (wing) options gsMega convexity, but not
volatility surface curvatureufiless they are shorting the ATM or body at the same time). The curvature
of the volatility surce can be defined as the difference betweetD80skew and 16010 skew (ie, the
value of 90% + 110% 2x100% implied volatilities).
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As vega of
variance swap is
1/20, this shows
that volatility
swaps (which
have constant
vega) are short
vol of vol

VOLATILITY SWAPS CAN BE HEDGED WITH VARIANCE SWAPS

Unlike variance swaps (or gamma swaps), volatility swaps cannot be hedged by a static
portfolio of options. Volatility swaps can be hedged with variance swaps as, for small moves,
the payout can be similar (see Figure 4 below). The vega of a variance swap is equal to
variance notionalx2c. For example, for 6=25 the vega is 2x25 = 50 times the size of the
variance swap notional. So, a volatility swap of vega ‘V’ can be hedged with V/2¢ variance
notional of a variance swap. As a variance swap is normally quoted in vega, the vega / 20
formula is used to calculate the variance notional of the trade.

Variance notional = Vega / (20)

Figure 33. Payout of Variance Swap and Volatility Swap
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Source: Santander Investment Bolsa.

VOLATILITY SWAPS ARE SHORT VOL OF VOL

The graph above shows that the payout of a variance swap is always in excess of the payout of
a volatility swap of the same vega. This is why the fair level of a variance swap is usually one
or two volatility points above volatility swaps. The negative convexity of the payout (compared
to a variance swap) shows that volatility swaps are short vol of vol.

A volatility swap being short vol of vol can also be shown by the fact the identical vega of a
variance swap has to be weighted 1/(20). If a trader is long a volatility swap and has hedged
with a short variance swap position weighted 1/(20), then as volatility decreases more variance
swaps have to be sold (as o decreases, 1/(20) rises). Conversely, as volatility rises, variance
swaps have to be bought (to decrease the short). Having to sell when volatility declines and buy
when it rises shows that volatility swaps are short vol of vol.



As vol of vol and
maturity are not
both large at the
same time, the
approximation is
a good one

Difference between variance and volatility swap prices can be approximated

Given that the difference between variance and volatility swap prices isodtiee tfact
volatility swaps are short vol of vol, it is possible to derive the formulavibewhich
approximates the difference between variance swap and volatility swap psclesd as the
maturity and vol of vol are not both excessive, which tends not to happemgas maturities
have less vol of vol). Using the formula, the price of atiity swap can be approximated by
the price of a variance swap less the convexity adjustméiding this formula, the difference
between variance and volatility swaps ispdred in Figure34.

1 5 :
c~ EwZT\/ varianceswappricex e

where:
V = variance swap price
o = volatility of volatility

Figure 34. Difference between Variance and Volatility Swap Prices
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Source: Santander Investment Bolsa.

Model risk of vol of vol is small vs tail risk of variance swap

Hedging vol of vol raises trading costed introduces model risk. Since tbeedit crunch,
however, singlestock variance no longer trades and dispersion is how quoted using volatility
swaps instead. Investment banks are happier taking the small model riskobfvaeblrather

than being shorthe tail risk of a variance swap. As can be sedfignre 35below, variance
swaps trade one or two volatility points above volatility swaps (for tlst npopular
maturities). A simpler rule of thumb is that volatility swaps trade roughlineawith ATMf
implied volatilities.



D

‘Shadow delta’
caused by
correlation
between spot and
implied volatility

Figure 35. Typical Values of Vol of Vol and the Effect on Variance and Volatility Swap Pricing

Maturity 3 Month 6 Month 1 Year 2 Year
Vol of vol 85% 70% 55% 40%
Ratio var/vol 1.030 1.041 1.050 1.053
Difference var - vol (for 30% vol) 0.90 1.23 1.51 1.60

Source: Santander Investment Bolsa.

Max loss of variance swap = swap level x vega / 2

The notional of a variance swap trade/éga/ 2cs (os is traded variance swap level) and the
payoff is (realisetl- o¢’) x Notional. The maximum loss of a variance swap is when realised
variance is zero, when the loss is 6> X Notional =o¢> x vega/ 265 = os X vega / 2.

GREEKS OF VOLATILITY, VARIANCE AND GAMMA SWAPS

As a volatility swap needs a vol of vol model, tBeeeksare dependent on the model used. For
variance swaps and gamma swaps, there is no debate as to the Bosekeer, practical
considerations can introduce ‘shad@neeks! In theory, a variance swap has zero delta, but in
practice 1 has a small ‘shadow delta’ due to the correlation between spot and inybgitity
(skew). Similarly, theta is not necessagdblconstant as it should be in theory, as movements of
the volatility surface can cause it to change.

Variance swap vega decays linearly with time

As variance is additive, the vega decays linearly with time. For example, H}aKof a one
year variancewgap at inception will have 75K vega after three months, 50K after six months
and 25K after nine months.

Variance swaps offer constant cash gamma, gamma swaps have constant share gamma

Share gamma is the number of shares that need to be bought (or sald)iien change in
spot (typically 1%). It is proportional to the BlaBkholes gamma (second derivative of price
with respect to spot) multiplied by spot. Cash gamma (or dollar gammie) cesh amount that
needs to be bought or sold for a given moveniergpot hence,it is proportional to share
gamma multiplied by spotig, proportional to BlackScholes gamma multiplied by spot
squared). Variance swaps offer a constant cash gamma (constant convextgasagamma
swaps offer constant share gamma (hence the name gamma swaps).

vy x S/ 100 = share gamma = number of shares bought (or sold) per 1% spot move

y x §/ 100 = cash (or dollar) gamma = notional cash valuglhio(or sold) per 1% spot move



The price of an
option on
variance swap is
quoted in volatility
points (just like
variance swaps)

OPTIONS ON VARIANCE

As the liquidity of the variance swap market improved in the middle of the last decade,
market participants started to trade options on variance. As volatility is more volatile at
high levels, the skew is positive (the inverse of the negative skew seen in the equity
market). In addition, volatility term structure is inverted, as volatility mean reverts and
does not stay elevated for long periods of time.

OPTIONS ON VARIANCE EXPIRY = EXPIRY OF UNDERLYING VAR SWAP

An option on variance is a European option (like all exotics) on a varsavee whose expiry
is the same expiry as the option. As it is an option on variance, a volatiityadifity model is
needed in order to price the option. Ateption,the underlying is 100% implied variance,
whereas at maturity the underlying is 100% realised variance (and in betwdébétavblend
of the two). As the daily variance of the underlying is locked inyettay, the payoff could be
consideredd be similar @ an Asian (averaging) option.

Options on variance are quoted in volatility points

Like a variance swaphe price of an option on variance is quoted in volatility points. The
typical 3month to 18month maturity of the option is in line withe length of time it takes
3-month realised volatility to mean revert after a crisis. The pooidiiguof options on
variance and the fact the underlying tends towards a cash basket ovenigaas a trade is
usually held until expiry.

Option on variance swap payoff

Max(o¢? - ok’ 0) x Variance notional

where:

or = future volatility (that occurs over the life of contract)

ok = strike volatility (fixed at the start of contract)

Variance notional = notional amount paid (or received) per variance point

NB: Variance notional = Vega / (20s) where 65 = variance swap referen¢eurrent fair price of
variance swap, not the strike)

PUT CALL PARITY APPLIES TO OPTIONS ON VARIANCE

As variance swaps have a convex volatility payout, so do options on variangetighis on
variance are European, put call parity applies. The fact a long call on variansteoainput on
variance (of the same strike) is equal to a forward on varianceaf@nce swap) gives the
following result for options on variance whose strikeot the current level of variance swaps.
Call PremiunQyiance points PUt PréemiuMiance poines= PV/(Current Variance Priée- Strike?)

where:

Premiumariance points= 20s X Premiungiaiity points Where os = variance swap reference
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Breakeven of
options on
variance is
slightly below
normal breakeven

PREMIUM PAID FOR OPTION = VEGA x PREMIUM IN VOL POINTS

The premium paid for the option can either be expressed in terms of vega, orevagtonal.
Both are shown below:

Fixed leg cals flow = Variance notional x Premiutfance points= V€ga X Premiulasiiy points

Figure 36. Variance Swap, ATM Call on Variance and ATM Put on Variance
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Source: Santander Investment Bolsa.

CONVEX PAYOUT MEANS BREAKEVENS ARE NON-TRIVIAL

The convexity of a variance swap means that a put on a variance swap has a lowehaayout t
a put on volatility and a call on variance swap has a higher payout tharoa galhtilty (see
Figure 37). Similarly, it also means the maximum payout of a put on variance ificagily

less than the strike. This convexity also means the breakevens i@n opt variance are
slightly different from the breakevens for option on volati{gtrike — premium for puts, strike

+ premium for calls).

Figure 37. Put on Variance Swap Call on Variance Swap
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Skew and term
structure of
options on
variance are
opposite to
options on equity

Breakevens are similar but not identical to options on volatility

In orde to calculate the exact breakevgti® premium paid (premium P in vol points x Vega)
must equal the payout of the variance swap.

Premium paid = payout of variance swap

Vega

. . 2 2
For call option on variance®x Vega= (0 cqsreareven — Ok ) X

n
Og

2 Ccaibreakeven=\ Ok + 20sP < &, + P= Call on vdatility breakeven

Similarly 6pgreakeven= 1/0K2 —204P < o, —P = Put on volatility breakeven

OPTIONS ON VARIANCE HAVE POSITIVE SKEW

Volatility (and hence variance) is relatively stable when it is low, as calrketsaiend to have
low and stable volatility. Converselyolatility is more unstable when it is high (as turbulent
markets could get worse with higher volatility, or recover with lowelatility). For this
reason options on variance have positive skew, with high strikes having higherednpl
volatility than low strikes.

Implied variance term structure is inverted, but not as inverted as realised variance

As historical volatility tends to mean revert in @ightmonth time horizor{on average), the
term structure of options on variance is inverted (while volatility spike and be high for
short periods of time, over the long term it trades in a far narrowgeyaWe note thaas the
highest volatility occurs due to unexpected events, the peak of implied volétiliigh is
based on the market’s expected future volatility) is lower than the pgaaklsed volatility.
Hence the volatility of implied variance is lower than the volatility m#alised variance,
especially for short maturities.

Figure 38. Option on Variance Term Structure Option on Variance Skew
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Options on
variance can be
used as relative
value trade vs VIX
options or
volatility swaps

CAPPED VARIANCE SWAPS HAVE EMBEDDED OPTION ON VAR

While options on variance swaps are not patérly liquid, their pricing is key for valuing
variance swaps with a cap. Capped variance swaps are standard for single stocksgng em
market indices and can be traded on regular indices as well. When idreceaswap market
initially becane more iguid, some participants did not properly model the cap, as it was seen
to have little value. The advent of the credit crunch and resultingrrigelatility made the
caps more valuabland now market participants fail to model them at their peril.

Variance Swap with Cap C = Variance Swap - Option on Variance with Cap C
= Option on Variance with Cap C = Variance Swafariance Swap with Cap C

While value of cap is small at inception, it can become more valuable as market moves

A capped variance swap canrbedelled as a vanilla variance swap less an option on variance,
whose strike is the cap. This is true as the value of an option on variance at thd ta&p wil
equal to the difference between the capped and uncapped variance swaps. Tymozdly is

at 2.5x the strike and, hence, is not particularly valuable at inceptionevmnas the market
moves, the cap can become cldsethe money and more valuable.

OPTIONS ON VAR STRATEGIES ARE SIMILAR TO VANILLA OPTIONS

Strategies that are useful for vanilla options have a-aeswks for options on variance. For
example, a long variance position can be protected or overwritten. Thasedriequidity of
VIX options albws relatve value trades to be put on.

Selling straddles on options on variance can also be a popular stestegyatility can be seen
to have a floor above zero. Hence, strikes can be chosen so that the lower bresakeiiea i
with the perceived dor to vohtility.

Options on variance can also be used to hedge a volatility swap position, as an option on
variance can offset the vol of vol risk embedded in a volatility swap.



CORRELATION TRADING

The volatility of an index is capped at the weighted average volatility of its constituents.
Due to diversification (or less than 100% correlation), the volatility of indices tends to
trade significantly less than its constituents. The flow from both institutions and
structured products tends to put upward pressure on implied correlation, making index
implied volatility expensive. Hedge funds and proprietary trading desks try to profit from
this anomaly by either selling correlation swaps, or through dispersion trading (going
short index implied volatility and long single stock implied volatility). Selling correlation
became an unpopular strategy following losses during the credit crunch, but demand is
now recovering.

INDEX IMPLIED LESS THAN SINGLE STOCKS DUE TO DIVERSIFICATION

Index willonlybe  The volatility of an index is capped by the weighted average volatility ofetabers. In order
:“;Se‘r:’l')aetr'éeifat'shgs to show this we shall construct a simple index of two equal weighted members vehthéav
are 100% y same volatility. If the two mmbers are 100% correlated with each other, then the volafility
correlated the index is equal to the volatility of the members (as they have the sanilitywalad weight

this is the same as the weighted averagjatiity of the constituents).

Figure 39. Stock 1 Stock 2 (100% correlation to stock 1)
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Source: Company data and Santander Investment Bolsa estimates.
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Figure 40. Stock 1

Volatility of index has floor at zero when there is very low correlation

If we take a second example of two equal weighted index members with the same volatility
but with a negative 100% correlation,(&s low as possiblglhen the index is a sight line
with zero volatility.

Stock 2 (-100% correlation to stock 1)

24
23 A
22 A
21 A
20 A
19 1
18
17 A
16
15

22 1

Vol = 30% 21
20
19 1
Vol = 30%
18 1
+ 17
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Source: Company data and Santander Investment Bolsa estimates.

An implied
volatility surface
can be calculated
from index and
single-stock
volatility surfaces

Index volatility is bounded by zero and weighted average single stock volatility

While the simple examples above have an index with only two memberds rfiesud bigger
index are identical. Therefore, the equation below is true. While we are tbuegamining
historical volatility, the same analysis can be applied to implied volatifitthis way, we can
get an implied correlation surface from the implied volatilityfaces of an index and its
singlestock members. However, it is usually easiesbod at variance swap levels rather than
implied volatility to remove any strike dependency.

where

o] = index volatility

O = single stock volatility (of'f member of index)

Wi = single stock weight in index (df member of index)
n = number of members of index



Under reasonable
conditions implied
correlation is
equal to index
variance divided
by single-stock
variance

CORRELATION OF INDEX CAN BE ESTIMATED FROM VARIANCE

If the correlation of all the different members of an index is assumed ttebtcal (a heroic
assumption, but a necessary one if we want to have a single measureelzftiony, the
correlation implied by index and singdéock implied volatility can be estimated as the
variance of the index divided by the weighted average ssigte variance. This measure is a
point or two higher than the actual implied correlation but is stébsonable approximation.

P =
imp — n 2
Zi:lvviai
where
pimp = implied correlation (assumed to be identical between all index members)

Proof implied correlation can be estimated by index variance divided by single stock variance

The formula for calculatinghe index volatility from the members of the index is given below.
2 n 2 2 n

o =2 LW+ Zi:l,j¢i WW;0i0 P

where

Pi = correlation between single stock i and single stock j

If we assume the correlations between each stock are idethiealthis correlation can be
implied from the indexand single stock volatilities.

2 no.o2 2
. _Zi=1\Ni Gi

n
Zi:],j;ti WW;0i0

pimp =

Assuming reasonable conditions (correlation above 15%, c20 members or rasonatde
weights and implied volatilitiesjhis can be rewritten as the formula below.

(7, 2
Q. wo)’

This can be approximated by the index variance divided by the weighted averagstsicigle
variance.

pimp =

2
o o . .
' > €0,1f index variance=20% and members average variance=25%, p=64%.

Zin:lwio_i

This approximation is slightlyoo high (c2pts) due to Jensgimequality (shown below).

pimp ~

n n 2
Q. We )< Wo,



2 correlation
points are
equivalent to
0.3-0.5 volatility
points

Correlation is
normally traded
through
dispersion

STRUCTURED PRODUCTS LIFT IMPLIED CORRELATION

Using correlation to visually cheapen payouts through worst of/best of opsiccmmimon
practice for structured products. Similarly, the sale of structuredupts such asAltiplano
(which receives a coupon provided narighe assets ithe basket has fallengverest (payoff
on the worst performing) and Himalayas (performance of best share of,ifel their
vendors short implied correlation. This buying pressure tends to liftéthplrrelation above
fair value. Weestimate that the correlation exposure of investment banks totals a€2@0m
percentage point of correlation. The above formulae can shoviwtbatorrelation points is
equivalent to 0.3 to 0.5 (singiock) volatility points. Similarly, the fact thanstitutional
investors tend to call overwrite on single stocks but buy protection on an ilsdebeads to
buying pressure on implied correlation. The different methods of tradinglatovn are shown
below.

Dispersion trading. Going short index implied volatility and going long singteck
implied volatility is known as a dispersion trade. As a dispersion trasleor$ \VVolga, or

vol of vol, the implied correlation sold should be c10pts higher valueftinancorrelation
swap. A dispersion trade was historically put on using variancesswapthe large losses
from being short single stock variance led to the single stock market becemtinct.

Now dispersion is either put on using straddles, or Mityaswaps. Straddles benefit from
the tighter bidoffer spreads of ATM options (variance swaps need to trade a strip of
options of every strike). Using straddles does imply greater maintenapositions, but
some firms offer delta hedging forl®bp.A disadvantage of using straddles is that returns
are path dependent. For example, if half the stocks move up and half move down, then the
long single stocks are away from their strike and the short index striadailT M.

Correlation swaps. A correlation svap is simply a swap between the (nodsnaqual
weighted) average paiise correlation of all members of an index and a fixed amount
determined at inception. Market valueighted correlation swaps are c5 correlation points
above equal weighted correlatioas larger companies are typically more correlated than
smaller companies. While using correlation swaps to trade dispersion is very shmaple,
relative lack of liquidity of the product is a disadvantage. We note theslef/ebrrelation
sold are typially c5pts above realised correlation.

Covariance swaps. While correlation swaps are relatively intuitive and are very similar to
trading correlation via dispersion, the risk is not identicalthte covariance risk of
structured product sellers (from sedi options on a basket). Covariance swaps were
invented to better hedge the risk on structure books, and thepypathe correlation
multiplied by the volatility of the two assets.

Basket options. Basket options (or options on a basket) are similar topion on an
index, except the membership and weighting of the members does not changmever ti
The most popular basket option is a basket of two equal weighted membersy usuall
indices.

Worst-of/best-of option. The pricing of worsbf and besbf optiors has a correlation
component. These products are discussed in the sétbtiost-of/Best-of Options in the
Forward Sarting Products and Light Exotics chapter

Outperformance options. Outperformance optionsiping has as an input the correlation
between the two assets. These products are also discussed in theQapgdor mance
Optionsin theForward Sarting Products and Light Exotics chapter



Implied correlation of dispersion and level of correlation swap are not the same measure

Dispersion trades  \We note that the profit from theteeighted (explained later in section) variance dispersion is

::;:I?st::bove roughly the diference between implied and realised correlatiaritiplied by the average

correlation as smglest'ock' vol'atlllf[y._As correlation is qqrrglatgd to volatility, this means _thm.lplawh(?n

short vol of vol correlation is high is increased (as volatility is high) and the paybah correlabn is low is
decreased (as volatility is low). A short correlation position from going thsersion (sbrt
index variance, long singlgtock variance) will suffer from this as profits are less than
expected and losses are greater. Dispersion is thersfort vol of val hence implied
correlation tends to trade c10 correlation points more than dwrelswaps (which is c5
points above realised correlation). We note this does not necessarilyanheag dispersion
trade should be profitable (as disgien is short vol of vol, the fair price of implied correlation
is above average realised correlation).

Implied vs realised correlation increases for low levels of correlation

For example in normal market conditions the SX5E and S&P500 will have an éahpli
correlation of 50-70 and a realised of 30-60. If realised correlation is 30, implieend to be
at least 50 (as investors price in the fact correlation is unlikely thdidow for very long
hencethe trade has more downside than upside). TK¥ ténds to have correlation levels ten
points below the SX5E and SPX.

Figure 41. Different Types of Correlation

Traded level (c5pts above payout) Payout Formula

Implied correlation Realised correlation 2 n 2 2 2

(market value weighted) (using realised vol rather than o, — Zi:lWi oF o,
implied vol in formula) ~

n n 2
Zizlj¢iV\4WJGiO_i Zi:lwio_i

c10pts above implied correlation (as not short volga)

Correlation swap Pairwise realised correlation n
(market value weighted) (market value weighted) Zi 1 WW; o
n
DWW,
i=Lj>i '
c5pts above market value weighted correlation
Correlation swap Pairwise realised correlation 2
(equal weighted) (equal weighted) — i
nin-1""

Source: Santander Investment Bolsa.

SIZE OF DISPERSION MARKET SHRANK AFTER THE CREDIT CRUNCH

Dispersion trading  Selling correlation led to severe losses when the market collapsed & 280implied

;ﬁ;isﬁfvgz”'ar correlation spiked to c90%, which led many investors to cut back exposuteave the
market. Similar events occurred in the market during the May 20@&@ction. The amount of
crossed vega has been reduced from up to €100mn at some firm2@mESow (crossed
vega is the amount of offsetting singidck and index vega,,i€10mn crossed vega is €10mn
on single stock and €10mn on index). Similarly, the size of trhaesleclined from a peak of
€2.5mn to €0.5mn vega now.
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Figure 42. CBOE Implied Correlation Tickers and Expiries

Expiry S&P500 Expiry Top 50 Stocks Ticker Start Date End Date
Dec-09 Jan-10 ICJ Nov-07 Nov-09
Dec-10 Jan-11 JCJ Nov-08 Nov-10
Dec-11 Jan-12 KCJ Nov-09 Nov-11
Dec-12 Jan-13 ICJ Nov-10 Nov-12
Dec-13 Jan-14 JCJ Nov-11 Nov-13
Dec-14 Jan-15 KCJ Nov-12 Nov-14

Source: Santander Investment Bolsa.

CBOE INDICES ALLOW IMPLIED CORRELATION TO BE PLOTTED

There are now correlation indices for calculating the implied correlafi@iispersion trades
calculated by the CBOE. As there are 500 members of the S&PBOCBOE calculation only
takes the top 50 stocks (to ensure liquidity). There are thresatoon indices tickers (ICJ, JCJ
and KCJ) but only two correlation indices are calculated at any one time. On any date one
correlation index has a maturity up aoeyear, and another has a maturity betweeaand
two years. The calculation uses Decembeepiry for S&P500 options, and the following
January expiry for the top 50 members as this is the only listed expiry (US ftiogits tend to
be listed for the month after index triple witching expiries). The index|wuleded until the
previous November expiry, as the calculation tends to be very noisy for meatarily one
month to December index expiry. On the November exphg one month maturity (to
S&P500 expiry) index ceases calculation, and the previously dormant iragexcalculation
asatwo-year (and onenonth) maturity index. For the chart belowe use the longest dated
available index.

Figure 43. CBOE Implied Correlation (rolling maturity between 1Y and 2Y)

90 7

Implied correlation increased post
Lehman

80 1
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30 T T T T
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Source: Santander Investment Bolsa.



Correlation swaps
are normally equal
weighted (not
market value
weighted)

CORRELATION SWAPS HAVE PURE
CORRELATION EXPOSURE

Correlation swaps (which, like variance swaps, are called swaps but are aftinadyds)
simply have a clean payout of the (normally egueighted)correlation between every pair in

the basket less the correlation strike at inception. Correlation swaps usa@dyon a basket,

not an index, to remove the names where a structured product has a particularly hig
correlation risk. Half of the underlyings are typically European, a third US arfthéhesixth

Asian stocks. The product started trading in 2002 as a means for invebnés to reduce
their short correlation exposure from their structured products books. Whieighted
pairwise correlatn would make most sense for a correlation swap on an index, the cafculatio
is typically equalweighted as it is normally on a basket.

Equal-weighted correlation is c5 correlation points below market value-weighted correlation

Market valueweighted correlation swaps tends to trade c5 correlation points above realised
correlation (a more sophisticated methodology is below). This level is ciélatmm points
below the implied correlation of dispersion (as dispersion payout sufferstfeimg short
volga). In addition the correlation levels for equeleighted correlations tends to be c¢5
correlation points lower than for market valweighted, due to the greater weight allocated to
smaller— and hence less correlatedtocks. The formula for the payout afcorrelation swap

is below.

Correlation swap payoff
(px - p) x Notional
where

Notional= notional paid (or received) per correlation point

PK = strike of correlation swap (agreed at inception of trade)
2 . .
p = ———p; (equal weighted correlation swap)
n(n-1)
n
_ 2 MO ket val ighted lati
p = - (market value weighted correlation swap)

DWW,
i=Lj>i ')

n = number of stocks in basket
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Correlation swaps tend to trade c5 correlation points above realised

A useful rule of thumb for the level of a correlation swap is ith@hdes c5 correlation points
above realised correlation (either equalighted or market valueeighted, depending on the

type of correlation swap). However, for very high or very low values of latios, this
formula makes less sense. Empirically, smalleretations are typically more volatile than
higher correlations. Therefore, it makes sense to bump the current realiséationrizy a

larger amount for small correlations than for higher correlations (atimelswaps should

trade above realised due tendand from structured products). The bump should also tend to
zero as correlation tends to zero, as having a correlation swap above 100% would result in
arbitrage (can sell correlation swap above 100% as max correlation is 100%8, Henore
accurate r@ of thumb (for very high and low correlations) is given by the formula below.

Correlation swap level = p + a. (1 - p)

where
p = realised correlation
o = bump factor (typical a =0.1)

Maturity of correlation swap is typically between one and three years

Structured products typically have a maturity of 5+ yearsiever, many invests close their
positions before expiry. The fact that a product can also delete a meittharthe lifetime of
the product has led dealers to concentrate omhtieeyear maturity rather thafive-year. As
the time horizon of hedge funds is short datexreldion swaps typically trade between one
and three years. The size is usually between €250k and €1,000k.

Correlation swaps suffer from lack of liquidity

The market for correlation swaps has always been smaller than for dispersiemeag/the
variance swap or option market has other market participants who ensutigyignd market
visibility, the investor base for correlation swaps is far smalleis T&n be an issue should a
position wish to be closed before expiry. It can also cause-toamiarket probéms. The
correlation swap market grew from 2002 onwards until the credit crunch, wikestdor
appetite for exotic products disappeared. At its peak, it is estimaddsdime structured
derivative houses shed up to c10% of their short correlationtoigkedge funds using
correlation swaps.



Implied
correlation of
dispersion trades
are short volga
(vol of vol)

DISPERSION IS THE MOST POPULAR METHOD
OF TRADING CORRELATION

As the levels of implied correlation are usually overpriced (a side effect ofdhecstrelation
position of structured product sellers), index implied volatilityexpensive when compared
with the implied volatility of single stocks. A long dispersion trade gitsrto profit from this

by selling index implied and going long singiad implied’. Such a long dispersion trade is
short implied correlation. While dispersion is the most common method of tradpiigd
correlation, the payoff is also dependent on the level of volatility. The payout ¢& (the
weighted) dispersion is shownlbe. Because of this, and because correlation is correlated to
volatility, dispersion tradlg is short vol of vol (volga).

n 2
P& Ldispersion: zi:lVViGi (plmp - 10)
There are four instruments that can be used to trade dispersion:

Straddle (or call) dispersion. Using ATM straldles to trade dispersion is the most liquid
and transparent way of trading. Because it uses options, the simplest andguoidst i
volatility instrument, the pricing is usually the most competitive. Tradifg 90ike rather
than ATM allows higher levelsfamplied correlation to be sold. Using options is very
labour intensive, however, as the position has to be-dettged (some firms offer delta
hedging for 510bp). In addition, the changing vega of the positions needs to be monitored,
as the risks areigih given the large number of options that have to be traded. In & worst
case scenario, an investor could be right about the correlation position butasidfer
from lack of vega monitoring. We believe that using OTM strangles rathestizatdles is

a better method of using vanilla options to trade dispersion as OTM sidragle a flatter
vega profile. This means that spot moving away from strike is less of an msuwe
acknowledge that this is a less practical way of trading.

Variance swap dispersion. Because of the overhead of developing risk management and
trading infrastructure for straddle dispersion, many hedge funds preferuse tmariance
swaps to trade dispersion. With variance dispersion it is easier to see tte(prdlisses)
from trading correlation than it is for straddles. Variance dispersion suffem the
disadvantage that not all the members of an index will have a liquid variancenswlagi.
Since 2008, the singlgtock variance market has disappeared due to the lasgeslo
suffered from singlstock variance sellers (as disperstoaders want to go long single
stock variance, trading deskgere predominantly short singktock variance). It is now
rare to be able to trade dispersion through variance swaps.

Volatility swap dispersion. Since liquidty disappeared from the singdtock variance
market, investment banks have started to offer volatility swap dispersionadteraative.
Excluding dispersion trades, volatility swaps rarely trade.

Gamma swap dispersion. Trading dispersion via gamma swaps is the only ‘fire and
forget’ way of trading dispersion. As a member of an index declines, the ipdabe
index volatility declines. As a gamma swap weights the variance payout on eachtbay by
closing price on that dayhe payout of a gamma swap similarly declines with spot. For all
other dispersion trades, the volatility exposure has to be reduced for stockslinatated
increased for stocks that rise. Despite the efforts of some invedbanelks, gamma swaps
never @ined significant popularity.

" Less liquid members of an index are often excluded, eg, CRRef@uro STOXX 50 is usually excluded.
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Vega-weighted
assumes parallel
move, theta-
weighted
assumes

relative move

Need to decide on weighting scheme for dispersion trades

While a dispersion trade always involves a short index Vigfapiosition and a long single
stock volatility position, there are different strategies for calculatiegrétio of the two trade
legs. If we assume index implied is initially 20%, if it increases & 30 market could be
considered to have risen by ten volatility points or risen by 50%. If the mart@tsered to
rise by ten volality points and average singi&ock implied is 25%, it would be expected to
rise to 50% (vegaveighted). If the market is consideredrise by 50% and average single
stock implied is 30%, it would be expected to rise to 45% (tleeteorrelatiorweighted). The
third weighting, gamma-weighted, is not often used in practice.

Vega-weighted. In a vegaweighted dispersion, the index vega is equal to the sum of the
singlestock vega. If both index and siegdtock vega rise one volatility point, the two legs
cancel and the trade neither suffers a loss or reveals a profit.

Theta- (or correlation-) weighted. Theta weighting means the vega multiplied by
variance (or volatility for volatility swaps) is equal both legs. Thisneans there is a
smaller singlestock vega leg than for vega weighting (as shsgbek volatility is larger
than index volatility, so it must have a smaller vega for vega x volatilityet@qual).
Under thetawveighted dispersion, if all securities have zero volatility, the theteothf the
long and short legs cansgland total theta is therefore zero). Theta weightiag be
thought of as correlatieweighted (as correlationindex var / average single stock var =
ratio of singlestock vega to index vega). If volatility rises 1% (relative move) thelégys
cancel and the dispersion breaks even.

Gamma-weighted. Gamma weighting is the leastmmon of lhe three types of dispersion.
As gamma is proportional to vega/vol, then the vega/vol di s must be equal. As
singlestock vol is larger than index vol, there is a largerlsistpck vega leg than for
vegaweighted.

Greeks of dispersion trading depend on weighting used

The Greeks of a dispersion trddee very much dependent on the vega weighting of the two
legs. The easiest weighting to understand is a-wegghted dispersion, which by definition
has zero vega (as the vega of the short indexamgdsinglestock legs are identical). A vega
weighted dispersion is, however, short gamma and #eig (ie, have to pay theta).

Thetaweighted dispersion needs a smaller long sistdek leg than the index leg (as reducing
the long position reduceseta paid on the long singtock leg to that of the theta earned on
the short index leg). As the long singiack leg is smaller, a theteeighted dispersion is very
short gamma (as it has less gamma than-wegighted, and vegereighted is short gamma).

Gammaweighted dispersion needs a larger long sisthek leg than the index leg (as
increasing the long position increases the gamma to that of the short indera)gaks the
long singlestock leg is larger, the theta paid is higher than that forwegghted.

Figure 44. Greeks of Dispersion Trades with Different Weightings

Greeks Theta-Weighted Vega-Weighted Gamma-Weighted
Theta 0 Short/pay Very short/pay a lot
Vega Short 0 Long
Gamma Very short Short 0

Total single-stock vega Less than index Equal to index More than index

Source: Santander Investment Bolsa.

® The mathematal proof of the Greeks is outside of the scope of this report.



Only theta-
weighted
dispersion gives
pure correlation
exposure

Vega-weighted
dispersion can
be thought of
as giving better
exposure to
correlation
mispricing

Figure 45. Breakevens for Theta-Weighted, Vega-Weighted and Gamma-Weighted Dispersion

Theta-Weighted Vega-Weighted Gamma-Weighted
Start of trade
Index vol (vol pts) 20.0 20.0 20.0
Average single-stock vol (vol pts) 25.0 25.0 25.0
Implied correlation (correlation pts) 64.0 64.0 64.0
Trade size
Index vega (k) 100 100 100
Single-stock vega (k) 80 100 125
End of trade (if P&L = 0, ie, breaks even)
Index vol (vol pts) 30.0 30.0 30.0
Avg single-stock vol (for trade to break even) (vol pts) 375 35.0 33.0
Implied correlation (correlation pts) 64.0 73.5 82.6
Change
Change in index vol (vol. pts) 10.0 10.0 10.0
Change in single-stock vol (vol pts) 12.5 10.0 8.0
Change in implied correlation (correlation pts) 0.0 9.5 18.6
Change (%)
Change in index vol (%) 50% 50% 50%
Change in single-stock vol (%) 50% 40% 32%
Change in implied correlation (%) 0.0% 14.8% 29.1%

Source: Santander Investment Bolsa.

THETA, VEGA AND GAMMA-WEIGHTED DISPERSION EXAMPLES

Figure 45 above shows the different weightings for thetaega and gammaveighted
dispersion. The changa volatility for the different trades to break even is shown. As can be
seen, only thetaveighted dispersion gives correlation exposure (ie, if realised cooreiat
equal to implied correlation, theteeighted dispersion breaks even).

Theta-weighted dispersion is best weighting for almost pure correlation exposure

The sole factor that determines tifetaweighted dispersion makes a profit or loss is the
difference between realised and implied correlation. For timing entryspiointhetaweighted
dispesion, we believe investors should look at the implied correlation of an indeRkefas
weighted dispersion returns are driven by correlation). Note thieaweighted dispersion
breaks even if single stock and index implied moves by the same percentage @g,index

vol of 20%, single-stock vol of 25% and both rise 50% to 30% and 3Tes@ectively).

Vega-weighted dispersion gives hedged exposure to mispricing of correlation

When a dispersion trade is vegaighted, it can be thought of as being the sum of a-theta
weighted dispersion (which gives correlation exposure), plus a long -sitogle volatility
position. This volatility exposure can be thought sefaahedge against the short correlation
position (as volatility and correlation are correlatddnce a vegaweighted dispersion gives
greater exposure to the mispricing of correlation. When looking at theabgirtry point for
vegaweighted dispersion, it is better to look at the difference between averaggssitk
volatility and index volatility (as this applies an equal weight to bogs, ldke in a vega
weighted dispersion). Note that vegaighted dispersion breaks even if single stock anexind
implied moves by the same absolute amoenqtifidex vol of 20%, singlstock vol of 25%
and both riséen volatility points to 30% and 35%espectively). Empiricallythe difference
between singlstock and index volatilityi€, vegaweighted dispersn) is not correlated to
volatility®, which supports our view of vega-weighted dispersion being the best.

° Singlestock leg is arguably 2%% too large; however, slightly owaedging the implicit short
volatility position of dispersion could be seen as an advantage.
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Implied
correlation of
dispersion trades
should be c10
points above
correlation swap
as short volga

Gamma-weighted dispersion is rare, and not recommended

While gamma weighting might appear mathematically to be a suitable weigfding
dispersion, ni practice it is rarely used. It seems difficult to justify a weightiogeme where
more singlestock vega is bought than index (as single stocks have a higher implieddéan in
and hence should movemore. We include the details of this weighting sctee for
completeness, but do not recommend it.

DISPERSION TRADES ARE SHORT VOL OF VOL (VOLGA)

The P&L of a thetaweighted dispersion trade is proportionaltihe spread between implied
and realized market valueeighted correlation (p), multiplied by a factor that corresponds to a
weighted average variance of the components of the fhdex

n 2
P& Lthetaweightecﬂispersion: Zizlvvio-i (pmp - ,0)
where

p = market value weighted correlation

The payout of a thetaveighted dispersion is therefore equal to the difference in implied and
realised correlation (market vakaeighted pairwise realised correlation) multiplied by the
weighted average variance. If vol of vol was zero and volatility di¢timange, then the payout
would be identical to a correlation swap and both should have the samktan price. If
volatility is assumed to be correlated to correlation (as it is, as bothlitplatid correlation
increase in a downturn) and the correlation component is profitable, the prefiesdaced (as

it is multiplied by a lower volatility). Similarly, if the correlation suffers adpthe losses are
magnified (as it is multiplied by a higher volatility). Dispersion igé¢f@re short volga (Maf
vol) as the greater the change in volatility, the worse the payout. To congporsthtis short
volga position, the implied correlation level of dispersion is ¢10 lzdima points above the
level of correlation swaps.

19 proof of this result is oditde the scope of this publication.



Basket options
are different from
an option on an
index, as weights
and membership
do not change

BASKET OPTIONS ARE MOST LIQUID
CORRELATION PRODUCT

The most common product for trading correlation is a basket option (otleekwown as an
option on a basket). If the members of a basketidentical to the members of an index and
have identical weights, then the basket option is virtually identicah topsion on the index.
The two are not completely identical, as the membership and weight of a basketdogis
not chang®, but it canfor an index (due to membership changéghts issuesetc). The
formula for basket options is below.

Basket =Zin:1WiS where $is the I security in the basket

Basket call payoff at expiry = Max(Ein:lWiZS — K ) whereK is thestrike

BASKET OPTIONS ON TWO INDICES ARE THE MOST POPULAR

While the above formula can be used for all types of basket, the most popular is a basket o
two equal weighted indices. In this case the correlation traded is not betwiigtermembers

of a basket (or index) but the correlation between only two indices. As tlempisually
wants the two indices to have identical value, it is easier to define the basket egual
weighted sum of the two security returns (see the below forsaitang n = 2 The previous
formula could be used, but the weight w would not be 0.5 (would be Q:&def0)-

S atexpiry

Basket =Y . w where $is the I" security in the basket (amdnormally = 1/n)

i=1
S atinception

BASKET PAYOFF IS BASED ON COVARIANCE, NOT CORRELATION

The payout of basket options is based on the correlation multipli¢ide volatility of the two
securities, which is known as covariance. The formula for covariance is shown Below.
basket options are typically the payout of structured products, it is bettaidge thee exposure

using products whose payout is also based on covariance. It is therefore better to use
covariance swaps rather than correlation swaps or dispersion tostrffsured product risk.

Covariance(A,B) =po ,05 Where p is the correlation between A and B

' \Weighting for Rainbow options is specified at maturity based on théveefmrformance of the
basket members, but discussion of these options is outside of the scopeuabtitiation.
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COVARIANCE SWAPS BETTER REPRESENT
STRUCTURED PRODUCT RISK

Covariance swap  The payout of structured products is often based on a basket.dft®mpricing of an option
::':;dc";}’ never on a basket involves covariance, not correlation. If an investment bank selfgi@m on a
basket to a customer and hedges through buying correlation (via correlation swaps or
dispersion) there is a mismatéhBecause of thjsattempts were made to create a covariance
swap maket, but liquidity never took off.
Correlation swap payoff
[Covariance(A,B) Kcovarianced X Notional
where
Notional= notional paid (or received) per covariance point
p = correlation between A and B
o; = volatility of i

Covariance(A,B) =po .o, (note if A = B then covariance = variancepas 1)

Kovariance= Strike of covariance swap (agreed at inception of trade)

12 Results in being short cregemma. Crosgamma is the effect a change in the value of one
underlying has on the delta of another.



DIVIDEND VOLATILITY TRADING

If a constant dividend yield is assumed, then the volatility surface for options on realised
dividends should be identical to the volatility surface for equities. However, as companies
typically pay out less than 100% of earnings, they have the ability to reduce the volatility
of dividend payments. In addition to lowering the volatility of dividends to between 2 and
% of the volatility of equities, companies are reluctant to cut dividends. This means that
skew is more negative than for equities, as any dividend cut is sizeable. Despite the fact
that index dividend cuts have historically been smaller than the decline in the index,
imbalances in the implied dividend market can cause implied dividends to decline more
than spot.

DIVIDEND REALISED VOL IS LOWER THAN EQUITY REALISED VOL

If dividend yields  Dividend yields are often thought of as mean reverting, as they cannot risenity iméir go
were constant,a  pa|gy zero. If the dividend vie is constant, then the dividend volatility surface will be

g:lvr'fgi';dsxghalw';‘é identical to the equity volatility surface. Howeydividends’ volatility tends to be between %2

identical to an and? of the volatility of equities, depending on the time period chosen. This discrepancy is
equity volatility cau®d by two effects:
surface

Dividend volatility suppressed by less than 100% payout ratio. Companies typically

pay out less than 100% of earnings in order to grow the companygoiorates are
normally reluctant to cut dividends, they will simply incredbe payout ratio in a
downturn. This is done both to avoid the embarrassment of cutting a dividend, but also as
in a downturn there are likely to be limited opportunities for growth hedcelittle need

to reinvest earnings (typically costs and investment atrénca downturn). If the economy

is growing and earnings increasing significantly, then companies will aligrincrease
dividends by less than the jump in earnings. This is done in case therafaleou
environment does not last because there are attige opportunities for investing the
retained earnings.

Equity volatility is too high compared to fundamentals. On balance, academic evidence
suggests that equity volatility is too high compared to fundamentals such dsndivi
payouts®. Statistical arbitmge funds can normally be expected to eliminate any significant
shortterm imbalances. However, their investment time horizon is diyrmat long
enough to attempt to reduce the discrepancy between equity and fundametitity wvla

a multipleyear timehorizon.

REALISED DIVIDENDS DECLINE LESS THAN EQUITIES

In 140 years of US data, there has never been a larger declinexréaatised dividends than
the index itself. This is because in a bear market certain sect@feunted more than others,
and itis the companies in the worst affected sectors that cut dividends. Forlexamjne
200003 bear market, TMT was particularly affected. Similarly, the credit crivash hit
financials and real estate the hardest. As companies are loath toidehd$/the remaining
sectors tend to resist cutting dividends. This means tisite at a stock level dividend
declines can be greater than equity declines (as dividends can be cut to iEtbevaquity
price is above zero), at an index level realised dividends only experience an aeetagead
half to twothirds of the equity market decline.

13 An equity can be modeled as the NPV of future dividend payments.



Implied dividend
volatility, not
realised dividend
volatility, is the
driver for pricing
options on
dividends

IMPLIED DIVIDENDS CAN DECLINE MORE THAN EQUITIES

Before the credit crunch, some participants believed that dividendsedisdsthan spot if spot
falls, as corprates are reluctant to cut dividends. This is only true at the sStagk level and
only for small declines. If a single stock falls by a significant amotet,company will cut
dividends by a larger amount than the equity market decline (as dividédhds wut to zero
before the stock price reaches zero). A long dividend position is similang stock and short
put. This can be seen in Figu4é below. While the diagram below would appear to imply a
‘strike’ of ¢3000 for the SXS5E, this strike is very dependent on market saritiend
conditions. For severe equity market declines, implied dividends caneléeite as fast as
spot. This disconnect between realised and implied dividends occurstidrenis a large
structured product market (markets such as the,W#dch have few structured product®
not act in this way).

Figure 46. SX5E 2010 Dividends vs Spot
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Source: Santander Investment Bolsa.

Structured products can cause dividend risk limits to be hit in a downturn

Typicdly, the sale of structured products not only causes their vendor to be long dividends, but
this long position increases as equity markets fall. For example, autteskae a particularly
popular structured product as they give an attractive coupdrthaytiare automatically called
(which occurs when the equity market does not fall significanrilg)the maturity effectively
extends when markets decline (as the product is not called as expected), the vendor become
long dividends up until the extendaethturity. As all investment banks typically have the same
position, there are usually few counterparties should a position have to beisugffétt is

most severe during a rapid downturn, as there is limited opportunity for invedbangks to
reduce their positions in an orderly manner.

IMPLIED DIVIDENDS ARE THE UNDERLYING OF OPTIONS ON DIVIDENDS

As it is not possible to hedge an option on divid with realised dividend (they are not
traded), the volatility of the underlying implied dividend is the key driveamfoption on
dividend’s value. While realised dividends are less volatile than egyuitnplied dividends can
be more volatile than edgies. The volatility of implied dividends is also likely to be time
dependent, with greater volatility during the reporting period when dividendsaoeraced,
and less volatility at other times (particularly for near dated implédeahds).



Figure 47. Implied Volatility with Negative Skew

DIVIDENDS SHOULD HAVE HIGHER SKEW THAN EQUITIES

Skew can be measured as the third moment (return is the first moment, varidéeceeisond
moment). Equities have a negative skew, which means the volatility eugadownward
sloping and the probability distriban has a larger downside tail. The mathematical definition
of the third moment is below. Looking at annual US dividend paynoumeis140 years shows
that skew is more negative for dividends than equities. This difference in skeawa if the

third moment for biannual periods or longer are examined, potentially as any dividend cuts
companies make are swiftly reversed when the outlook improves.
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OPPORTUNITIES, IMBALANCES AND
MYTHS



As short volatility
is positively
correlated to
equity returns, if
equities earn
more than the risk
free rate so
should short
volatility

OVERPRICING OF VOL IS PARTLY AN ILLUSION

Selling implied volatility is one of the most popular trading strategies in equity
derivatives. Empirical analysis shows that implied volatility or variance is, on average,
overpriced. However, as volatility is negatively correlated to equity returns, a short
volatility (or variance) position is implicitly long equity risk. As equity returns are
expected to return an equity risk premium over the risk-free rate (which is used for
derivative pricing), this implies short volatility should also be abnormally profitable.
Therefore, part of the profits from short volatility strategies can be attributed to the fact
equities are expected to deliver returns above the risk-free rate.

SHORT VOLATILITY IS POSITIVELY CORRELATED TO EQUITY RETURNS

As implied volatility tends to trade at a higher level than realised volatditg;ommon
perception is that implied volatility is overpriced. While there are supply @emand
imbalances that can cause vdigtito be overpriced, part of the overpricing is due to the
correlation between volatility and equity returns. A short volatility posii®rpositively
correlated to the equity market (as volatility typically increases wherniexjuiecline). As
equities average return is greater than the 4fide rate, this means that the riskutral
implied volatility should be expected to be above the true realised vgldilien taking this
into account, volatility appears to be overpriced. We believe that unpl@atility is
overpriced on average due to the demand for hedges.

Figure 48. Correlation vStoxx (volatility) and SX5E

vStoxx
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R? = 0.56
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Source: Santander Investment Bolsa.

Far-dated options are most overpriced, due to upward sloping volatility term structure

Volatility selling strategiestypically involve selling neadated volatility (or variance).
Examples include call overwritingr selling neadated variance (until the recent explosion of
volatility, this was a popular hedge fund strategy that many structured pamhpied). As
term structure is on average upwaldping, this implies that fedated implieds are more
expensive than near ddtémplieds. The demand for lofttated protectione@, from variable
annuity providers) offers a fundamental explanation for term structung lo@ward sloping
(seethe sectionVariable Annuity Hedging Lifts Long-Term Vol). However, as 12x one month
options (or variance swaps) can be sold & $hme period of tiemas 1x ongear option (or
variance swap), greater profits can be earned from selling thedaiear product despite it
being less overpriced. We note the risk is greater if severaldaézd options (or variance
swap) are sold in any period.
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REASONS WHY VOLATILITY OVERPRICING IS UNLIKELY TO DISAPPEAR

There are several fundamental reasons why volatility, and variance, isicagrfincethese
reasons are structural, we believe that implied volatility is likely taierverpriced for the
foreseeable future. Given variance exposure to overpriced wings (and kevpstts) and the
risk aversion to variance post credit crunch, we view variance as more overfréced
volatility.

Demand for put protection. The demand for hedging products, either from itss
structured products or providers of variable annuity productsisriieebe offset by market
makers. As market makers are usually net sellers of volatility, they chargennfargi
taking this risk and for the costs of gamma hedging.

Demand for OTM options lifts wings. Investors typically like buying OTM optionss
there is an attractive rigleward profile (similar to buying a lottery ticket). Market raedk
thereforeraise their priceto compensate for the asymmetric risk they face. As the price of
variance swaps is based on options of all s&rikas lifts the price of variance.

Index implieds lifted from structured product demand. The demand from structured
products typically lifts mdex implied compared to singiéock implied. This is why
implied correlation is higher than it should be.

SELLING VOLATILITY SHOULD BE LESS PROFITABLE THAN BEFORE

Hedge funds typically aim to identify mispricings in order to deliver sapesturns. However,
as both hedge funds and the total hedge fund marketplace grow larger, theturofipsrare
gradually being eroded. We believe that abawerage returns are only possible in the
following circumstances:

A fund has a unique edge (eg, through analytics, trading algorithms or proprietary
informationanalysis).

There are relatively few funds in competition, or it is not possible for a significant
number of competitors to participate in an opportunity (either due tdniyrat legal
restrictions, lack of liquid derivatives markets or excessivetinsg&/horizon of trade).

There is a source of imbalance in the markets (eg, structured product flow or regulatory
demand for hedging), causing a mispricing of risk.

All of the above reasons have previously held for volatility selling strategigs ol
overwriting or sellig of onethreemonth variance swaps). However, given the abundance of
publications on the topic in the past few years and the launch of severalrstiyaroducts that
attempt to profit from this opportunity, we believe that volatility sglidould be les profitable
than before. The fact there remains an imbalance in the market theedemand for hedging
should mean volatility selling is, on average, a profitable strategy. \oywwe would caution
against using a back test based on historical dataedmble estimate of future profitability.



Structured
products on VIX
or vStoxx have a
payout based on
term structure as
well as volatility

LONG VOLATILITY IS APOOR EQUITY HEDGE

An ideal hedging instrument for a security is an instrument with -100% correlation to
that security and zero cost. As the return on variance swaps have a c-70% correlation
with equity markets, adding long volatility positions (either through variance swaps or
futures on volatility indices such as VIX or vStoxx) to an equity position could be thought
of as a useful hedge. However, as volatility is on average overpriced, the cost of this
strategy far outweighs any diversification benefit.

VOLATILITY HAS UP TO A NEGATIVE C70% CORRELATION WITH EQUITY

Equity markets tend to become more volatile when they decline and lesgewoteen they
rise. A fundamental reason for thistige fact that gearing increases as equities détliAs
both gearing and volatility are measures of risk, they should be correlatezt, ey are
negatively correlated to equity returns. More detailed argusyadiut the link between equity
and volatiity are providedin the sectiorCapital Sructure Arbitrage in the Appendix. While
short term measures of volatilitgd, vStoxx) only have an Fof 5046-60% against the equity
market, longer dated varianse/aps (purest way to trade volatility) can have up to c76% R

VOL RETURNS MOST CORRELATED TO EQUITY FOR 1-YEAR MATURITY

There are two competing factors to the optimum maturity for a volatiitige. The longer the
maturity, the more likely the prolonggeeriod of volatility will be due to a decline in the
market. This should give longer maturities higher equity volatility tatiom, as the impact of
shortterm noise is reduced. However, for long maturities (years), there is ficaighchance
that the equity market will recover from any downturn, reducing equity volatilityetation.
The optimum correlation between the SX5E and variance swaps, is farsreetweemine
months andneyear. This is roughly in line with the c8 months it takes redligolatility to
mean revert after a crisis.

SHORT-DATED VOLATILITY INDEX FUTURES ARE A POOR HEDGE

Recently there have been several products based on rodiXxgor vStoxx futures whose
average maturity is kept constant. As these ptsdbave to continually buy fatated futures
and sell neadated futures (to keep average maturity constant as time passas)s suffer
from upward sloping term structur&ince the launch of vStoxx futures, rollimgpe-month
vStoxx futures have had negative returns (Sgare 49below). This is despite the SX5E also
havingsuffered a negative return, suggesting that rolling vStoxx futures poer hedge. For
more details o futures on volatility indices, see the sectimnward Sarting Products.

4 Assuming no rights issues, share buybacks, debt issuance or repueckeasption.



Figure 49. SX5E and One-Month Rolling vStoxx Futures
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Source: Santander Investment Bolsa.

LONG VOLATILITY HAS NEGATIVE RETURNS ON AVERAGE

Long volatility strategies, on average, have negative returns. This ioimgpcan bebroken
down into two components:

Correlation with equity market. As equity markets are expected to return an equity risk
premium over the riskee rate, strategies that are implicitly long equity risk should
similarly outperform (and strategies that are implicitly short equity riskuldho
underperform). As a long volatility strategy is implicitly short equity ,rigkshould
underperform. We nie this drawback should affect all hedging instruments, as a hedging
instrument by definition has to be short the risk to be hedged.

Overpricing of volatility. Excessive demand for volatility products has historically caused
implied volatility to be overpced. As this demand is not expected to significantly
decrease, it is likely that implied volatility will continue to be overpricedhgalgh
volatility will probably not be as overpriced as in the past).

VOLATILITY IS APOOR HEDGE COMPARED TO FUTURES

While all hedging instruments can be expected to have a cost (due to beinglynghiwit
equities and assuming a positive equity risk premium), long variance swaps staviedily

had an additional cost due to the overpricing of volatility. This additioostl imakes long
variance swaps an unattractive hedge compared to reducing the position (og$hartes).
This is shown in Figur&0 below by adding an additional variance swap position to a 100%
investment in equities (we optimistically assume zaewgining and other trading costs to the
variance swap position).



Puts offer
convexity, long
variance swaps
do not

Figure 50. SX5E hedged with Variance Swaps or Futures
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Source: Santander Investment Bolsa.

Long volatility hedge suffers from volatility overpricing, and less than 100% correlation

While the risk of the long equity and long variance swap position initiallyedsees as the long
variance position increases in size, the returns of the portfolio are leshé¢heeturns for a
reduced equity position of the same risk (weuass the proceeds from the equity sale are
invested in the riskree rate, which should give similar returns to hedging via short fitures
Unlike hedging with futures, there comes a point at which increasing variaapeesposure
does not reduce risk (anoh fact, increases it) due to the less than 100% correlation with the
equity market.

Hedging strategies back-testing period needs to have positive equity returns

While we acknowledge that there are periods of time in which a long volatigiign is a
profitable hedge, these tend to occur when equity returns are negatd/short futures are
usually a better hedge). We believe that the best-testing periods for comparing hedging
strategies are those in which equities have a return above tieegséte (if returns below the
risk-free rate are expected, then investors should switch allocation away framaseuud risk

free debt). For these batdsting periods, long volatility strategies struggle to demonstrate
value as a useful hedging instrument. Hence, we see little reason for investorgetavitad
variance swaps rather than futures given the overpricing of litglaind less than 100%
correlation between volatility and equity returns.

HEDGING WITH VARIANCE SHOULD NOT BE COMPARED TO PUTS

Due to the lack of convexity of a variance swap hedge, we believe it is best to compare lo
variance hedges to hedging with futures rather than hedging wish Alihough variance
hedges might be cheapian put hedges, the lack of convexity for long volatility makes this
an unfair comparison, in our view.
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Variable annuity
hedging lifts
implied volatility
and skew

VARIABLE ANNUITY HEDGING LIFTS LONG-
TERM VOL

Since the 1980s, a significant amount of variable annuity products have been sold,
particularly in the USA. The size of this market is now over US$1trn. From the mid-
1990s, these products started to become more complicated and offered guarantees to the
purchaser (similar to being long a put). The hedging of these products increases the
demand for long-dated downside strikes, which lifts long-dated implied volatility and
skew.

VARIABLE ANNUITY OFTEN GIVES INVESTORS A ‘PUT’ OPTION

With a fixed annuity, the insurance company that sold the product invests the prandeds
guarantees the purchaser a guaranteest freturn. Variable annuities, however, allow the
purchaser to pick which investments they want to put their fumtds The downside to this
flexibility is the unprotected exposure to a decline in the market. dikemariable annuities
more attractive,rbm the 1990s many were sold with some forms of downside protection (or
put). The different types of protection are detailed below in order afigkdo the insurance
company.

Return of premium. This product effectively buys an ATM put in addition to ésting
proceeds. The investor is guaranteed returns will be no lower than 0%.

Roll-up. Similar to return of premium; however, the minimum guaranteedretwgreater
than 0%. The hedging of this product buys a put which is ITM with reference to spot, but
OTM compared with the forward.

Ratchet (or maximum anniversary value). These products return the highest value the
underlying has ever traded at (on certain dates). The hedging of these phodnlots
payout look-back options, more details of whichiaréhe sectiorook-Back Options.

Greater of ‘ratchet’ or ‘roll-up’. This product returns the greater of the g’ or
‘ratchet’ protection.

Hedging of variable annuity products lifts index term structure and skew

The hedging of variable annuity involves the purchase of downside protectiolonfpr
maturities. Often the products are 20+ years long, but as the maximumtynattirisufficient
liquidity available on indices can only be53years, the position has to be dynamically hedged
with the shortedated option. This constant bid for ledgted protection lifts index term
structure and skew, particularly for the S&P500 but atfexts other major indice(potentially
due to relative value trading). The demand for protection (from viable anpnatyders or
other investors), particularly on the downside and for longer maturities, coualshbelered to

be the reason why volatility (of all strikes and maturities), skew (for aturities) and term
structure are usually overpriced.



Movement
towards listed
instruments, and
regulation to
counter
proprietary desks,
lifted long-dated
skew

CREDIT CRUNCH HAS HIT VARIABLE ANNUITY PROVIDERS

Until the TMT bubble burst, guarantees embedded in variable annuity produetefteer seen

as unnecessary ‘bells and whistleShe severe declines between 2000 and 2003 made
guarantees in variable annuity products more popular. When modelling dyramegiss,
insurance companies need to estimate what implied volatility will be inutieef (eg, if
hedging short 2@ear options with &ear options). The implied volatility chosen will be based
on a confidence interval, say 95%, to give onlyia-20 chance that implieds are higher than
the level embedded in the security. As the credit crunch caused realigéitityab read
levels that by some measures were higher than in the Great Depraspigd volatility rose

to unprecedented heights. This increase in the cost of hedging has weighadjios.m

PROP DESK SPINOFF + MOVE TO EXCHANGE = HEDGE COSTS GO UP

The passing of the Doderank Act in mid2010 was designed to improve the transparency of
derivatives by moving them onto an exchange. However, this would increasmaatiyin
requirements of longated options, which were previously traded OTC. This made it more
expensive to be the counterparty to variable annuity providers. As the @ehdigled the
‘Volker Rule’, which prohibits proprietary trading, the numbercofunterparties shrank (as
prop desks with attractive funding levels were a common counterpartthdotongdated
protection required by variable annuity hedgers). The combination of the spinoff ofgsiap d
and movement of OTC options onto an excharsgesed skew to rise in mD10, particularly

at the fardated end of volatility surfaces.
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STRUCTURED PRODUCTS VICIOUS CIRCLE

The sale of structured products leaves investment banks with a short skew position (eg,
short an OTM put in order to provide capital-protected products). Whenever there is a
large decline in equities, this short skew position causes the investment bank to be short
volatility (eg, as the short OTM put becomes more ATM, the vega increases). The
covering of this short vega position lifts implied volatility further than would be expected.
As investment banks are also short vega convexity, this increase in volatility causes the
short vega position to increase in size. This can lead to a ‘structured products vicious
circle’ as the covering of short vega causes the size of the short position to increase.
Similarly, if equity markets rise and implied volatility falls, investment banks become
long implied volatility and have to sell. Structured products can therefore cause implied
volatility to undershoot in a recovery, as well as overshoot in a crisis.

IMPLIED VOL OVERSHOOTS IN CRISIS, UNDERSHOOTS IN RECOVERY

Investment banks  The sale of structured products causes investment banks to hiawe akew and short vega

gﬁzesigrq‘:;;::ew convexity positior?. Whenever there is a significant decline in equities and a spikeplied

convexity position volatility, or a recovery in equities and a coIIapse'ln' mt[phmlatlllty,. the posmon of
structured product sellers can exaggerhterhovement in implied volatility. This can cause
implied volatility to overshoot (in a crisis) or undershoot (in a recoveryqsis). There are
four parts to the ‘structured products vicious circle’ effect on implied vitilesil which are
shown in kgure 51below.

Figure 51. Four Stages Towards Implied Volatility Overshoot

1. Market declines 2. Traders become short 3. Traders buy vol
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Source: Santander Investment Bolsa.
(1) EQUITY MARKET DECLINES

While implied volatility moves- in both directions- are exaggerated, for this example we
shall assume that there is a decline in the markets and a rise in implied voltiitydecline
occurs within a short period of time, trading desks have less time to hedge positibns, a
imbalances in the market become more significant.

!> There is more detail on the position of structured product sellers at ttoé gmsl section.



90% put becomes
ATM if equities
decline 10%

(2) DESKS BECOME SHORTNIPLIED VOLATILITY (DUE TO SHORT SKEW)

Investment banks are typically short skew from the sale of structuredcpsodtis position
causes trading desks to become short implied volatility following declinbs iequity market.

To demonstrate how this ans, we shall examine a short skew position through a vega flat
risk reversal (short 90% put, long 110% céll)

Figure 52. Short Skew Position Due to 90%-110% Risk Reversal (initially vega flat)
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Source: Santander Investment Bolsa.

Short skew + equity markets decline = short vega (ie, short implied volatility)

If there is a 10% decline in equity markets, the 90% put becombkakill increases in vega.
As the risk reversal is short the 90% ptie position becomes short vega (or short implied
volatility). In addition, the 110% call option becomes more OTM and furtheedses the
vega of the position (increasing the value of the short implied volgiiiition).

Figure 53. Change in Vega of 90%-110% Risk Reversal If Markets Decline 10%
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Source: Santander Investment Bolsa.

'® This simple example is very different from the position of strectyroduct sellers. We note a vega flat
risk reversal is not necessarilyl1as the vega of the put is likely to be lower than the vega of the call.
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All trading desks
have a similar
position

Even if skew was flat, markets declines cause short skew position to become short vega

The above example demonstrates that it is the fact options become more or lessafTM th
causes the change in vega. It is not the fact downside put options have dnhjijieer than
upside call options. If skew was flat (or even if puts traded at a lower impbedcalls), the
above argument would still hold. We thereforeed a measure of the rate of change of vega for
a given change in spot, and this measure is called vanna.

Vanna = dVega/dSpot

Vanna measures size of skew position, skew measures value of skew position

Vanna can be thought of as the size of the skewiipogin a similar way that vega is the size
of a volatility position), while skew (eg, 90%00% skew) measures the value of skew (in a
similar way that implied volatility measures the value of a volatility tpm®i. For more details
on different Greeksjncluding vanna, seé¢he section Greeks and Their Meaning in the
Appendix.

(3) SHORT COVERING OF SHORT VEGA POSITION LIFTS IMPLIED VOL

As the size of trading desks’ short vega position increases during equity meckees this
position is likely to be covered. As all trading desks have similar positibis buying
pressure causes an increase in implied volatility. This flow is iniaddd any buying pressure
due to an in@ase in realised volatility and hence can cause an overshoot in imphétityol

Figure 54. Vega of ATM and OTM Options Against Implied (Vega Convexity)

Vega
0.25

ATM option vega is approximately flat

0.20 _€NCE has no vega convexity

Slope of line is vega convexity / volga
(which is greater for lower implieds
than higher implieds)

0.05 -

0.00

0% 5% 10% 15% 20% 25% 30% 35% 40%
X X Implied volatility
m—90% strike ATM strike

Source: Santander Investment Bolsa.

(4) SHORT VEGA POSITION INCREASES DUE TO VEGA CONVEXITY

Options have their peak vega when they are (approximately) ATM. ABetmnpolatility
increases, the vega of OTM options increases and converges with the vega of th&@eak A
option. Therefore, as implied volatility increases, the vega oM @ptions increases (see
Figures54). The rate of change of vega given a change in volatility is callegh \MOL-
GAmma) or vomma, and is known as vega convexity.

Volga = dVega/dVol



Vega convexity causes short volatility position to increase

As the vega of options rises as volatility increases, this increases the sigeslodthvolatility

position that needs to be hedged. As trading desks’ volatility short position hasaneased,

they have to buy volatility to cover the increased short position, vidéats to further gains in
implied volatility. This starts a vicious circle of increasing volatility, iebhwe call the

‘structured products vicious circle’.

VEGA CONVEXITY IS HIGHEST FOR LOW-TO-MEDIUM IMPLIEDS

As Figureb54 above shows, the slope of vegaiagt volatility is steepest (ie, vega convexity is
highest) for lowto-medium implied volatilities. This effect of vega convexity is themioore
important in volatility regimes of c20% or ledsence, the effect of structured products can
have a simila effect when markets rise and volatilities decline. In this case, trafiinigs
become long vega, due to skew, and have to sell volatility. Vega convex#gsctus long
position to increase as volatility declines, causing further vayaskllings. Tis is typically
seen when a market recovers after a volatile decline (eg, in 2003 and 2009néptioevend

of the tech bubble and credit crunch, respectively).

IMPACT GREATEST FOR FAR-DATED IMPLIEDS

While this position has the greatest impact at tmesfal of volatility surfaces, a rise in far
dated term volatility and skew tends to be mirrored to a lesdent for nearedated expiries.

If there is a disconnect between neand fardated implied volatilities, this can cause a
significant change iterm structure.

STRUCTURED PRODUCT CAPITAL GUARANTEE IS LONG AN OTM PUT

The capital guarantee of many structured products leaves the seller ofdbet mffectively

short an OTM put. A short OTM put is short skew and short vega convexity (or volgais Thi

a simplification, as structured products tend to buy visually cheap ogigri3TM options)

and sell visually expensive optioris,(ATM options), leaving the seller with a long ATM and
short OTM volatility position. As OTM options have more volga Yega convexity) than
ATM options (sedhe sectionGreeks and Their Meaning in the Appendix) the seller is short
volga. The embedded option in structured products is floored, which causes the sedler to b
short skew(as the position is similar to being short an OTM put).



FORWARD STARTING PRODUCTS AND
LIGHT EXOTICS



While forward
starting products
have zero theta,
they benefit less
from any volatility
spike

FORWARD STARTING PRODUCTS

Forward starting options are a popular method of trading forward volatility and term
structure as there is no exposure to near-term volatility and, hence, zero theta (until the
start of the forward starting option). As the exposure is to forward volatility rather than
volatility, more sophisticated models need to be used to price them than ordinary options.
Forward starting options will usually have wider bid-offer spreads than vanilla options,
as their pricing and hedging is more complex. Recently, trading forward volatility via
VIX and vStoxx forwards has become increasingly popular. However, as is the case with
forward starting options, there are modelling issues. Forward starting variance swaps are
easier to price as the price is determined by two variance swaps (one expiring at the start
and the other at the end of the forward starting variance swap).

ZERO THETA IS AN ADVANTAGE OF FORWARD STARTING PRODUCTS

The main attraction of forward starting products is that they providetorgesith longterm
volatility (or vega) exposure, without having exposure to steont-volatility (or gammay. As

there is zero gammantil the forward starting product starts, the product does not have to pay
any theta. Forward starting products are most appropriate for investors véwe liledt there is
going to be volatility in the future (egluring a key economic announcement oeporting

date) but that realised volatility is likely to be low in the near termdegr Christmas or the
summer lull).

Forward starting products are low cost, but also lower payout

We note that while forward starting products have a lower theta cost thara \aptithns, if
there is a rise in volatility surfaces before the forward starting pesioder, they are likely to
benefit less than vanilla options (thss because the front end of volatility surfaces tends to
move the most, and this is the area to which forward stamdagnsitivity). Forward starting
products can therefore be seen as a low-cost, lower-payout method of tradiitityvolat

TERM STRUCTURE PENALISES FORWARD STARTING PRODUCTS

While forward starting products have zero mathematical theta, they do saffettie facthat
volatility and variance term structure is usually expensive and upwarthglorhe average
implied volatility of a forwad starting product is likely to be higher than a vanilla product,
which will cause the long forward starting position to suffer carrhawolatility is remarked
lower*® during the forward starting period.

THERE ARE THREE MAIN METHODS TO TRADE FORWARD VOLATILITY

Historically, forward volatility could only be traded via forwastarting options, which had to
be dynamically hedged and, hence, had high costs and wiadféidspreads. When variance
swaps became liquid, this allowed the creation of forwtading variance swaps (as a forward
starting variance can be perfectly hedged by a long and short position irrila variance
swaps of different maturity, which is explained later). The client base dding forward
volatility has recently been panded by the listing of forwards on volatility indices (such as
the VIX or vStoxx). The definition of the three main forward starting prizdisagiven below:

7\We shall assume for this section that the investor wishes to be longaadatarting product.
'81f a 3month forward starting option is compared to-m@nth vanilla option, then during therfeard
starting period the forward starting implied volatility should, on averdgeine.
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A forward starting
variance swap can
be created from
two vanilla
variance swaps

(1) Forward starting options. A forward starting option is an option whose strike will be
determinedat the end of the forward starting period. The strike will be quoted as a
percentage of spot. For example, a-gear ATM option thregnonth forward start, bought
in Septenber 2012, will turn into a orgear ATM option in December 2012 (ie, expiry will
be December 2013 and the strike will be the value of spot in December 2012)rdrorwa
starting options are quoted OTC. For flow client requedkis maturity of the forward
starting riod is typically three monthend with an option maturity no longer thayesar.

The sale of structured products creates significant demand for festeatidg products, but

of much longer maturity (3 years, the length of the structured product). Investment banks
will estimate the gie of the product they can setid buy a forward starting option for that
size. While the structured product itself does not incorporate a forveaitdast the price for

the product needs to be fixed for a period-@f honths (the marketing perigdhe product
needs to be hedged with a forward start before marketing can begin.

(2) Futures on volatility index. A forward on a volatility index works in the same way as a
forward on an equity index: they both are listed and both settle againgaltlee of the
index on the expiry date. While forwards on volatility indices sictha VIX and vStoxx
have been quoted for some time, their liquidity has only recently improvedcto an
extent that they are now a viable method for trading. This improvemasriteen driven by
increasing structured issuance dnydoptions on volatility indices (delta hedging of these
options has to be carried out in the forward market). Current listadtitiest for the VIX
and vStoxx exist for expiries under a year.

(3) Forward starting variance swaps. The easiest forward startingroduct to trade is a
variance swap, as it can be hedged with two static variance swap positionsnfprenko
short). Like plain variance swaps, these products are traded OTC and theitiesatan
be up to a similar length (although investiygically ask for quotes up tireeyears).

HEDGING RISKS INCREASE COST OF FORWARD STARTING PRODUCTS

While forward starting options do not need to be delta hedged before Wardostarting
period ends, they have to be vega hedged with vanilla, very OTM sgdddl¢hey also have

zero delta and gamma). A long OTM straddle has to be purchased on the expiry date of th
option, while a short OTM straddle has to be sold on the strike fixing date. Asepes, the

delta of these straddles is likely to move awayrfizero, requiring Haedging of the position,
which increases costs (which are likely to be passed on to cliewtsjs&s (unknown future
volatility and skew) to the trader.

Pricing of forwards on volatility indices tends to be slanted against long investors

Similarly, the hedging of forwards on volatility indices is not trivial, as (like vatatgdwaps)
they require a volatility of volatility model. While the market for fordson volatility indices
has become more liquid, as the flow is predominantly on the buyfeigkards on volatility
indices have historically been overpriced. They are a viableiment for investors who want
to short volatility, ® who require a listed product.

Forward starting variance swaps have fewer imbalances than other forward products

The price— and the hedging- of a forward starting variance swap is based on two vanilla
variance swaps (as it can be constructed from two vanilla variareqesswihe worstase
scenario for pricing is therefore twice the spread of a vanilla variance swap. In praetice,
spread of a forward starting variance swap is usually slightly wider than dtfe afithe widest
bid-offer of the variance swap legs (&ightly wider than théid-offer of the furthest maturity).



Sticky delta and
relative time tends
to under price
forward starting
options

(1) FORWARD STARTING OPTIONS

A forward starting option can be priced using Bl&wholes in a similar way to a vanilla
option. The only difference is that the forward volatilitytilex than voltlity) is needed as an
input®®. The three different methods of calculating the forward volatility, and exaropleow
the volatility input changes, are detailed below:

Sticky delta (or moneyness) and relative time. This method assumes volatility surfaces
never change in relative dimensions (sticky delta and relative time). This asrealistic
assumption unless the ATM term structure is approximately flat.

Additive variance rule. Using the additive variance rule takes into account the term
structure ofa volatility surface. This method has the disadvantage that the forward skew is
assumed to be constant in absolute (fixed) time, which is not usualbpsbe As skew is
normally larger for shortetlated maturities, it should increase approaching expiry.

Constant smile rule. The constant smile rule combines the two methods above by using
the additive variance rule for ATM options (henitdakes into account varying volatility
over time) and applying a sticky delta skew for a relative maturity. It can be seen as
‘bumping’ the current volatility surface by the change in ATM forward tld@lacalculated

using the additive variance rule.

STICKY DELTA AND RELATIVE TIME USES CURRENT VOL SURFACE

If the relative dimensions of a volatility surface are assumed to never changibgtiveratility
input for a forward starting option can be priced with the current vibfasurface. For
example, a threemonth 110% strike option forward dfiag after a period of time T can be
priced using the implied volatility of a current thi@enth 110% strike option (the forward
starting time T is irrelevant to the volatility ingdt As term structure is normally pdsi, this
method tends to undmice forward starting options. An example of a current relative volatility
surface, which can be used for pricing forward starting options undem#thod, is shown
below:

Figure 55. Relative Dimensions Implied Volatility Surface

Strike 1 Year 2 Years 3 Years 4 Years
80% 24.0% 23.4% 23.2% 23.0%
90% 22.0% 22.0% 22.0% 22.0%
100% 20.0% 20.6% 20.8% 21.0%
110% 18.0% 19.2% 19.7% 20.0%
120% 16.0% 17.8% 18.5% 19.0%

Source: Santander Investment Bolsa.

9 Forwards of the other inputs, for example interest rates, are genevadlytter compute.

% Hence, the price of the thre@eonth 110% option forward start will nbe significantly differenfrom

the price of the vanilla thremonth 110% option if there is a significant difference in interest rates o
dividends
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ADDITIVE VARIANCE RULE (AVR) CALCULATES FORWARD VOLATILITY

As variance time weighted is additive, and as variance is the square of volatilityrvilaedfo
volatility can be calculated mathematically. Using these relationships to atalderward
volatilities is cdled the additive variance rubnd is shown below.

0'22T2 = alzT + o0,,(T, —T,) as variance time weighted is additive

o, T,-oT,
—2 2 11 =forward volatility T; to T,
T2 _Tl

where o; is the implied volatility of an option of maturity T

The above relationship can be used to calculate forwardil¥igs for the entire volatility
surface. This calculation does assume that skew in absolute (fixed) timedisAix example,
using the previous volatility surface, is shown below.

Figure 56. Current Volatility Surface One Year Additive Variance Rule Forward Vol Surface

Start Now Now Now Now Start Now 1 Year 2Years 3 Years
Strike End 1 Year 2 Years 3 Years 4 Years Strike End 1 Year 2 Years 3 Years 4 Years
80% 24.0% 23.4% 23.2% 23.0% 80% 24.0% 22.8% 22.6% 22.5%
90% 22.0% 22.0% 22.0% 22.0% 90% 22.0% 22.0% 22.0% 22.0%
100% 20.0% 20.6% 20.8% 21.0% 100% 20.0% 21.2% 21.4% 21.5%
110% 18.0% 19.2% 19.7% 20.0% 110% 18.0% 20.3% 20.7% 20.9%
120% 16.0% 17.8% 18.5% 19.0% 120% 16.0% 19.4% 20.0% 20.3%

Source: Santander Investment Bolsa estimates.

Additive variance
rule takes into
account term
structure but
forward skew is
too low

ATM ADDITIVE VAR + STICKY DELTA = CONSTANT SMILE RULE (CSR)

Using a relative time rule has the advantage of pricing forward skew in a abksomanner,
but it does not price the change in term structure correctly. \WWhibing using the additive
variance rule gives improved pricing for ATM options, for OTM options thevsised is
likely to be too low (as the method uses forward skew, wigios to decay by square root of
time). The constant smile rule combines the best features of the previous taachps, with
ATM options priced using the additive variance rule and the skew pricedsigikg delta.

Figure 57. Current Volatility Surface

Strike 1 Year 2 Years 3 Years 4 Years 1 Year Skew
80% 24.0% 23.4% 23.2% 23.0% 4.0%
90% 22.0% 22.0% 22.0% 22.0% 2.0%
100% 20.0% 20.6% 20.8% 21.0% 0.0%
110% 18.0% 19.2% 19.7% 20.0% -2.0%
120% 16.0% 17.8% 18.5% 19.0% -4.0%
[ ]
One Year Additive Variance Rule (AVR) Forward Volatility —
Start Now 1 Year 2 Years 3 Years
End 1 Year 2 Years 3 Years 4 Years
100% AVR 1 Year Fwd Volatility 20.0% 21.2% 21.4% 21.5%

One Year Constant Smile Rule Forward Volatility Surface

Start Now 1 Year 2 Years 3 Years
Strike End 1 Year 2 Years 3 Years 4 Years 1 Year skew
80% 24.0% 25.2% 25.4% 25.5% 4.0%
90% 22.0% 23.2% 23.4% 23.5% 2.0%
100% AVR 1 year Fwd Volatility 20.0% 21.2% 21.4% 21.5% 0.0%
110% 18.0% 19.2% 19.4% 19.5% -2.0%
120% 16.0% 17.2% 17.4% 17.5% -4.0%

Source: Santander Investment Bolsa.



Constant smile rule bumps sticky delta relative time volatility surface

The above diagrams show how the constant smile rule has the same ATM forwalitdemlat
as the additive variance rule. The static delta (relative time) skew is then addedetATM
options to create the entire surface. An alternative way of thinkirtgeafurface is that it takes
the current volatility surface, and shifts (or bumps) each maturity by the axaant required
to get ATM options to be in line with the additive variance rule. The impattaging a
relative time skew on a fixed ATM volatility can be measured bagtility slide theta (sethe
sectionAdvanced (Practical or Shadow) Greeks in the Appendix).

CONSTANT SMILE RULE IS THE BEST MODEL OF THE THREE

Constant smile Pricing with static delta and relativene usually underprices forward volatility (as volatility
::Les:,“naak;z term structure is menally upward sloping, and lordpted forward volatility is sold at the
assumptions for Iowe(_levels_ of neadated implied volatility). Whlle additive variance correctlycps forward
options of all volatility, this rule does mean future skew will tend towards zero (as skew tends to decay a
strikes and maturity increases and the additive variance rule assumes absdikge — time for skew).
expiries While this rule has been used in the past, the mispricing ofdateyl skewor products such

as cliquets has led traders to move away from this model. The constant smileuldeapar
to be the most appropriate.

FORWARD STARTING OPTIONS HAVE SHADOW DELTA

While forward starting options have a theoretical delta of zero, they canahslvadow delta
caused by fixed dividends and skew. If a dividend is fixed, then the dividend yidklttezero
as spot tends to infinity, which causes a shadow delta (whyabsigve for calls and negative
for puts).

(2) FUTURE ON VOLATILITY INDEX

Recently futures on the VIX and vStoxx have become more liquid due to iredesirictured
product activity. While the calculation of these volatility indices is similaa t@riance swap
calculation, as the payout is based on the square root @ngaritheir payout is linear in
volatility not variance. They are therefore short volatility of vibtgf just like volatility swaps.

PRICE IS IN BETWEEN VAR AND VOL

A future on a volatility index functions in exactly the same way as a future on dn iegieix.
However, as the volatility index is a forward (hence linear) payouh®fsquare root of
variance, the payoff is differefrom a variance swap (whose payout is on variance itself). The
price of a forward on a volatility index lies between the ¥aiue of a forward volatility swap
and the square root of the fair value of a forward variance swap.

= G Forward volatility swap= Future on volatility index < 6 rorward variance swap



Short volatility
future and long
forward variance
is a popular trade

Structured
products often
sell near-dated
expiries and buy
longer-dated
expiries, lifting
term structure

FUTURES ON VOLATILITY INDICES ARE SHORT VOL OF VOL

A variance swagcan be hedged by delta hedging a portfolio of optfométh the same
maturity as the variance swap (portfolio is known as a log contract, whereeitfiet wf each
option is 1/K where K is the strike). As the portfolio of options does not change, the only
hedging costs are the costs associated with delta hedging. A volatilpylssao be hedged
through buying and selling variance swaps (or a log contract of options); henocedsttoe
have a volatility of volatility (vol of vol) model. A variance swap is moomweXx than a
volatility swap (as a variance swap payout is on volatility squated$,a volatility swap is
short convexity compared to a variance swap. A volatility swap is therefore shoftwol as

a variance swap has no vol of vol risk. the price of a future on a volatility index is linear in
volatility, a future on a volatility index is short vol of vol (like volatility Sp&.

As vol of vol is underpriced, futures on volatility indices are overpriced

While the price of volatility futures should be below that of fodvaariance swaps, retail
demand and potential lack of knowledge of the client base means that theydukeek at
similar levels. This overpricing of volatility futures means thatatility of volatility is
underpriced in these products. Being short volatility futures and lomgafd variance is a
popular trade to arbitrage this mispricing.

EUREX, NOT CBOE, WAS THE FIRST EXCHANGE TO LIST VOL FUTURES

While futures on the VIX (launched by the CBOE in March 2004) are the oldest tyrrent
traded, the DTB (now Eurex) was the first exchange to list volatility égtlin January 1998.
These VOLAX futures were based orr®nth ATM implieds but they ceased tradjnin
December of the same year.

STRUCTURED PRODUCTS ON VOL FUTURES IMPROVED LIQUIDITY

Initially VIX and vStoxx futures had limited liquidity. The creation of sturet! products has
improved liquidity of these products. Similarly, the introduction of aystion these futures has
increased the need to delta hedge using these futures, also increasing.liquitié US, the
size of structured products on VIX futures is so large at times @aappgo have moved the
underlying market.

Open-ended volatility products on volatility indices steepen term structure

While futures on a volatility index have the advantage of being a liss¢diment, they have
the disadvantage of having an expiry and, therefore, a leteger position needs to be rolled.

In response to investor demand, many investment banks sold products based on heethg a fi
maturity exposure on an underlying volatility index. As time passesgtbanks hedge their
exposure by selling a nedated expiry and buying a fdated expiry. The weighted average
maturity is therefore kept constant, but the flow puts upward pressure terrtinstructure. For
products of sufficient size, the impact tfustured products on the market ensures the market
moves against them. As term structure is lifted, there is a high carry cost (as a lalatadar
volatility future is sold and a high falated volatility future is bought).

21 As the payout of a delta hedged option is based on variance, not volatjlitglteehedging an ojpin
whose underlying moves 2%, eafosr times as much as if the underlying moved 1%)



Figure 58. Volatility Future Term Structure
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Source: Santander Investment Bolsa.

(3) FORWARD STARTING VAR SWAPS

In the section Measuring Historical Volatility in the Appendix we show that variance is
additive (vaiance to time 7= variance to time T+ forward variance Tto T,). This allows
the payout of a forward starting variance swap betwaesnd T, to be replicated via a long
variance swap to,] and short variance swap te. We define Nand N to be thenotionals of
the variance swaps to, Bnd T, respectively. It is important to note that Bnd N are the
notionals of the variance swap, not the vega @#ga +~ ). As the variance swap payout of
the two variance swaps must cancel up taffe following relationship is true (we are looking
at the floating leg of the variance swaps, and ignore constaatsc#imcel such as the
annualisation factor):

Payaut long variance to jJJ= Payout long variance to ¥ Payout long variance;To T,

i[Ln(retum)]2 i[Ln(returr])]2 Tzz[Ln(return)]2

=2 N4 =N, =L N
2 T2 2 -I-2 2 -I-2
Tl
> [Ln(return)]?
= Payout short variance N, = T (= Payout long variance to)r
2
T T
Y [Ln(return)]? > [Ln(return)]?
= Nl i=1 — N2 i=1
Tl T2
s Ni_Np
Tl T2
Tl

= N, = T N, = (Notional of near dated variance as factor of far dated variance notional)
2

= 0<N; <N, (@asT,>T)
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Notional of the near-dated variance is smaller than notional of far-dated

The above proof shows that in order to construct a forward starting \@asaap from two
vanilla variance swaps, the nadated variance should have a notional g7 (which is less
than 1) of the notional of the falated variance. Intuitively, this makes sense as thedatad
variance swap to Tonly needs to cancel treverlapping period of the longeiated variance
swap to E. The notional of the nealated variance swap tq therefore has to be scaled down,
depending on its relative maturity te. For example, if Tis 0, then there is no need to short
any neaidated variance and Ns similarly zero. In addition, if 7= T,, then the two legs must
cancel, which occurs as;N N,.

The notional N, must be equal to the difference of the notionals of the two vanilla variance
swaps that hedge ite{ N> = N> - N;) by considering the floating legs and having constant
realised volatility (No,” = Nyo1> + Nyso15°, hence M= N; + Ny, if volatility 6% is constant).

Figure 59. Constructing Forward Variance from Vanilla Variance Swaps
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Source: Santander Investment Bolsa.

CALCULATING FORWARD VARIANCE
The additive variance rule allows the level of forward variance to be calculatedri@sce
time weighted is additive).

o 22T2 = O-lzT +0,(T,-Ty)

o.,°T, — o, T

= 0-122 =—-2_2 1 1forward volatility T to T,
T,-T.
2 1

SKEW CAUSES NEGATIVE SHADOW DELTA

The presence of skew causes a correlation between volatility amd T$ps correlation
produces a negative shadow delta for all forward starting products. Tdmakatis similar to
the argument that variance swaps have negative shadow delta.

Fixed dividends also causes shadow delta

Forward starting prodiis also have a shadow delta caused by fixed (or discrete) diviflends
(calls have positive shadow deltehile pus have negative shadow delta).

2 Fixed dividends also lifts value of calls, puts and variance swaps



Extra hedging risk
of barriers widens
the bid-offer
spread

BARRIER OPTIONS

Barrier options are the most popular type of light exotic product, as they are used within
structured products or to provide cheap protection. The payout of a barrier option
knocks in or out depending on whether a barrier is hit. There are eight types of barrier
option, but only four are commonly traded, as the remaining four have a similar price to
vanilla options. Barrier puts are more popular than calls (due to structured product and
protection flow), and investors like to sell visually expensive knock-in options and buy
visually cheap knock-out options. Barrier options (like all light exotics) are always
European (if they were American, the price would be virtually the same as a vanilla
option, as the options could be exercised just before the barrier was hit).

BARRIER OPTIONS CAN HAVE DELTA OF MORE THAN +100%

The hedging of a barrier option is more involved than for vaapléons, as the delta near the
barrier can be significantly more than £100% near expiry. The extra hedgingfrbarriers
widens the biebffer spread in comparisowith vanilla options. Barrier options are always
European and are traded OTC.

THERE ARE THREE KEY VARIABLES FOR BARRIER OPTIONS

There are three key variables to a barrier option, each of which has teibilges. These
combinations give eight types adifsier option (8=2x2x2).

Down/up. The direction of the barrier in relation to spot. Almost all putibes are down
barriers and, similarly, almost all call barriers are up barriers.

Knock in/out. Knock-out options have a low premium and give the impression of being
cheap; hence, they are usually bought by investors. Conversely,-iknoghions are
visually expensive (as knogk options are a similar price to a vanilla) and are usually sold
by investors (through structured products). For puts, a kimiskthe most popular barrier
(structured product selling of down and knérkputs). However, for calls this is reversed
and knockouts are the most popular. Recent volatility has made koaotkroducts less
popular than they once were, as many hit thairier and became worthless.

Put/call. The type of payout of the option. Put barriers are three to four times more popular
than call barriers, due to the combination of selling from structured products (dawn a
knock-in puts) and cheap protection buy{dgwn and knoclout puts).

ONLY FOUR OF THE EIGHT TYPES OF BARRIER ARE USUALLY TRADED

The difference in price between a vanilla option and barrier option is anyfisant if the
barrier occurs when the option has intrinsic value. If the only valueecbption when the
barrier knocks ifout is time value, then the pricing for the barrier option will be roughly equal
to the vanilla option. Because of this, the naming convention for barriesneptian be
shortened to knock in (or out) followed by dalk (as puts normally have a down barrier, and
calls an up barrier). The four main types of barrier option and their weseh@wn below.
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Knock-in put (down and knock-in put). Knock4in puts are the most popular type of barrier
option, as autocallables anermally hedged by selling a down and knackput to fund the
high coupon. They have a barrier which is below both spot and strike and gigendinal
payoff to a put only once spot has gone below the down barrier. Until spot reaches the down
barrier here is no payout. However, as this area has the least intrinsic value, tleticakeo
price is similar to a vanilla and therefore visually expensive.

Knock-out put (down and knock-out put). Knock-out puts are the second most popular
barrier option after knoek puts (although knochkn puts are three times as popular as knock
out puts due to structured product flow). Knaik puts give an identical payout to a put, until
spot declines through the down barrier (which is below both spot and strilsdjicim case the
knock-out option becomes worthless. As the maximum payout for a put lies below the knock
out barrier, knoclout puts are relatively cheap and are often thought of as a cheap method of
gaining protection.

Knock-in call (up and knock-in call). Knock-in calls give an identical payout to a call, but
only when spot trades above the up barrier, which lies above spot and the strike. Tthey are
least popular barrier option, as their high price is similar to the pfi@ecall and structured
product flow is typically less keen on selling upside than downside.

Knock-out call (up and knock-out call). Knock-out calls are the most popular barrier option
for calls, but their popularity still lags behind both kndéeclkand knockout puts. As they g
the same upside participation as a vanilla call until the up barriect{whiabove spot and
strike) is reached, they can be thought of as a useful way of gaining cheap upsid

KNOCK-OUT OPTIONS DECREASE IN VALUE AS STRIKE APPROACHES

While vanilla optims (and knockn options) will increase in value as spot moves further in the
money, this is not the case for knemkt options, where spot is near the strike. This effect is
caused by the payout equalling zero at the barrier, which can cause theltd tpposite sign

to the vanilla option. This effect is shown below for a-gaar ATM put with 80% knoclout.

The peak value of the option is at c105%; hence, for values lower than ltathe delta is
positive not negative. This is a significant downside to using koatlputs for protection, as
their mark to market can increase (not decrease) equity sensitivity tovthside.

Figure 60. Price of One-Year ATM Put with 80% Knock-Out
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Source: Santander Investment Bolsa.



KNOCK-OUT PUT + KNOCK-IN PUT = (VANILLA) PUT

If a knockout put and a knoek put have the same strike and barrier, then together the
combined position is equal to a long vanilla puto(P P« = P). This is shown in the charts
below. The same argument can applgdlls (o + P« = P). This relationship allows us to see
mathematically that if knoeckut options are seen as visually cheap, then knock-in options must
be visually expensive (as a kneickoption must be equal to the price of a vanilla less the value
of a visually cheap knoe&ut option).

Figure 61. Knock-out Put Knock-in Put
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Source: Santander Investment Bolsa.

Figure 62. Knock-out Put + Knock-in Put = Put
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KNOCK-OUTS COST C15%-25% OF PUT SPREAD COST

The payout of a knoekut put is equal to a ‘shark fin’ (see figure on the left) until the barrier is
reached. A ‘shark fin’ is equal to a short digital position (at thédsalus a put spread (long
put at strike of kack-out put, short put at barrier of kneokit put). The price of a knoakut

put can therefore be considered to be the cost of a put spread, less a digitd drellalue of
the knockout. As pricing digitals and barriers is not trivial, comparingptiee of a knockout

put as a percentage of the appropriate put spread can be a quick way te exsdleafthe
knock-out will have a lower value as it offers less payout to the downside). Fonakéso
barriers between 10% and 30% below the strike ptiwe of the knoclout option should be
between c15% and c25% of the cost of the put spread.

CONTINUOUS BARRIERS ARE CHEAPER THAN DISCRETE

There are two types of barriers, continuous and discretenfinuous barrier is triggered if the
price hits the barrier intraday, whereas a discrete barrier is only trigdeteridlosing price
passes through the barrier. Discrete knogk barriers are more expensive than continuous
barriers, while the reveesholds for knockn barriers (especially during periods of high
volatility). There are also additional hedging costs to discbarriers, as it is possible for spot
to move through the barrier intraday without the discrete barrier beingregie, ifthe close

is the correct side of the discrete barrier). As these costs are passethe investor, discrete
barriers are far less popular than continuous barriers for single gtB%:20% of the
market), although they do make up almost half the etddt indices.

Jumps in stock prices between close and open is a problem for all barriers

While the hedge for a continuous barrier should, in theory, be able to be exdcatéelel
close to the barrier, this is not the case should the underlying jump betwseractl open. In
this case, the hedging of a continuous barrier suffers a similar problem to the hefdging
discrete barrier (delta hedge executed at a significantly different tetre barrier).

DOUBLE BARRIERS ARE POSSIBLE, BUT RARE

Doublebarrier options have both an up barrier and a down barrier. Aogelpf the barriers
is significant for pricing, they are not common (as their pricing is sirtolan ordinary single
barrier option). They make up less than 5% of the light exotic market.

REBATES CAN COMPENSATE INVESTORS IF BARRIER TRIGGERED

The main disadvantage of kneoklit barrier options is that the investor receives nothing for
purchasing the option if they are correct about the direction of the uimgefbption is ITM)

but incorret about the magnitude (underlying passes through barrier). In wrdeovide
compensation, some barrier options give the long investors a rebagebidirtier is triggered:
for example, an ATM call with 120% knoaut that gives a 5% rebate if the baris touched.
Rebates comprise approximately 20% of the index barrier market but greakefor single
stock barrier options.



WORST-OF/BEST-OF OPTIONS

Worst-of (or best-of) options give payouts based on the worst (or best) performing asset.
They are the second most popular light exotic due to structured product flow. Correlation
is a key factor in pricing these options, and investor flow typically buys correlation
(making uncorrelated assets with low correlation the most popular underlyings). The
underlyings can be chosen from different asset classes (due to low correlation), and the
number of underlyings is typically between three and 20. They are always European, and
normally ATM options.

MATURITY IS NORMALLY ONE YEAR AND CAN BE CALLS OR PUTS

Worstof/bestof options can be any maturity. Although the most popular isyeae maturity,
up to three years can trade. As an option can be a call or a put, and eitheofwarsbest
of’; there are four types of option to choose from. However, the most comrradld are
worstof options (call or put). The payouts of the four types are given below:

Worstof call payout = Max (Min ; 1, ..., &) , 0) where ris the return of N assets
Worstof put payout = Max (-Min ¢ r,, ..., k) , 0) wherejris the return of N assets
Bestof call payout = Max (Max ¢ r, ..., k) , 0) where ris the return of N assets

Bestof put payout = Max Max (1, 2, ... , &) , 0) wherejris the return of N assets

WORST-OF CALLS POPULAR TO BUY (AS CHEAPER THAN ANY CALL)

The payout of a worsif call option will be equal to the lowest payout of individual call
options on each of the underlyings. As it is therefore very cheap, they are popularlf@buy
the assets are 100% correlated, then the value of tlet-efarall is equal to the value of calls
on all the underlyings (hence, in the normal case of correlessnthan 100%, a worsf call
will be cheaper than any call on the underlying). If we lower the correlatie price of the
worstof call also decreases (eg, the price of a wwofstall on two assets with100%
correlation is zero, as one asset moves in the opposite direction to the Ativerstof call
option is therefore long correlation. As weddtcalls are cheap, investors like to buyrthand,
therefore, provide buying pressure to implied correlation.

Rumour of QE?2 lifted demand for worst-of calls on cross assets

Cross asset Before QE2 (second round of quantitative easing)ama®unced, there was significant buying
worst-of/best-of flow for worstof calls on cross assets. The assets chosen were all assets thikelyere be

;zgﬂ::: s:ﬁen correlated should QE2 occur but that would normally not necessarily be correjated (
macro risks attractive pricing). QE2 was expected to cause USD weakening (in favouhef G0
dominate currencies like the JPY, CHF and EUR), in addition to lifting “ask assets, like equities and

commodities. The buying of worsf calls on these three assets would therefore be a cheap
way to gan exposure to the expected movements of markets if quantitative easing was
extended (which it was).



WORST-OF PUTS ARE EXPENSIVE AND USUALLY SOLD

Flow from worst- A worstof put will have a greater value than any of thes on the underlying assets and is
;’r;/bﬁ::m lifts therefore very expensive to own. However, as correlation increases towardsti@®#ue of
corprelation the worstof put will decrease towards the value of the most valuable put on either of the
underlyings. A worsbf put is tlerefore short correlation. As selling (expensive) wofgtuts
is popular, this flow puts buying pressure on implied correlation (the samée asféloe flow

for worstof calls).

BEST-OF CALLS AND BEST-OF PUTS ARE RELATIVELY RARE

While worstof options are popular, there is relatively little demand for-besptions. There
are some buyers of best puts (which again supports correlation); however,-bestlls are
very rare. Figur&3 below summarises the popularity and direction of investor flowsnaity
from structured products) and the effect on implied correlation. Auusele of thumb for
worstof/bestof options is that they are short correlation if the pricthefoption is expensive
(worstof put and besof call) and the reverse if the pe of the option is cheap. This is why
the buying of cheap and selling of expensive wofAiestof options results in buying flow to
correlation.

Figure 63. Best-of/Worst-of Options

Option Correlation Flow Cost Notes
Worst-of put ~ Short Sellers Expensive Popular structure to sell as cost is greater than that of most expensive put
Worst-of call  Long Buyers Cheap Popular way to buy upside as low cost is less than cheapest call on any of the assets
Best-of put Long Some buyers  Cheap Some buyers as cost is lower than cheapest put
Best-of call Short Rare Expensive Benefits from correlation falling as markets rise

Source: Santander Investment Bolsa.

LIGHT EXOTIC OPTIONS FLOW LIFTS IMPLIED CORRELATION

As the flow from worsbf/besteof products tends to support the levels of implied correlation,
implied correlation typically trades above fair value. While otigdrt lexotic flow might not
support correlation (eg, outperformance options, which are described below}pfilgst-of
options arethe most popular light exotic, whose pricing depends on correlation and are
therefore the primary driver for this market. We would point out tixa most popular light
exotics —barrier options- have no impact on correlation markets. In addition, walfbiestof

flow is concentrated in uncorrelated assets, whereas outperformanaes aggi&ousually on
correlated assets.



OUTPERFORMANCE OPTIONS

Outperformance options are an option on the difference between returns on two different
underlyings. They are a popular method of implementing relative value trades, as their
cost is usually cheaper than an option on either underlying. The key unknown parameter
for pricing outperformance options is implied correlation, as outperformance options are
short correlation. The primary investor base for outperformance options is hedge funds,
which are usually buyers of outperformance options on two correlated assets (to cheapen
the price). Outperformance options are European and can always be priced as a call.
Unless they are struck with a hurdle, they are an ATM option.

OUTPERFORMANCE OPTIONS ARE USUALLY SHORT-DATED CALLS

Outperformance options give a payout based on the difference betwerstutine of two
underlyings. While any maturity can be used, they tend to ben&turities up to a year
(maturities less than three months are rare). The payout formula for an autaerde option

is below— by convention always quoted as a call gfdver &’ (as a put of 'k over i’ can be
structured as a call ong‘pver ). Outperformance options are always European (like all light
exotics) and are traded OTC.

Payout = Max (f — 1z, 0) where t and g are the returns of assets A and B, respectively

OPTIONS USUALLY ATM, CAN HAVE HURDLE AND ALLOWABLE LOSS

While outperformance options are normally structured ATM, they can be cheapyemedtihg

it OTM through a hurdle or by allowing an allowable loss at maturity (which gidgflers the
initial premium to maturity). While outperformance options can betstred ITM by having a
negative hurdle, as this makes the option more expensive, this is rare. Trhdafdor

outperformance option payout with these features is:

Payout = Max (t — rz — hurdle, -allowable loss)

OUTPERFORMANCE OPTIONS ARE SHORT CORRELATION

The pricing of outperformance options depends on both the volatility of the two undsrly
and the correlation between them. As there tends to be a more liquid ahel wiaiket for
implied volatility than correlation, it is the implied correlation that is the key fairtor
determining pricing. Outperformance options are short correlationhwdao be intuitively
seen asthe price of an outperformance option must decline to zemehssume correlation
rises towards 100% (two identical returns give a zero payout fautiperformance option).

As flow is to the buy side, some hedge funds outperformance call overwrite

Outperformance Outperformance options are ideal for implementing relative value trades ydsetiefit from

options are ideal 1o pside, but the downside is floored to the initial premium paid. The primaegtmvbase

for relative value . . . .

trades for outperformance options are hedge funds. While flow is normally to the buy side, the
overpricing of outperformance options due to this imbalance has led soge faeds to call
overwrite their relative value position with an outperformance option.
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MARGRABE’S FORMULA CAN BE USED FOR PRICING

An outperformance option volatility 645 can be priced using Margrabe’s formula given the
inputs of the volatilities 65 and o of assets A and B, respectively, and their correlation p. This
formula is shown below.

2 2
GA_B=\/GA +0, —2p0,0p

TEND TO BE USED FOR CORRELATED ASSETS

The formula above confirms mathematically that outperformance options are short correlation
(due to the negative sign of the final term with correlation p). From an investor perspective, it
therefore makes sense to sell correlation at high levels; hence, outperformance options tend to
be used for correlated assets (so cross-asset outperformance options are very rare). This is why
outperformance options tend to be traded on indices with a 60%-90% correlation and on single
stocks that are 30%-80% correlated. The pricing of an outperformance option offer tends to
have an implied correlation 5% below realised for correlations of c80%, and 10% below
realised for correlations of ¢50% (outperformance option offer is a bid for implied correlation).

Best pricing is with assets of similar volatility

The price of an outperformance is minimised if volatilities 64 and og of assets A and B are equal
(assuming the average of the two volatilities is kept constant). Having two assets of equal volatility
increases the value of the final term 2poaop (reducing the outperformance volatility o4 g).

LOWER FORWARD FLATTERS OUTPERFORMANCE PRICING

Assuming that the two assets have a similar interest rate and dividends, the forwards of the two
assets approximately cancel each other out, and an ATM outperformance option is also ATMf
(ATM forward or At The Money Forward). When comparing relative costs of outperformance
options with call options on the individual underlyings, ATMf strikes must be used. If ATM
strikes are used for the individual underlyings, the strikes will usually be lower than ATMf
strikes and the call option will appear to be relatively more expensive compared to the ATMf
(= ATM) outperformance option.

Pricing of ATM outperformance options is usually less than ATMf on either underlying

If two assets have the same volatility (cx = o) and are 50% correlated (p = 50%), then the
input for outperformance option pricing 6, is equal to the volatilities of the two underlyings
(oas = 0o = o). Hence, ATMf (ATM forward) options on either underlying will be the same
as an ATMf (=ATM) outperformance option. As outperformance options tend to be used on
assets with higher than 50% correlation and whose volatilities are similar, outperformance
options are usually cheaper than similar options on either underlying.
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LOOK-BACK OPTIONS

There are two types of look-back options, strike look-back and payout look-back, and
both are usually multi-year options. Strike reset (or look-back) options have their strike
set to the highest, or lowest, value within an initial look-back period (of up to three
months). These options are normally structured so the strike moves against the investor
in order to cheapen the cost. Payout look-back options conversely tend to be more
attractive and expensive than vanilla options, as the value for the underlying used is the
best historical value. As with all light exotics, these options are European and OTC.

STRIKE OF RESET OPTIONS MOVES AGAINST INVESTOR

There are two main strike reset options, and both have an initialdack period of typically

one to three months, where the strike is set to be the highest (for ardalfest (for a put)
traded value. While the loelack optionality moves against the investor, as the expiry of these
options is multiyear (typically three), there is sufficient time for spot to move back in the
investor’s favour, and the strike reset cheapens the option premium. Whilg hastrike reset
that moves the strike to be thesh optimal for the investor is possible, the high price means
they are unpopular and rarely trade. While the cheaper fostiké reset options does attract
some flow due to structured products, they are not particularly popular.

Strike reset options perform best when there is an initial period of range trading

There are three possible outcomes to purchasing a strike reset Spikereset options can be
considered a cheaper alternative to buying an ATM option at thefahd strike reset period,
as the strike is roughly identical for two of the three possible outcomest @imaer price).

Spot moves in direction of option payout. If spot moves in a direction that would make
the option ITM, the strike is reset to be equal to spot as it movefaioarable direction,
and the investor is left with a roughly ATM option.

Range-trading markets. Should markets range trade, the investor will similarly receive a
virtually ATM option at the end of the strike reset period.

Spot moves in opposite direction to option payout. If spot initially moves in the opposite
direction to the option payout (down for calls, up for puts), then the option strike is
identical to an option that was initially ATM (as the key value of the uyidgrifor the
strike reset is thaitial value) and, hence, OTM at the end of the strike rest period. The
downside of this outcome is why strike reset options can be purchased for a Istwbano

an ATM option.

Strike reset options are therefore most suitable for investors whodxblere will be an initial
period of range trading, before the underlying moves in a favourable direction.

PAYOUT LOOK-BACK OPTIONS

Having a lookback option that selects the best value of the underlying (highest for calls,
lowest for puts) increases the pay of an option- and cost. These options typically have a
five-year maturity and typically use ewnfmonth or enebf-year values for the selection of the
optimal payout.
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CONTINGENT PREMIUM OPTIONS

Contingent premium options are initially zero-premium and only require a premium to
be paid if the option becomes ATM on the close. The contingent premium to be paid is,
however, larger than the initial premium would be, compensating for the fact that it
might never have to be paid. Puts are the most popular, giving protection with zero initial
premium. These typically one-year put options are OTM (or the contingent premium
would almost certainly have to be paid immediately) and European.

CONTINGENT PREMIUM OPTIONS ALLOW ZERO UPFRONT COST

While contingent premium calls are possible, the most popular formrig feontingent
premium put to allow protection to be bought with no initial cost. The cost of the premium to
be paid is roughly equal to the initial premium of the vanilla option, divided by tieipitity

of spot trading through the strike at some point during the life of the option (eg, an 80% put
whose contingent premium has to be paid if the underlying goes below 80%). Using ecuintinge
premium options for protection has the benefit that no cost is suffered if the protectian is no
needed, but if spot dips below the strike/barrier, then the large premiuto bagaid (which

is likely to be more than the put payout unless there was a larygedle€hese can be thought

of as a form of ‘crash put'.

Having a conditional premium on a level other than strike is possible, but rare

The usual structure for contingent premium options is to have the leveld tibipremium is
paid equal to the strgk The logic is that although investors have to pay a largeiyrerthey
do have the benefit of holding an option that is slightly ITM. Having theitondl premium
at a level other than strike is possible, but rare (eg, an 80% put whose corgneganim has
to be paid if the underlying reaches 110%).
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COMPOSITE AND QUANTO OPTIONS

There are two types of option involving different currencies. The simplest is a composite
option, where the strike (or payoff) currency is in a different currency to the underlying.
A slightly more complicated option is a quanto option, which is similar to a composite
option, but the exchange rate of the conversion is fixed.

COMPOSITE OPTIONS USE DIFFERENT VOLATILITY INPUT

A composite option is a cash or physical option on a security whose currencyrisndfffam
the strike or payoff currencyeg, Euro strike option on Apple)f an underlying is in a foreign
currency, then its price in the payout (or strikeyrency will usually be more volatile (and
hence more expensive) due to the additional volatility associated wigncyrfluctuations.
Only for significantly negative correlations will a composite optionelse expensive than the
vanilla option (if tlere is zero correlation the effect of FX still lifts valuasprThe value of a
composite option can be calculated using Bi8ckoles as usual, by substituting the volatility
of the asset with the volatility of the asset in payout currency termspdjoert (or strike)
currency riskfree rate should be used rather than thee{gn) security currency riskee rate.
The dividend yield assumption is unchanged (as it has no currbetygen a composite
option and a vanilla option.

2 2
O-Payout - \/O-Security + GFX + ZPGSecurilyo-FX

where

Opayout= VOlatility of asset in payout (strike) currency

osecurity= VOlatility of asset in (foreign) security currency

orx = Volatility of FX rate (between payout currency and security currency)

p = correlation of FX rate (security currency in payoff currency terms) and security price

Composite options are long correlation (if FX is foreign currency in domestic terms)

The formula to calculate the volatility of the underlying is given abogetha payoff increases
with a positive correlation betweenXFand the underlying, a composite option is long
correlation (the positive payout will be higher due to FX, while FX moving aigdiesnvestor

is irrelevant when the payout is zerdote that care has to be taken when considering the
definition of the KX rate it should be the (foreign) security currency given in (domestic) payoff
currency terms.

For example, if we are pricing a euro option on a ddlsed security and assume an extreme
case of p = 100%, thevolatility of the USD underlying in EUR wilbe the sum of the volatility
of the underlying and the volatility of USD.
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QUANTO OPTIONS USE DIFFERENT DIVIDEND INPUT

Quanto options are similar to a composite optionepkthe payout is always cash settled and a
fixed FX rate is used to determine the payout. Quanto options can be modeilpdlasik
Scholes. As the FX rate for the payout is fixed, quanto options are modelledhesimgyinal
volatility of the underlying (as FX volatility has no effect). The paystsimply the fixed FX
rate multiplied by the price of a vanilla option with the same volatility,abdfferent carry.
The carry (riskfree rate- dividend) to e used is shown below (the rifkee rate forquanto
options is assumed to be the rigske rate of the security currenag, it is not thesame as for
composite options).

Couanto = fr, Security d— PO security© rx
= dQuanto =d+ pGSecurityUFX as quanto: rereCUfity' Cquanto
where
Couanto= Carry for quanto pricing
douanto= dividend for quanto pricing
d = dividend yield
rfr security= risk free rate of security currency

rfrpayout= risk free rate of payout currency

Quanto options are either long or short correlation depending on the sign of the delta

The correlation betweethe FX and the security has an effect on quanto pricing, the direction
(and magnitude) of which depends on the delta of the option. This is becausedibeddiisk

of an option is equal to its delta, and the dividend used in quanto pricing incresases a
correlation increases.

Quanto option calls are short correlation (if FX is foreign currency in domestic terms)

As a call option is short dividends (call is an option on the price of underlying, not the tota
return of the underlying), a quanto call option is short correlation. A quanto pon apti
therefore slightly long correlation. In both cases assume the FX rate is the foreign security
currency measured in domestic payout terms.

Intuitively, we can see a quanto call option is short correlatjoassuming the dividal yield

and both currency riskee rates are all zero and comparing its value to a vanilla call option
priced in the (foreign) security currency. If correlation is high, #ueilla call option is worth
more than the quanto call option (as FX moves in favouhefnvestor if the price of the
security rises). The reverse is also true (negative correlation causes a vandlfaioallto be
worth less than a quanto call option). As the price of a vanilla (singlenayr call does ro
change due to the correlation of the underlying with the FX rateskiis/s a quanto call
option is short correlation.
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RELATIVE VALUE TRADING

Relative value is the name given to a variety of trades that attempt to profit from the
mean reversion of two related assets that have diverged. The relationship between the two
securities chosen can be fundamental (different share types of same company or
significant cross-holding) or statistical (two stocks in same sector). Relative value can be
carried out via cash (or delta-1), options or outperformance options.

TRADES ARE USUALLY CHOSEN ON CORRELATED ASSETS

The payout of a relative value trade on two uncorrelated securities is completelgnyamib
the investor on average gains no benefit. However, if two securities havegfatitdamental
or statistical reason to be correlated, they can be thought ofdasgtia a similar direction
with a random noise component. Assuming the correlation between the securitibsiéngy
strong, the noise component should mean revert. Relative value trades &ttemgfit from
this mean reversion. There are five mgioes of relative value trades.

Dual listing. If a share trades on different exchanges (eg, an ADR), the two prices should
be equal. This is not always the case due to execution risk (differentgttadies) and
perhaps due to indexation flow. Nfumgible shares or those with shorting restrictions are
most likely to show the largest divergence in price. Of all relative value treggdisting

ones are likely to show the strongest correlation.

Share class. If there is more than one type of share, ppshaith voting or ownership
restrictions, then the price of these shares can diverge from one another. Fplegxam
preference shares typically have a higher dividend to compensate for lamingfrights,

but suffer from less liquidity and (normally) exclusion froquigy indices. During special
situations, for exampladuring the PorsciéW saga, the difference in price between the
two shares can diverge dramatically.

Cross-holding. If one company (potentially a holding company) owns a significant amount
of another company, the prices of the two companies will be linked. Sometiniag putt

a crossholding trade is difficult in practice due to the high borrow cost of the smaller
company. This trade is also known as a stub trade when the investor wants puresexposur
to the larger company, and hedges out the unwanted exposure to the equity lodittiegs
larger company. Potentiallfhese trades can occur when a larger company spins off a
subsidiary but keeps a substantial stake postaffin

Event-driven. In the event of a takeover that is estimated to have a significant chance of
succeeding, the share prices of the acquiring and target company shouldclagecbrThe
target will usually trade at a discount to the bid price, to account fgorttmbiity the

deals falls through (although if the offer is expected to be improved, tanbley another
bidder, the target could trade above the offer price).

Long-short. If a long and short position is initiated in two securities that do not have one
of the above four reasons to be correlated, it is a$biogt trade. The correlation between

the two securities of a lomhort trade is likely to be lower than for other relative values
trades. Because of this, often two stocks within a sector are choseey ahdhld have a

very high correlation and the noise component is likely to be bounded (assuming market
share and profitability is unlikely to change substantially over the pefidldeorelative

value trade).
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Long-short can focus returns on stock picking ability (which is c10% of equity return)

Only c20% of General market performance is typically responsible for c70% of e@itsns, while c10% is

gﬂ‘;'g r:;:)”;"(‘s aré  dueto sector selection and the remaining c20% due to stock picking. If anonwashes to

picking (c10% is focus returns on the proportion due to sector or stock picking, they can enter into a long

sector selection position in that security and a short position in the appropriate madet {jor vice versa).

and c70% is the This will focus returns on the c30% due to sector and stock selection. Typreddtively

broad equity large stocks are selected, as their systematic risk (which should cancelowiative value

market) trade) is usually large compared to speaifsk. Alternatively, if a single stock in the same
sector (or sector index) is used instead of the market index, then returnstshéatdsed on

the c20% due to stock picking within a sector.

SIZE OF POSITIONS SHOULD BE WEIGHTED BY BETA

If the size of tle longshort legs are chosen to have equal notional (share price x number of
shares x FX), then the trade will break even if both stock pricés gero. However, the legs

of the trade are normally weighted by beta to ensure the position is market fautnore
modest moves in the equity market. The volatility (historical or implgdhe stock divided

by the average volatility of the market can be used as an estimate of the beta.

DELTA-1, OPTIONS AND OUTPERFORMANCE OPTIONS

Relative value trades can be implemented via/da#ia1, vanilla options or outperformance
options. They have very different trad#s between liquidity and risk. No one method is
superior to others, and the choice of which instrument to use depenus typds of liquidity
andrisk the investor is comfortable with.

Figure 64. Different Methods of Relative Value Trading

Asset Class Position Benefits Disadvantages

Cash/delta-1 Long A, short B using stock/CFD, future, High liquidity (volatility products Unlimited risk
forwards, total return swap or ETF might not be available)

Options Long call on A, short call on B Limited downside on long leg Unlimited risk on short side

(or put/call spread/put spread) and convex payoff (unless call spreads/put spreads)

Outperformance option Long outperformance option on A vs B Limited downside and convex Poor liquidity/wide bid-offer

payoff spreads

Source: Santander Investment Bolsa estimates.

(1) CASHDELTA-1: BEST LIQUIDITY, BUT UNLIMITED RISK

The deepest and most liquid marker relative value trades is the cash (or déjtanarket.
While there are limited restrictions in the size or stocks avajldhle trade can suffer
potentially unlimited downside. While there are many similarities &etwcash or deka
instruments,here are also important differences.

Benefits of more beneficial taxation can be shared

For many deltdl products, the presence of investors with more beneficial taxation canmesult i
more competitive pricing. Products that have to be based in caolocsuch as ETFs, suffer
from being unable to benefit from the different taxation of other investors.



Total return swap
is the best
instrument for
trading an index

Figure 65. Delta-1 Product Summary

Listed/ | Counter RS Dividend
. Leverage el from . Cost Overall
oTC party risk risk
borrow
Low ) Low No No LA

Listed No (cash, Medium Dividend taxation

B,

Listed Low Yes Medium Yes Yes Medium Tracking error e o
S
OTC Medium Yes Low Yes Yes Low Rare LA
S
- -

Total return oTC Medium Yes Low Yes No Low Best OTC
swaps A\
CFDs oTC Medium Yes Medium No No Low Similar to TRS L L
Cash Listed Low No (cash) High No No Low Keep voting rights L

rtifi

Certificates / Listed High (issuer) No (cash) Low No No High Flexible underlying LA
p-notes —

Source: Santander Investment Bolsa.

CFDs have many advantages over stock

A relative value trade ithe cash (stock) market can be initiated by a long stock position
combined with a short stock position. The short stock position needs a functiomikg st
borrow market, as the stock needs to be borrowed before it can be soldUshmytstock can

tie up a lot of capital, as the long position needs to be fundeddoes the short position.
Normally, a prime broker can help fund the position; however, for simpliCEps are often
used instead of stock.

As CFDs remove the overhead of corporate actions asalividends, they are very popular
with hedge funds thawish to quickly initiate lonfshort positions. As CFDs avoid paying
stamp duty in certain countries, there can be yield enhancement benefitasiramCFDs.
While in theory a CFD has counterparigk, a CFD is often created to be a stock equivalent
with daily resets (exchange of cash flows) limiting this disadvantage. Timedisadvantage of
using CFDs is the loss of voting rights; however, relative value imgest@ not usually
interested irvoting. While stock and CFDs can be used to trade indices, this is rare as yt usuall
requires more maintenance than other eklpsoducts.

Total return swaps and forwards are best for indices

The index equivalent of a CFD is a total return swap. Potentially, a porsishp could be
used instead of a total return swap to manage the long and short legs adend tiorward is
essentially a price return equivalent of a total return swapsamdrinally only used instead of
a TRS (total return swap) for internal reasons (for example, if IT systementarhandle
forwards). Both futures and forwards benefit from the more optimal textrgatment of other
investors, allowing yield enhancement.
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Future is the best
listed (no
counterparty risk)
instrument for
trading an index

Futures and ETFs provide a listed method of trading indices with no counterparty risk

A future is a listed equivalent of a forward (hence, it suffers from exehfaas) andenefits

from the same yield enhancement factors. Futures often require slightly taargins to take

into consideration there is no counterparty risk. For investors reqaiflisted instrument with

no counterparty risk, futures are the best instrurf@mtrading indices. There is, however, a
significant maintenance cost to futures, as liquidity is concentratgdeofront months and
therefore requires rolling. While futures and forwards can be used todiragle stocks, they

are usually used fondices (although in Europe futures can be crossed, allowing them to be
used instead of stock). An ETF can be thought of as the index equivalent of a stock, being a
fully funded listed instrument with no potential for yield enhancement. As #nermore EFs

than futures, they can be used for a wider variety of underlyings.

Figure 66. Delta-1 Product Decision Tree

Restricted

from trading Yes P-Note/ ETN/ Certificate
Underlying?

Can take
counterparty Yes
Risk?

Is underlying
an index?

Total Return Swap
(or forward)

Is underlying

an index? Yes Is future available?

No

Source: Santander Investment Bolsa.

Certificates, ETNs and p-notes are effectively the same

Certificate$ETNs and participédn notes (pnotes) are traded on an exchange and can give
exposure to strategies, markets and currencies that an investor might ydmenatable to
invest in. For example, if an investor is prohibited from investing in vityatilen a certificate

or ETN that wraps a volatility strategy (call overwriting, selliogeimonth variance swaps,
long VIX/vStoxx futuresetc) can be bought instead. Access to Chinese and Indian markets is
not trivial, but can be traded viarmtes (as can trading in markets wiistricted currencies, as

the product can be redenominated in USD or another currency). As 100% upfronhipesyme
required, certificat=TNs and potes can be considered a fully funded equity swap (total or
price return) with a listed price. Despite being listed, the investor is 100%exkpmthe credit

risk of the counterparty.



(2) OPTIONS: CONVEX PAYOFF AND CAN LIMIT DOWNSIDE ON LONG LEG

Long leg of Options can be used place of stock or delta for either the long or short leg, or potentially
relative value both. Options offer convexity, allowing a position to profit from the expected mdwiie w
trade is often . . g .S . . .
rotated into protecting against the potentially unlimited downside. Often a velatlue trade will & put
options when long  On in the cashleltal market, and the long leg rotated into a call once the long leg is profitable
leg becomes (in order to protect profits). While volatility is a factor in detenmgnthe attractiveness of
profitable using options, the need for safety or convexity is normally the primary drivesifog options
(as relative value traders do not delta hedge, the change in implied tyoistidiss of a factor
in profitability than the delt@hange in equity market). Investors who are concerned about the
cost of optionsan cheapen the trade by using call spreads or put spreads in place of vanilla

calls or puts.

Weighting options by volatility is similar to weighting by beta and roughly zero cost

The most appropriate weighting for two relative value legs is beta weightngize of the
delta hedge of the option (ie, same beta x number of optiongax>deKX), rather than having
identical notional (share price x number of options x FX). Beta weighting enthar@osition

is market neutral. Volatility weighting can beedsas a substitute for beta weighting, as
volatility divided by average volatility of the market is a reasonahimate for beta. Volatility
weighting ATM (or ATMf) options is roughly zero cost, as the premium of ATM optiien
approximately linear in Vatility.

Choosing strike and maturity of option is not trivial

One disadvantage of using options in place of equity is the need to choose g nadttooiigh
some investors see this as an advantage as it forces a view to be taken on the durstion or
point of the trade at inception. If the position has to be closed edroéfore expiry, there are
potentially markto-market risks. Similarly, the strike of the option needs to be chosen, which
can be ATM (at the money), ATMf (ATM forward), same percentagspofforward or same
delta. Choosing the same delta of an OTM option means trading a striker favway from
spot/forward for the more volatile asset (as delta increases as volatility incrgésexjte that
trading the same delta option is not dame as volatility weighting the options traded as delta
is not linear in volatility. Delta also does not take into account the bét@ ohderlyings.

(3) OUTPERFORMANCE OPTIONS: LIMITED DOWNSIDE BUT LOW LIQUIDITY

Outperformance options are ideally suited to relative value trades, as the mdrissumthe
premium paid and the upside is potentially unlimited. However, outperformanoaspgtiffer

from being relatively illiquid. While pricing is normally cheaper thamilla options (for

normal levels of arrelation), it might not be particularly appealing depending on the
correlation between the two assets. As there are usually more buyers than sellers of
outperformance options, some hedge funds use outperformance options to ovéeirite t
relative value trades.



Relative value
volatility trades
can impact the
volatility market

RELATIVE VALUE VOLATILITY TRADING

Volatility investors can trade volatility pairs, in the same way as tgadouity pairs. For
indices, this can be done via options, variance swafistures on a volatility index (such as
the VIX or vStoxx). The wider bidffer spreads for single stocks reduces the attractiveness of
singlestock relative value volatility trading. For indices that are popular iittatrading
pairs, if they haveignificantly different skews this can impact the volatility market.

Implied volatility spread between pairs is kept stable

While skew of different indices is dependent on correlation, tradedlsdeteep the spreads of
volatility between indices similarThis is why if equity markets move down, the implied
volatility of the S&P500 or FTSE (as they are large diversified indicashence have high
skew) tends to come under pressure, while the implied volafligpuntry indices with fewer
memberssuch g the DAX are likely to be supported. The SX5E tends to lie somewhere in
between, as it has fewer members than the S&P500 or FTSE but is wensedhan other
European country indices. Should markets rise, the reverse tends to oghusk@v indices
implieds lifted, low skew implieds are weighed on).



TRADING EARNINGS ANNOUNCEMENTS/JUMPS

From the implied volatilities of near dated options, it is possible to calculate the implied
jump on key dates. Trading these options in order to take a view on the likelihood of
unanticipated (low or high) volatility on reporting dates is a very common strategy. We
examine the different methods of calculating the implied jump, and show how the jump
calculation should normalise for index term structure.

TOTAL VOLATILITY = DIFFUSIVE VOLATILITY + JUMP VOLATILITY

Expiry to trade While stock prices under Blackcholes are modelled as having a GBM (Geometric Brownian

jump is the expiry  \jotion) with constant volatility, in reality there are certain dates where there iy lixebe

just after the e .

event (can hedge mqre_volat_lllty than average. Thes_e key dates are usually reporting dat_ets)uhm al_so

by shorting expiry  coincide with conference dates or investor days (in faty day where materialon-public

before event if information is released to the public). The implied volatitifyan option whose expiry is after

available) a key date can be considered to be the sum of the normal\giffesatility (normal volatility
for the stock in the absence of any significantly material informatiomgheileased) and the
volatility due to the anticipated jump on the key date. While options of any expirttedtiey
date could be used, we shall assume the expiry chosen is the expirygutteakey date (to
ensure the greatest percentage of the options’ time value is associated with theThisp

position can be hedged by shorting the expiry before the key date, if one exists.

ESTIMATING DIFFUSIVE VOLATILITY IS NOT TRIVIAL

In order to calculate the implied jump due to a #ate, the diffusive (normal) volatility of the
stock needs to be estimated. While the diffusive volatility could bena&&d by looking at
historical volatility, it is usual to look at implied volatility (as there areesal measures of
historical volaility, but only one implied volatility). If there is an optitinatexpires just before
the key datethen the implied volatility of this option can be used. If, tle¢ forward volatility
after the key date is used as the estimate for the normal vplatithe security.

Figure 67. Diffusive Assumption Using Implied Vol Diffusive Assumption Using Forward Vol
IOJU"‘P IoJump
@ ----- o—— @ > © —O0 O >
Time now Expiry before jump Expiry after jump Time now (First) Expiry after jump Second Expiry

m (M) (T2)

Opittusive (O umo)
Diffusive Before jump 0'Expiry after jump (01) Obpiffusive (012)

cExpiry after jump g,

Source: Santander Investment Bolsa estimates.

Implied jumps normally calculated for near-dated events

Implied jumps are nomally only calculated for neatated events, as the effect of the jump
tends to be too diluted for far dated expiries (and hence would be unteatbdabgbid-offer
spreads into account). Forward starting options could be used to trade gtterpthefirst
expiry, but the wider bid-offer spread could be greater than potential profits
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Volatility just after
reporting tends to
be % of the
volatility just
before reporting

Forward volatility can be calculated with implied of two options

The calculation for forward volatility is derived from the fa@triance (time weighted) is
additive. The formula is given below (oy is the implied volatility for options of maturity,Jl

o, T, — o,
0y, = | —2—2—2-1 = forward volatility T, to T,
Tz - T1

JUMP VOLATILITY CAN BE CALCULATED FROM DIFFUSIVE VOLATILITY

As variance is additive, the volatility due to the jump can be calculaigdthe total volatility

and the diffusive volatility. We note this assumes the normal difugblatility is constant,
whereas volatility jusafter a reporting date,ig fact, typically % of the volatility just before a
reporting date (as the previously uncertain earnings are now known).

2 2 2
O-Expiryafterjump T= GJump + O piffusive (T _1)

= Oymp= \/ (o Expiry after jump2T - O_Diffusivez (T -1
where
Okxpiry after jump= iIMPlied volatility of option whose expiry is after the jump
T = time to the expiry after jump (=T
Opiftusive = diffusive volatility (Ggefore jumpif there is an expiry before the jump, if not it is 617)

oyumg= iImplied volatility dueto the jump

IMPLIED JUMP CALCULATED FROM JUMP VOLATILITY

From the above implied volatility due to jump (cyump it iS possible to calculate the implied
daily return on the day of the jump (which is a combination of the normal dailg amd the
effect of the jump).

2
O Jump

Expected daily return 2 2 [(2>< N(O3ump) —1)]

A proof of the above formula is below.

AS=S8-S5,= So(% —1} = So(e’ —1) wherer = Ln[%j

0 0

o o )9

= Expected daily return EQe’ —ZIU



as r is normally distributed
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EQUITY TERM STRUCTURE CAN BE ADJUSTED BY INDEX TERM STRUCTURE

The methodology for extracting jumps from the difference between the frontmimplieds is
simply a case of mathematics, assuming the volatility of a stock is equaldovaal volatility

on every day plus ambnormal’ jump on reporting. In order to callate the'abnormal’ jump,

we need to estimate tHaormal’ volatility, and this estimate usually requires a flat term
structure to be assumed. If the index term structure is used to adjustglesst®ck term
structure, then a more accurate implied jucap be calculated(assuming thesinglestock

term structure would be identical to index term structure without the effecteporting date).

For simplicity, the diagrams below assume reporting is between expiry 2 and 3, but the effec
will be similarif earnings is between expiry 1 and 2.

Figure 68. Equity and Index Term Structure Equity Term Structure Adjusted by Index Term Structure
%)o%kdivolatility Implied jump is too big as expiry 3 implied is Igaoo/lieg volatility Adjusting for indexlterm structure fIatTensl quity
lifted by term structure and reporting date |er|ied term structure to give more accurate implied jump ‘
35% - difference 35% 4 Implied
due to /} difference
30% - reporting 30% 1 due to
reporting
25% - 25% 1 ﬁ—/
20% - 20% -
15% - 159 -
10% - 10% 1
5% 59%
0% T
0% : , :
1 2 A tﬁ 3 1 2 t 3 Expiry
eporting date o Reporting date
piry
=—Equity Index Index term structure (diff to expiry === Equity - Index term structure Index term structure (diff to expiry 1)

Source: Santander Investment Bolsa estimates.

% This assumes a flat implied correlation term structure, which is a réds@ssumption for theery

neardated expiries.



STRETCHING BLACK-SCHOLES ASSUMPTIONS

The Black-Scholes model assumes an investor knows the future volatility of a stock, in
addition to being able to continuously delta hedge. In order to discover what the likely
profit (or loss) will be in reality, we stretch these assumptions. If the future volatility is
unknown, the amount of profit (or loss) will vary depending on the path, but buying
cheap volatility will always show some profit. However, if the position is delta-hedged
discretely, the purchase of cheap volatility may reveal a loss. The variance of discretely
delta-hedged profits can be halved by hedging four times as frequently. We also show
why traders should hedge with a delta calculated from expected — not implied — volatility,
especially when long volatility.

BLACK-SCHOLES ASSUMES KNOWN VOL AND CONTINUOUS HEDGING

While there are a number of assumptions behind Bhatioles, the two which are the least
realistic are: (1) a continuous and known future realised volatilig;(2) an ability to delta
hedge continuously. There are, réffere, four different scenarios to investigate. We assume
that options are European (can only be exercised at maturity), although mdestsisiok
options are American (can be exercised at any time).

Continuous delta hedging with known volatility. In this scenario, the profit (or loss)
from volatility trading is fixed. If the known volatility is constant, then tesuenptions are
identical to BlackScholes. Interestingly, the results are the same if volatility is allowed not
to be constant (while still ey known).

Continuous delta hedging with unknown volatility. If volatility is unknown, then
typically traders hedge with the delta calculated using implied volatilityvener, as
implied volatility is not a perfect predictor of future realised \litat this causes some
variation in the profit (or loss) of the position. However, with these assmspif realised
volatility is above the implied volatility price paid, it is impossible tdesud loss.

Discrete delta hedging with known volatility. As makets are not open 24/7, continuous
delta hedging is arguably an unreasonable assumption. The path dependencyetaf discr
delta hedging adds a certain amount of variation in profits (or losses), whichusantica
purchase of cheap volatility (implied less than realised) to suffer alless/ariance of the
payout is inversely proportional to the frequency of the delta hedging. For exahmpl
payout from hedging four times a day has a variance that is a quarter of tineevainiat
results if the positin is hedged only once a day. The standard deviation is therefore halved
if the frequency of hedging is quadrupled (as standard deviation squaradncepr

Discrete delta hedging with unknown volatility. The most realistic assumption is to
hedge discrefy with unknown volatility. In this casehe payout of volatility trading is

equal to the sum of the variance due to hedging with unknown volatility plus teceari
due to discretely delta hedging.



With continuous
and known
volatility, the
correct delta can
be calculated

CONTINUOUS DELTA HEDGING WITH KNOWN VOLATILITY

In a BlackScholes world, the volatility of a stock is constant and known. While a trader is also
able to continuously delta hedge, Figé&below will assume we hedge discretely butin a
infinitesimally small amount of time. In each unit of time, gteck can either go up or down.

As the position is initially deltaeutral (ie, delta is zero), the gamma (or convexity) of the
position gives it a profit for both downward and upward movemeWhile this effect is
always profitable, the position does lose time value (due to theta)offtaom is priced using

the actual fixed constant volatility of the stock, the two effects cancel eheh and the
position does not earn an abnormal jrof loss as the return is equal to the ffisde rate.
There is a very strong relationship between gamma and theta (theta paysritai.

Figure 69. Constant and Known Realised Volatility to Calculate Delta

As underlying has constant
wolatility, the amount earned from
gamma is exactly equal to the
loss of time value (theta)

~
LN Gamma g
S~ _—) T -
T N\

90% 95%

100% 110%

= = 'Straddle T=0 Straddle T=1

Source: Santander Investment Bolsa.

Profit from delta hedging is equal to the difference between price and theoretical price

The theoretical price of an option, using the known volatility, can be extracted tay del
hedging. Should an option be bought at an implied volatility than realised volatility, the
difference between the theoretical price and the actual price will equaldfiteoptthe trade.
Figure 70 shows the profit vs the difference in implied and realised volatiisythere is no
path dependency, the profit (or loss) of the trade is fixed and cannot vary.

4 They are not perfectly correlated, due to the interest paid on borrowing tee 6ivhich varies with

spot).



Delta hedging:
an option that
remains ATM and
earns more
gamma but pays
more theta

Figure 70. Profit (or Loss) from Continuously Delta-Hedging Known Volatility
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Source: Santander Investment Bolsa.

As theta and gamma are either both high or both low, profits are not path dependent

If a position is continuously delta hedged with the correct delta (cadufeam the known
future volatility over the life of the option), then the payout is peth dependent. Figurél
below shows two paths with equal volatility and the same start and end p@inttiewvgh one
path is always ATM while the other has most volatility OTM, delta mefdgives the same
profit for both. The cause of this relationslis the fact that, while the ATM option earns more
due to delta hedging, the total theta cost is also higher (and exactly canad#taheedging
profit).

Figure 71. Two Security Paths with Identical Volatility, Start and End Points

Stock price (€
p102 ﬂ )
‘ 100 -
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Source: Santander Investment Bolsa.

Profits are path independent, even if volatility is not constant (but still known)

While BlackScholes assumes a constant known volatility, there are similar resutisrfo
constant known volatility. This result is dteethe fact that a European option payout depends
only on the stock price at expiry. Therefore, the volatility over teedifthe option is the only
input to pricing. The timing of this volatility is irrelevant.
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CONTINUOUS DELTA HEDGING WITH UNKNOWN VOLATILITY

If volatility is As it is impossible to know in advance what the future volatility of a sgcwill be, the
unknown, the implied volatility is often used to calculate deltas. Delta hedging usingdtimsate auses the

correct delta o . - .

cannot be position to have equity market risk and, hence, it becomes path dependent (although the
calculated average or expected profit remains unchanged). FigRighows that the profits from delta

hedging are no longer independent of the direction in which the underlying mdee$act
that there is a difference between the correct delta (calculatedthsingmaining volatility to
be realised over the life of the option) and the delta calculated using thedmpliatility
means returns are dependent on thection of equity markets.

Figure 72. Profit from Cheap Options Is Not Constant if Volatility Is Not Known

Delta hedging a cheap option with
delta calculated from implied
volatility (as volatility is unknown)
is always profitable, but profits
are spot dependent

Large
J profit

110%

= = Straddle T=0 === Straddle T=1

Source: Santander Investment Bolsa.

If implied volatility = realised volatility, profits are path independent

If the implied volatility is equal to the realised volatility, then #stimated delta calculated
from the implied will be equal to the actual delta (calculated from theseel In this case,
profits from hedging will exactly match the theta cost for all paths,is@dth independent.

Figure 73. Profit (or Loss) from Continuously Delta Hedging Unknown Volatility
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Source: Santander Investment Bolsa.



With continuous hedging, buying a cheap option is always profitable

If there is a difference between the actual delta and estimated delta, there isrisiatketnot
enough to make a cheap option unprofitable (or an expensive option prafifBhie)is
because in each infinitesimally small amount of time a cheap option will always aepeailt
from delta hedging (net of theta), although the magnitude of this profit is uncertaigr&dter
the difference between implied and realised, the greater the market riskeataigdr the
potential variation in profit.

DISCRETELY DELTA HEDGING WITH KNOWN VOLATILITY

While assuming continuous delta hedging is mathematically convenient, ipdssible in
practice. Issues such as the cost of trading and minimum trading size (even if nieisiame)
make continuous trading impossible, as do fundamental reasons, such as tradir(d fiour
cannot trade 24 hours then it is impossible to trade overnight &es gan jump between the
close of one day and start of another) and weekends.

Discrete hedging errors can be reduced by increasing the frequency of hedging

Discrete delta The more frequent the discrete hedging, the less variation in the refubdshdur trading

hedging adds were possible, then with an infinite frequency of hedging with known \itlatiile returns

noise to returns converge to the samage as continuous hedging with known volatility (ie, Bi&ckoles). In
order to show how the frequency of hedging can affect the payout of delta hedgiabaiv
examine hedging for every 5% and 10% move in spot.

Figure 74. Profit from Discrete Delta Hedging with Different Frequencies
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Source: Santander Investment Bolsa.

Hedging every 5% move in spot

If an investor delta hedges every 5% move in spot, then an identical prefirned if the
underlying rises 10% as if the underlyingas 5% and then returns to its starting point. This
shows that the hedging frequency should ideally be frequent enough twectdpt major
turning points of an underlying.
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Noise from
discrete delta
hedging is
independent of
how cheap the
option is

Hedging every 10% move in spot

If the investor is hedged for every 10% move inuhderlying, then no profit will be earned if
the underlying rises 5% and then returns to its starting point. Howetee, iinderlying rises
10%, a far larger profit will be earned than if the position was hedged every 5%shohis
that in trending markets it is more profitable to let positions run than-tedge them
frequently.

Hedging error is independent of average profitability of trade

As the volatility of the underlyings known, there is no error due to the calculation of delta. As
the only variation introduced is essentially ‘nojstie size of this noise, or variation, is
independent from the average profitability (or difference betweeneadald and implied vol)

of the trade.

Figure 75. Profit (or Loss) from Discrete Delta Hedging Known Volatility
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Source: Santander Investment Bolsa.

With discrete hedging, cheap options can lose money

With continuous delta hedging (with known or unknown vatgjilit is impossibleto lose
money on a cheap option (an option whose implied volatilitggs than the realised volatility
over its life). However, as the error from discrete hedging is indepefrden the profitability

of the trade, it is possible tose money on a cheap option (and make money on an expensive
option).

Hedging error is halved if frequency of hedging increased by factor of four

The size of the hedging error can be reduced by increasing the frequency of hedging. An
approximation (shown below) is that if the frequency of hedging is increasaddmtor of

four, the hedging error term halves. This rule of thumb breaks down for véryréguency
hedging, as no frequency of hedging can eliminate the noise fro@4x@ntrading (it will

always have noise, due to the movement in share prices from onecldsgdo the next day’s
open).

Opg; = O Xvegax ‘/% where N is the number of times position is hedged in a year



DISCRETE DELTA HEDGING WITH UNKNOWN VOLATILITY

The most realistic assuipn for profitability comes from the combination of discrete delta
hedging and unknown volatility. Trading hours and trading costs are likely b the
frequency at which a trader can delta hedge. Equally, the volatility of a staoknswn, so
implied volatility is likely to be used to calculate the delta. Thétian in the profit (or loss)

is caused by the variation due to discrete hedging and the inaccuraeydsita (as volatility

is unknown). Figure/6 shows this combined variation in piofor loss) and, as for discrete
hedging with known volatility, it is possible for a delta hedged cheap opti@véal a loss.

Figure 76. Profit (or Loss) from Discrete Delta Hedging with Unknown Volatility
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Using expected,
not implied,
volatility to
calculate delta is
most important
for long volatility
strategies

USE EXPECTED, NOT IMPLIED VOL FOR DELTA CALCULATIONS

As an example, let us assume a Dec08 SXSE ATM straddle was purchased in April 2008. In
theory, it should be very profitable as the realised volatility of 39% was more than 50% above
the 25% implied. However, most of the volatility came after the Lehman bankruptcy, which
occurred towards the end of the option’s life. If implied volatility was used to calculate the
delta, then the time value would be assumed to be near zero. As equity markets had declined
since April, the strike of the straddle would be above spot, hence we would have a delta =
-100% (the call would be OTM with a delta = 0, while the put would be ITM with a delta =
100%). To be delta-hedged, the investor would then buy 100% of the underlying per straddle.
If the delta was calculated using the actual volatility (which was much higher), then the time
value would be higher and the delta greater than -100% (eg, -85%). As the delta-hedged
investor would have bought less than 100% of the underlying per straddle, this position
outperformed hedging with implied volatility when the market fell after Lehman collapsed (as
delta was lower, so less of the underlying was bought).

These results can be seen in Figure 77, which gives a clear example of why traders should hedge
with the delta calculated from expected volatility rather than implied volatility. Because of the
extreme volatility at the end of 2008, the two deltas differed at times by 24% (60% vs 84%).

Figure 77. Payout from Delta Hedging with Implied vs Realised Volatility

150 — 4000
Implied vol at inception = 22%

Realised vol over life = 42%

100 4 -+ 3500

50 4 -+ 3000

0 AWA ol VLA L 2500
Apf:08  May-0 Jun-08  Jul-08 -08

a |

| 4

50 | \_| 1 2000
-100 - 11500
e P&L using delta from future vol P&L using delta from implied vol SX5E (RHS)

Source: Santander Investment Bolsa.

Hedging with delta using implied volatility is bad for long volatility strategies

Typically, when volatility rises there is often a decline in the markets. The strikes of the option
are therefore likely to be above spot when actual volatility is above implied. This reduces the
profits of the delta-hedged position as the position is actually long delta when it appears to be
delta flat. Alternatively, the fact that the position hedged with the realised volatility over the
life of the option is profitable can be thought of as due to the fact it is properly gamma hedged,
as it has more time value than is being priced into the market. Hence, if a trader buys an option
when the implied looks 5pts too cheap, then the hedge using delta should be calculated from a
volatility Spts above current implied volatility. Using the proper volatility means the profit is
approximately the difference between the theoretical value of the option at inception (ie, using
actual realised volatility in pricing) and the price of the option (ie, using implied volatility in
pricing).
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SKEW AND TERM STRUCTURE
TRADING



Near-dated
implieds are more
volatile than far-
dated implieds

SKEW AND TERM STRUCTURE ARE LINKED

When there is an equity market decline, there is normally a larger increase in ATM
implied volatility at the near end of volatility surfaces than the far end. Assuming sticky
strike, this causes near-dated skew to be larger than far-dated skew. The greater the term
structure change for a given change in spot, the higher skew is. Skew is also positively
correlated to term structure (this relationship can break down in panicked markets). For
an index, skew (and potentially term structure) is also lifted by the implied correlation
surface. Diverse indices tend to have higher skew for this reason, as the ATM correlation
is lower (and low strike correlation tends to 100 % for all indices).

SKEW AND TERM STRUCTURE CUT SURFACE IN DIFFERENT DIMENSIONS

A volatility surface has three dimensions (strike, expiry and implied volatiityich is difficult

to show on a two dimensional page. Formiaity, a volatility surface is often plotted as two
separate two dimensional graphs. The first plots implied volatility vs e)gimyidr to the way in
which a yield curve plots credit spread against expiry) in order to show teratusdr (the
differerce in implied volatility for options with different maturities and the same striked. Th
second plots implied volatility vs strike to show skew (the difference in impli&dilitg for
options with different strikes and the same maturity). We examindadlityo surface in both
these ways (igerm structure and skew) and show how they are related.

TERM STRUCTURE IS NORMALLY UPWARD SLOPING

When there is a spike in realised volatility, ndatel implied volatility tends to spike in a
similar way (unless the spike is due to a specific event such as earnings). This is because th
high realised volatility is expected to continue in the short term. Realidetility can be
expected to mean revedver a c8month period, on average. Hence-dated implied
volatilities tend to rise by a smaller amount than fueded implied volatilities (as the
increased volatility of the underlying will only last a fraction of the life@dardated option).
Neardated implieds are therefore more volatile thard&ted implieds. The theoretical term
structure for different strikes is shown in Figur8, which demonstrates that nedated
implieds are more volatile. We have shown ATM (100%) term structure as digleping as

this is how it trades on average (for the same reasons credit spread term structuralig norm
upward sloping, ieiisk aversion and supplyemand imbalances for long maturities).

Figure 78. Term Structure for Options of Different Strikes
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Source: Santander Investment Bolsa.
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ATM term
structure is
typically positive
in stable or rising
markets, but
negative in
declining markets

If equity markets decline, term structure becomes inverted

Typically, an increase in volatility tels to be accompanied by a decline in equity markets,
while a decline in volatility tends to occur in periods of calm dngisnarkets. If volatility
surfaces are assumed not to move as spot movesicgley strike), then this explains why the
term struture of low strike implied volatility is normally downward sloping (as the 8@tkes
term structure will be the ATM term structure when equities fédbR®imilarly, this explains
why the term structure of high strike implieds is normally upward slof@aghe 120% strike
term structure will become the ATM term structure when equities rise 20%).

Slope of rising term structure is shallower than slope of inverted term structure

While Figure 78 shows the term structure of a theoretical volatility surfacepractice the

slope of rising term structure is shallower than the slope of invertedstewoture. This can be

seen by looking at a volatility cone (Figuf8). Despite the fact that the inverted term structure

is steeper, the more frequent case of upward sloping term structure means the avarage ter
structure is slightly upward slopifiy

Figure 79. Implied and Historic Volatility Cone (SX5E since 2006)
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Source: Santander Investment Bolsa.

Implied volatility is usually greater than realised volatility and less volatile

While historic and realised volatility are linked, there are importdfeérdnces which can be
seen when looking at empirical volatility cones. Average implied volatiéty slightly above
average realised volatilitgs implieds are on average slightly expensive. Implied volatility is
also less volatile (it has a smaller amrax range) than realised volatility for netated
maturities. This is because implieds are forward lookiags{imilar to an average of possbl
outcomes) and there is never 100% probability of the maximum or minimum passbsed.
This effect fades for longer maturities, potentially due to the additiwlatility caused by
supplydemand imbalancesed, varying demand for put protection).hi causes inverted
implied volatility term structure to be less steep than realised volatilitysaucture.

%5 positive implied correlation term structure will also lift index term struatelaive to single stock



SKEW IS INVERTED AND IS HIGHER FOR NEAR-DATED EXPIRIES

Near-term skew is ~ Assuning volatility surfaces stay constang,(sticky strike), the effect of neaated ATM
ztaetiges’ktzv‘:‘,"afsar' implieds moving further than fatated implieds for a given change in spot is priced into
near-dated ATMis  Volatility surfaces by having arger neadated skew. The example data giverrigure78is
more volatile plotted in FigureBOwith a chage of axes to show skew for options of different maturity. This
graph shows that nedated implieds have higher skew thandated implieds. The more term
structure changes for a given change in spot, the steeper skew is. AlateelaATM volatility

is more volatile than fadated ATM volatility, neadated implied volatility has higher skew.

Figure 80. Skew for Options of Different Maturity
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Source: Santander Investment Bolsa.

Skew for equities is normally inverted

Unless there is a high likelihood of a significant jump upwdedsif there were a potential
takeover evet equities normally have negative skew (low strike implied greater thdn hig
strike implied). There are many podsilexplanations for this, some of whiate listed below.

Big jumps in spot tend to be down, rather than up. If there is a jump in the stock price,
this is normally downwards as it is more common for an unexpectedly badte\esaur
(bankruptcy, tsunamterrorist attack, accident, loss or death of key perspat@lthan an
unexpectedly good event to occur (positive drivers are normally planned for).

Volatility is a measure of risk and leverage (hence risk) increases as equities decline.

If we assume nehange in the number of shares in issue or amount of debt, then as a
company’s stock price declines its leverage (debt/equity) increases. Both éeadg
volatility are a measure of risk and, hence, they are correlated, wittilityokdsing as
equities fall.

Demand for protection and call overwriting. Typically, investors are interested in
buying puts for protection, rather than selling them. This lifts low estiikplieds.
Additionally, some investors like to call overwrite their positions, whigighs on higher
strike implieds.
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REASONS WHY SKEW AND TERM STRUCTURE ARE CORRELATED

The correlation between skew and term structure is shown below. Thandiagly shows data
for positive term structure, as the relationship tends to break dowrgdudriss.

Figure 81. SX5E Skew and Positive Term Structure (2007-10)%

Term structure

1 {12m-3m) R® = 33%
1.6 1
1.4 1
1.2 1
1.0 1
0.8 1
0.6 1
0.4 1
0.2 1

0.0 T T T T T T T T T 1
3.8 4 42 44 46 48 5 52 54 56 58 6
Skew (3m 90-100%)

Source: Santander Investment Bolsa.

There are three reasons why skew and term structure are correlated
Credit events, such as bankruptcy, lift both skew and term structure
Implied volatility is ‘sticky’ for low strkes and long maturities

Implied correlation issticky for low strikes and long maturities (only applies to index)
(1) BANKRUPTCY LIFTS BOTH SKEW AND TERM STRUCTURE

There are various models that show the effectamkhbuptcy (or credit risk) lifting both skew
and term structure. As implieds with lower strikes have a greater sepndibivitedit risk (as
most of the value of low strike puts is due to the risk of bankyyptteeir implieds rise more,
which causes higer skew. Similarly, options with longer maturity are more sensitivedit
risk (causing higher term structure, asdated implieds rise more). Longgated options have
a higher sensitivity to credit risk as the probability of entering defaateases with time
(hence a greater proportion of an option’s value will be associated with credits eas
maturity increases). More detail on the link between volatility andtarad be seen isection
Capital Structure Arbitrage in theAppendix.

% Excludesdata from April 2010 onwards, as the change in US regulation regandipgiesks and
moving equityderivatives onto exchanges (hence increased margin requirements) causednasgpike i

for major indices



Figure 82. Term Structure Rising with Falling Volatility Skew Rising with Falling Volatility
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(2) IMPLIED VOL IS *STICKY’ FOR LOW STRIKES AND LONG MATURITIES

If there is a sudden decline in equity markets, it is reasonable to assume readititity vall
jump to a level in line with the peak of realised volatility. Therefore-dtvke, neadated
implieds should be relatively constant (asy should trde near the alime highs of realised
volatility). If a low-strike implied is constant, the difference between adtrike implied and
ATM implied increases as ATM implieds falls. This means ‘#zded skew should rise if near
dated ATM implieds decline (see figure above on the right). For this reasaip wet view
skew as a reliable risk indicator, as it can be inversely correlated to ATafiligd’. The
effect of falling implieds causing an increase in 9099% skew is shown with empirical data
in Figure83 below (we prefer to use 90%0% skew rather than 90%.0%, as upside 100%
110% skew flattes as implieds reach a bottom).

Similarly, term structure should also rise if ndated ATM implieds fall, as fadated ATM
implieds are relatively constafs they tend to include complete economic cycles). This is
shown in Figure82 above on the left. Hence skew and term structure should be correlated as a
fall in neardated ATM implied lifts both of them.

Figure 83. SX5E 1 Year Max, Min and Average Implied Vol Since 2006
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Source: Santander Investment Bolsa.

2" ATM volatility is a risk measure; hence, a measure often inversely corrétaféiM volatility, such
as skew, is not a reliable risk measure.
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Index skew is
caused by both
single-stock skew,
and by the skew
of the correlation
surface

(3) CORRELATION SURFACE CAUSES INDEX SKEW AND TERM STRUCTURE TO
BE CORRELATED

In the same way implied volatility is ‘sticky’ for low strikes and long maturities, so is implied
correlation. This can be an additional reason why index skew and index term structure are
correlated.

CORRELATION LIFTS INDEX SKEW ABOVE SINGLE-STOCK SKEW

An approximation for implied correlation is the index volatility squared divided by the average
single-stock volatility squared [p = Omgex® + average(Osingle stock)’]- Implied correlation is
assumed to tend towards 100% for low strikes, as all stocks can be expected to decline in a
crisis. This causes index skew to be greater than single stock skew. Index skew can be thought
of as being caused by both the skew of the single stock implied volatility surface, and the skew
of the implied correlation surface.

Example of how index skew can be positive with flat single-stock skew

We shall assume all single stocks in an index have the same (flat) implied volatility and single-
stock skew is flat. Low strike index volatility will be roughly equal to the constant single-stock
volatility (as implied correlation is close to 100%), but ATM index volatility will be less than
this figure due to diversity (as implied correlation p for ATM strikes is less than 100% and
Oindex” = P X average(Gsingle stock)’- Despite single stocks having no skew, the index has a skew
(as low strike index implieds > ATM index implieds) due to the change in correlation. For this
reason, index skew is always greater than the average single-stock skew.

Implied correlation is likely to be sticky for low strikes and long maturities

A correlation surface can be constructed for options of all strikes and expiries, and this surface
is likely to be close to 100% for very low strikes. The surface is likely to be relatively constant
for far maturities; hence, implied correlation term structure and skew will be correlated (as both
rise when near-dated ATM implied correlation falls, similar to volatility surfaces). This also
causes skew and term structure to be correlated for indices.

DIVERSE INDICES HAVE HIGHER SKEW THAN LESS DIVERSE INDICES

As index skew is caused by both single-stock skew and implied correlation skew, a more
diverse index should have a higher skew than a less diverse index (assuming there is no
significant difference in the skew of the single-stock members). This is due to the fact that
diverse indices have a lower ATM implied, but low strike implieds are in line with (higher)
average single-stock implieds for both diverse and non-diverse indices.



Square root of
time rule is a
quick way to
sensibly adjust an
entire volatility
surface with just
one parameter

SQUARE ROOT OF TIME RULE CAN COMPARE
DIFFERENT TERM STRUCTURES AND SKEWS

When implied volatility changes, the change in ATM volatility multiplied by the square
root of time is generally constant. This means that different (T,-T;) term structures can
be compared when multiplied by (T, T1)/(NT;-VT;), as this normalises against 1Y-3M
term structure. Skew weighted by the square root of time should also be constant.
Looking at the different term structures and skews, when normalised by the appropriate
weighting, can allow us to identify calendar and skew trades in addition to highlighting
which strike and expiry is the most attractive to buy (or sell).

REALISED VOLATILITY MEAN REVERTS AFTER EIGHT MONTHS

When there is a spike in realised volatility, it takes on average eight months for three-month
realised volatility to settle back down to levels seen before the spike. The time taken for
volatility to normalise is generally longer if the volatility is caused by a negative return, than if
it is caused by a positive return (as a negative return is more likely to be associated with an
event that increases uncertainty than a positive return). This mean reversion is often modelled
via the square root of time rule.

VOLATILITY MOVE MULTIPLIED BY VTIME IS USUALLY CONSTANT

The near-dated end of volatility surfaces is highly correlated to realised volatility, as hedge
funds and prop desks typically initiate long/short gamma positions should there be a significant
divergence. As volatility mean reverts, the far-dated end of volatility surfaces is more stable (as
investors know that any spike in volatility will be short-lived and not last for the full length of a
far-dated option). A common way to model the movement of volatility surfaces, is to define the
movement of one-year implied and then adjust the rest of the curve by that move divided by
time (in years) to the power of p. Only two parameters (the one-year move and p) are needed to
adjust the whole surface. Fixing the power (or p) at 0.5 is the most common and is known as
the square root of time rule (which only has one parameter, the one-year change).

One year implied volatility move
T p

Implied volatility move for maturity T years =

Figure 84. ATM Implied Volatility Moving in a Square Root of Time Manner
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Source: Santander Investment Bolsa.
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Historically, the
power is 0.44, not
0.5 (but very close
to square root of
time)

Square root of time rule has power 0.5, parallel moves are power 0

While the above method is usually used with power 0.5 (square root of time rule), any power
can be used. If there is a parallel movement in volatility surfaces (all maturities move the same
amount), then a power of 0 should be used. In practice, implied volatility tends to move with
power 0.44, suggesting that surfaces move primarily in a square root of time manner but at
times also in parallel. If implieds rise (or decline) in a square root of time manner when
equities decline (or rise), then this causes skew to decay by the square root of time as well
(assuming sticky strike). This means that the skews of different maturities can be compared
with each other by simply multiplying the skew by the square root of the maturity (see Figure
85 below).

Figure 85. Skew by Maturity (with same skew when multiplied by square root of time)

Maturity 3 Months 6 Months 1 Year 2 Years 3 Years 4 Years
Time (years) 0.25 0.5 1 2 3 4
Square root of time 0.5 0.71 1 1.4 1.73 2
90% implied 22.0% 21.4% 21.0% 20.7% 20.6% 20.5%
100% implied 18.0% 18.6% 19.0% 19.3% 19.4% 19.5%
Skew (per 10% move spot) 4.0% 2.8% 2.0% 1.4% 1.2% 1.0%
Skew x square root of time 2.0% 2.0% 2.0% 2.0% 2.0% 2.0%

Source: Santander Investment Bolsa.

POSITIVE PUT/CALL SPREADS IMPLY VTIME RULE FOR SKEW

Structures such as put spreads or call spreads, which can only have a positive payout, must
have a cost associated with them, or investors would simply purchase an infinite amount of
them for zero cost (or small profit) and enter a position which could never suffer a loss. This
means that when the strike of a put is increased, its premium must rise too (intuitively correct,
as the strike is the amount of money you receive when you ‘put’ the stock, so the higher the
strike the better). Conversely, as the strike of a call increases, its premium must decrease. It can
be shown that enforcing positive put/call spreads puts a cap/floor on skew, which decays by the
square root of time. This provides mathematical support for the empirical evidence, suggesting
implied volatility should normally move in a power weighted (by square root of time)
manner*. For more details, see the section Modelling Volatility Surfaces in the Appendix.

Figure 86. SX5E Skew Multiplied by the Square Root of Time (R?=83%)
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Source: Santander Investment Bolsa.

¥ Looking at ratio put spreads, it can be shown that for long maturities (five years) skew should decay
by time, ie, 1/T or power=1 (rather than \T or power 0.5).



Normalising term
structure by
V(T2T1)[(NT2\T4)
puts it in the same
‘units’ as 1Y-3M
term structure

VTIME RULE CAN COMPARE DIFFERENT TERM STRUCTURES

ATM term structure can be modelled as flat volatility, with a square root of time adjustment on
top. With this model, flat volatility is equal to the volatility for an option of infinite maturity.
There are, therefore, two parameters to this model, the volatility at infinity (V,,) and the scale
of the square root of time adjustment ,which we define to be z (for one-year implied).

Volatility = V., — z AT
where
z = scale of the square root of time adjustment (which we define as normalised term structure)

We have a negative sign in front of z, so that a positive z implies an upward sloping term
structure and a negative z is a downward sloping term structure.

Different term structures are normalised by multiplying by (TT)/(NT-NTy)

Using the above definition, we can calculate the normalised term structure z from two volatility
points V; and V, (whose maturity is T, and T5).

V,=V, -z AT,
V,=V,—z /T,
2 V,+zNT,=V,+zNT,=V,

2 z(INT, - 1NT) =V,-V,

AT,
= Z=(V2—V1)X N
4/ Tz - \/71
V, — V, is the normal definition for term structure. Hence, term structure can be normalised by
multiplying by \/(TQT /(NT,-NT}). We note that the normalisation factor for 1Y-3M term

structure is 1. Therefore, normalising allows all term structure to be compared to 1Y-3M term
structure.

Figure 87. SX5E Normalised Term Structure (R2=80%)
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Source: Santander Investment Bolsa.
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Calendars can be
used to trade term
structure
imbalances

TERM STRUCTURE TRADES CAN PROFIT FROM IMBALANCES

The supply-demand imbalances of different products on implied volatility surfaces can create
opportunity for other investors. The degree of the imbalance depends on the popularity of the
product at the time. Investors who are willing to take the other side of the trade should be able
to profit from the imbalance, and the risk taken can be hedged with other maturities or related
securities.

Figure 88. Implied Volatility Imbalances by Maturity
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Source: Santander Investment Bolsa.

CALENDARS REMAIN CONSTANT IF SURFACES FOLLOW TIME RULE

Given that the square root of time appears in the Black-Scholes formula for premium, the price
of a 1x1 calendar (long one far-dated option, short one near-dated option) remains
approximately constant if implied volatility surfaces move in a square root of time manner.
Calendars can therefore be used to trade term structure imbalances as the trade is indifferent to
the level of volatility as long as volatility moves in a power weighted manner.

IDENTIFYING WHEN TO GO LONG, OR SHORT, CALENDARS

When examining term structure trades, the power of the movement in volatility surfaces can be
compared to the expected 0.5 power of the square root of time rule. If the movement has a
power significantly different from 0.5, then a long (or short) calendar position could be
initiated to profit from the anticipated correction. This method assumes calendars were
previously fairly priced (otherwise the move could simply be a mean reversion to the norm).

If volatility rises with power less than 0.5, investors should short calendars

If surfaces rise with a power less than 0.5 (ie, a more parallel move) then near-dated implieds
have not risen as much as expected and a short calendar (long near-dated, short far-dated)
position should be initiated. This position will profit from the anticipated correction. Should
surfaces fall with a power less than 0.5, a long calendar (short near-dated, long far-dated)
would profit from the anticipated further decline of near-dated implieds.

If volatility rises with power more than 0.5, investors should go long calendars

Conversely, if surfaces rise with a power greater than 0.5, near-dated implieds have risen too
far and a long calendar position should be initiated. On the other hand, if surfaces fall with a
power greater than 0.5, a short calendar position should be initiated (as near-dated implieds

have fallen too far).



Variance term
structure is

similar to ATM
term structure

POWER VEGA IS VEGA DIVIDED BY THE SQUARE ROOT OF TIME

As volatility surfaces tend to move in a square root of time manner, many systems report power
vega (vega divided by square root of time). Power vega takes into account the fact that the
implied volatility of near-dated options is more volatile than far-dated options.

VARIANCE TERM STRUCTURE CAN INDENTIFY TRADES

To determine if a term structure trade is needed, we could look at variance term structure rather
than implied volatility term structure. Using variance term structure eliminates the need to
choose a strike (an ATM term structure will not be ATM as soon as the spot moves, so it is
effectively strike dependent, but simply delegates the choice of strike to the equity market).
Variance term structure is similar to ATM term structure, despite variance being long skew and
skew being greater for near-dated implieds. This is because the time value of an OTM option
increases with maturity. Hence, the increased weight associated with OTM options cancels the
effect of smaller skew for longer maturities.

Forward starting variance swaps (or options) can be used to trade term structure

Trading term structure via a long and short variance swap is identical to a position in a forward
starting variance swap (assuming the weights of the long and short variance swap are correct; if
not, there will be a residual variance swap position left over). The correct weighting for long
and short variance swaps to be identical to a forward starting variance swap is detailed in the
section Forward Starting Products. If an investor wants to trade term structure, but does not
want to have exposure to current volatility (ie, wants to have zero theta and gamma), then
forward starting products (variance swaps or options) can be used. Note that while forward
starting products have no exposure to current realised volatility, they do have exposure to
future expectations of volatility (ie, implied volatility hence has positive vega).
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Moments 1-4
describe forward,
variance, skew
and kurtosis

Figure 89. Moments

HOW TO MEASURE SKEW AND SMILE

The implied volatilities for options of the same maturity, but of different strike, are
different from each other for two reasons. Firstly, there is skew, which causes low strike
implieds to be greater than high strike implieds due to the increased leverage and risk of
bankruptcy. Secondly, there is smile (or convexity/kurtosis), when OTM options have a
higher implied than ATM options. Together, skew and smile create the ‘smirk’ of
volatility surfaces. We look at how skew and smile change by maturity in order to explain
the shape of volatility surfaces both intuitively and mathematically. We also examine
which measures of skew are best, and why.

MOMENTS DESCRIBE THE PROBABILITY DISTRIBUTION

In order to explain skew and smile, we shall break down the probability distribution of log
returns into moments. Moments can describe the probability distribution”’. From the formula
below we can see that the zero-th moment is 1 (as the sum of a probability distribution is 1, as
the probability of all outcomes is 100%). The first moment is the expected value (ie, mean or
forward) of the variable. The second, third and fourth moments are variance, skew and
kurtosis, respectively (see table on the left below). For moments of two or greater it is usual to
look at central moments, or moments about the mean (we cannot for the first moment as the
first central moment would be 0). We shall normalise the central moment by dividing it by ¢"
in order to get a dimensionless measure. The higher the moment, the greater the number of data
points that are needed in order to get a reasonable estimate.

Raw moment =E(X*) = Txkf(x)

Normalised central moment =E((X — ,u)k Y/ ot = j(x - ,u)k f(x)/o*

where

f (x) is the probability distribution function

Related Option Position

Decay/Movement Maturity Where Key Greek P&L Driver

Moment Name over Time Dominates Surface Related (Long) Position for Position for Position

1t Forward Random walk NA  Stock/futures Delta Price

(expected price)

2 Variance Mean reverts Far-dated/all ATM options Vega  Implied volatility
(volatility?) maturities

3 Skew Decay square root Medium-dated Risk reversal (long low Vanna Skew

of time strikes & short high strikes) (90-110%)

4 Kurtosis Decay by time Near-dated  Butterfly Volga (gamma of Vol of vol

(long wings, short body) volatility)

(t) First raw moment (other moments are normalised central moments).
Source: Santander Investment Bolsa.

* The combination of all moments can perfectly explain any distribution as long as the distribution has a
positive radius of convergence or is bounded (eg, a sine wave is not bounded; hence, it cannot be

explained by moments alone).



VEGA MEASURES SIZE OF VOLATILITY POSITION

Vega measures the change in price of an option for a given (normally 1%) move in implied
volatility. Implied volatility for far-dated options is relatively flat compared to near-dated, as
both skew and kurtosis decay with maturity. Vega is highest for ATM options, as can be seen
in the right hand chart in Figure 90 below.

Figure 90. Moment 2 = Variance Distribution for Constant Volatility Vega is Size of Volatility Position
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Source: Santander Investment Bolsa estimates.

VANNA MEASURES SIZE OF SKEW POSITION

Vanna (dVega/dSpot which is equal to dDelta/dVol) measures the size of a skew position’,
and is shown on the right side of Figure 91 below. Vanna is the slope of vega plotted against
spot (see graph on right above).

- 31 I . . . . .
Figure 91. Moment 3 = Skew Distribution with Skew Vanna is Size of Skew Position
30% 5 Probability 2 1 Vannais positive for low spot (if spot rises towards
28% 1 Skew lifts OTM puts and lower OTM calls Negatively skewed ' strike, vega goes up) and negative for high spot
5 26% returns have a fatleft 14
224% hand tail (greater ’ U
2 22% 1 probability of large
E20% il negative returns) 0 T T T : i T T "
18% 10 20 30 40 50 7 80 90 100
16% — _
149% ‘ ‘ ‘ f T O T 1 -1 4
-4 -2 0 2 4
35 45 55 Strik 62 standard deviation (o)
— Skew — Volatility tike () — Negative skew — Normal distribution 2 - Spot (€)

Source: Santander Investment Bolsa estimates.

VOLGA MEASURES SIZE OF GAMMA OF VOLATILITY

The gamma of volatility is measured by Volga (dVega/dVolatility), which is also known as
volatility gamma or vega convexity. Volga is always positive (similar to option gamma always
being positive) and peaks for c10-15 delta options (like Vanna).

Figure 92. Moment 4 = Kurtosis®' Distribution with Kurtosis Volga = Gamma of Vol
30% o i Probabili 0.010
28% Kurtosis lifts the values of lc-izrt):ict)atltjiglr?s have ropaeily Volga is highest for OTM options
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Eo0% positive anw 0.2 \‘ 0.004
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16% 0-1 0.002
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— Kurtosis Volatility — Positive kurtosis Normal distribution Spot (€)

Source: Santander Investment Bolsa estimates.

* For details, see the next section Skew Trading.
3! This is an approximation as the effect of moments on slope and convexity are intertwined.
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Vol of vol gives
volatility surfaces
a ‘smile’ profile

Kurtosis decays
by 1/time, hence
smile is most
important for
near-dated
expiries

Options with high volga benefit from volatility of volatility

Just as an option with high gamma benefits from high stock price volatility, an option with
high volga benefits from volatility of volatility. The level of volatility of volatility can be
calculated in a similar way to how volatility is calculated from stock prices (taking log returns
1s recommended for volatility as well). The more OTM an option is, the greater the volatility of
volatility exposure. This is because the more implied volatility can change, the greater the
chance of it rising and allowing an OTM option to become ITM. This gives the appearance of a
‘smile’, as the OTM option’s implied volatility is lifted while the ATM implied volatility
remains constant.

Stock returns have positive excess kurtosis and are leptokurtic

Kurtosis is always positive’. Hence, excess kurtosis (kurtosis -3) is usually used. The kurtosis
(or normalised fourth moment) of the normal distribution is three; hence, normal distributions
have zero excess kurtosis (and are known as mesokurtic). High kurtosis distributions (eg, stock
price log returns) are known as leptokurtic, whereas low kurtosis distributions (pegged
currencies that change infrequently by medium-sized adjustments) are known as platykurtic.

IMPLIED VOLATILITY SMIRK IS A COMBINATION OF SKEW AND SMILE

The final ‘smirk’ for options of the same maturity is the combination of skew (3" moment) and
smile (4th moment). The exact smirk depends on maturity. Kurtosis (or smile) can be assumed to
decay with maturity by dividing by time* and, hence, is most important for near-dated expiries.
For medium- (and long-) dated expiries, the skew effect will dominate kurtosis, as skew usually
decays by the reciprocal of the square root of time (for more details, see the section Modelling
Volatility Surfaces in the Appendix). Skew for equities is normally negative and therefore have
mean < median < mode (max) and a greater probability of large negative returns (the reverse is
true for positively skewed distributions). For far-dated maturities, the effect of both skew and
kurtosis fades; hence, implieds converge to a flat line for all strikes. Skew can be thought of as
the effect of changing volatility as spot moves, while smile can be thought of as the effect of
jumps (up or down).

Figure 93. Near-Dated Implied Volatilities with Smirk (Skew and Smile)
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Source: Santander Investment Bolsa.

32 Kurtosis is only zero for a point distribution.
3 Assuming stock price is led by Lévy processes (eg, accumulation of independent identical shocks).



THERE ARE THREE WAYS TO MEASURE SKEW

There are three main ways skew can be measured. While the first is the most mathematical, in
practice the other two are more popular with market participants.

Third moment
Strike skew (eg, 90%-110%)
Delta skew (eg, [25 delta put — 25 delta call] / 50 delta)
(1) THIRD MOMENT IS DEFINITION OF CBOE SKEW INDEX

CBOE have created a skew index on the S&P500. This index is based on the normalised third
central moment; hence, it is strike independent. The formula for the index is given below. For
normal negative skew, if the size of skew increases, so does the index (as negative skew is
multiplied by -10).

SKEW = 100 — 10 x 3™ moment
(2) STRIKE SKEW SHOULD NOT BE DIVIDED BY VOLATILITY

The most common method of measuring skew is to look at the difference in implied volatility
between two strikes, for example 90%-110% skew or 90%-ATM skew. It is a common mistake
to believe that strike skew should be divided by ATM volatility in order to take into account
the fact that a 5pt difference is more significant for a stock with 20% volatility than 40%
volatility. This ignores the fact that the strikes chosen (say 90%-110% for 20% volatility
stocks) should also be wider for high volatility stocks (say 80%-120%, or two times wider, for
40% volatility stocks as the volatility is 2x20%). The difference in implied volatility should be
taken between two strikes whose width between the strikes is proportional to the volatility
(similar to taking the implied volatility of a fixed delta, eg, 25% delta). An approximation to
this is to take the fixed strike skew, and multiply by volatility, as shown below. As the two
effects cancel each other out, we can simply take a fixed strike skew without dividing by
volatility.

Difference in vol between 2 strikes = 90-110%
= Difference in vol between 2 strikes whose width increases with vol = 90-110% x ATM

Skew = Difference in vol between 2 strikes whose width increases with vol
ATM

= Skew = 90-110% x ATM
ATM

= Skew = 90-110%
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Empirically, 90%-100% (or 90%-110%) skew is correct measure for fixed strike skew

The best measure of skew is one that is independent of the level of volatility. If this were not
the case, then the measure would be partly based on volatility and partly on skew, which would
make it more difficult to determine if skew was cheap or expensive. We have shown
mathematically that an absolute difference (eg, 90%-110% or 90%-100%) is the correct
measure of skew, but we can also show it empirically. The left-hand chart in Figure 94 below
shows that there is no correlation between volatility and skew (90%-110%) for any European
stocks that have liquid equity derivatives. If skew is divided by volatility, there is
unsurprisingly a negative correlation between this measure and volatility (see right-hand chart

below).

Figure 94. Strike Skew (90%-110%) Plotted vs Volatility
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Source: Santander Investment Bolsa.

(3) DELTA SKEW IS VIRTUALLY IDENTICAL TO STRIKE SKEW

Arguably the best measure of skew is delta skew, where the difference between constant delta
puts and calls is divided by 50 delta implied. An example of skew measured by delta is [25
delta put — 25 delta call] / 50 delta. As this measure widens the strikes examined as vol rises, in
addition to normalising (ie, dividing) by the level of volatility, it is a ‘pure’ measure of skew
(ie, not correlated to the level of volatility). While delta skew is theoretically the best measure,
in practice it is virtually identical to strike skew. As there is a R* of 93% between delta skew
and strike skew, we believe both are viable measures of skew (although strike skew is arguably
more practical as it represents a more intuitive measure).

Figure 95. Strike Skew vs Delta Skew
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Source: Santander Investment Bolsa.



SKEW TRADING

The profitability of skew trades is determined by the dynamics of a volatility surface. We
examine sticky delta (or ‘moneyness’), sticky strike, sticky local volatility and jumpy
volatility regimes. Long skew suffers a loss in both a sticky delta and sticky strike regimes
due to the carry cost of skew. Long skew is only profitable with jumpy volatility. We also
show how the best strikes for skew trading can be chosen.

FOUR IDEALISED REGIMES DESCRIBE MOVEMENT OF VOL SURFACE

There are four idealised regimes for a volatility surface. While sticky delta, sticky strike and
(sticky) local volatility are well known and widely accepted names, we have added ‘jumpy
volatility’ to define volatility with a high negative correlation with spot. These regimes are
summarised below, and more details are given on pages 159-163 of this section.

(1) Sticky delta (or sticky moneyness). Sticky delta assumes a constant volatility for options
of the same strike as a percentage of spot. For example, ATM or 100% strike volatility has
constant volatility. As this model implies there is a positive correlation between volatility
and spot, the opposite of what is usually seen in the market, it is not a particularly realistic
model (except over a very long time horizon).

(2) Sticky strike. A sticky strike volatility surface has a constant volatility for options with the
same fixed currency strike. Sticky strike is usually thought of as a stable (or unmoving)
volatility surface as real-life options (with a fixed currency strike) do not change their
implied volatility.

(3) Sticky local volatility. Local volatility is the instantaneous volatility of stock at a certain
stock price. When local volatility is static, implied volatility rises when markets fall (ie,
there is a negative correlation between stock prices and volatility). Of all the four volatility
regimes, it is arguably the most realistic and fairly prices skew.

(4) Jumpy volatility. We define a jumpy volatility regime as one in which there is an
excessive jump in implied volatility for a given movement in spot. There is a very high
negative correlation between spot and volatility. This regime usually occurs over a very
short time horizon in panicked markets (or a crash).

Figure 96. Volatility Surfaces When Equities Fall 10% Volatility Surfaces When Equities Rise 10%
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Source: Santander Investment Bolsa estimates.
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Skew theta is
the difference
between the cost
of gamma of an
OTM option
compared to an
ATM option

Skew trades profit
from negative
spot volatility
correlation

PUTTING ON LONG SKEW TRADES HAS A COST (SKEW THETA)

If an investor initiates a long skew position by buying an OTM put and selling an OTM call,
the implied volatility of the put purchased has a higher implied volatility than the implied
volatility sold through the call. The long skew position therefore has a cost associated with it,
which we shall define as ‘skew theta’. Skew theta is the difference between the cost of gamma
(theta per unit of dollar gamma) of an OTM option compared to an ATM option. If skew is flat,
then all strikes have an identical cost of gamma, but as OTM puts have a higher implied
volatility than ATM ones they pay more per unit of gamma. Skew theta is explained in greater
depth at the end of this section. If the long skew position does not give the investor enough
additional profit to compensate for the skew theta paid, then skew can be sold at a profit.

Skew trades profit from negative spot volatility correlation

If there is a negative correlation between the movement of a volatility surface and spot (as is
usually seen in practice), then this movement will give a long skew position a profit when the
volatility surface is re-marked. For example, let us assume an investor is long skew via a risk
reversal (long an OTM put and short an OTM call). If equity markets decline, the put becomes
ATM and is the primary driver of value for the position (as the OTM call becomes further OTM it
is far less significant). The rise in the volatility surface (due to negative correlation between spot
and volatility) boosts the value of the (now ATM) put and, hence, the value of the risk reversal.

SKEW TRADES BREAK EVEN IF LOCAL VOL SURFACE IS CONSTANT

If the local volatility surface stays constant, the amount volatility surfaces move for a change in
spot is equal to the skew (ie, ATM volatility moves by twice the skew, once for moving up the
skew and another by the movement of the volatility surface itself). This movement is exactly
the correct amount for the profit (or loss) on a volatility surface re-mark to compensate for the
cost (or benefit) of skew theta®. The profit (or loss) caused by skew trades given the four
volatility regimes are shown below.

Figure 97. Different Volatility Regimes and Breakdown of P&L for Skew Trades
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volatility significantly  significantly + -

Source: Santander Investment Bolsa.

¥ More details on local volatility can be found in the section Local Volatility in the Appendix.



Demand for
hedges causes
skew to be
overpriced

SKEW IS USUALLY OVERPRICED DUE TO HEDGING

As volatility markets tend to trade between a static strike and static local volatility regime, long
skew trades are usually unprofitable (usually there is negative spot volatility correlation, but
not enough to compensate for the skew theta). As long skew trades break even during static
local volatility regimes, they are only profitable in periods of jumpy volatility. This overpricing
of skew can be considered to be a result of excessive demand for downside put options,
potentially caused by hedging. Another reason for the overpricing of skew could be the
popularity of short volatility long (downside) skew trades (traders often hedge a short volatility
position with a long skew (OTM put) position, in order to protect themselves should markets
suddenly decline). The profits from shorting expensive volatility are likely to more than
compensate for paying an excessive amount for the long skew position (OTM put).

Figure 98. Market and Theoretical Skew
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Source: Santander Investment Bolsa.

VOL REGIME DETERMINED BY TIME AND SENTIMENT

Implied volatility can be thought of as the equity derivative market’s estimate of future
volatility™. Tt is therefore investor sentiment that determines which implied volatility regime
the market trades in, and this choice is largely determined by how much profit (or loss) a long
skew position is expected to reveal over a certain time period (ie, investor sentiment). The
choice of regime is also determined by the time horizon chosen.

Figure 99. Characteristics of Different Volatility Regimes

Characteristic Sticky Delta Sticky Strike Sticky Local Vol Jumpy Vol
Sentiment Calm/trending Normal Panicked
Time horizon Long term Medium term Short term
Spot vol correlation Positive Zero Negative Very negative
Call delta Ocal > OBlack-Scholes > Ocal > Ocall
Put delta 6put > OBlack-Scholes > 6put > 6put
Abs(Put delta) Abs(Sput) Abs(Opjack-Scholes) < Abs(Opu1) Abs(Opu1)

Source: Santander Investment Bolsa estimates.

% In the absence of any supply-demand imbalance in the market.
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On average,
markets tend to
trade between
sticky strike and
sticky local
volatility

Sticky delta
regime implies a
higher delta for
options

Sticky delta regimes occur over long time horizon or trending markets

A sticky delta regime is typically one in which markets are trending in a stable manner (either
up or down, with ATM volatility staying approximately constant) or over a very long time
horizon of months or years (as over the long term the implied volatility mean reverts as it
cannot go below zero or rise to infinity).

Jumpy volatility regimes occur over very short time horizons and panicked markets

It is rare to find a jumpy volatility regime that occurs over a long time horizon, as they tend to
last for periods of only a few days or weeks. Markets tend to react in a jumpy volatility manner
after a sudden and unexpected drop in equity markets (large increase in implied volatility given
a decline in spot) or after a correction from such a decline (a bounce in the markets causing
implied volatility to collapse).

Markets tend to trade between a sticky strike and sticky local volatility regime

Sticky delta and jumpy volatility are the two extremes of volatility regimes. Sticky strike and
sticky local volatility are far more common volatility regimes. Sticky strike is normally
associated with calmer markets than sticky local volatility (as it is closer to a sticky delta model
than jumpy volatility).

DELTA OF OPTION DEPENDS ON VOLATILITY REGIME

How a volatility surface reacts to a change in spot changes the value of the delta of the option.
For sticky strike, as implied volatilities do not change, the delta is equal to the Black-Scholes
delta.

However, if we assume a sticky delta volatility regime if an investor is long a call option, then
the implied volatility of that option will decline if there is a fall in the market. The value of the
call is therefore lower than expected for falls in the market. The reverse is also true as implied
volatility increases if equities rise. As the value of the call is lower for declines and higher for
rises (as volatility is positively correlated to spot), the delta is higher than that calculated by
Black-Scholes (which is equal to the sticky strike delta).

A similar argument can be made for sticky local volatility (as volatility is negatively correlated
to spot, the delta is less than that calculated by Black-Scholes). Figure 99 summarises the
differences in delta for the different volatility regimes.



Relative
dimensions
should only be
used for analysing
long-term trends

VOL CAN BE EXAMINED IN RELATIVE OR ABSOLUTE DIMENSIONS

To evaluate the profit — or loss — from a skew trade, assumptions have to be made regarding the
movement of volatility surfaces over time (as we assume a skew trader always delta hedges, we
are not concerned with the change in premium only the change in volatility). Typically, traders
use two main ways to examine implied volatility surfaces. Absolute dimensions tend to be used
when examining individual options, a snapshot of volatilities, or plotting implied volatilities
over a relatively short period of time. Relative dimensions tend to be used when examining
implied volatilities over relatively long periods of time™.

Absolute dimensions. In absolute dimensions, implied volatility surfaces are examined in
terms of fixed maturity (eg, Dec14 expiry) and fixed strike (eg, €4,000). This surface is a
useful way of examining how the implied volatility of actual traded options changes.

Relative dimensions. An implied volatility surface is examined in terms of relative
dimensions when it is given in terms of relative maturity (eg, three months or one year) and
relative strike (eg, ATM, 90% or 110%). Volatility surfaces tend to move in relative
dimensions over a very long period of time, whereas absolute dimensions are more suitable
for shorter periods of time.

Care must be taken when examining implieds in relative dimensions

As the options (and variance swaps) investors buy or sell are in fixed dimensions with fixed
expiries and strikes, the change in implied volatility in absolute dimensions is the key driver of
volatility profits (or losses). However, investors often use ATM volatility to determine when to
enter (or exit) volatility positions, which can be misleading. For example, if there is a skew
(downside implieds higher than ATM) and equity markets decline, ATM implieds will rise even
though volatility surfaces remain stable. A plot of ATM implieds will imply buying volatility
was profitable over the decline in equity markets; however, in practice this is not the case.

Absolute implied volatility is the key driver for equity derivative profits

As options that are traded have a fixed strike and expiry, it is absolute implied volatility that is
the driver for equity derivative profits and skew trades. However, we accept that relative
implied volatility is useful when looking at long-term trends. For the volatility regimes (1)
sticky delta and (2) sticky strike, we shall plot implieds using both absolute and relative
dimensions in order to explain the difference. For the remaining two volatility regimes (sticky
local volatility and jumpy volatility), we shall only plot implied volatility using absolute
dimensions (as that is the driver of profits for traded options and variance swaps).

% This is usually for liquidity reasons, as options tend to be less liquid for maturities greater than two
years (making implied volatility plots of more than two years problematic in absolute dimensions).
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Figure 100. Sticky Delta Absolute/Fixed Strike

1. STICKY DELTA ASSUMES ATM VOL NEVER CHANGES

A sticky delta model assumes a constant implied volatility for strikes as a percentage of spot (eg,
ATM stays constant). How a volatility surface moves with a change in spot is shown below for both
absolute/fixed strike (Figure 100 on the left) and relative strike (Figure 100 on the right).

Sticky Delta Relative Strike (as Percentage of Spot)
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Sticky delta most
appropriate for
time horizon of
one year or more

RANGE-BOUND VOLATILITIES SUPPORT A STICKY DELTA MODEL

As implied volatility cannot be negative, it is therefore usually floored close to the lowest levels of
realised volatility. Although an infinite volatility is theoretically possible, in practice implied
volatility is typically capped close to the all-time highs of realised volatility. Over a long period of
time, ATM implied volatility can be thought of as being range bound and likely to trend towards
an average value (although this average value will change over time as the macro environment
varies). As the trend towards this average value is independent of spot, the implied volatility
surface in absolute dimensions (fixed currency strike) has to move to keep implied volatility
surface in relative dimensions (strike as percentage of spot) constant. Thinking of implied
volatility in this way is a sticky delta (or sticky moneyness) implied volatility surface model.

Sticky delta most appropriate over long term (many months or years)

While over the long term implied volatility tends to return to an average value, in the short
term volatility can trade away from this value for a significant period of time. Typically, when
there is a spike in volatility it takes a few months for volatility to revert back to more normal
levels. This suggests a sticky delta model is most appropriate for examining implied volatilities
for periods of time of a year or more. As a sticky delta model implies a positive correlation
between (fixed strike) implied volatility and spot, the opposite of what is normally seen, it is
not usually a realistic model for short periods of time. Trending markets (calmly rising or
declining) are usually the only situation when a sticky delta model is appropriate for short
periods of time. In this case, the volatility surface tends to reset to keep ATM volatility
constant, as this implied volatility level is in line with the realised volatility of the market.

LONG SKEW IS UNPROFITABLE IN STICKY DELTA VOLATILITY REGIME

In a sticky delta volatility regime the fixed strike implied volatility (and, therefore, the implied
volatility of traded options) has to be re-marked when spot moves. The direction of this re-
mark for long skew positions causes a loss, as skew should be flat if ATM volatility is going to
remain unchanged as markets move (we assume the investor has bought skew at a worse level
than flat). Additionally, the long skew position carries the additional cost of skew theta, the
combination of which causes long skew positions to be very unprofitable.



2. STICKY STRIKE HAS ZERO SPOT VOL CORRELATION

A sticky strike model assumes that options of a fixed currency strike are fixed (absolute
dimensions). The diagrams below show how a volatility surface moves in both absolute/fixed
strike and relative strike due to a change in spot.

Figure 101. Sticky Strike Absolute/Fixed Strike Sticky Strike Relative Strike (as Percentage of Spot)
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Source: Santander Investment Bolsa estimates.

Sticky strike can
be thought of as a
Black-Scholes
model

TRADER’S SYSTEMS CAN GIVE ILLUSION OF STICKY STRIKE

While Figure 101 above describes which volatility regime normally applies in any given
environment, there are many exceptions. A particular exception is that for very small time
horizons volatility surfaces can seem to trade in a sticky strike regime. We believe this is due to
many trading systems assuming a static strike volatility surface, which then has to be re-
marked by traders (especially for less liquid instruments, as risk managers are likely to insist on
volatilities being marked to their last known traded implied volatility)®’. As the effect of these
trading systems on pricing is either an illusion (as traders will re-mark their surface when asked
to provide a firm quote) or well within the bid-offer arbitrage channel, we believe this effect
should be ignored.

LONG SKEW UNPROFITABLE WITH STICKY STRIKE

While there is no profit or loss from re-marking a surface in a sticky strike model, a long skew
position still has to pay skew theta. Overall, a long skew position is still unprofitable in sticky
strike regimes, but it is less unprofitable than for a sticky delta regime.

37 Anchor delta measures the effect of re-marking a volatility surface and is described in the section
Advanced (Practical or Shadow) Greeks in the Appendix.
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3. STICKY LOCAL VOLATILITY PRICES SKEW FAIRLY

As a sticky local volatility causes a negative correlation between spot and Black-Scholes
volatility (shown below), this re-mark is profitable for long skew positions. As the value of this
re-mark is exactly equal to the cost of skew theta, skew trades break even in a sticky local
volatility regime. If volatility surfaces move as predicted by sticky local volatility, then skew is
priced fairly (as skew trades do not make a loss or profit).

BLACK-SCHOLES VOL IS AVERAGE OF INSTANTANEOUS LOCAL VOL

Local volatility is the name given for the instantaneous volatility of an underlying (ie, the exact
volatility it has at a certain point). The Black-Scholes volatility of an option with strike K is
equal to the average local (or instantaneous) volatility of all possible paths of the underlying
from spot to strike K. This can be approximated by the average of the local volatility at spot
and the local volatility at strike K. This approximation gives two results™:

The ATM Black-Scholes volatility is equal to the ATM local volatility.

Black-Scholes skew is half the local volatility skew (due to averaging).

Example of local volatility skew = 2x Black-Scholes skew

The second point can be seen if we assume the local volatility for the 90% strike is 22% and
the ATM local volatility is 20%. The 90%-100% local volatility skew is therefore 2%. As the
Black-Scholes 90% strike option will have an implied volatility of 21% (the average of 22%
and 20%), it has a 90%-100% skew of 1% (as the ATM Black-Scholes volatility is equal to the
20% ATM local volatility).
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Figure 102. Sticky Local Volatility Absolute/Fixed Strike Black-Scholes and Local Volatility Skew
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Source: Santander Investment Bolsa estimates.

STICKY LOCAL VOL IMPLIES NEGATIVE SPOT VOL CORRELATION

As local volatility skew is twice the Black-Scholes skew, and ATM volatilities are the same, a
sticky local volatility surface implies a negative correlation between spot and implied volatility.
This can be seen by the ATM Black-Scholes volatility resetting higher if spot declines and is
shown in the diagrams above.

¥ As this is an approximation, there is a slight difference which we shall ignore.



Skew trades break
even with a static
local volatility
model

Example of negative correlation between spot and Black-Scholes volatility

We shall use the values from the previous example, with the local volatility for the 90% strike
= 22%, Black-Scholes of the 90% strike = 21% and the ATM volatility for both (local and
Black-Scholes) = 20%. If markets decline 10%, then the 90% strike option Black-Scholes
volatility will rise 1% from 21% to 22% (as ATM for both local and Black-Scholes volatility
must be equal). This 1% move will occur in parallel over the entire surface (as the Black-
Scholes skew has not changed). Similarly, should markets rise 10%, the Black-Scholes
volatility surface will fall 1% (assuming constant skew).

LONG SKEW PROFITS FROM VOLATILITY SURFACE RE-MARK

In order to demonstrate how the negative correlation between spot and (Black-Scholes) implied
volatility causes long skew positions to profit from volatility surfaces re-mark, we shall assume
an investor is long a risk reversal (long OTM put, short OTM call). This position is shown in
Figure 103 below. When markets fall, the primary driver of the risk reversal’s value is the put
(which is now more ATM than the call), and the put value will increase due to the rise in
implied volatility (due to negative correlation with spot). Similarly, the theoretical value of the
risk reversal will rise (as the call is now more ATM — and therefore the primary driver of value —
and, as implied volatilities decline as markets rise, the value of the short call will rise as well).
The long skew position therefore profits from both a movement up or down in equity markets,
as can be seen in the diagram below as both the long call and short put position increase in
value.

Figure 103. Premium of Long Put, Short Call (long skew) Risk Reversal
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Source: Santander Investment Bolsa.

VOLATILITY RE-MARK WITH STICKY LOCAL VOL = SKEW THETA

While a sticky local volatility regime causes long skew positions to profit from (Black-Scholes)
implied volatility changes, the position still suffers from skew theta. The combination of these
two cancel exactly, causing a long (or short) skew trade to break even. As skew trades break
even under a static local volatility model, and as there is a negative spot vol correlation, it is
arguably the most realistic volatility model.
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Figure 104. Jumpy Volatility Absolute/Fixed Strike

4. JUMPY VOLATILITY IS ONLY REGIME WHERE LONG
SKEW IS PROFITABLE

During very panicked markets, or immediately after a crash, there is typically a very high
correlation between spot and volatility. During this volatility regime (which we define as jumpy
volatility) volatility surfaces move in excess of that implied by sticky local volatility. As the
implied volatility surface re-mark for a long skew position is in excess of skew theta, long skew
positions are profitable. A jumpy volatility regime tends to last for a relatively short period of time.
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30%
28% -
26% -
24% +
22%
20%
18% +
16% -
14%
12% A
10%

Implied vol

30% -
28%
26%
24%
22% A
20% - Flat skew
18% 1
16% -
14%
12%

Implied vol

Fixed (BS) skew

Local vol skew fixed

; . . : : 10% ; . . . Long a;kew profitable‘
35 40 45 50 55 60 65 35 40 45 50 55 60 65
Strike (€) Strike (€)

Before = = =Jumpy vol 10% fall === = Jumpy vol 10% rise Realised skew = Sticky delta Sticky strike (and before) ~ ====Sticky local vol  ====Jumpy vol

Source: Santander Investment Bolsa estimates.

Example of volatility regimes and skew trading

If one-year 90%-100% skew is 25bp per 1% (ie, 2.5% for 90-100%) and markets fall 1%,
volatility surfaces have to rise by 25bp for the profit from realised skew to compensate for the
cost of skew theta. If surfaces move by more than 25bp, surfaces are moving in a jumpy
volatility way and skew trades are profitable. If surfaces move by less than 25bp then skew
trades suffer a loss.

Figure 105. Breakdown of P&L for Skew Trades

P&L breakdown for long skew
(e.g. long put, short call)

Volatility
mm

, o 0 e e _ (e
Sticky delta e + Shead? = &
Sticky strike @ + (BE%) - (®xs

— - -
Sticky local o @ e o _ (e o
volatility — * =) = =

Jumpy ) L (®® - (e
volatility < — - -~

Source: Santander Investment Bolsa.



We define realised
skew to be the
profit due to re-
marking the
surface

SKEW ONLY FAIRLY PRICED IF ATM MOVES BY
TWICE THE SKEW

For a given movement in spot from S, to S;, we shall define the movement of the (Black-
Scholes) implied volatility surface divided by the skew (implied volatility of strike S; — implied
volatility of strike Sy) to be the realised skew. The realised skew can be thought of as the profit
due to re-marking the volatility surface. Defining realised skew to be the movement in the
volatility surface is similar to the definition of realised volatility, which is the movement in spot.

realised skew = movement of surface/skew

where:
movement of surface = movement of surface when spot moves from S, to S,
skew = difference in implied volatility between S; and Sy

The ATM volatility can then be determined by the below equation:
ATMiime 1 = ATMime 0 + skew + movement of surface
= ATMime 1 = ATMiime o + skew + (skew x realised skew)
= ATMme 1 = ATMime o + skew X (1 + realised skew)

The realised skew for sticky delta is therefore -1 in order to keep ATM constant (and hence
skew flat) for all movements in spot. A sticky strike regime has a realised skew of 0, as there is
no movement of the volatility surface and skew is fixed. A local volatility model has a realised
skew of 1, which causes ATM to move by twice the value implied by a fixed skew. As local
volatility prices skew fairly, skew is only fairly priced if ATM moves by twice the skew. We
shall assume the volatility surface for jumpy volatility moves more than it does for sticky local
volatility, hence has a realised skew of more than 1.

Skew profit is proportional to realised skew — 1 (due to skew theta)

In order to calculate the relative profit (or loss) of trading skew, the value of skew theta needs
to be taken away, and this value can be thought of as -1. Skew profit is then given by the
formula below:

Skew profit o realised skew - 1



D

Comparing vanna
to skew theta can
identify trading

SKEW TRADING IS EQUIVALENT TO TRADING
2ND ORDER GAMMA

Determining the current volatility regime helps a trader decide if skew trades are likely to be
profitable. In order to determine the strikes used to initiate long or short skew positions, a
trader needs to evaluate the richness or cheapness of skew across different strikes. It is possible

opportunities A . L - .
to show intuitively, and mathematically, that skew trading is very similar to delta hedging
gamma. Given this relationship, comparing vanna (dVega/dSpot), weighted by the square root
of time, to skew theta can be a useful rule of thumb to identify potential trading opportunities.
Figure 106. Call Option with 50 Strike Delta of Call Option with Rise and Fall in Implied Volatility
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Source: Santander Investment Bolsa estimates.

MOVEMENT OF IMPLIED VOL SURFACE CHANGES DELTA OF OPTIONS

We shall assume we are in a sticky local vol (or jumpy vol) market, ie, volatility rises if
markets fall, and a trader is trading skew using a long OTM put and short OTM call (ie, a risk
reversal). As the delta of OTM options increases in value if implied volatility increases, and
vice versa, the delta hedging of the long skew position is impacted by the movement in
volatility surfaces.

Figure 107. Delta of Long Put if Market Falls (Local Vol) Delta of Short Call if Market Rises (Local Vol)
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Source: Santander Investment Bolsa estimates.



Trader needs to buy stock (or futures) if market declines

If there is a decline in spot, the volatility of the long put (which is now more ATM and the
primary driver of value) increases. This causes the delta of the position to decrease (absolute
delta of put increases and, as delta of put is negative, the delta decreases). A trader has to buy
more stock (or futures) than expected in order to compensate for this change, as shown on the
left of Figure 107 above.

Conversely, trader needs to sell stock (or futures) if the market rises

The opposite trade occurs if markets rise as, for an increase in spot, the volatility of the short
call (which is now more ATM and the primary driver of value) decreases. This causes the delta
of the position to increase (delta of call decreases as delta of short call increases). Traders have
to sell more stock (or futures) than they expect to compensate for this change (as shown on the
right of Figure 107 above), which is the reverse trade of that which occurs for a decline in the
market.

Figure 108. Delta Hedging Due to Trading Skew Delta Hedging Due to Trading Gamma
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Source: Santander Investment Bolsa estimates.

Trading skew
involves delta
hedging the same
way as trading
gamma

DELTA HEDGING SKEW IS SIMILAR TO DELTA HEDGING GAMMA

Let us assume a negative correlation between spot and volatility (ie, for sticky local volatility
or jumpy volatility) and that a trader is initially delta hedged® and intends to remain so. The
movement of the volatility surface means the trader has to buy more stock (or futures) than he
expects if markets fall and sell more stock (or futures) if markets rise. Buying low and selling
high locks in the profit from the long skew position. This trade is identical to delta hedging a
long gamma position, which can be seen in Figure 108 above.

If there is a positive relationship between spot and volatility (ie, a sticky delta volatility
regime), then the reverse trade occurs with stock (or futures) being sold if markets decline and
bought if markets rise. For sticky delta regimes, a long skew position is similar to being short
gamma (and hence very unprofitable, given skew theta has to be paid as well).

% A long put and short call risk reversal would be delta hedged with a long stock (or futures) position.
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MATHEMATICALLY, SKEW TRADING IS SIMILAR TO GAMMA TRADING

It is possible to show mathematically the relationship between skew trading and gamma trading
if one assumes a correlation between spot and volatility. Vanna, the rate of change in vega for a
change in spot (dVega/dSpot) measures the size of a skew position. This can be seen intuitively
from the arguments above; as markets decline, the OTM put becomes more ATM and hence
the primary driver of value. It is this change in vega (long put dominating the short call) for a
change in spot, that causes volatility surface re-marks to be profitable for skew trading. Vanna
is not only equal to dVega/dSpot, but is also equal to dDelta/dVol*’. The equations below show
that this relationship, when combined with spot being correlated to volatility, links skew and
gamma trading.

Vanna = dDelta/dVol (and = dVega/dSpot)
As Vol a Spot
= Vanna o dDelta/dSpot
As Gamma = dDelta/dSpot
= Vanna o Gamma

Therefore, gamma can be considered to be second order gamma due to the negative correlation
between volatility and spot.

% The proof of this relationship is outside of the scope of this publication



SKEW THETA PAYS FOR SKEW, GAMMA THETA
PAYS FOR GAMMA

In order to break down an option’s profit into volatility and skew, the total theta paid needs to
be separated into gamma theta and skew theta. Gamma theta pays for gamma (or volatility)
while skew theta pays for skew. We note that skew across the term structure can be compared
with each other if weighted by the square root of time. As skew is measured by vanna, skew
theta should therefore be compared to power vanna (vanna weighted by the square root of time)
to identify skew trading opportunities. This is equivalent to comparing gamma to gamma theta.
The method for calculating skew theta is given below.

Total theta = gamma theta + skew theta (all measured in theta per units of cash gamma)
Cash (or dollar) gamma =y x S* / 100 = notional cash value bought (or sold) per 1% spot move

GAMMA THETA IDENTICAL FOR ALL OPTIONS IF IMPLIEDS IDENTICAL

Gamma theta is the cost (or income) from a long (or short) gamma position. To calculate the
cost of gamma, we shall assume an index has a volatility of 20% for all strikes and maturities.
We shall ignore interest rates, dividends and borrowing costs and assume spot is currently at
3000pts.

Figure 109. Theta (per Year) of Index with 20% Implied Cash Gamma per 1% Move of Index with 20% Implied

Strike 3 Months 1 Year 4 Years Strike 3 Months 1 Year 4 Years
80% -0.070 -0.227 -0.178 80% 9 29 22
90% -0.517 -0.390 -0.213 90% 65 49 27
100% -0.949 -0.473 -0.233 100% 120 60 29
110% -0.632 -0.442 -0.237 110% 80 56 30
120% -0.197 -0.342 -0.230 120% 25 43 29

Source: Santander Investment Bolsa estimates.

Both gamma and theta are high for short-dated ATM options

As can be seen in Figure 109, both cash gamma and theta are highest for near-dated and ATM
options. When the cost per unit of cash gamma is calculated, it is identical for all strikes and
expiries as the implied volatility is 20% for them all. We shall define the ATM theta cost per
unit of cash gamma to be gamma theta (in units of 1 million cash gamma to have a reasonably
sized number). This is, essentially, the values on the left in Figure 109 divided by the values on
the right in Figure 109.

Figure 110. Theta per 1 million Cash Gamma (Gamma Theta) of Index with 20% Implied

Strike 3 Months 1 Year 4 Years
80% -7,937 -7,937 -7,937
90% -7,937 -7,937 -7,937
100% = Gamma Theta -7,937 -7,937 -7,937
110% -7,937 -7,937 -7,937
120% -7,937 -7,937 -7,937

Source: Santander Investment Bolsa.
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TERM STRUCTURE CHANGES GAMMA THETA BY MATURITY

In order to have a more realistic volatility surface we shall introduce positive sloping term
structure, while keeping the implied volatility of one-year maturity options identical. As there
is no skew in the surface, all the theta is solely due to the cost of gamma or gamma theta. The
gamma theta is now lower for near-dated maturities, which is intuitively correct as near-dated
implieds are now lower than the far-dated implieds.

Figure 111. Volatility Surface with Term Structure Theta per 1mn Cash Gamma (Gamma Theta)

Strike 3 Months 1 Year 4 Years Strike 3 Months 1 Year 4 Years
80% 19% 20% 21% 80% -7,163 -7,937 -8,338
90% 19% 20% 21% 90% -7,163 -7,937 -8,338
100% 19% 20% 21% 100%= Gamma Theta -7,163 -7,937 -8,338
110% 19% 20% 21% 110% -7,163 -7,937 -8,338
120% 19% 20% 21% 120% -7,163 -7,937 -8,338

Source: Santander Investment Bolsa estimates.

SKEW MAKES IT MORE EXPENSIVE TO OWN PUTS THAN CALLS

If we introduce skew to the volatility surface we increase the cost of gamma for puts and
decrease it for calls. This can be seen on the right of Figure 112; the ATM options have the
same cost of gamma as before but the wings now have a different value.

Figure 112. Vol Surface with Skew and Term Structure Theta per 1imn Cash Gamma

Strike 3 Months 1 Year 4 Years Strike 3 Months 1 Year 4 Years
80% 27% 24% 23% 80% -14,464 -11,429 -10,045
90% 23% 22% 22% 90% -10,496 -9,603 -9,172
100% 19% 20% 21% 100%= Gamma Theta -7,163 -7,937 -8,338
110% 15% 18% 20% 110% -4,464 -6,429 -7,545
120% 11% 16% 19% 120% -2,401 -5,079 -6,791

Source: Santander Investment Bolsa estimates.

SKEW THETAIS THE COST OF GOING LONG SKEW

As we have defined the theta paid for ATM option gamma (or gamma theta) as the fair price
for gamma, the difference between this value and other options’ cost of gamma is the cost of
skew (or skew theta). Skew theta is therefore calculated by subtracting the cost of ATM
gamma from all other options (and hence skew theta is zero for ATM options by definition).

Figure 113. Theta per 1Imn Cash Gamma Skew Theta

Strike 3 Months 1 Year 4 Years Strike 3 Months 1 Year 4 Years
80% -14,464 -11,429 -10,045 80% -7,302 -3,492 -1,706
90% -10,496 -9,603 -9,172 90% -3,333 -1,667 -833
100%= Gamma Theta -7,163 -7,937 -8,338 100% 0 0 0
110% -4,464 -6,429 -7,545 110% 2,698 1,508 794
120% -2,401 -5,079 -6,791 120% 4,762 2,857 1,548

Source: Santander Investment Bolsa estimates.

Example of skew theta calculation

The annual cost for a million units of cash gamma for three-month 90% strike options is
€10,496, whereas ATM options only have to pay €7,163. The additional cost of being long
90% options (rather than ATM) is therefore €10,496 - €7,163 = €3,333. This additional €3,333
cost is the cost of being long skew, or skew theta.



Strikes lower than ATM suffer from skew theta

For low strike options there is a cost (negative sign) to owning the option and hence being long
skew. High strike options benefit from an income of skew theta (which causes the lower cost of
gamma) to compensate for being short skew (hence they have a positive sign).

VOLATILITY SLIDE THETA HAS A MINOR EFFECT ON SKEW TRADING

If one assumes volatility surfaces have relative time (one-year skew stays the same) rather than
absolute time (ie, Dec14 skew stays the same) then one needs to take into account volatility
slide theta (to factor in the increase in skew as the maturity of the option decreases). Volatility
slide theta partly compensates for the cost of skew theta. For more details, see the section
Advanced (Practical or Shadow) Greeks in the Appendix.
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LOCAL VOLATILITY

While Black-Scholes is the most popular method for pricing vanilla equity derivatives,
exotic equity derivatives (and ITM American options) usually require a more
sophisticated model. The most popular model after Black-Scholes is a local volatility
model as it is the only completely consistent volatility model*’. A local volatility model
describes the instantaneous volatility of a stock, whereas Black-Scholes is the average of
the instantaneous volatilities between spot and strike.

LOCAL VOLATILITY IS INSTANTANEOUS VOLATILITY OF UNDERLYING

Instantaneous volatility is the volatility of an underlying at any given local point, which we
shall call the local volatility. We shall assume the local volatility is fixed and has a normal
negative skew (higher volatility for lower spot prices). There are many paths from spot to strike
and, depending on which path is taken, they will determine how volatile the underlying is
during the life of the option (see Figure 114).

Figure 114. Different Paths between Spot and Strike
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Source: Santander Investment Bolsa.

BLACK-SCHOLES VOLATILITY IS AVERAGE OF LOCAL VOLATILITIES

It is possible to calculate the local (or instantaneous) volatility surface from the Black-Scholes
implied volatility surface. This is possible as the Black-Scholes implied volatility of an option
is the average of all the paths between spot (ie, zero maturity ATM strike) and the maturity and
strike of the option. A reasonable approximation is the average of all local volatilities on a
direct straight-line path between spot and strike. For a normal relatively flat skew, this is
simply the average of two values, the ATM local volatility and the strike local volatility.

*! Strictly speaking, this is true only for deterministic models. However, as the expected volatility of
non-deterministic models has to give identical results to a local volatility model to be completely
consistent, they can be considered to be a ‘noisy’ version of a local volatility model.



ATM implieds are
identical for local
vol and Black-
Scholes, but local
vol skew is twice
Black-Scholes

Black-Scholes skew is half local volatility skew as it is the average

If the local volatility surface has a 22% implied at the 90% strike, and 20% implied at the ATM
strike, then the Black-Scholes implied volatility for the 90% strike is 21% (average of 22% and
20%). As ATM implieds are identical for both local and Black-Scholes implied volatility, this
means that 90%-100% skew is 2% for local volatility but 1% for Black-Scholes. Local
volatility skew is therefore twice the Black-Scholes skew.

ATM volatility is the same for both Black-Scholes and local volatility

For ATM implieds, the local volatility at the strike is equal to ATM, hence the average of the
two identical numbers is simply equal to the ATM implied. For this reason, Black-Scholes
ATM implied is equal to local volatility ATM implied.

LOCAL VOL IS THE ONLY COMPLETE CONSISTENT VOL MODEL

A local volatility model is complete (it allows hedging based only on the underlying asset) and
consistent (does not contain a contradiction). It is often used to calculate exotic option implied
volatilities to ensure the prices for these exotics are consistent with the values of observed
vanilla options and hence prevent arbitrage. A local volatility model is the only complete
consistent volatility model; a constant Black-Scholes volatility model (constant implied
volatility for all strikes and expiries) can be considered to be a special case of a static local
volatility model (where the local volatilities are fixed and constant for all strikes and expiries).



For relatively
short time periods
(daily, weekly), the
drift should be
close to zero and
can be ignored

MEASURING HISTORICAL VOLATILITY

The implied volatility for a certain strike and expiry has a fixed value. There is, however,
no single calculation for historical volatility. The number of historical days for the
historical volatility calculation changes the calculation, in addition to the estimate of the
drift (or average amount stocks are assumed to rise). There should, however, be no
difference between the average daily or weekly historical volatility. We also examine
different methods of historical volatility calculation, including close-to-close volatility and
exponentially weighted volatility, in addition to advanced volatility measures such as
Parkinson, Garman-Klass (including Yang-Zhang extension), Rogers and Satchell and
Yang-Zhang. We also show that it is best to assume a zero drift assumption for close-to-
close volatility, and that under this condition variance is additive.

CLOSE-TO-CLOSE HISTORICAL VOLATILITY IS THE MOST COMMON

Volatility is defined as the annualised standard deviation of log returns. For historical volatility
the usual measure is close-to-close volatility, which is shown below.

c.+d

i i

Log return = x;= Ln[ J where d; = ordinary dividend and c; is close price

C.

i-1

f 1 & _
Volatility** (not annualised) = o, N E (x; — x)2
i=1

where x = drift = Average (x;)

BEST TO ASSUME ZERO DRIFT FOR VOLATILITY CALCULATION

The calculation for standard deviation calculates the deviation from the average log return (or
drift). This average log return has to be estimated from the sample, which can cause problems
if the return over the period sampled is very high or negative. As over the long term very high
or negative returns are not realistic, the calculation of volatility can be corrupted by using the
sample log return as the expected future return. For example, if an underlying rises 10% a day
for ten days, the volatility of the stock is zero (as there is zero deviation from the 10% average
return). This is why volatility calculations are normally more reliable if a zero return is
assumed. In theory, the expected average value of an underlying at a future date should be the
value of the forward at that date. As for all normal interest rates (and dividends, borrow cost)
the forward return should be close to 100% (for any reasonable sampling frequency, ie,
daily/weekly/monthly). Hence, for simplicity reasons it is easier to assume a zero log return as
Ln(100%) = 0.

*> We take the definition of volatility of John Hull in Options, Futures and Other Derivatives in which n
day volatility uses n returns and n+1 prices. We note Bloomberg uses n prices and n-1 returns.



VARIANCE IS ADDITIVE IF ZERO MEAN IS ASSUMED

Frequency of returns in a year = F (eg, 252 for daily returns)

[1 & _
O Annualised = \/FX Oy = \/F ﬁ E (_Xi —_ _x)2
i=l1

As x = 0 if we assume zero average returns

1 &,
O Annualised = \/F _Z Xl-
i=1

,_ F i 2
OCAnnualised = X;
N5
Now if we assume that the total sample N can be divided up into period 1 and period 2 where
period 1 is the first M returns then:
F N,

2
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Total =l

F M

2 2

OPeriod1 = ——— X E X;” (where Nperioa 1 = M)
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Total = Period 1 Period 2
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Hence variance is additive (when weighted by the time in each period / total time)



Historical
volatility should
be a multiple of 3
months to have a
constant number
of quarterly
reporting periods

LOG RETURNS CAN BE APPROXIMATED BY PERCENTAGE RETURNS

As returns are normally close to 1 (=100%) the log of returns is very similar to return — 1
(which is the percentage change of the price). If the return over the period is assumed to be the
same for all periods, and if the mean return is assumed to be zero (it is normally very close to
zero), the standard deviation of the percentage change is simply the absolute value of the
percentage return. Hence an underlying that moves 1% has a volatility of 1% for that period.
As volatility is usually quoted on an annualised basis, this volatility has be multiplied by the
square root of the number of samples in a year (ie, V252 for daily returns52 for weekly
returns and V12 for monthly returns).

Number of trading days in year =252 => Multiply daily returns by V252 =16
Number of weeks in year =52 => Multiply weekly returns by 52 =7
Number of months in year =12 => Multiply monthly returns by V12 =35

WHICH HISTORICAL VOLATILITY SHOULD | USE?

When examining how attractive the implied volatility of an option is, investors will often
compare it to historical volatility. However, historical volatility needs two parameters.

Length of time (eg, number of days/weeks/months)

Frequency of measurement (eg, daily/weekly)

LENGTH OF TIME FOR HISTORICAL VOLATILITY

Choosing the historical volatility number of days is not a trivial choice. Some investors believe
the best number of days of historical volatility to look at is the same as the implied volatility of
interest. For example, one-month implied should be compared to 21 trading day historical
volatility (and three-month implied should be compared to 63-day historical volatility, etc).
While an identical duration historical volatility is useful to arrive at a realistic minimum and
maximum value over a long period of time, it is not always the best period of time to determine
the fair level of long-dated implieds. This is because volatility mean reverts over a period of c8
months. Using historical volatility for periods longer than ¢8 months is not likely to be the best
estimate of future volatility (as it could include volatility caused by earlier events, whose effect
on the market has passed). Arguably a multiple of three months should be used to ensure that
there is always the same number of quarterly reporting dates in the historical volatility
measure. Additionally, if there has been a recent jump in the share price that is not expected to
reoccur, the period of time chosen should try to exclude that jump.

The best historical volatility period does not have to be the most recent

If there has been a rare event which caused a volatility spike, the best estimate of future
volatility is not necessary the current historical volatility. A better estimate could be the past
historical volatility when an event that caused a similar volatility spike occurred. For example,
the volatility post credit crunch could be compared to the volatility spike after the Great
Depression or during the bursting of the tech bubble.
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FREQUENCY OF HISTORICAL VOLATILITY

While historical volatility can be measured monthly, quarterly or yearly, it is usually measured
daily or weekly. Normally, daily volatility is preferable to weekly volatility as five times as
many data points are available. However, if volatility over a long period of time is being
examined between two different markets, weekly volatility could be the best measure to reduce
the influence of different public holidays (and trading hours®). If stock price returns are
independent, then the daily and weekly historical volatility should on average be the same. If
stock price returns are not independent, there could be a difference. Autocorrelation is the
correlation between two different returns so independent returns have an autocorrelation of 0%.

Trending markets imply weekly volatility is greater than daily volatility

With 100% autocorrelation, returns are perfectly correlated (ie, trending markets). Should
autocorrelation be -100% correlated, then a positive return is followed by a negative return
(mean reverting or range trading markets). If we assume markets are 100% daily correlated with
a 1% daily return, this means the weekly return is 5%. The daily volatility is therefore c16%
(1% x \252), while the weekly volatility of ¢35% (5% x /52) is more than twice as large.

Figure 115. Stock Price with 100% Daily Autocorrelation Stock Price with -100% Daily Autocorrelation
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Source: Santander Investment Bolsa estimates.

High market share of high frequency trading should prevent autocorrelation

Historically (decades ago), there could have been positive autocorrelation due to momentum
buying, but once this became understood this effect is likely to have faded. Given the current
high market share of high frequency trading (accounting for up to three-quarters of US equity
trading volume), it appears unlikely that a simple trading strategy such as ‘buy if security goes
up, sell if it goes down’ will provide above-average returns over a significant period of time*.

Panicked markets could cause temporary negative autocorrelation

While positive autocorrelation is likely to be arbitraged out of the market, there is evidence that
markets can overreact at times of stress as market panic (rare statistical events can occur under
the weak form of efficient market hypotheses). During these events human traders and some
automated trading systems are likely to stop trading (as the event is rare, the correct response is
unknown), or potentially exaggerate the trend (as positions get ‘stopped out’ or to follow the
momentum of the move). A strategy that is long daily variance and short weekly variance will
therefore usually give relatively flat returns, but occasionally give a positive return.

# Advanced volatility measures could be used to remove part of the effect of different trading hours.
* Assuming there are no short selling restrictions.



Advanced
volatility
measures should
be used by
traders wishing to
take into account
intraday prices

Exponentially
weighted moving
average can be
used to reduce
effect of spikes in
volatility
disappearing

INTRADAY VOLATILITY IS NOT CONSTANT

For most markets, intraday volatility is greatest just after the open (as results are often
announced around the open) and just before the close (performance is often based upon closing
prices). Intraday volatility tends to sag in the middle of the day due to the combination of a lack
of announcements and reduced volumes/liquidity owing to lunch breaks. For this reason, using
an estimate of volatility more frequent than daily tends to be very noisy. Traders who wish to
take into account intraday prices should instead use an advanced volatility measure.

Figure 116. Intraday Volatility

Volatility tends to be greatest at the
open, but also rises into the close
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Source: Santander Investment Bolsa.

EXPONENTIALLY WEIGHTED VOLATILITIES ARE RARELY USED

An alternate measure could be to use an exponentially weighted moving average model, which
is shown below. The parameter A is between zero (effectively one-day volatility) and one
(ignore current vol and keep vol constant). Normally, values of c0.9 are used. Exponentially
weighted volatilities are rarely used, partly due to the fact they do not handle regular volatility-
driving events such as earnings very well. Previous earnings jumps will have least weight just
before an earnings date (when future volatility is most likely to be high) and most weight just
after earnings (when future volatility is most likely to be low). It could, however, be of some
use for indices.

o’=lo.  +(1-A)x’

Exponentially weighted volatility avoids volatility collapse of historic volatility

Exponential volatility has the advantage over standard historical volatility in that the effect of a
spike in volatility gradually fades (as opposed to suddenly disappearing causing a collapse in
historic volatility). For example, if we are looking at the historical volatility over the past
month and a spike in realised volatility suddenly occurs the historical volatility will be high for
a month, then collapse. Exponentially weighted volatility will rise at the same time as historical
volatility and then gradually decline to lower levels (arguably in a similar way to how implied
volatility spikes, then mean reverts).
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Volatility
measures can use
open, high and
low prices in
addition to
closing price

ADVANCED VOLATILITY MEASURES

Close-to-close volatility is usually used as it has the benefit of using the closing auction prices
only. Should other prices be used, then they could be vulnerable to manipulation or a ‘fat
fingered’ trade. However, a large number of samples need to be used to get a good estimate of
historical volatility, and using a large number of closing values can obscure short-term changes
in volatility. There are, however, different methods of calculating volatility using some or all of
the open (O), high (H), low (L) and close (C). The methods are listed in order of their
maximum efficiency (close-to-close variance divided by alternative measure variance).

Close to close (C). The most common type of calculation that benefits from only using
reliable prices from closing auctions. By definition its efficiency is one at all times.

Parkinson (HL). As this estimate only uses the high and low price for an underlying, it is
less sensitive to differences in trading hours. For example, as the time of the EU and US
closes are approximately half a trading day apart, they can give very different returns.
Using the high and low means the trading over the whole day is examined, and the days
overlap. As it does not handle jumps, on average it underestimates the volatility, as it does
not take into account highs and lows when trading does not occur (weekends, between
close and open). Although it does not handle drift, this is usually small. The Parkinson
estimate is up to 5.2 times more efficient than the close-to-close estimate. While other
measures are more efficient based on simulated data, some studies have shown it to be the
best measure for actual empirical data.

Garman-Klass (OHLC). This estimate is the most powerful for stocks with Brownian
motion, zero drift and no opening jumps (ie, opening price is equal to closing price of
previous period). While it is up to 7.4 times as efficient as the close to close estimate, it
also underestimates the volatility (as like Parkinson it assumes no jumps).

Rogers-Satchell (OHLC). The efficiency of the Rogers-Satchell estimate is similar to that
for Garman-Klass; however, it benefits from being able to handle non-zero drift. Opening
jumps are not handled well though, which means it underestimates the volatility.

Garman-Klass Yang-Zhang extension (OHLC). Yang-Zhang extended the Garman-
Klass method that allows for opening jumps hence it is a fair estimate, but does assume
zero drift. It has an efficiency of eight times the close-to-close estimate.

Yang-Zhang (OHLC). The most powerful volatility estimator which has minimum
estimation error. It is a weighted average of Rogers-Satchell, the close-open volatility and
the open-close volatility. It is up to a maximum of 14 times as efficient (for two days of
data) as the close-to-close estimate.

Figure 117. Summary of Advanced Volatility Estimates

Handle Overnight

Estimate Prices Taken Handle Drift? Jumps? Efficiency (max)
Close to close C No No 1
Parkinson HL No No 5.2
Garman-Klass OHLC No No 7.4
Rogers-Satchell OHLC Yes No 8
Garman-Klass Yang-Zhang ext. OHLC No Yes 8
Yang-Zhang OHLC Yes Yes 14

Source: Santander Investment Bolsa.



Standard close-to-
close is best for
large samples,
Yang-Zhang is
best for small
samples

EFFICIENCY AND BIAS DETERMINE BEST VOLATILITY MEASURE

There are two measures that can be used to determine the quality of a volatility measure:
efficiency and bias. Generally, for small sample sizes the Yang-Zhang measure is best overall,
and for large sample sizes the standard close to close measure is best.

2
<5-where o is the volatility of the estimate and o, is

Efficiency. Efficiency (O_xz) =

the volatility of the standard close to close estimate.
Bias. Difference between the estimated variance and the average (ie, integrated) volatility.

Efficiency measures the volatility of the estimate

The efficiency describes the variance, or volatility of the estimate. The efficiency is dependent
on the number of samples, with efficiency decreasing the more samples there are (as close-to-
close will converge and become less volatile with more samples). The efficiency is the
theoretical maximum performance against an idealised distribution, and with real empirical
data a far smaller benefit is usually seen (especially for long time series). For example, while
the Yang-Zhang based estimators deal with overnight jumps if the jumps are large compared to
the daily volatility the estimate will converge with the close-to-close volatility and have an
efficiency close to one.

Close-to-close volatility should use at least five samples (and ideally 20 or more)

The variance of the close-to-close volatility can be estimated as a percentage of the actual
variance by the formula 1/(2N) where N is the number of samples. This is shown in Figure 118
below and demonstrates that at least five samples are needed (or the estimate has a variance of
over 10%) and that only marginal extra accuracy is gained for each additional sample above 20.

Figure 118. Variance of Close-To-Close Volatility/Actual Variance
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Source: Santander Investment Bolsa.
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Bias can be
positive or
negative
depending on the
distribution

Approximately 1/6
of total volatility
occurs overnight

Bias depends on the type of distribution of the underlying

While efficiency (how volatile the measure is) is important, so too is bias (whether the measure
is, on average, too high or low). Bias depends on the sample size, and the type of distribution
the underlying security has. Generally, the close-to-close volatility estimator is too big* (as it
does not model overnight jumps), while alternative estimators are too small (as they assume
continuous trading, and discrete trading will have a smaller difference between the maximum
and minimum). The key variables that determine the bias are:

Sample size. As the standard close-to-close volatility measure suffers with small sample
sizes, this is where alternative measures perform best (the highest efficiency is reached for
only two days of data).

Volatility of volatility. While the close-to-close volatility estimate is relatively insensitive
to a changing volatility (vol of vol), the alternative estimates are far more sensitive. This
bias increases the more vol of vol increases (ie, more vol of vol means a greater
underestimate of volatility).

Overnight jumps between close and open. Approximately one-sixth of equity volatility
occurs outside the trading day (and approximately twice that amount for ADRs). Overnight
jumps cause the standard close-to-close estimate to overestimate the volatility, as jumps are
not modelled. Alternative estimates that do not model jumps (Parkinson, Garman Klass and
Rogers-Satchell) underestimate the volatility. Yang-Zhang estimates (both Yang-Zhang
extension of Garman Klass and the Yang-Zhang measure itself) will converge with
standard close-to-close volatility if the jumps are large compared to the overnight
volatility.

Drift of underlying. If the drift of the underlying is ignored as it is for Parkinson and
Garman Klass (and the Yang Zhang extension of Garman Glass), then the measure will
overestimate the volatility. This effect is small for any reasonable drifts (ie, if we are
looking at daily, weekly or monthly data).

Correlation daily volatility and overnight volatility. While Yang-Zhang measures deal
with overnight volatility, there is the assumption that overnight volatility and daily
volatility are uncorrelated. Yang-Zhang measures will underestimate volatility when there
is a correlation between daily return and overnight return (and vice versa), but this effect is
small.

Variance, volatility and gamma swaps should look at standard volatility (or variance)

As the payout of variance, volatility and gamma swaps are based on close-to-close prices, the
standard close-to-close volatility (or variance) should be used for comparing their price against
realised. Additionally, if a trader only hedges at the close (potentially for liquidity reasons)
then again the standard close-to-close volatility measure should be used.

# Compared to integrated volatility.



As the average is
taken from the
sample, close-to-
close volatility
has N-1 degrees
of freedom

CLOSE-TO-CLOSE

The simplest volatility measure is the standard close-to-close volatility. We note that the
volatility should be the standard deviation multiplied by YN/(N-1) to take into account the fact
we are sampling the population (or take standard deviation of the sample)*’. We ignored this in
the earlier definition as for reasonably large n it VN/(N-1) is roughly equal to one.

F N
Standard dev of x = s, =, ,N ‘ ’Z(xi -x)’
i=1

As o= o’ = E(s?) < E(\/s_2)= E(s) by Jensens's inequality

Volatility = 6, =84 X ,|——
N -1

Volatilityjose to close = Oce = 1/ ,Z( \/ —_— \/ z Ln(—) assuming zero drift
i=l1 Ci

PARKINSON

The first advanced volatility estimator was created by Parkinson in 1980, and instead of using
closing prices it uses the high and low price. One drawback of this estimator is that it assumes
continuous trading, hence it underestimates the volatility as potential movements when the
market is shut are ignored.

F v ’
Volatilitypakinson = Op =+ —
Yrakineon P TN\ 4 Ln (2) Z

GARMAN-KLASS

Later in 1980 the Garman-Klass volatility estimator was created. It is an extension of Parkinson
which includes opening and closing prices (if opening prices are not available the close from
the previous day can be used instead). As overnight jumps are ignored the measure
underestimates the volatility.

Flu1(, n Y ¢\
VOlatilitYGarman—Klass = OGK 4|2 Z_ Ln(_l) - (2Ll’l(2) - 1) Ln(_l)
N\Z'2 [, 0

i

% As the formula for standard deviation has N-1 degrees of freedom (as we subtract the sample average
from each value of x)
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Yang-Zhang is the
sum of overnight
volatility, and a
weighted average
of Rogers-Satchell
and open-to-close
volatility

ROGERS-SATCHELL

All of the previous advanced volatility measures assume the average return (or drift) is zero.
Securities that have a drift, or non-zero mean, require a more sophisticated measure of
volatility. The Rogers-Satchell volatility created in the early 1990s is able to properly measure
the volatility for securities with non-zero mean. It does not, however, handle jumps; hence, it
underestimates the volatility.

o F |& h. h, [ [
VOlatlhtyRogers—Satchell = ORS =4/ 77 z Ln(_l)Ln(_l) + Ln(_l)Ln(_l)
N\‘T C; 0; C; 0,

GARMAN-KLASS YANG-ZHANG EXTENSION

Yang-Zhang modified the Garman-Klass volatility measure in order to let it handle jumps. The
measure does assume a zero drift; hence, it will overestimate the volatility if a security has a
non-zero mean return. As the effect of drift is small, the fact continuous prices are not available
usually means it underestimates the volatility (but by a smaller amount than the previous
alternative measures).
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YANG-ZHANG

In 2000 Yang-Zhang created a volatility measure that handles both opening jumps and drift. It
is the sum of the overnight volatility (close-to-open volatility) and a weighted average of the
Rogers-Satchell volatility and the open-to-close volatility. The assumption of continuous prices
does mean the measure tends to slightly underestimate the volatility.
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PROOF VARIANCE SWAPS CAN BE HEDGED BY
LOG CONTRACT (=1/K?)

A log contract is a portfolio of options of all strikes (K) weighted by 1/K>. When this
portfolio of options is delta hedged on the close, the payoff is identical to the payoff of a
variance swap. We prove this relationship and hence show that the volatility of a variance
swap can be hedged with a static position in a log contract.

PORTFOLIO OF OPTIONS WITH CONSTANT VEGA WEIGHTED 1/K?

In order to prove that a portfolio of options with flat vega has to be weighted 1/K* we will
define the variable x to be K/S (strike K divided by spot S). With this definition and assuming
zero interest rates, the standard Black-Scholes formula for vega of an option simplifies to:
Vega of option =1 x S X f(x, v)

where

x = K/ S (strike a ratio of spot)

T = time to maturity

v =" 1 (total variance)

]
f(x, v) = xe ?
27
L)+ Y
d1 — X 2

N

If we have a portfolio of options where the weight of each option is w(K), then the vega of the
portfolio of options V(S) is:

VS)=r1 Tw(K)xSxf(x,v)dK

K=0

As K =xS this means dK / dx = S, hence dK = S x dx and we can change variable K for x.

V(S)=r1 ]Sw(xS)szxf(x,v)dx

x=0

In order for the portfolio of options to have a constant vega — no matter what the level of spot —
dV(S)/dS has to be equal to zero.

v _

=T i i[Szw(xS)]x f(x,v)dx =0
ds ds

x=0



And by the chain rule:
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> 2w+ K%W(K) = Ofor all values of S
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Near-dated
options need to
take premium, as
well as implied
volatility, into
account

MODELLING VOLATILITY SURFACES

There are a variety of constraints on the edges of a volatility surface, and this section
details some of the most important constraints from both a practical and theoretical point
of view. We examine the considerations for very short-dated options (a few days or
weeks), options at the wings of a volatility surface and very long-dated options.

IMPLIED VOLATILITY IS LESS USEFUL FOR NEAR-DATED OPTIONS

Options that only have a few days or a few weeks to expiry have a very small premium. For
these low-value options, a relatively small change in price will equate to a relatively large
change in implied volatility. This means the implied volatility bid-offer arbitrage channel is
wider, and hence less useful. The bid-offer spread is more stable in cash terms for options of
different maturity, so shorter-dated options should be priced more by premium rather than
implied volatility.

Need to price short-dated options with a premium after a large collapse in the market

If there has been a recent dip in the market, there is a higher than average probability that the
markets could bounce back to their earlier levels. The offer of short-dated ATM options should
not be priced at a lower level than the size of the decline. For example, if markets have dropped
5%, then a one-week ATM call option should not be offered for less than ¢5% due to the risk
of a bounce-back.

SKEW SHOULD DECAY BY SQUARE ROOT OF TIME

The payout of a put spread (and call spread) is always positive; hence, it should always have a
positive cost. If it was possible to enter into a long put (or call) spread position for no cost (or
potentially earning a small premium), any rational investor would go long as large a position as
possible and earn risk-free profits (as the position cannot suffer a loss). A put spread will have
a negative cost if the premium earned by selling the lower strike put is more than the premium
of the higher strike put bought. This condition puts a cap on how negative skew can be: for
high (negative) skew, the implied of the low strike put could be so large the premium is too
high (ie, more than the premium of higher strike puts). The same logic applies for call spreads,
except this puts a cap on positive skew (ie, floor on negative skew). As skew is normally
negative, the condition on put spreads (see figure below on the left) is usually the most
important. As time increases, it can be shown that the cap and floor for skew (defined as the
gradient of first derivative of volatility with respect to strike, which is proportional to 90%-
100% skew) decays by roughly the square root of time. This gives a mathematical basis for the
‘square root of time rule’ used by traders.

Figure 119. Put Spread Ratio put spread
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Source: Santander Investment Bolsa estimates.
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In theory skew
should decay by
time (not square
root of time)

Far-dated skew should decay by time for long maturities (c5 years)

It is possible to arrive at a stronger limit to the decay of skew by considering leveraged ratio put
spreads (see chart above on the right). For any two strikes A and B (assume A<B), then the
payout of going long Ax puts with strike B, and going short Bx puts with strike A creates a ratio
put spread whose value cannot be less than zero. This is because the maximum payouts of both
the long and short legs (puts have maximum payout with spot at zero) is AxB. This can be seen
in the figure above on the right (showing a 99-101 101x99 ratio put spread). Looking at such
leveraged ratio put spreads enforces skew decaying by time, not by the square root of time.
However, for reasonable values of skew this condition only applies for long maturities (c5
years).

PROOF SKEW IS CAPPED AND FLOORED BY SQUARE ROOT OF TIME

Enforcing positive values for put and call spreads is the same as the below two conditions:

Change in price of a call when strike increases has to be negative (intuitively makes
sense, as you have to pay more to exercise the higher strike call).

Change in price of a put when strike increases has to be positive (intuitively makes
sense, as you receive more value if the put is exercised against you).

These conditions are the same as saying the gradient of x (=Strike/Forward) is bound by:

d?

d? d’
Lower bound = —+/27.¢ 2 [I= N(d,)]< x < +/27.¢ 2 .N(d,) = upper bound

It can be shown that these bounds decay by (roughly) the square root of time. This is plotted
below.

Figure 120. Upper and Lower Bound for Skew (given 25% volatility)
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Source: Santander Investment Bolsa.



Proof of theoretical cap for skew works in practice

In the above example, for a volatility of 25% the mathematical lower bound for one-year skew
(gradient of volatility with respect to strike) is -1.39. This is the same as saying that the
maximum difference between 99% and 100% strike implied is 1.39% (ie, 90%-100% or 95%-
105% skew is capped at 13.9%). This theoretical result can be checked by pricing one-year put
options with Black-Scholes.

Price 100% put with 25% implied = 9.95%
Price 99% put with 26.39% implied = 9.95% (difference of implied of 1.39%)

In practice, skew is likely to be bounded well before mathematical limits

While a 90%-100% one-year skew of 13.9% is very high for skew, we note buying cheap put
spreads will appear to be attractive long before the price is negative. Hence, in practice, traders
are likely to sell skew long before it hits the mathematical bounds for arbitrage (as a put
spread’s price tends to zero as skew approaches the mathematical bound). However, as the
mathematical bound decays by the square root of time, so too should the ‘market bound’.

OTM IMPLIEDS AT THE WINGS HAVE TO BE FLAT IN LOG SPACE

While it is popular to plot implieds vs delta, it can be shown for many models* that implied
volatility must be linear in log strike (ie, Ln[K/F]) as log strike goes to infinity. Hence a
parameterisation of a volatility surface should, in theory, be parameterised in terms of log
strike, not delta. In practice, however, as the time value of options for a very high strike is very
small, modelling implieds against delta can be used as the bid-offer should eliminate any
potential arbitrage.

" Eg, stochastic volatility plus jump models.
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BLACK-SCHOLES FORMULA

The most popular method of valuing options is the Black-Scholes-Merton model. We
show the key formulas involved in this calculation. The assumptions behind the model are
also discussed.

BLACK-SCHOLES MAKES A NUMBER OF ASSUMPTIONS

It is often joked that Black-Scholes is the wrong model with the wrong assumptions that gets
the right price. The simplicity of the model has ensured that it is still used despite the
competition from other, more complicated models. The assumptions are below:

Constant (known) volatility

Constant interest rates

No dividends (a constant dividend yield can, however, be incorporated into the interest rate)

Zero borrow cost, zero trading cost and zero taxes

Constant trading

Stock price return is log normally distributed

Can trade infinitely divisible amounts of securities

No arbitrage

BLACK-SCHOLES PRICE OF CALL AND PUT OPTIONS
Call option price = S x N(d,) — Ke " N(d,)
Put option price = — S x N(—d,) + Ke " N(d,)
where
2
Ln(Sj +(r+ 0—)T
J = K 2

1 O'\/T

2

(o}

4 —d —ofT - L”(K)Gﬁ

S = Spot

K = Strike

r =risk free rate (— dividend yield)
o = volatility

T = time (years)



GREEKS AND THEIR MEANING

Greeks is the name given to the (usually) Greek letters used to measure risk. We give the
Black-Scholes formula for the key Greeks and describe which risk they measure.

VEGAIS NOT AGREEK LETTER

Although Vega is a Greek, it is not a Greek letter. It is instead the brightest star in the
constellation Lyra. The main greeks and their definition are in the table below.

Figure 121. Greeks and their definition

Greek Symbol Measures Definition

Delta dorA Equity exposure Change in option price due to spot

Gamma yorl Convexity of payout Change in delta due to spot

Theta Bor® Time decay Change in option price due to time passing

Vega v Volatility exposure Change in option price due to volatility

Rho worQ Interest rate exposure Change in option price due to interest rates

Volga Aor A Vol of vol exposure Change in vega due to volatility

Vanna yorY Skew Change in vega due to spot OR change in delta due to volatility

Source: Santander Investment Bolsa estimates.

Call delta:
N(d)

Put delta:
_N(_dl)

= N(d,)-1

The variables for the below formulae are identical to the earlier definitions in the previous
section Black-Scholes Formula. In addition:

N’(z) is the normal density function,

e
N2
N(z) is the cumulative normal distribution, ie, N(0) = 0.5.

DELTA MEASURES EQUITY EXPOSURE

The most commonly examined Greek is delta, as it gives the equity sensitivity of the option
(change of option price due to change in underlying price). Delta is normally quoted in percent.
For calls it lies between 0% (no equity sensitivity) and 100% (trades like a stock). The delta of
puts lies between -100% (trades like short stock) and 0%. If a call option has a delta of 50%
and the underlying rises €1, the call option increases in value €0.50 (= €1 * 50%). Note the
values of the call and put delta in the formula below give the equity sensitivity of a forward of
the same maturity as the option expiry. The equity sensitivity to spot is slightly different.
Please note that there is a (small) difference between the probability that an option expires ITM
and delta.
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Figure 122. Delta (for Call) Delta (for Put)
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Source: Santander Investment Bolsa estimates.

GAMMA MEASURES CONVEXITY (AMOUNT EARNED DELTA HEDGING)

Gamma: Gamma measures the change in delta due to the change in underlying price. The higher the
B N'(d,)) gamma, the more convex is the theoretical payout. Gamma should not be considered a measure
SJTo of value (low or high gamma does not mean the option is expensive or cheap); implied

volatility is the measure of an option’s value. Options are most convex, and hence have the
highest gamma, when they are ATM and also about to expire. This can be seen intuitively as
the delta of an option on the day of expiry will change from c0% if spot is just below expiry to
c100% if spot is just above expiry (a small change in spot causes a large change in delta; hence,
the gamma is very high).

Figure 123. Gamma Theta
0.005 - 0.00
Gamma greatest for near dated options 20 40 200
0.004 - -0.02 + Spot (€)
0.003 - -0.04
-0.06
0.002
-0.08
0.001
010 1 Theta pays for gamma
0 . . ‘ ‘ ‘ ‘ ‘ ‘ . ’ (hence is also greatest for near dated options)
0 20 40 60 80 100 120 140 160 180 200 . {2
Spot (€)
Source: Santander Investment Bolsa estimates.
Call theta:
Sox N'(d) THETA MEASURES TIME DECAY (COST OF BEING LONG GAMMA)
(o2
WT Theta is the change in the price of an option for a change in time to maturity; hence, it

measures time decay. In order to find the daily impact of the passage of time, its value is
—rKe " "N(d,) normally divided by 252 (trading days in the year). If the second term in the formula below is
2 ignored, the theta for calls and puts are identical and proportional to gamma. Theta can

Put theta: therefore be considered the cost of being long gamma.

_SoxN'(d)

2T

+rKe " N(~d,)



VEGA MEASURES VOLATILITY EXPOSURE (AVERAGE OF GAMMAS)

Vega: Vega gives the sensitivity to volatility of the option price. Vega is normally divided by 100 to

S\/? x N'(d,) give the price change for a 1 volatility point (ie, 1%) move in implied volatility. Vega can be
considered to be the average gamma (or non-linearity) over the life of the option. As vega has a
VT in the formula power vega (vega divided by square root of time) is often used as a risk
measure (to compensate for the fact that near dated implieds move more than far-dated
implieds).

Figure 124. Vega
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Source: Santander Investment Bolsa.

RHO MEASURES INTEREST RATE RISK (RELATIVELY SMALL)

Call rho: Rho measures the change in the value of the option due to a move in the risk-free rate. The
KTe "N d,) profile of rho vs spot is similar to delta, as the risk-free rate is more important for more equity-
Put rho: sensitive options (as these are the options where there is the most benefit in selling stock and

— KTe " N(- d,) rf':p!acing it with an option and puttipg the difference in value on deposit). Rho is normally
divided by 10,000 to give the change in price for a 1bp move.

Figure 125. Rho (for call) Rho (for put)
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Source: Santander Investment Bolsa estimates.
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VOLGA MEASURES VOLATILITY OF VOLATILITY EXPOSURE

Volga: Volga is short for VOLatility GAmma, and is the rate of change of vega due to a change in
Sﬁdldz N'(d,) volatility. Volga (or Vomma/vega convexity) is highest for OTM options (approximately 10%
delta), as these are the options where the probability of moving from OTM to ITM has the
greatest effect on its value. For more detail on Volga, see the section How to Measure Skew
and Smile.

O

Figure 126. Volga Vanna
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Source: Santander Investment Bolsa estimates.

VANNA MEASURES SKEW EXPOSURE

Vanna: Vanna has two definitions as it measures the change in vega given a change in spot and the
—d,N'(d)) change in delta due to a change in volatility. The change in vega for a change in spot can be
o considered to measure the skew position, as this will lead to profits on a long skew trade if

there is an increase in volatility as spot declines. The extreme values for vanna occur for c15
delta options, similar to volga’s c10 delta peaks. For more detail on vanna, see the section How
to Measure Skew and Smile.



Volatility slide
theta measures
the increase of
skew as expiry
approaches

ADVANCED (PRACTICAL OR SHADOW) GREEKS

How a volatility surface changes over time can impact the profitability of a position.
While the most important aspects have already been covered (and are relatively well
understood by the market) there are ‘second order’ Greeks that are less well understood.
Two of the most important are the impact of the passage of time on skew (volatility slide
theta), and the impact of a movement in spot on OTM options (anchor delta). These
Greeks are not mathematical Greeks, but are practical or ‘shadow’ Greeks.

INCREASE IN SKEW AS TIME PASSES CAUSES ‘VOL SLIDE THETA’

As an option approaches expiry, its maturity decreases. As near-dated skew is larger than far-
dated skew, the skew of a fixed maturity option will increase as time passes. This can be seen
by assuming that skew by maturity (eg, three-month or one-year) is constant (ie, relative time,
the maturity equivalent of sticky moneyness or sticky delta). We also assume that three-month
skew is larger than the value of one year skew. If we buy a low strike one year option (ie, we
are long skew) then, assuming spot and ATM volatility stay constant, when the option becomes
a three-month option its implied will have risen (as three-month skew is larger than one-year
skew and ATM volatility has not changed). We define ‘volatility slide theta’ as the change in
price of an option due to skew increasing with the passage of time™*.

VOLATILITY SLIDE THETA IS MOST IMPORTANT FOR NEAR EXPIRIES

Given that skew increases as maturity decreases, this change in skew will increase the value of
long skew positions (as in the example) and decrease the value of short skew positions. The
effect of ‘volatility slide theta’ is negligible for medium- to far-dated maturities, but increases
in importance as options approach expiry. If a volatility surface model does not take into
account ‘volatility slide theta’, then its impact will be seen when a trader re-marks the volatility
surface.

VOL SLIDE THETA MEASURES IMPACT OF CONSTANT SMILE RULE

The constant smile rule (CSR) details how forward starting options should be priced. The
impact of this rule on valuations is given by the ‘volatility slide theta’ as they both assume a
fixed maturity smile is constant. The impact of this assumption is more important for forward
starting options than for vanilla options.

* While we concentrate on Black-Scholes implied volatilities, volatility slide theta also affects local
volatility surfaces.
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When traders
change their
‘anchor’ this
introduces a
second order

‘anchor delta’

WHEN TRADERS CHANGE THEIR ‘ANCHOR’ THIS INTRODUCES A
SECOND ORDER DELTA (‘ANCHOR DELTA’)

Volatility surfaces are normally modelled via a parameterisation. One of the more popular
parameterisations is to set the ATMf volatility from a certain level of spot, or ‘anchor’, and
then define the skew (slope). While this builds a reasonable volatility surface for near ATM
options, the wings will normally need to be slightly adjusted. Normally a fixed skew for both
downside puts and upside calls will cause upside calls to be too cheap (as volatility will be
floored) and downside puts to be too expensive (as volatility should be capped at some level,
even for very low strikes). As the ‘anchor’ is raised, the implied volatility of OTM options
declines (assuming the wing parameters for the volatility surface stay the same). We call this
effect ‘anchor delta’.

Implied volatility has to be floored, and capped, for values to be realistic

There are many different ways a volatility surface parameterisation can let traders correct the
wings, but the effect is usually similar. We shall simply assume that the very OTM call implied
volatility is lifted by a call accelerator, and very OTM put implied volatility is lowered by a put
decelerator. This is necessary to prevent call implieds going too low (ie, below minimum
realised volatility), or put implieds going too high (ie, above maximum realised volatility). The
effect of these wing parameters is shown in Figure 127 below.

Figure 127. Skew with Put Decelerators and Call Accelerators
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Source: Santander Investment Bolsa.

Traders tend to refresh a surface by only changing the key parameters

For liquid underlyings such as indices, a volatility surface is likely to be updated several times
a day (especially if markets are moving significantly). Usually only the key parameters will be
changed, and the less key parameters such as the wing parameters are changed less frequently.
We shall assume that there will be many occasions where there is a movement in spot along the
skew (ie, static strike for near ATM strikes). In these cases a trader is likely to change the
anchor (and volatility at the anchor, which has moved along the skew), but leave the remaining
skew and wing parameters (which are defined relative to the anchor) unchanged. In order to
have the same implied volatility for OTM options after changing the anchor, the call
accelerator should be increased and the put decelerator decreased. In practice this does not
always happen, as wing parameters are typically changed less frequently. The effect of an
increase in anchor along the (static strike) skew while leaving the wing parameters unchanged
is shown below.



Figure 128. Moving Anchor 10% Higher Along the Skew
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OTM options have a second order ‘anchor delta’

To simplify the example we shall assume the call wing parameter increases the implied
volatility for strikes 110% and more, and the put wing parameter decreases the implied
volatility for strikes 90% or lower. If spot rises 10%, the 120% call implied volatility will
suffer when the anchor is re-marked 10% higher, because the call implied volatility is initially
lifted by the call wing parameter (which no longer has an effect). OTM calls therefore have a
negative ‘anchor delta’ as they lose value as anchor rises. Similarly, as anchor rises the effect
of the put wing will increase, lowering the implied volatility of puts of strike 90% or less as
anchor rises. So, under this scenario all options that are OTM have a negative ‘anchor delta’
that needs to be hedged.
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Voting rights lost
when shares are
lent

SHORTING STOCK BY BORROWING SHARES

The hedging of equity derivatives assumes you can short shares by borrowing them. We
show the processes involved in this operation. The disadvantages, and benefits, to an
investor who lends out shares are also explained.

THERE IS NO COUNTERPARTY RISK WHEN YOU LEND SHARES

To short shares initially, the shares must first be borrowed. In order to remove counterparty
risk, when an investor lends out shares he/she receives collateral (cash, stock, bonds, etc) for
the same value. Both sides retain the beneficial ownership of both the lent security and the
collateral, so any dividends, coupons, rights issues are passed between the two parties. If cash
is used as collateral, the interest on the cash is returned. Should a decision have to be made, ie,
to receive a dividend in cash or stock, the decision is made by the original owner of the
security. The only exception is that the voting rights are lost, which is why lent securities are
often called back before votes. To ensure there is no counterparty risk during the time the
security is lent out, the collateral and lent security is marked to market and the difference
settled for cash (while a wide range of securities can be used as initial collateral, only cash can
be used for the change in value of the lent security).

Figure 129. Borrowing Shares
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Source: Santander Investment Bolsa.



Short seller
receives interest
rate on collateral
(less dividends
and borrow) as
short rebate

SELLING THE STOCK YOU HAVE BORROWED GIVES A SHORT POSITION

Once an investor has borrowed shares, these shares can be sold in the market. The proceeds
from this sale can be used as the collateral given to the lender. Selling borrowed shares gives a
short position, as profits are earned if the stock falls (as it can be bought back at a lower price
than it was sold for, and then returned to the original owner).

Figure 130. Borrowing Shares — can you resize so double line is closer
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Source: Santander Investment Bolsa.

EARN SHORT REBATE WHEN YOU SHORT

The investor who has shorted the shares receives interest on the collateral, but has to pass
dividends and borrow cost to the original owner. The net of these cash flows is called the short
rebate, as it is the profit (or loss for high dividend paying stocks) that occurs if there is no
change in the price of the shorted security. Shorting shares is therefore still profitable if shares
rise by less than the short rebate.

Short rebate = interest rate (normally central bank risk free rate) — dividends — borrow cost



Figure 131. Initial and Final Position of Lender, Borrower and Market Following Shorting of Shares
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Sortino ratio is
Sharpe ratio
where excess
return is divided
by downside risk
(not total risk)

SORTINO RATIO

If an underlying is distributed normally, standard deviation is the perfect measure of
risk. For returns with a skewed distribution, such as with option trading or call
overwriting, there is no one perfect measure of risk; hence, several measures of risk
should be used. The Sortino is one of the most popular measures of skewed risk, as it only
takes into account downside risk.

SORTINO RATIO IS MODIFICATION OF SHARPE RATIO

The Sharpe ratio measures the excess return, or amount of return (R) that is greater than the
target rate of return (T). Often zero or risk-free rate is used as the target return. To take
volatility of returns into account, this excess return is divided by the standard deviation.
However, this takes into account both upside and downside risks. As investors are typically
more focused on downside risks, the Sortino ratio modifies the Sharpe ratio calculation to only
divide by the downside risk (DR). The downside risk is the square root of the target
semivariance, which can be thought of as the amount of standard deviation due to returns less
than the target return. The Sortino ratio therefore only penalises large downside moves, and is
often thought of as a better measure of risk for skewed returns.

. R-T
Sortino = ——
DR

where

T 0.5
DR = D (T - x) f(x)dx}

R = Return

T = Target return
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Using CDS is
likely to be
superior to
corporate bonds
for funding and
technical reasons

CAPITAL STRUCTURE ARBITRAGE

When Credit Default Swaps were created in the late 1990’s, they traded independently of
the equity derivative market. The high levels of volatility and credit spreads during the
bursting of the TMT bubble demonstrated the link between credit spreads, equity, and
implied volatility. We examine four models that demonstrate this link (Merton model,
jump diffusion, put vs CDS, and implied no-default volatility).

NORMALLY TRADE CREDIT VS EQUITY, NOT VOLATILITY

Capital structure arbitrage models can link the price of equity, credit and implied volatility.
However, the relatively wide bid-offer spreads of equity derivatives mean trades are normally
carried out between credit and equity (or between different subordinations of credit and
preferred shares vs ordinary shares). The typical trade is for an investor to go long the security
that is highest in the capital structure, for example, a corporate bond (or potentially a convertible
bond), and short a security that is lower in the capital structure, for example, equity. Reverse
trades are possible, for example, owning a subordinated higher yielding bond and shorting a
senior lower yielding bond (and earning the positive carry as long as bankruptcy does not
occur). Only for very wide credit spreads and high implied volatility is there a sufficiently
attractive opportunity to carry about an arbitrage between credit and implied volatility. We shall
concentrate on trading credit vs equity, as this is the most common type of trade.

Credit spread is only partly due to default risk

The OAS (Option Adjusted Spread) of a bond over the risk-free rate can be divided into three
categories. There is the expected loss from default; however, there is also a portion due to
general market risk premium and additionally a liquidity cost. Tax effects can also have an
effect on the corporate bond market. Unless a capital structure arbitrage model takes into
account the fact that not all of a bond’s credit spread is due to the risk of default, the model is
likely to fail. The fact that credit spreads are higher than they should be if bankruptcy risk was
the sole risk of a bond was often a reason why long credit short equity trades have historically
been more popular than the reverse (in addition to the preference to being long the security that
is highest in the capital structure in order to reduce losses in bankruptcy).

CDS usually better than bonds for credit leg, as they are unfunded and easier to short

Using CDS rather than corporate bonds can reduce many of the discrepancies in spread that a
corporate bond suffers and narrow the difference between the estimated credit spread and the
actual credit spread. We note that CDS are an unfunded trade (ie, leveraged), whereas
corporate bonds are a funded trade (have to fund the purchase of the bond) that has many
advantages when there is a funding squeeze (as occurred during the credit crunch). CDS also
allow a short position to be easily taken, as borrow for corporate bonds is not always available,
is usually expensive and can be recalled at any time. While borrow for bonds was c50bp before
the credit crunch it soared to c5% following the crisis.

Credit derivatives do not have established rules for equity events

While credit derivatives have significant language against credit events, they have no language
for equity events, such as special dividends or rights issues. Even for events such as takeovers
and mergers, where there might be relevant documentation, credit derivatives are likely to
behave differently than equity (and equity derivatives).



While the bond
market lags the
CDS market, on
average there is
no difference
between CDS and
equity

CREDIT MARKET CAN LEAD EQUITY MARKET AND VICE VERSA

We note that there are occasions when corporate bond prices lag a movement in equity prices,
simply as traders have not always updated levels (but this price would be updated should an
investor request a firm price). CDS prices suffer less from this effect, and we note for many
large companies the corporate bond market is driven by the CDS market and not vice versa (the
tail wags the dog). Although intuitively the equity market should be more likely to lead the
CDS market than the reverse (due to high frequency traders and the greater number of market
participants), when the CDS market is compared to the equity market on average neither
consistently leads the other. Even if the CDS and equity on average react equally as quickly to
new news, there are still occasions when credit leads equity and vice versa. Capital structure
arbitrage could therefore be used on those occasions when one market has a delayed reaction to
new news compared to the other.

GREATEST OPPORTUNITY ON BBB OR BB RATED COMPANIES

In order for capital structure arbitrage to work, there needs to be a strong correlation between
credit and equity. This is normally found in companies that are rated BBB or BB. The credit
spread for companies with ratings of A or above is normally more correlated to the general
credit supply and interest rates than the equity price. For very speculative companies (rated B
or below), the performance of their debt and equity is normally very name-specific, and often
determined by the probability of takeover or default.

Capital structure arbitrage works best when companies don’t default

Capital structure arbitrage is a bet on the convergence of equity and credit markets. It has the
best result when a company in financial distress recovers, and the different securities it has
issued converge. Should the company enter bankruptcy, the returns are less impressive. The
risk to the trade is that the company becomes more distressed, and as the likelihood of
bankruptcy increases the equity and credit markets cease to function properly. This could result
in a further divergence or perhaps closure of one of the markets, potentially forcing a
liquidation of the convergence strategy.

FUNDAMENTAL FACTORS CAN DWARF STATISTICAL RELATIONSHIPS

Capital structure arbitrage assumes equity and credit markets move in parallel. However, there
are many events that are bullish for one class of investors and bearish for another. This
normally happens when the leverage of a company changes suddenly. Takeovers and rights
issues are the two main events that can quickly change leverage. Special dividends, share
buybacks and a general reduction of leverage normally have a smaller, more gradual effect.

Rights issue. A rights issue will always reduce leverage, and is effectively a transfer of value
from equity holders to debt holders (as the company is less risky, and earnings are now divided
amongst a larger number of shares).

Takeover bid (which increases leverage). When a company is taken over, unless the
acquisition is solely for equity, a portion of the acquisition will have to be financed with cash
or debt (particularly during a leveraged buyout). In this case, the leverage of the acquiring
company will increase, causing an increase in credit spreads and a reduction in the value of
debt. Conversely, the equity price of the acquiring company is more stable. For the acquired
company, the equity price should jump close to the level of the bid and, depending on the
structure of the offer, the debt could fall (we note that if the acquired company is already in
distress the value of debt can rise; for example, when Household was acquired by HSBC).
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downgraded by
S&P a day after
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bought a 5% stake

GM EQUITY SOARED A DAY BEFORE CREDIT SANK, CAUSING LOSSES

On May 4, 2005, Kirk Kerkorian announced the intention to increase his (previously unknown)
stake in GM, causing the troubled company’s share price to soar 18% intraday (7.3% close to
close). The following day, S&P downgraded GM and Ford to ‘junk’, causing a collapse in the
credit market and a 122bp CDS rise in two days. As many capital structure arbitrage investors
had a long credit short equity position, both legs were loss making and large losses were suffered.

Figure 132. Equity vs Credit Spread (5-Year CDS) for Ford
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Source: Santander Investment Bolsa.

CORRELATION BETWEEN CREDIT AND EQUITY LOW AT STOCK LEVEL

For many companies the correlation between equity and credit is not particularly strong, with a
typical correlation between 5% and 15%. Hence it is necessary for a capital structure arbitrage
investor to have many different trades on simultaneously. The correlation of a portfolio of
bonds and equities is far higher (c90%).

Figure 133. SX5E vs 5-Year CDS (European HiVol)
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MODELLING THE LINK BETWEEN CREDIT SPREADS AND IMPLIED VOL

While there are many models that show the link between the equity, equity volatility and debt
of a company, we shall restrict ourselves to four of the most popular.

Merton model. The Merton model uses the same model as Black-Scholes, but applies it to
a firm. If a firm is assumed to have only one maturity of debt, then the equity of the
company can be considered to be a European call option on the value of the enterprise
(value of enterprise = value of debt + value of equity) whose strike is the face value of
debt. This model shows how the volatility of equity rises as leverage rises. The Merton
model also shows that an increase in volatility of the enterprise increases the value of
equity (as equity is effectively long a call on the value of the enterprise), and decreases the
value of the debt (as debt is effectively short a put on the enterprise, as they suffer the
downside should the firm enter bankruptcy but the upside is capped).

Jump diffusion. A jump diffusion model assumes there are two parts to the volatility of a
stock. There is the diffusive (no-default) volatility, which is the volatility of the equity
without any bankruptcy risk, and a separate volatility due to the risk of a jump to
bankruptcy. The total volatility is the sum of these two parts. While the diffusive volatility
is constant, the effect on volatility due to the jump to bankruptcy is greater for options of
low strike than high strike causing ‘credit induced skew’. This means that as the credit
spread of a company rises, this increases the likelihood of a jump to bankruptcy and
increases the skew. A jump diffusion model therefore shows a link between credit spread
and implied volatility.

Put vs CDS. As the share price of a company in default tends to trade close to zero, a put
can be assumed to pay out its strike in the even of default. This payout can be compared to
the values of a company’s CDS, or its debt market (as the probability of a default can be
estimated from both). As a put can also have a positive value even if a company does not
default, the value of a CDS gives a floor to the value of puts. As 1xN put spreads can be
constructed to never have a negative payout, various caps to the value of puts can be
calculated by ensuring they have a cost. The combination of the CDS price floor, and put
price cap, gives a channel for implieds to trade without any arbitrage between CDS and put
options.

No-default implied volatility. Using the above put vs CDS methodology, the value of a
put price due to the payout in default can be estimated. If this value is taken away from the
put price, the remaining price can be used to calculate a no-default implied volatility (or
implied diffusive volatility). The skew and term structure of implied no-default implied
volatilities are flatter than Black-Scholes implied volatility, which allows an easier
comparison and potential for identifying opportunities.
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(1) MERTON MODEL

The Merton model assumes that a company has an enterprise value (V) whose debt (D) consists
of only one zero coupon bond whose value at maturity is K. These assumptions are made in
order to avoid the possibility of a default before maturity (which would be possible if there was
more than one maturity of debt, or a coupon had to be paid. The company has one class of
equity (E) that does not pay a dividend. The value of equity (E) and debt (D) at maturity is
given below.

Enterprise value=V =E +D
Equity = Max(V - K, 0) =call on V with strike K
Debt = Min(V, K) = K — Max(K -V, 0) = Face value of debt K — put on V with strike K

Figure 134. Graph of Value of Enterprise, Equity and Debt
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Source: Santander Investment Bolsa.

Enterprise value of a firm at maturity has to be at least K or it will enter bankruptcy

Before the maturity of the debt, the enterprise has obligations to both the equity and debt
holders. At the maturity of the debt, if the value of the enterprise is equal to or above K, the
enterprise will pay off the debt K and the remaining value of the firm is solely owned by the
equity holders. If the value of the enterprise is below K then the firm enters bankruptcy. In the
event of bankruptcy, the equity holders get nothing and the debt holders get the whole value of
the enterprise V (which is less than K).

Equity is long a call on the value of a firm

If the value of the enterprise V is below the face value of debt K at maturity the equity holders
receive nothing. However, if V is greater than K, the equity holders receive V - K. The equity
holders therefore receive a payout equal to a call option on V of strike K.

Debt is short a put on value of firm

The maximum payout for owners of debt is the face value of debt. This maximum payout is
reduced by the amount the value of the enterprise is below the face value of debt at maturity.
Debt is therefore equal to the face value of debt less the value of a put on V of strike K.
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DEBT HAS ADELTA THAT CAN BE USED TO ARBITRAGE VS EQUITY

As the value of the short put has a delta, debt has a delta. It is therefore possible to go long debt
and short equity (at the calculated delta using the Merton model) as part of a capital structure
arbitrage trade.

If enterprise value is unchanged, then if value of equity rises, value of credit falls

As enterprise value is equal to the sum of equity and debt, if enterprise value is kept constant
then for equity to rise the value of debt must fall. An example would be if a company attempts
to move into higher-risk activity, lifting its volatility. As equity holders are long a call on the
value of the company they benefit from the additional time value. However, as debt holders are
short a put they suffer should a firm move into higher-risk activities.

Merton model assumes too high a recovery rate

Using the vanilla Merton model gives unrealistic results with credit spreads that are too tight.
This is because the recovery rate (of V/K) is too high. However, using more advanced models
(eg, stochastic barrier to take into account the default point is unknown), the model can be
calibrated to market data.

MERTON MODEL EXPLAINS EQUITY SKEW

The volatility of an enterprise should be based on the markets in which it operates, interest
rates and other macro risks. It should, however, be independent of how it is funded. The
proportion of debt to equity therefore should not change the volatility of the enterprise V;
however, it does change the volatility of the equity E. It can be shown that the volatility of
equity is approximately equal to the volatility of the enterprise multiplied by the leverage
(V/E). Should the value of equity fall, the leverage will rise, lifting the implied volatility. This
explains skew: the fact that options of lower strike have an implied volatility greater than
options of high strike.

og =~ oy X V/ E (= oy x leverage)

Figure 135. Value of Enterprise and Equity with Low Debt
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Firms with a small amount of debt have equity volatility roughly equal to firm volatility

If a firm has a very small (or zero) amount of debt, then the value of equity and the enterprise
are very similar. In this case, the volatility of the equity and enterprise should be very similar
(see Figure 135 above).

Firms with high value of debt to equity have very high equity volatility

For enterprises with very high levels of debt, a relatively small percentage change in the value
of the enterprise V represents a relatively large percentage change in the value of equity. In
these cases equity volatility will be substantially higher than the enterprise volatility (see
Figure 136 below).

Figure 136. Value of Enterprise and Equity with High Debt
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Proof equity volatility is proportional to leverage

The mathematical relationship between the volatility of the enterprise and volatility of equity is
given below. The N(d,) term adjusts for the delta of the equity.

GE=N(d1)XGVxV/E

If we assume the enterprise is not distressed and the equity is [ITM, then N(d,) or delta of the
equity should be very close to 1 (it is usually c90%). Therefore, the equation can be simplified
so the volatility of equity is proportional to leverage (V / E).

Og =~ Oy X leverage

207



Zero credit spread
implies a
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never default

(2) JUMP DIFFUSION

A jump diffusion model separates the movement of equities into two components. There is the
diffusive volatility, which is due to random log-normally distributed returns occurring
continuously over time. In addition, there are discrete jumps the likelihood of which is given by
a credit spread. The total of the two processes is the total volatility of the underlying. It is this
total volatility that should be compared to historic volatility or Black-Scholes volatility.

Default risk explained by credit spread

For simplicity, we shall assume that in a jump diffusion model the jumps are to a zero stock
price as the firm enters bankruptcy, but results are similar for other assumptions. The credit
spread determines the risk of entering bankruptcy. If a zero credit spread is used, the company
will never default. The probability of default increases as the credit spread increases
(approximately linearly).

Figure 137. Credit-Induced Skew (with 100bp credit spread)
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JUMP DIFFUSION CAUSES CREDIT-INDUCED SKEW

To show how credit spread (or bankruptcy) causes credit-induced skew, we shall price options
of different strike with jump diffusion, keeping the diffusive volatility and credit spread
constant. Using the price of the option, we shall then calculate the Black-Scholes implied
volatility. The Black-Scholes implied volatility is higher for lower strikes than higher strikes,
causing skew.

Credit-induced skew is caused by ‘option on bankruptcy’

The time value of an option will be divided between the time value due to diffusive volatility
and the time value due to the jump to zero in bankruptcy. High strike options will be relatively
unaffected by the jump to bankruptcy, and the Black-Scholes implied volatility will roughly be
equal to the diffusive volatility. However, the value of a jump to a zero stock price will be
relatively large for low strike put options (which, due to put call parity, is the implied for all
options). The difference between the Black-Scholes implied and diffusive volatility could be
considered to be the value due to the ‘option on bankruptcy’.
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(3) PUT VS CDS

The probability distribution of a stock price can be decomposed into the probability of a jump
close to zero due to credit events or bankruptcy, and the log-normal probability distribution that
occurs when a company is not in default. While the value of a put option will be based on the
whole probability distribution, the value of a CDS will be driven solely by the probability
distribution due to default. The (bi-modal) probability distribution of a stock price due to
default, and when not in default, is shown below.

Figure 138. Stock Price Probability Distribution
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Source: Santander Investment Bolsa.

Puts can be used instead of CDS (as puts pay out strike price in event of bankruptcy)

When a stock defaults, the share price tends to fall to near zero. The recovery rate of equities
can only be above zero if debt recovers 100% of face value, and most investors price in a c40%
recovery rate for debt. A put can therefore be assumed to pay out the maximum level (ie, the
strike) in the event of default. Puts can therefore be used as a substitute for a CDS. The number
of puts needed is shown below.

Value of puts in default = Strike x Number of Puts

Value of CDS in default = (100% — Recovery Rate) x Notional

In order to substitute value of puts in default has to equal value of CDS in default.
= Strike X Number of Puts = (100% — Recovery Rate) x Notional

= Number of Puts = (100% — Recovery Rate) x Notional / Strike

CDS PRICES PROVIDE FLOOR FOR PUTS

As a put can have a positive value even if a stock is not in default, a CDS must be cheaper than
the equivalent number of puts (equivalent number of puts chosen to have same payout in event
of default, ie, using the formula above). If a put is cheaper than a CDS, an investor can initiate
a long put-short CDS position and profit from the difference. This was a popular capital
structure arbitrage trade in the 2000-03 bear market, as not all volatility traders were as focused
on the CDS market as they are now, and arbitrage was possible.



Implied volatility
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CDS in default must have greater return than put in default (without arbitrage)

As a CDS has a lower price for an identical payout in default, a CDS must have a higher return
in default than a put. Given this relationship, it is possible to find the floor for the value of a
put. This assumes the price of a CDS is ‘up front’ ie, full cost paid at inception of the contract
rather than quarterly.

Puts return in default = Strike / Put Price

CDS return in default = (100% — Recovery Rate) / CDS Price

As CDS return in default must be greater than or equal to put return in default.
= (100% — Recovery Rate) / CDS Price > Strike / Put Price
= Put Price > Strike x CDS Price / (100% — Recovery Rate)

PUT VS CDS IS APOPULAR CAPITAL STRUCTURE ARBITRAGE TRADE

As the prices of the put and CDS are known, the implied recovery rate can be backed out using
the below formula. If an investor’s estimate of recovery value differs significantly from this
level, a put vs CDS trade can be initiated. For a low (or zero) recovery rate, the CDS price is
too high and a short CDS long put position should be initiated. Conversely, if the recovery rate
is too high, a CDS price is too cheap and the reverse (long CDS, short put) trade should be
initiated.

Put Price = Strike x CDS Price / (100% — Implied Recovery Rate)

RATIO PUT SPREADS CAP VALUE OF PUTS

CDSs provide a floor to the price of a put. It is also possible to cap the price of a put by
considering ratio put spreads. For example, if we have the price for the ATM put, this means
we know that the value of a 50% strike put cannot be greater than half the ATM put price. If
not, we could purchase an ATM-50% 1x2 put spread (whose payout is always positive) and
earn a premium for free. This argument can be used for all strikes K and all 1xN put spreads,
and is shown below:

K
N x put of strike N < put of strike K

ARBITRAGE MOST LIKELY WITH LOW STRIKE AND LONG MATURITY

The combination of CDS prices providing a floor, and put prices of higher strikes providing a
cap, gives a corridor for the values of puts. The width of this corridor is narrowest for low
strike long maturity options, as these options have the greatest percentage of their value
associated with default risk. As for all capital structure arbitrage strategies, companies with
high credit spreads are more likely to have attractive opportunities and arbitrage is potentially
possible for near-dated options.
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(4) NO-DEFAULT IMPLIED VOLATILITY

The volatility of a stock price can be decomposed into the volatility due to credit events or
bankruptcy and the volatility that occurs when a company is not in default. This is similar to
the volatility due to jumps and the diffusive volatility of a jump diffusion model. As the value
of a put option due to the probability of default can be calculated from the CDS or credit
market, if this value was taken away from put prices this would be the ‘no-default put price’
(ie, the value the put would have if a company had no credit risk). The implied volatility
calculated using this ‘no-default put price’ would be the ‘no-default implied volatility’. No-
default implied volatilities are less than the vanilla implied volatility, as vanilla implied
volatilities include credit risk).

No-default implied volatilities have lower skew and term structure

While we derive the no-default implied volatility from put options, due to put call parity the
implied volatility of calls and puts is identical for European options. As the value of a put
associated with a jump to default is highest for low-strike and/or long-dated options, no-default
implied volatilities should have a lower skew and term structure than vanilla Black-Scholes
implied volatilities. A no-default implied volatility surface should therefore be flatter than the
standard implied volatility surface and, hence, could be used to identify potential trading
opportunities.



The products and strategies addressed in this report are complex, typically involve a high degree of risk
and are intended for sale only to sophisticated investors who are capable of understanding and assuming
the risks involved. The market value of any structured security may be affected by changes in economic,
financial and political factors (including, but not limited to, spot and forward interest and exchange rates),
time to maturity, market conditions and volatility, and the credit quality of any issuer or reference issuer.
Any investor interested in purchasing a structured product should conduct their own investigation and
analysis of the product and consult with their own professional advisers as to the risks involved in making
such a purchase.

The opinions and recommendations included in this report are not necessarily those of the Equity
Research Department of Santander Investment Bolsa or of its affiliates. A “Trading Places” rating on a
specific company equating to that associated with a conventional “Buy, Hold or Underweight”
recommendation should not be construed as a fundamental or official rating of a Santander Investment
Bolsa analyst. Furthermore, the opinions and strategies contained in this report are completely
independent of those that the Equity Research and Sales/Trading Departments of Santander Investment
Bolsa may have from time to time.

Some investments discussed in this report may have a high level of volatility. High volatility investments
may experience sudden and large falls in their value causing losses when that investment is realised.
Those losses may equal your original investment. Indeed, in the case of some investments the potential
losses may exceed the amount of initial investment and, in such circumstances, you may be required to
pay more money to support those losses. Income yields from investments may fluctuate and, in
consequence, initial capital paid to make the investment may be used as part of that income yield. Some
investments may not be readily realisable and it may be difficult to sell or realise those investments,
similarly it may prove difficult for you to obtain reliable information about the value, or risks, to which such
an investment is exposed.

Past performance should not be taken as an indication or guarantee of future performance, and no
representation or warranty, express or implied, is made regarding future performance. Information,
opinions and estimates contained in this report reflect a judgement at its original date of publication by
Grupo Santander and are subject to change without notice. The price, value of and income from any of
the securities or financial instruments mentioned in this report can fall as well as rise. The value of
securities and financial instruments is subject to exchange rate fluctuation that may have a positive or
adverse effect on the price or income of such securities or financial instruments.

Information and opinions presented in this report have been obtained or derived from sources believed by
Grupo Santander to be reliable, but Grupo Santander makes no representation as to their accuracy or
completeness. Grupo Santander accepts no liability for loss arising from the use of the material presented
in this report, except that this exclusion of liability does not apply to the extent that such liability arises
under specific statutes or regulations applicable to Grupo Santander. This report is not to be relied upon
in substitution for the exercise of independent judgment. Grupo Santander may have issued, and may in
the future issue, other reports that are inconsistent with, and reach different conclusions from, the
information presented in this report. Those reports reflect the different assumptions, views and analytical
methods of the analysts who prepared them and Grupo Santander is under no obligation to ensure that
such other reports are brought to the attention of any recipient of this report.

See back cover of this report for further disclaimer disclosures.
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