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Dear Joe,

Thask you for givieg us the opportunity %0 Gscuss our seggestions for a reformulated VIX index last week
As we mentioned, we believe thet the VIX index and its users would be best served if the fndex could
become 8 more standerdized calculasion, and iff it became easicr 10 bedge wsing existing listed optons
contracts. We behove that with some relatyvely mascs changes the calculation could become 2 more
standard messme of uupled volatility, and that with soms slightly more complex modifications, the index
could become hedgeable, thereby increasieg the Eialibood of traded producs oa the VIX becoming
actively wadod

Our suggestions are a1 follows:

i Move the caleniation (rom OEX (S£P 108) te SPX (S&P 500) options prices. Siace the VIX
was angmally formelated, the SPX has increasingly gamed market shooe at the expense of the
OFX. Over the fizsst quartcr of 2003, ow calculstions suggest that volume in OEX options
compased caly 12% of US mdex optica doliar volume, while SPX opoions accounted for 82%, of
volume. Furtharmore, with liquid traded funees svadlable only on the SPX, then replicating the
VIX becomes mech casier when & is based on the SPOC

u. Remove the business days to calendar days trasnsforination from the caleviation, Thys
wassfonnancn, as discussed @ the original Whaley rescarch paper’, crsaies a predicaable, bt
unstable relanonahip between quoted smplied velatility and the level of the VIX index. Whatever
the merts of the calculation, it increases metability &= the VIX. Simply removing tiis component
o e calculaton will make the VIX more wadely sndorsiood that it currsatly is. Appendix A
lustrates the relationship between the VIX and quoted kmplicd volanlity as days 1o oplion
cxpuration elapse.

. Use continueus tine rather than discrete daily changes in time 1o expiration. Most markct
tmakeérs view time o EXpIranion as moving contimuautly. In other wards, tome s measured in daye,
hours and minutes ©© expraton.  As monutcs and bowuss elapse 1o expiration, time 1s aspumed o be
passing 1 ondy e smnbor of days to cxpualoa 5 2sed, then (he amount of time to expination is

' "Denvatives on Maket Volstility: Hedging Tooks Loag Overduc™. Robert . Whaley, Jourua) of
Denivaaves | (Fall 1993), 71-84
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assumed 10 be the same in the moming as in the aftemoon of & particaler day. While this s 2
minar improvemeat, we belicve it reflects sandard practice w the ophons mausoy.

v, Interpolate variance rather than velatility to caleulate 9 standardined one mwouth implind
volatility measure. The noticn that volatility mcysases proportions] ™ the squar: root of time, of
that vanancs mcreases proportional to Sme, is ceatral to the Black-Scholes formwla and other
option pricing techmiques. The comrent VIX calculation, interpolaics volatility between the nrarby
and second nearby oplions expirstoes o donve 3 saedardized one month volatitity measurs.
pricing models as well as serm structurs models for mmplicd volatdlity.

v Base the caleulation of the VIX o variance swap or “fair™ velatility. Faxr volatility is
typically quite close 10 At-The-Moasy impiied volatility (Typically greater by a factor of 1,07 with
a range of 1.02 to 1.12 for onc moath opticas). The major sdvastages of moving the calculation
to fair volatility from ATM implied volatlity are:

3. Products hased on the square of the fair volatility are hedycstle asing sa sppropriztely
weighted static stnp of options (options at differsat strikes, but the cxme matarity). This
automancally means that oprions marke: makers will be in 2 bemer posimon o make marksts
on the VIC

b Fair volatility is calculated from option prices tather than imphcd volstlity. Therefore the
001 required to calculate faw volstaliy.

¢ Fair volanlity ia caleulnted using & senge of options prices ar differeat saikes. Therefore far
volatlity captures the skew, and = also less dependent on individual ATM ophions prices.

We believe that fair valarility can be approxansted with quise & simple formula - see Appendix B
for the demils. While we appreciate that fair volatility is & more complex concept than ATM
implied volasility, we befisve that producing as index which can be eanly hodged (or ot least
whose square can be hedged) has strong advantages over other formuiations of the VIX. Wa aleo
oote that users of the VIX have accepted the cumrent calculsticn with 1B rather upnsval
rzlatioaship to quoted implied volatility and that the curyent caleulations itsell complex. Users
may not be particulerly concerned abogs the nuances of fair volatility 10 ATM fmplied volatility.
Finally we believe that having one taded prodect (based on the VIX®) is 2 much nexter solution
han having twe products, oac based ca (he cavent VIX, widely followed, but duffisul 10 hedge,
and the ather based cn varfance swaps, casier 1o hedpge but with relatively lower following.

vi. Maks any products bascd on the VIX based oo the sqquare of the index. Products based on
volatility (standard deviation) are extremely difficoit 1o bedge. In contrast, prodacts based oc
variance can be hedged with 2 static strip of options.  The best dafinition of variance for hedging
purposcs is falr varisace, as described la Appendix B. Fowever, even if it is nor possible 10 use
the fair variance caleulation, based on the square of ATM implied volatility would be substastially
easier t0 hedge than products based os ATM snphicd voluility itself.

We beheve that cach of these modifications woeld improve the likelibond of success of contracts based on
the VIX index  Pleasc do contact us if we can provide farther dotends or clarify in any way.
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Appendix A: Relationship of carrent VIX valasility to one month ATM implicd volatility duse to
calendar day sdjustment

1f implied volatlity on the OEX ATM scarby and sccoad ncarby opnone were fixed. the curreat VIX
calculabon would cause the VIX to have a2 level sbove OEX ATM volatility by a factor illustrazed below.
This is 2 resuit of the calendar day adjnstmcat.

Ratho of current VIX to ATM Implied OEX volatility as a
result of calendar days transformation
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Appendix B: Caleulztion of Variance Swap, or “Fais™ Velatility

7
2 AK 1 e!f"’rs
c = T 5 P (x,)--{——--|

K T A
Where:
p is B volanhty
Jav

T Tirne 10 maturity (in years - Le. calends days 7 365)

s Current index leve!

AKX Spacing between stnkes used for calcuiston

K Strike price for optios ¢

& Furst opton sike below current mdex level §

R Laterest rate to Dwe |

P (K)) Ouoted mid-market price (pot volashry) for aut-of-the-money option at strike
K (ie acall for swrikes > X, , 3 pet for stmikes <K, ). AL K usc average
of put and call prsces

Gives o o, calculated for options ot the ecmby (T, ) xad the socond acarby (T ) ophon terms, then we
can lincarly tterpolate in time (1) 0%, -t o caloulate & o, waay
This calculaton is aa spproximation for tree fair volatility, bat we bebeve 12 15 quite a close apgroxunation.

We would recommend using 3 toml of cight stnke praces (four puts 30d foar calls), currently with a
separation of 25 index potats




