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hole at the Milky Way’s center



Before I came here I was confused 
about the subject. Having listened to 
your lecture I am still confused. But on 
a higher level.

Enrico Fermi (1901-1954)

Niels Bohr
and 

Albert Einstein



The Happy Face of Volatility

Myron Scholes (1941 - )

Robert Merton (1944 - ) Fischer Black (1938 - 1995)

Whenever I see your smiling face
I have to smile myself
Because I love you (Yes, I do)
And when you give me that pretty little pout
It turns me inside out
There's something about you, baby (I don't know)

James Taylor – “Your Smiling Face” © Country Road Music

The smile on your face
Lets me know that you need me
There's a truth in your eyes
Saying you'll never leave me
The touch of your hand
Says you'll catch me if ever I fall
You say it best
When you say nothing at all 

Keith Whitley, Allison Kraus – “When You 
Say Nothing at All” © RCA



“Happy” smiles

• These song writers 
obviously knows nothing 
about volatility smiles. 

• Options “smile” at traders, 
but that smile is not a 
source of happiness

• Will the smile catch you if 
you fall? Probably not.



Volatility Dynamics?

• The Black & Scholes option pricing model assumes that 
volatility is constant. 

• It is well known, that when equity prices go up (down) 
volatility usually goes down (up) – there is an inverse 
relationship between volatility and the underlying asset price. 



The Volatility Skew

• The Black and Scholes model assumes that volatility is 
constant. 

• However, traders know that the formula misprices deep in-the-
money and deep out-the-money options.  

• The mispricing is rectified when options (on the same 
underlying with the same expiry date) with different strike prices 
trade at different volatilities

• We say volatilities are skewed when options of a given asset 
trade at increasing or decreasing levels of implied volatility as you 
move through the strikes. 

• The empirical relation between implied volatilities and exercise           
prices is known as the “volatility skew/smile”. 

•The volatility skew can be represented graphically in           
2 dimensions (strike versus volatility). 



Observing the Smile/Skew

• The volatility skew (smile) was first observed and 
mentioned by Black and Scholes in a paper that 
appeared in 1972. 

• It was then empirically described in 1979 by Macbeth 
and Mervile. 

• At that point in time it wasn't pronounced but the market 
crash of October 1987 changed all of that. 



The Crash of 1987

• If one studies option prices before and after October 
1987, one will see a distinct break. 

• Option prices begin to reflect an "option risk premium" ---
a crash premium that comes from the experiences 
traders had in October 1987.

• After the crash the demand for protection rose and that 
lifted the prices for puts; especially out-the-money puts. 
To afford protection, investors would sell out-the-money 
calls. 

• There is thus an over supply of right hand sided calls and 
demand for left hand sided puts --- alas the skew. In fact, 
out-the-money put options usually trade at a premium to 
out-the-money calls. 



The Reality

• The skew is a reality and every option trader needs 
to get to grips with it.

• The smile phenomenon has spread to commodity 
options, interest-rate options, currency options and 
almost every other volatility market. 

• Since the Black-Scholes model cannot account for 
the skew, option traders and risk managers have 
begun to use more complex models to value and 
manage options. 

• Some of these methods include generating a market 
related implied volatility surface that accurately reflects 
the correct options values. 



Shapes of the Skew

3 Distinct Shapes

• Supply Skew : The supply skew is defined by higher implied 
volatility for lower strikes and lower volatility for higher strikes. 
Supply refers to the natural hedging activity for the major players 
in the market who have a supply of something they need to 
hedge. Stock Index and interest rate markets have supply skews. 
The natural hedge for stockowners is to buy puts in order to 
protect the value of their "supply" of stock and sell calls to offset 
the puts’ prices - collars. This natural action in the marketplace 
determines the structure of the skew.

• Demand Skew :  Demand skews have higher implied volatility at 
higher strikes and lower implied volatility at lower strikes.   
The natural hedger in demand markets is the end user.           
The “collar” for a demand hedger is to buy calls and sell puts. The 
grain markets and energy markets are good examples of demand 
skews. 



Shapes of the Skew

• Smile Skew : The third type of skew is called a smile 
skew. The smile skew is illustrated by higher implied 
volatility as you move away from the at the money 
strike. The at the money strike would have the lowest 
implied volatility while the strikes moving up and down 
would have progressively higher implied volatility. 

The smile skew is generally only observed in the 
currency markets. The natural hedger has to hedge 
currency moves in either direction depending of 
whether they have accounts payable or receivable in 
the foreign currency.



Exchanges and Market Makers

• In liquid markets, exchanges value all options off their MtM levels

• Exchanges like CME employ market makers who will supply a 
MtM level for every option with open interest

• Safex has a different model. There are no market makers

• Every option with open interest has to be valued at the end of 
every day for margin purposes; even if that option did not trade
during the day

• How does Safex do that?

• Safex can use the last traded price

• Sometimes, options trade only once

• Risk management becomes an issue!



Safex: the early days

• The exchange traded option market started in 1992
• All options valued off a flat implied volatility
• Implied Volatility found by looking at last traded option 

(per expiry), nearest the money (less than 100 points 
from spot)

• ATM volatility found for every expiry of every 
underlying

• All options, irrespective of strike, valued using the ATM 
vols



Safex: Introduction of Skew



Safex: Introduction of Skew



Safex: Introduction of Skew



Safex: June 2001

• Index volatility surface introduced on 1 June 2001
• Bond volatility surfaces introduced on 13 August 2003
• Proposal was to obtain skews through an auction process
• Notice 1095 stated “The objective of the auction is to 

determine a single fair price for a option strike before trading
occurs. During the auction period, members may place bids 
and offers for the individual contract on the screen.“

• The auction process was not accepted by the market with few 
players giving their volatilities through.

• Safex resorted to polling the market  by email on a monthly 
basis



Determining the Skews: Notice F271 – 8 April 2003



First Skews: ALSI



Polling the Market

• Polling the market was problematic
• Not enough participants
• Before May 2008, market complained about surface
• Polling was irregular
• Surface was stale for long periods of time



Polling the Market: renewed efforts

• Renewed effort from May 2008
• 8 Participating banks: SBSA; Deutsche; Macquarie; 

UBS; Investec; Absa; Nedbank; RMB-MS (later Credit 
Suisse but UBS vanished after 2008 crisis)

• 1 Broker: Peregrine
• Every month between 6 and 9 participants
• Used the simple average of all supplied skews – no 

exclusions
• Surfaced changed first Wednesday of every month
• Market accepted surface



Alsi May 08 Skews



Generating a Skew

• Question: can a skew be generated from traded data?
• Safex sees all trades, why not use that?
• Before Nutron, Safex did not have all information
• Option booking methodology was problematic
• Traders only needed to supply the option premium –

option match on premium. The futures level or volatility 
traded at was not compulsory

• During July 2009, everything changed
• Nutron forces option traders to supply 2 of the 3 

quantities: premium, volatility, futures level traded at



Research

• If you want to generate a skew, you need a model

• Which one: stochastic or deterministic?

• After much research, Safex decided on the deterministic 
route

• Reasons: 
• keep things as simple as possible - replicability

• A road trip to London confirmed the deterministic route

• Jim Gatheral’s book and course notes (AIMS Feb 
2009)

• Two seminal research papers:
• Dumas, Fleming and Whaley – Implied volatility Functions: 
Empirical Tests

• Tompkins – Implied Volatility Surfaces: Uncovering Regularities for 
Options on Financial Futures



Benefits of Deterministic Models

• No assumptions about the dynamics of the underlying 
asset that generated the volatility

• They allow one to model volatility separately in expiry 
time and strike. This means that each expiry’s skew is 
independently calibrated minimising compounding errors 
across expiries. This property is useful in modelling 
volatility surfaces in illiquid markets where data is sparse 
across strikes.
•Pricing using deterministic volatility preserves the no-
calendar spread arbitrage market because no assumptions 
about the underlying process is made.

•The whole surface can be calibrated with minimal model 
error.



Tompkins Research

• Studies the implied volatility surfaces across different 
markets
• Motivation: assign economic significance to the functional 
form of the smile patterns

• Claim to have “all publically available data” between 
dates as shown

• Data obtained from relevant exchanges
• Number of option prices examined across the 16 markets 
was 1,862,473
• Most comprehensive empirical study to date! 



The Tompkins Study

Equities

Bonds

Currencies

FRAs



Tompkins Results for Equity Derivatives



The Tompkins Functional Form

• A QUADRATIC EQUATION

• In school terms: a parabola 

Tompkins: 2001

From BS 
equation



Gatheral’s Influence

• Gatheral facilitated a short course on volatility skews at 
AIMS during February 2009

• We had extensive discussions with him
• We followed the following route:

• Each expiry will be fitted with a quadratic equation
• Skews are linked across time by another functional 

form: term structure
• Leaned on Beber who studied the MIB30 (and others 

who studied Sweden, India and other markets)



The Safex Functional Form for each Expiry

Arbitrage……

Arbitrage……



Linking across Time: the volatility term structure



ATM Term Structure: 8 Feb 2011

Note: used to be mostly downward sloping before 2008 crisis



Volatility Surface: 8 Feb 2011

No-Spread arbitrage: 
skews do not cross 

one another



Optimisation

• Use all trades of previous 5 
trading days

• Currently between 20 and 80 
trades per day

• Usually have enough trades for 
first 3 expiries

• Optimisation with constraints 
can be a difficult road to trod by. 
Use Nelder-Mead algorithm

• Model error usually below 1.5%



First Optimisation

• Model = quadratic 
functional form

• Enough data such that 
RMSE usually small

• Let’s see how it’s done……
remember constraints……



Scatter Graph with Fitted Quadratic



ATM Vols

• ATM vols obtained from (3) 



Second Optimisation

• Need data in at least 3 expiries to obtain curvature
• Even if we do not have any trades for further out expiries, 

we can now obtain model skews for these expiries
• Let’s see how it’s done……



8 Feb 2011: parameters – strike spread



8 Feb 2011: parameters – model

• Model error for quadratic lower than that for SABR
• Equivalent SABR parameters given due to some 
market players using the SABR model  



Model Robustness

• It is a well-known fact that volatility surfaces generated 
from models need to be stable in order to achieve 
reliable valuations and sound risk management 
calculations. In this light, the deterministic volatility model 
parameters are constrained and it can be shown that 
these parameters are unique. 

• If a model volatility skew is generated on a daily basis, 
one runs the risk that the wings can vibrate. This is a 
consequence of the optimisation procedures employed 
and is obviously not how the markets trade on a daily 
basis. In order to overcome this problem, an 
exponentially weighted moving average is used over the 
last couple of days.



Conclusion

• The fitting methodology can be seen as a best-decency 
fit similar to fitting a yield curve to bond data. 

• This means that we might not be able to price all options 
back to their original premiums but the skews are smooth 
and still arbitrage free.

• Found shape of skews to be fairly stable – similar to 
Tompkins

• Few human interventions are necessary during the 
process



Enhancements: further work

• Wings
• Traded data shows our market does not trade far away 

from the ATM: strike spread limited
• Skews published from 70% - 130%. Usually have to 

extrapolate
• Var futures (swaps) need more accurate wings
• Var futures valued from 50% - 150% in moneyness
• Interpolation needs reform – currently linear in volatility 

and strike (all options)
• Need to interpolate variance in Ln(strike)
• Skews for illiquids – busy with research project together 

with Wits to shed some light onto problem
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Disclaimer 

This article is published for general information and is not intended 
as advice of any nature. The viewpoints expressed are not 
necessarily that of Financial Chaos Theory Pty Ltd.  As every 
situation depends on its own facts and circumstances, only specific 
advice should be relied upon.


