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A month or two back, an equity derivatives salesman 

was completely crestfallen when the trader changed 

his price for an exotic product at the last moment. 

When the salesman protested to the trader in anguish, 

the trader replied, ñI cannot help, my volatility has 

volatility.ò 

 

One of the vexing issues in the derivatives market is 

the phenomenon of ñvolatility of volatilityò or vvol, to 

use an options traderôs lexicon. Every traderôs 

volatility estimate has volatility and he knows that this 

is what gives rise to ñfat tailsò and the ñgamma of the 

gammaò, the fourth moment of an option distribution. 

Many seasoned traders will tell you that ñfat tailsò ï 

the probability of rare events, like stock markets 

falling by 10% in a day, happening far more 

frequently than what is predicted by the Normal 

probability distribution ï donôt have to be necessarily 

caused by blown out variances. A fat tail can occur 

even when an asset has a low volatility but a very high 

volatility of volatility.    

 

Vvol, or volatility of volatility, is a statistical concept 

which means that volatility of a series of random 

variables is not constant, but varies. Historical 

volatility is measured by the standard deviation of 

stock price returns around a mean. If this standard 

deviation itself has a standard deviation then we say 

that the stock prices have volatility of volatility. 

Statisticians call it by an awful sounding name 

ñheteroskedasticityò and it is related to the fourth 

moment, kurtosis, of a normal distribution. 

Heteroskedasticity in a Gaussian (Normal) distribution makes a Normal probability distribution 

display the fourth moment, when there should be none. One of the main reasons for 

heteroskedasticity or varying volatility is that large difference in the size of observations in a 

time series.  As my dear friend, philosopher and guide, Justin P., who taught me option trading, 

used to say that the only beast that you cannot tame is Statistics.  

 

If the above is too esoteric, then think of a simpler example. Say, you are watching a plane take 

off from the nearby airport and trying to measure the distance it travels every 5 seconds. Initially, 

say, in the first 10 to 20 seconds as you see the plane lift off from the runway, your 
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measurements will be quite accurate, maybe even to the nearest meter. Then as the plane starts 

receding farther and farther away from you, the accuracy of your measurements will fall. This is 

because of the increased distance between you and the plane, the atmospheric distortions, and 

many other physical reasons. This data, filled with measurement errors, will be a heteroskedastic.   

 

In the financial markets, the notion of variable volatility, the fact that standard deviation of stock 

returns would have a standard deviation, has given rise to what is known as the paradigm of 

ñstochastic volatilityò or ñrandom volatilityò. In fact, the only way that volatility of an asset can 

have volatility is if it were random and behaved in a random fashion just like the underlying 

asset itself. Stochastic volatility is in the rationale for the higher order greeks (option 

sensitivities), such as vanna and volga, that traders use to capture risks of financial derivatives 

and is also intricately related to another powerful concept in derivatives trading, ñvega 

convexityò.  

 

Since the market crash of 1987, traders have known that the primary reason for the higher price 

of out of the money than what is implied by the theoretical Black-Scholes model is the existence 

of volatility of volatility. However, what many traders find absolutely infuriating is that volatility 

of volatility is never known in advance and nobody really knows how to this quantity correctly. 

What is done in most banks is that the quants try to calibrate vvol from option prices using a 

stochastic volatility model. However, whether this reflects the actual volatility of volatility of the 

underlying asset remains strongly debatable.  

 

 Rahul Bhattacharya 

 

 

 

A Quick Thoughté. 
 
Paul Wilmott, a great financial derivatives teacher of our times, in his 2

nd
 edition of Frequently 

Asked Question in Quantitative Finance says (which mentioned binomial trees): 

 

ñCox, Ross and Rubinstein were able to distil the fundamental concepts of option pricing into a 

simple algorithm requiring only addition, subtraction, multiplication and (twice) division. Even 

MBAs could now join in the fun.ò 

 

CRR trees can be used to value Convertible Bonds. We mention this because we would be 

talking about Death Spiral Convertible Bonds later on in this newsletter. But the question still 

remains. Which is a greater evil: to have MBAs trade and sell financial derivatives without 

understanding anything about them and being clueless about the math, or the quants and the 

rocket scientists value and risk manage financial derivatives by employing fancy and complex 

mathematics that only they can understand?  
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As we mentioned in the first issue, volatility has 

essentially two broad definitions or 

interpretation in the financial markets: the 

historical volatility  and the implied volatility . 

Of course, a third important definition of 

volatility has also emerged in the last fifteen 

years, the stochastic volatility.  

 

Implied Volatility is an important metric used by 

option traders, risk managers and other financial 

market practitioners to both value options and 

other financial derivatives as well as to capture 

their risk. However, volatility, whether historical 

or implied, cannot be directly observed in the 

market. In fact, it is the only parameter in an 

option pricing model that cannot be observed in 

the market directly but has to be either 

statistically estimated or as traders do, backed 

out from a Black-Scholes type option pricing 

formula. When the volatility is backed out from 

a Black-Scholes model, it is known as the 

implied volatility. As the name suggests, it is 

that volatility which is implied by the call and 

put option prices that are traded in the market. 

One generally has to employ some numerical 

technique (mathematical algorithm to estimate a 

variableôs true value using numerical iterations) 

to estimate implied volatility. One such method 

is the Newton-Raphson method. In general, 

there is no formula that can give us the value of 

implied volatility. We shall discuss how 

numerically estimated implied volatility 

elsewhere, in other tutorials.  

 

But in a certain special case, there is indeed a neat and a simple formula that can more or less, 

precisely estimate the implied volatility of an asset, under normal market conditions. It is known 

as the Brenner-Subrahmanyam (approximation) formula . Breener-Subrahmanyam formula is 

an approximation of the Black-Scholes option pricing formula (an attempt to make it simple and 

manageable in your head) by making certain simplifying assumptions. It is actually an option 

pricing formula under a certain special assumptions. However, from this approximation formula 

for the call option price, implied volatility of the asset can be easily calculated by rearranging the 

formula. If interest rates are assume to be extremely low, i.e. theoretically equal to zero, and the 

Implied Volatility  
Approximations  

 

Brenner-Subrahmanyam Approximation 

formula allows us to calculate the value of an 

ATM call option (under the assumption of zero 

interest rates) using a very simple formula given 

by: 

 

In the above formula, if Call is the market price 

of a traded call option and  is the volatility of 

the underlying asset implied by this option, then 

the implied volatility of the asset, with as the 

current price of the asset, is given by: 

 

 

 

Brenner-Subrahmanyam Approximation allows 

traders to have ñBlack-Scholes in their headò. It 

allows traders to estimate the back of the 

envelope price of an ATM call.   
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spot is assumed to equal the discounted strike, i.e. the option is at the money (ATM) then the 

implied volatility is given by a simple formula equal to 2.5 times the price of the option divided 

by the spot times the square root of time to maturity. The formula is so simple that you can 

remember it in your head and produce implied volatility estimate on the back of an envelope. 

Say, a one year at the money (ATM) call option is trading in the market at $4 and the underlying 

asset is currently at $100. Therefore the implied volatility of this call option would be (2.5³4) / 

(100 1³ ) = 10%.  

 

Brenner-Subrahmanyam approximation formula allows traders to estimate the back of the 

envelope price of ATM calls by assuming zero interest rates. Many seasoned traders tell their 

trainees to have ñBlack-Scholes in their headò. What they essentially allude to is the Brenner-

Subrahmanyam approximation formula. Of course, Brenner-Subrahmanyam is just one of the 

many approximation formulas ï closed form solutions ï that have come up in the two decades 

that attempt to calculate the implied volatility. A couple of well-known formulas, more robust 

and accurate than the Brenner-Subrahmanym formula are Corrado-Miller formula and Steven 

Liôs formula. We will talk about them in other tutorials.  
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A money back equity option is a financial 

derivative where the investors buys a vanilla 

call option on a stock or a stock index and if at 

maturity the stock is within a pre-determined 

range he gets back the premium he paid for 

the option. In its most simple form, a money 

back option pays the premium back to the 

investor if the stock finishes in the money.  

 

The payoff of a money back option is really 

simple and so is its valuation. There is a 

digital option embedded in the money back 

option. The payoff of a money-back call is 

simply a vanilla call plus a digital times the 

premium that the investor has paid. From the 

payoff equation it can be easily seen that the 

value of the premium ï the price of a money 

back call option ï at time, t = 0, i.e. at 

inception, is equal to the price of the call option divided by one minus the price of the digital 

option.  

 

Team Latte 

 

Money Back Option 

The payoff of a money back call option is given 

by: 

 

 

The premium, , of the money back call option 

can be found by solving the following equation.  
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Bleed: Bleed is a change in the sensitivity of an 

option (or a financial derivative like a convertible 

bond) over time. Due to passage of time the delta 

and the gamma of an option will change. The bleed 

however is a forward looking measure and is 

measured by re-pricing the option one period 

shorter. For example, the gamma bleed can be 

calculated by taking the gamma that exists today 

minus the gamma that will exist tomorrow by re-

pricing the option one day shorter.   

 

Parity : Parity of a Convertible Bond represents the 

value of the shares that a buyer of the bond holds if 

the bond were to be converted immediately. It is 

expressed as the product of the conversion ratio and 

the value of the shares.  

  

Omicron: Omicron of a Convertible Bond, also 

called the creditDV01, is the price change of the 

bond due to a single basis point increase in the credit 

spread.  

 

Contingent Conversion: Contingent 

conversion is related to a relatively new kind of 

convertible bonds known as the Contingent 

Convertible Bonds (CoCo). In a CoCo, a contingent 

conversion happens when the bond gets converted 

into equity due to change in some balance sheet 

ratio, for example a drop in the tier 1 ratio (for a 

bank) or the cash ratio of a company.  
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looking measure and is measured by re-

pricing the option one period shorter. For 

example, the gamma bleed can be calculated 

by taking the gamma that exists today minus 

the gamma that will exist tomorrow by re-
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represents the value of the shares that a 

buyer of the bond holds if the bond were to 

be converted immediately. It is expressed as 

the product of the conversion ratio and the 

value of the shares. 

 

Omicron: Omicron of a Convertible Bond, 

also called the creditDV01, is the price 

change of the bond due to a single basis 

point increase in the credit spread. 

 

Contingent Conversion: Contingent 

conversion is related to a relatively new kind 

of convertible bonds known as the 

Contingent Convertible Bonds (CoCo). In a 

CoCo, a contingent conversion happens 

when the bond gets converted into equity due 

to change in some balance sheet ratio, for 

example a drop in the tier 1 ratio (for a 

bank) or the cash ratio of a company. 
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Who can forget Lehman Brothers? And who can fail to 

notice Nomura Securities these days, desperately trying 

to become like an American investment bank with its 

heavy emphasis on financial engineering and aggressive 

salesmanship but with excess baggage leftover from 

Lehman Brothers. A news item in one of the issues of 

this weekôs Wall Street Journal made us remember 

Lehman Brothers and feel pity for Nomura Securities.   

 

It also seems that Lehman Brothers had started writing 

its own obituary in early 2005.  

 

One of the issuesô in this weekôs Wall Street Journal 

reported that a new product called the ñDouble Decker 

Fundsò has been introduced in Japan. The low interest 

rate environment in Japan that has prevailed for almost 

two decades has every now and then turned the country 

into a financial derivatives laboratory. Investors have 

incessantly searched for financial products which would 

produce high yield. It seems that the latest craze is the 

ñdouble deckerò funds, which combine high return 

assets with high yielding currencies. But whether it is 

the double decker funds or the power reverse dual 

currency notes (PRDC), over the years most of the 

transactions concerning the exotic financial derivatives 

in Japan have been rather benign. However, there have 

been a few instances when innovation, combined with 

greed and malevolence on the part of the sell side 

investment banks and the corporate executives, have 

produced highly toxic financial products.  

 

One such highly toxic and controversial financial product was the ñdeath spiralò convertible 

bond, a product, more or less, banned in the United States for some time now. Death spiral 

convertible bonds are technically known as floating rate convertible bonds where the conversion 

price is kept floating. A floating rate convertible bond, a.k.a. a death spiral convertible bond, 

converts into the common shares of the underlying company at a deep discount to the share price 

that exists at the time of the issuance and at a fixed dollar amount rather than a fixed number of 

shares 

 

 

Remembering Lehman 

Brothers, remembering 

ñDeath Spiralò Convertible 

Bonds 

 

In 2003, Nomura Securities first 

introduced Death Spiral Convertible 

bonds in Japan, under the name of  

Multiple Private Offerings (MPOs).  

 

In February 2005, Lehman Brothers 

bought around $800 million worth of 

death spiral convertible bonds from 

Livedoor, an internet service company; 

 

This money helped Livedoor, a company 

with $200 million in revenue and $2 

billion in market cap, to acquire 35% of 

Nippon Broadcasting System (NBS), an 

established radio broadcaster.  

 

It seems Lehamn had already started 

writing its own obituary by early 2005.  
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Nomura Securities first introduced the death spiral 

convertible bonds in Japan in 2003, though Nomura 

used a rather innocuous name of Multiple Private 

Offerings (MPOs) to brand these securities. 

Investors would have been impervious to the 

pernicious nature of these financial derivatives had 

the events of February 2005, which in a large 

measure upset the equilibrium of corporate Japan, 

not put the spotlight on these securities. Takafumi 

Horie, a 32 year, young and brash entrepreneur who 

owned the budding internet service provider, 

Livedoor, acquired 35% stake in Nippon 

Broadcasting system (NBS). Horieôs ultimate 

objective was the control of Fuji Television, one of 

the largest TV networks in Japan. NBS owned 

22.5% of Fujiôs shares. What really surprised 

everybody about this deal was that Livedoor, with 

revenue of $200 million and a market capitalization 

of $2 billion was able to raise $800 million needed 

for the acquisition and that too in such a short span 

of time. Enter, Lehman Brothers, enter the death 

spiral convertibles.  

 

Lehman Brothers gave $800 million to Livedoor and 

bought death spiral convertible bonds, with zero 

coupon and warrants attached to them, from the 

company in lieu of those funds. Even though there 

was an ñinitial conversion priceò of Yen 450 the 

term sheet for this convertible bond had a clause that 

once the bond is issued, this initial conversion price 

of the bond shall be modified the next trading day 

after every Friday (known as the ñdecision dateò) to 

an amount equal to 90% of the trading-volume-weighted-average price of the companyôs 

common shares during the three consecutive trading days preceding the ñdecision dateò which 

will then become the ñmodified conversion priceò. Of course, there was a floor for the 

conversion price; it was Yen 157. The initial conversion price itself was at a very steep discount 

to what Livedoorôs stock was trading at in February 2005. On top of that, the way the bonds were 

priced, there was every incentive by the holder of these bonds to keep shorting the stock so that 

modified conversion price fell more and more towards the minimum, where for the fixed dollar 

amount, the holder of the bonds would get more and more common shares of the company.   

 

Livedoor would eventually be delisted from the Tokyo Stock Exchange a year later and the stock 

price would fall to Yen 94. Horie would go to jail and Fuji TV would be shaken up to its bone. 

That sordid saga is well known and well documented in the financial press.  
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Remembering Lehman 

Brothers, remembering ñDeath 

Spiralò Convertible Bonds 

 

Death spiral convertible bonds are 

technically known as floating rate 

convertible bonds where the conversion 

price is kept floating.  

 

A floating rate convertible bond converts 

into the common shares of the underlying 

company at a deep discount to the share 

price that exists at the time of the issuance 

and at a fixed dollar amount rather than a 

fixed number of shares. 

 

 Death Spiral convertible bonds and 

variations of this product have been in use 

in Korea as well ever since the Asian 

financial crisis in 1997.  


