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Chapter 10 Not much Mathematics required

On almost all occasions, if you are using mathematical operations beyond addition, subtraction, 

multiplication and division in credit analysis or pricing of credit, you are up to no good.   Perhaps 

you are trying to con some one- your boss, your client or worst of all, yourself.  The chief cause 

of the credit crisis that started in 2007, in addition to macroeconomic issues such as easy money 

policy, was an abundant use of unsuitable mathematics and the non-use of common sense in 

the world of credit.  Many PhDs in mathematics and physics tried to use techniques that are 

suitable in those fields but not suitable in finance, which as all great financiers throughout 

history have demonstrated, is an endeavor where common sense and reason must reign 

supreme.   When leave is taken of common sense as during the various asset bubbles of history, 

disaster follows.   

The expression “mathematical finance” is an unfortunate one.  It permits second rate 

mathematicians an opening to peddle their wares out of context, purloined from fields of 

human endeavor where mathematics is the basis of dialectic exchange.  If you opened a book on 

“mathematical finance”, you would be presented with a flood of mathematical symbols and a 

drought of logic based ideas and common sense.  The term “mathematical finance” over the last 

three decades has proved infinitely elastic to describe any sophisticated mathematical tool used 

out of context in finance.  Unlike Macavity, the rogue cat of T.S. Elliot’s poem, which when not 

participating in some larceny was “engaged in doing complicated long division sums”, the 

scoundrels of finance when not deceiving investors, were engaged in using stochastic calculus 

inappropriately.

There is never a constant critical parameter at which point financial bubbles inflate and burst- 

there are no critical constants such as acceleration due to gravity, the charge of an electron, the 
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locus of Uranus’s journey around the sun etc.   Even the unit of measure in finance, the value of 

the coin of the realm does not remain constant.  The relative value of assets change all the time. 

The number of kilograms of cocoa needed to buy an ounce of gold depends on relative 

preference for the two assets, which never stays constant.  The laws of Electrodynamics never 

change- the competitiveness of countries and companies and the viability of business models 

never stays constant.  

The credit story, unlike physics, is all reasoned prose, supported by some back of the envelope 

calculations.  The system of reasoning would owe its origins to the ancient Greek philosophers. 

Heraclitus, who was born in 535 BC believed that all things are in a perpetual flux, not in a 

random fashion, but structured by logic.    That is exactly what a credit analyst should be trying 

to do- weaving a concrete story around a company’s profitability in a world of changing 

incentives for innovation, changing technology and changing multilateral treaties, to draw 

conclusions based on established principles and sound logic.   And because the response of a 

company to change and its ability to withstand change can be foreseen by human faculty only 

for a certain number of years into the future (the number of years that can be foreseen depends 

upon the industry and the perspicacity of the analyst), credit cannot be extended for very long 

tenures.    You might argue that Apple has the DNA for innovating and producing great products- 

today it is the i-phone, tomorrow it would be something else.  The creditor can lend only to the 

extent that he can foresee the sales, profitability and RoCE of the i-phone business.  The rewards 

and hence risks of the new products that Apple will hopefully gift to humanity in future belong 

strictly to the venture realm.   

Applying mathematics to the laws of Physics you can predict (nay assert) that Haley’s comet will 

appear in the inner solar system in mid 2061.  Applying mathematics to finance, you can’t assert 

that Coca Cola will be around in 2025, let alone whether it will be generating adequate returns 
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on capital employed to service debt.   Would a global obsession with obesity destroy its core 

sugary fizz business?  Would it mutate into a maker of something else like Finnish forest product 

company Nokia?  Would having a celebrity jumping around exuberantly after drinking the dark 

brew in an ad appeal to the teenager of 2025?    

The Flaws of using Advanced Mathematics in Finance 

Humans learn from their mistakes.  They devise more productive ways of doing things.  People 

change their consumption and investment behavior in response to incentives.  Companies 

change their business models in response to new technology and competition.  Above all, 

humans innovate.  They have been endowed with the free will to learn and unlearn.  Around 

man are particles and systems, planets and galaxies, black holes and dark matter.  They cannot 

behave in ways other than what has been ordained for them.  Hence their behavior can be 

modeled by mathematical equations once man has understood the governing laws that were 

intended for them.  Kepler’s laws of planetary motion describe how planets would orbit around 

the sun.  The laws are as true now as they were in 1605 when Johannes Kepler formulated 

them.      

The charlatans peddling financial mathematics wares say they can use variants of the same 

equations which are used for invariant systems.   Yet, even a simple empirical relationship such 

as the relationship between unemployment and potential GDP in the US (Okun’s law) has been 

found not to hold in the new globalized economy.   As the economist Charles Goodhart put it 

“any observed statistical regularity will tend to collapse once pressure is placed upon it for 

control purposes”.  

In such a state of affairs can you assert that there is a single correlation value between the 

default probability of General Motors and Ford?  Is the bankruptcy of its leading competitor 
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good for Ford as it has emerged as the single American car company that did not take bailout 

money, or is it bad because the competitor is back with its debt erased?  When you are not even 

certain whether the correlation is positive, negative or non-existent, how can you take the 

additional step of ascribing a value to the correlation?  Yet, this is what the purveyors of 

structured credit have been doing.  Default correlations between companies based on the fact 

that they operate in the same sector and other irrelevant linkages are simply stupid.   Honda and 

Toyota were profitable in the US despite operating in the same sector as General Motors. 

Unless you are aware of the credit story, and how the story is going to change, you will have no 

idea where the correlation is today and where it is likely to be tomorrow or a year from now.   In 

fact, it is pointless to calculate default correlation as we will discuss later in the section on CDOs. 

Similarly, because you don’t know how Coca Cola‘s stock price will evolve over the next 10 

years, you can’t put in a volatility parameter (volatility of share prices) and get the value of a call 

option on the stock.  The more uncertain the outcome the more valuable is the call option. 

That makes sense.  You will be willing to pay higher for the option when the potential gain could 

be higher and the losses limited to the paid premium.  But what is the uncertainty number?  Is it 

20%? Is it 50%? Asserting that the volatility number should be X% because that was the volatility 

the share price had in the past 1 year is silly.  And calculating implied volatility from market 

prices of options is less than smart because stock price volatilities can change suddenly in 

response to changed liquidity conditions.   If you don’t have a precise value for the volatility, the 

mathematics, though elegant is useless.    In fact that sums up the role of mathematics in 

finance - a show horse rather than a workhorse.  That is exactly the opposite of how 

mathematics is used in Physics.  In fact the use of Mathematics in finance, involves being 

simultaneously vulgarly simplistic through reckless approximations and needlessly complex in 

pursuit of false precision.
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The funniest application of financial mathematics happens at investment banks.  You would 

have one arm, publishing asinine credit research reports which would contain non-sequiturs like 

“Debt/EBITDA of company A is X, that of company B is Y (X higher then Y), but A is trading at a 

spread of SA while B is trading at a spread of SB (SA less than SB), so go long B and short A”.  This is 

called a relative value trade!  You would have another arm, filled with people with physics and 

mathematics degrees, but ill equipped with finance skills and commonsense, doing advanced 

credit risk modeling and pricing of credit despite having no clue of the underlying drivers of 

value of the businesses or assets.  In those groups, reality and real world situations are pointless 

distractions.    Unfortunately for them, the real world is vastly different, a domain without 

simplifying assumptions and the background music of la-la land.   And to senior management in 

such places, “everything unknown passes for something splendid”.    

Insurance companies use a bonus-malus system for adjusting the premium paid by a customer 

according to his individual claim history.  Only when this method is used in executive 

compensation in the banking industry to claw back past bonuses, claimed on the basis of 

dubious use of mathematics to value assets held in the book, would the asinine use of such 

methods go away to be replaced by common sense.   However, to ask a trader who just lost a 

pile of money to repay his past bonus secured through dubious model based valuations is 

regarded as uncouth- as uncouth as “asking a medieval witch doctor what happened to the 

ritual offering after the sacrifice had been made”.

Correlation does not prove Causation:   The Story of FICO Scores 

Seldom has a company’s role in the credit markets acquired such a cult like status as did the 

credit scores of the Fair Isaac Corporation.  The company, set up by an engineer and a 

mathematician in the late 1950s in the US, devised the FICO scores for assessing the credit 
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quality of an individual who would apply for a retail loan product such as credit card, home loan 

etc.   An individual with a higher FICO score was regarded as a better credit than an individual 

with a lower FICO score.  The amazing thing about this model is it did not consider as an input 

the two key drivers of an individual’s credit quality- his income and his savings.  The savings 

component is important because an individual can have a high income but if he has a lifestyle 

which goes beyond the high income, he could still go bust.   Witness the late Michael Jackson, a 

famous singer of the 1980s, who got into deep financial trouble in spite of an income beyond 

the dream of avarice due to his peculiar lifestyle.

The FICO score did not consider these critical inputs for judging credit quality.  It was almost like 

trying to evaluate a student’s mathematical ability from his scores in a Mandarin or a Cookery 

course.   The most important parameters considered for the FICO score were payment history, 

length of payment history, types of credit used and utilization of available credit.  Besides the 

deep flaw in its design, it was a score which was begging to be gamed against.   However it did 

not show up as an unmitigated disaster until many decades later for several reasons.   Firstly, in 

developed countries, until the 1980s, retail credit was still given out by a banker who used 

traditional measures of credit quality and tons of common sense– not through use of a dumb 

score.  It was only during the 1980s when the credit card revolution began and credit limits were 

granted without interaction with a banker, the FICO scores began to be used in real earnest. 

Secondly, until the 1980s, Americans had a strong economy and healthy savings which ensured 

credit servicing ability even in the deep recession of the 1970s.  And if an individual missed a 

payment, it was most likely due to his low savings (which was not the norm then).   From the 

1980s, for the next two decades, fuelled by debt, the United States had very robust growth. 

Unemployment rate was at record lows- so only a deadbeat who did not want to work missed 

his payments- i.e. there was a good correlation between payment history and income.  The 
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relationship broke down in the middle of the first decade of the twenty-first century.  You might 

have a good payment history and hence high FICO scores despite the fact your job got 

outsourced to India and your savings were negligible.  That is because current and future 

income and current savings have not been considered for assessing creditworthiness. 

Likewise, an individual might have had a spotty payment history as a student because his only 

source of livelihood was flipping burgers at the college canteen.   Such an individual’s 

creditworthiness changes rapidly once he secures a high paying job on completion of his course. 

The full fledged folly of the use of FICO scores will be evident in the next five years.  Early signs 

of failure of the FICO model are all too evident. 

Financial Models and the Pricing of Credit

Different mathematical models have been designed in the world of credit.  Because new 

outrages are thrust on credit analysts everyday, we can’t keep up with what these armchair 

credit high priests are up to.  In this section, we discuss a few models that are out there and why 

they make no sense.  Similar arguments can be used against other models haunting the 

corridors of investment banks and structured finance divisions of credit rating agencies. 

Hazard Rate and Survival Models- Senseless use of Insurance Techniques 

A recent development has been the usage of actuarial techniques, used by actuaries in the life 

and P&C business, in the world of credit.  Actuarial methods make sense in the insurance 

business, because an insurer is functioning in an area of limited knowledge about the risk he is 

insuring.   A P&C actuary using a Poisson Process to model the frequency of hurricanes does so 

because he does not have the wherewithal to know in advance the process of air current motion 

which causes the hurricane.  A life insurer does not have access to the genome data of the life 

being insured- hence he has to go by limited data such as cholesterol and blood pressure reports 
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for accepting an insured.  In addition he uses age as a factor for calculating premium based on 

past data of the mortality rate of people of a particular age.

An abuse of insurance techniques committed by rating agencies is the publication of the so 

called transition matrix.   This matrix is used extensively in the credit markets for pricing credit 

risk.    A transition matrix, among other things, is used for estimating the probability of default 

(PD) of a borrower.  A rating agency groups together all companies rated by it in a particular 

rating category, say single A, one year back.  It then looks at the number of those companies 

which have defaulted during the course of the year.  Say, of the 1000 companies rated A by the 

agency a year ago, 5 defaulted during the course of the year.  The agency would say that PD of 

companies rated A by it is (5/1000)*100 = 0.5%.   Of course, the rating agency is not that 

simplistic- it calculates the 1 year PD of companies rated A for several years into the past to 

account for the different points in the credit cycle.  Then the rating agency calculates the 

average of the annual PDs and pronounces it as the PD of a credit of that rating category.  Credit 

investors, when investing in A rated entities, add this PD number to the other parameters that 

they use for pricing the loan  - cost of funds, operational expenses, required return etc. 

This is a gross abuse of actuarial techniques used by the life insurance companies.   Healthy 

companies, unlike healthy human beings, do not expire suddenly due to accidents or sudden 

causes.  Lehman Brothers, to the non-analyst, expired suddenly over a weekend.  To the analyst, 

Lehman Brothers was a severe HIV case- all that happened over that fateful weekend of 

September 2008 was that it contracted pneumonia which pushed an already sick company over 

the brink.  If a company rated highly by a credit rating agency defaults, it reflects poor credit 

analysis.  The agency should not hide behind actuarial techniques to pretend that it was only to 

be expected that a certain percentage of its highly rated entities will default.   
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The second reason why companies cannot be analyzed at a bulk level is that companies are 

heterogeneous beasts that cannot be grouped together using an artificial criterion such as credit 

rating.   This is unlike the age criteria of the life insurance business.   A life underwriter has very 

limited information about the life being insured.  All he knows are the blood pressure and 

cholesterol levels- he does not have access to the insured’s genetic code (the subject on 

whether we should be looking at the genetic code at all  is a theological one we will not get into 

here), which would indicate his propensity to illness in future.  If he had the genetic code of the 

life being insured, he would not use the following methodology- the insured is 35 years old, the 

probability of a 35 year old dying in the next 10 years is X% and hence the annual premium 

should be $Y.  In fact, he would not use age at all in his analysis.    From the genetic code, he 

would know precisely the chance of this individual falling severely ill in the next 10 years 

(remember, due to accidents and other reasons, the probability of death would be higher than 

indicated by the genetic code).  Credit analysts, on the other hand, have the precise genetic 

code of the company in the form of its credit story and its financials.  Why use misplaced cluster 

analysis (that is putting together all companies rated A) when you have the precise genetic code 

of the specific company?  Statistical analysis makes sense for retail credit analysis where the 

lender has limited information about the borrower and a large number of borrowers are 

involved.   Putting together homogenous retail groupings for analysis using parameters such as 

income level etc makes sense.  They make no sense whatsoever when applied to corporate 

credit analysis.   It is for this reason the use of Monte Carlo simulation techniques in the pricing 

of corporate credit instruments is not a very bright idea.  It is like doing simulation to forecast 

the loss of insuring a pool of smokers from lung cancer, when you have their chest X-Rays and 

blood samples plus their genome data.    
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The rating agencies had rated Lehman single A till the day the company went bust.  If you had 

priced your Lehman lending based on the delinquency rate of the borrowers of that artificial 

category, you would have experienced a serious amount of pain.  If on the other hand, you had 

looked at the revelations of its protein coding genes in the form of the company’s Level 3 assets, 

its poor credit story, you would not have lent to the company, let alone face the necessity of 

pricing the loan.  If you looked at Lehman’s genes in 2007, you would have spied a seriously ill 

patient.  Of course, you would not have been able to forecast whether the company would 

expire in 1 year or 3 years or whether it would be bailed out.  But bad things were in the horizon 

and you would not have written CDS protection on that name.    

An allied abuse of insurance techniques is the use of the Poisson Process to estimate a so called 

hazard rate of credit defaults.  This method could have been created only by a person who has 

never worked in the real world of credit.  Defaults do not follow a Poisson Process.   In times of 

abundant liquidity, there are negligible defaults.   Suddenly liquidity tightens and there are a 

plethora of defaults.  You can forecast that a large number of defaults are likely to happen the 

moment you see the societal debt ratio (household debt plus corporate debt plus government 

debt as a percentage of GDP) ramping up.   Why have a bulk hazard rate when from the 

corporate financials and credit story, you know precisely which credits will be affected when bad 

times come- you can count them one by one like your blessings?  A hurricane forecaster does 

not know the number of hurricanes that are likely to hit in a season.  And till the hurricane hits, 

he does not know whether it will hit New Orleans, Louisiana or Mobile, Alabama (the losses 

would be very different in the two cases).  If you came from Mars and did not have access to the 

peculiarities of the DNA of each corporation, you might model the credit risk like the hurricane 

forecaster.  When you have the DNA of the company and price credit this way, it is scandalously 

stupid and deserve to be hanged, drawn and quartered by your investors.  
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Merton’s Model and the Structural Approach

Robert Merton, in his 1974 paper in the Journal of Finance titled “On the Pricing of Corporate 

Debt: The Risk Structure of Interest Rates”, came with a key insight that creditors to a firm have 

written a put option to the shareholders of a firm.  This gives the shareholders the right to put 

the firm onto the debt holders should the value of the firm’s assets fall below the face value of 

the firm’s outstanding debt.  So, shareholders have unlimited upside from the success of a firm 

while having limited downside.  That is an insight which creditors would do well to remember- 

their risk-reward profile is vastly different from that of shareholders.  Hence the shareholder’s 

risk appetite would be enormous- and the more leveraged the firm, the more would be the 

tendency of the shareholders to take punts because with a very limited investment they can get 

enormous returns.  This is clearly borne out by the risk appetite of leveraged firms such as 

banks.  In those firms, the creditors need to be even more vigilant.

The other useful insight for creditors is that they should keep a track of a company’s share 

prices- particularly for sharp movements.  The traditional thought has been that fall in share 

prices is worrisome because it might imply that the value of the firm’s assets could potentially 

fall below the face value of debt.  A sharp rise in share prices should also attract a creditor’s 

notice and cause further investigation.  Why is the share price going up- it is because the 

company has embarked on a risky adventure that could have huge payoffs (thus increasing the 

value of the options embedded in a stock)?  The sharp rise of share prices of US financial 

institutions in 2007 before the institutions collapsed in 2008 does point in that direction.   Or is 

the rise in share prices based on expectation of rise in earnings from the company’s current 

businesses?   A rising share price could also be used as a tool by management to make 

imprudent acquisitions which could saddle the acquiring company with the acquired company’s 
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liabilities (particularly contingent liabilities).  In addition, a sharp change in share prices could be 

on account of a likely change in capital structure by the management.  

Just because two borrowers defaulted at the same time, it does not mean that their credit risk 

as measured by their stock prices was correlated in a prior period- one might have defaulted 

because its business model went kaput, while the other might have leveraged itself to the hilt 

such that even a small downturn in revenues caused it to go belly up.  In a bull market, the stock 

of the leveraged entity might have gone up, while that of the company whose business model 

was broken, might have gone nowhere in particular.    So, if you had calculated default 

correlation based on stock price movements, you would have been shocked when both the 

entities defaulted together.   

Aside from these insights, lots of abuses of Merton’s research happen and models based on 

Merton’s findings, called Structural Models are peddled around.  A creditor should be wary of 

such models.    Just because we know that the creditors have written the shareholders a put 

option does not mean we can value it accurately.  Structural models attempt to do precisely 

that- from the equity price data, balance sheet liabilities of the firm, as well as implied asset 

volatility, they calculate the credit spread to treasuries.  There are variations to this silliness such 

as calculating bizarre stuff like “distance to default”.  A company makes a living out of such 

arrant nonsense.  Instead of wasting money on such clueless pursuits, the creditor will do well to 

keep his eye on the share price and perpetually assess shareholder motivations, which, instead 

of earnings, could be driving up those prices.   

The Limits of the Reduced Form Model for pricing Credit Risk

Users of the so called reduced form credit models take the market credit spreads as the correct 

estimate of credit risk and use it to price various credit instruments and credit derivatives of a 
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particular entity.  After all, the credit spread (the spread at which the bonds of a particular 

company trade to treasuries of the same maturity) is the market’s estimate of the amount 

required for covering the risk of expected losses that an investor in those bonds might suffer. 

While the signal of market spreads is a far superior gauge of credit quality that credit rating 

action, it is far from perfect.  In times of abundant liquidity, markets tend to underestimate the 

probability of default, while in times of fear they tend to overestimate probability of default. 

Using this input to price long dated credit instruments and credit derivative exposures is fraught 

with risk.  Any credit investor who worked in the field between 2000 and 2009 does not need 

any further evidence on the veracity of that statement.   Those who had priced their long dated 

credit derivatives based on the probability of default implied by the markets in 2006 would have 

experienced considerable pain in 2008.  

Factor Models and lazy Analysis

Factor models attempt to predict credit spreads based on a certain set of factors such as stock 

price returns, debt/EBITDA, credit rating etc.  If the spread from the factor model indicates a 

spread higher than market spreads, the expectation is that spreads would widen and prices 

would fall.  Like all econometric models using past data to predict future outcomes, the factor 

model’s only redeeming point is its simplicity.  It serves the purpose of giving lazy analysts a way 

out of serious credit thinking.  Unfortunately there are no short cuts in serious credit analysis. 

Factor models might work for short spells, but basing credit investment decisions, whether long 

or short term, on this method is an easy way to loose money.  If in one cycle corporate leverage 

(a balance sheet problem) was the source of trouble, in another it is household leverage (and 

hence an income statement problem for a corporation).  Besides, reported numbers in the 

financial statements used to calculate ratios such as leverage ratios might have to be adjusted 
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for overstatement post understanding the credit story.  Factor models serve no purpose other 

than to lower the signal to noise ratio in the analytical world.

Discriminant Techniques and Altman Z Score

The Altman Z score, devised by Professor Altman might have some similarities with factor 

models but it is philosophically different.  The so called Z score is used to predict the likelihood 

of a firm going into bankruptcy.  It uses a few common financial ratios such as Sales to Assets, 

Debt to Equity, Return on Capital Employed etc. to discriminate between companies that are 

likely to go bust from others, by comparing their characteristics with characteristics of firms that 

went bust in the past.  It uses a statistical technique called discriminant analysis.  The Z-score is a 

linear combination of the financial ratios weighted by coefficients derived from discriminant 

analysis.  The Z score takes the form

Z= A1(Financial Ratio)1 + A2(Financial Ratio)2 + A3(Financial Ratio)3 + ..

where the constants A1, A2, A3 etc are calculated through discriminant analysis

One can use this technique as a supplement to fundamental and thorough credit analysis.  If for 

a firm the Z score indicates a possibility of bankruptcy, one should do a very thorough analysis to 

verify if fundamental analysis confirms it.  One should certainly not accept a credit based on Z 

score.   You definitely can’t use the Z score formula of one country in another, for the simple 

reason that the accounting might be different.  Our quarrel with the Z-score technique is the 

assumption that a firm defaults purely based on internal drivers- over the last few years it has 

been clearly evident that the external ratio of consolidated societal debt to GDP would also play 

a role in determining if a company will default in a certain time frame.    Anyway, anything but 

detailed credit analysis cannot be used for accepting an entity for investment.
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Securitization Math:  Measure with a Micrometer and cut with a Hack Saw

Securitization does not create or destroy credit risk but redistributes the risk or tranches the risk 

in such a way that one tranche has a lower credit risk than the underlying credit risk and another 

tranche has a higher credit risk.  Let us consider two corporate loans with the same financials, 

the same maturity and the same outstanding amount, that are securitized through issue of two 

classes of notes (both of equal face value), with the first class (say class A) of notes having to be 

repaid ahead of the second class of notes (say class B).    Obviously class A has a lower risk than 

class B, or at worst the same risk as class B.  If one of the borrowers defaults, Class B would not 

get repaid while class A would be repaid in full.  If both the borrowers default, neither Class A 

nor Class B would be repaid.   

Securitization, in the traditional sense, was used to offload a pool of retail loans such as 1000 

auto loans, residential mortgage loans etc from a bank’s balance sheet.  Tranching could be 

done in the same way as with the two corporate loan example above.  You perhaps tranched it 

in such a way that the first tranche had practically no chance of seeing default.  The next tranche 

had a slightly higher chance of seeing default.  You might have more subordinated tranches 

bearing BBB and BB ratings.  The junior most tranche would be unrated as it was almost certain 

to see the effect of default of some of the retail loans.

In assigning ratings to the tranches, S&P and Moody’s have a philosophical difference.  S&P 

assigns ratings based on expected probability of default (PD).   So, if a tranche is rated BBB, the 

probability that the tranche would see a loss (no matter how small or big) is the same as that of 

a BBB rated corporate bond.   Moody’s on the other hand does not go by probability of default. 

It estimates the expected loss(EL)  to the tranche from defaults on the underlying loans and 

would rate a tranche BBB if the expected loss of the tranche would  equal the expected loss of a 
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BBB corporate bond.   The Moody’s approach makes more sense.  Let us consider a tranche with 

a face value of $10 million.  Would the anguish to the investor in the tranche be the same if the 

tranche had a shortfall of $100 as $5 million?  The S&P system would treat both alike.  Moody’s 

takes into account the vastly different economics of the two events.

Securitization does have a strong economic rationale.   Done correctly, and evaluated correctly, 

it is more predictable than a single corporate loan.  While S&P might assess a tranche based on 

PD and Moody’s based on EL, they don’t take into account the volatility of either PD or EL.   For 

an underlying pool of loans originated as per the same underwriting standards as historically 

done, the securitized tranche would have lower volatility of credit outcomes than a single 

corporate loan.   The key issue is having the originator underwriting to the same standards.  If 

the underwriting standards change, PD and EL estimates would go for a toss.  

As a part of checking abuse of securitization by originators who get indifferent to the quality of 

underwriting, one suggestion has been to have the originator stay invested in the junior most 

tranche.  This, we feel, might not achieve the aim of checking originator abuse.  What if the 

originator, who historically had a PD on a class of retail loans of 2% and the junior most tranche 

on loans originated by him is sized at 3%.   If the originator weakens his underwriting standards 

substantially, the PD might jump to 5%, but the originator would have captured upfront 

substantially higher benefits than the 3% loss he would suffer from being exposed to the first 

loss piece.  Perhaps it is better to specify in the securitization documentation the minimum 

permissible underwriting standards.  If the underwriting standards were found to have been 

weaker or if there has been a fraud, the securitization trustee should have the option of putting 

the loan back to the originator.  There could be a provision that if a loan is put back to the 

originator on account of not complying with the terms and conditions of the securitization 

documentation, a fine has to be paid (a certain times the face value of the loan put onto the 
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originator) by the originator to the securitization trustee, which could serve as a credit 

enhancement for the transaction.  At the maturity of the transaction, balances on this account 

can be paid to the investor in the junior most tranche, who would act as a vigilante for the 

whole transaction.   There is no need to have the originator investing in the junior most tranche- 

in fact under this scheme, he would be prohibited from investing in the junior most tranche. 

Analytical Framework for analyzing a Securitization Transaction

What does a securitization investor require to analyze and price the credit risk of a transaction? 

Let us consider a transaction which securitizes 1000 residential home loans of various 

maturities.  The object of the investor’s analysis is to evaluate the expected losses of the pool of 

mortgages, irrespective of which tranche he invests in.   For doing that, firstly he needs to know 

the underwriting criteria of the loans originated- the Loan to Value Ratio (LTV) and the Income 

to Installment Ratio (IIR).  Obviously, there is no room for “liar loans” where the borrower gets a 

home loan based on stated income and not documented facts.  The underwriting should be 

done to a consistent LTV and IIR, only then the delinquency rate can be compared across 

different years.  This captures the higher delinquency rate in years of economic slowdown and 

lower rates in years of economic abundance.    If the LTV or IIR changes thanks to relaxation of 

underwriting criteria, losses across years can no longer be compared.  Hand in hand with this 

micro analysis, the investor must have a good idea of how the household debt to GDP ratio has 

moved over the years.   If the ratio is hitting high levels by historical standards, a change of 

economic conditions with increasing defaults and fall in asset prices is likely.   So, using a 

combination of loss experience for a given underwriting criteria and the macro household debt 

levels, one can evaluate the expected losses.  If the household debt has remained static as a 

percentage of GDP, you are safe to assume, for a portfolio of not very highly seasoned loans (say 

not longer than 6 to 9 months) the expected losses to be the product of the default rate seen in 
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the worst period of the last downturn and the severity of loss the moment a loan went into 

foreclosure.   The more seasoned a loan gets, the probability of default starts falling as the 

householder starts building higher and higher amount of equity in the home.  This serves as a 

margin of safety.   As the margin of safety keeps increasing, one can invest in tranches lower and 

lower in the capital structure of a securitization transaction.  On the other hand, if the 

household debt is quite high (no absolute number, just high by historical standards), one would 

multiply the expected losses by a factor of safety- the higher the household debt, the higher the 

factor of safety the investor needs to assume.  Every business cycle would be different from the 

previous one- so one cannot give all weightage to past delinquency experience.  It just serves as 

a good starting point for tinkering, such as adjustments for seasonings, adjustments for 

household debt, etc.  It does not make sense to use formulas for this- just intelligent 

adjustments based on one’s risk appetite. 

The same techniques can be used for other retail loans.  The only requirement is that the loan 

product should have seen a business cycle so that one can get a fix on the PD and EL.  A product 

which is new and has not seen a business cycle is not ready for securitization.    Not only can you 

not estimate the losses, new products might require close and continued interaction between 

originators and borrowers for modifying loan clauses in response to changes that might not 

have been foreseeable at origination.  

Moody’s has fun with Lognormal Models and Fourier Transforms:  Investors don’t

As we saw earlier, what is required for evaluating a securitization transaction is the estimation 

of expected loss of the underlying pool and assessing the possibility of the loss hitting the 

tranche which one invests in.  Once that is clear, you price the tranche based on “what the 

market can bear” and what alternate investments can yield.  Also, we saw that calculations 
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involved were quite simple.  But remember, before we rushed like Gadarene swine to do the 

calculations, we checked two things- whether underwriting standards of the originator had 

changed over the last many years that default data was available and to what extent the 

household sector of that country was indebted vis-à-vis historical levels.   

Moody’s is renowned among rating agencies for its quantitative prowess.  Over a period of time, 

the agency came to the conclusion that any model that was simple was simplistic.  Hence it got 

deeper and deeper into the “quant race”, under the thesis that complexity can be a substitute 

for common-sense.  There almost seemed to be a fetish for using sophisticated mathematics in 

areas where the benefits of their usage were peripheral at best and pernicious at worst.   And 

most of the quant analysts of Moody’s seemed ill-trained and ill at ease in credit analysis.

First, Moody’s started calculating expected losses of an asset backed pool of loans by modeling 

the loss process with a lognormal distribution, using mean and standard deviation of cumulative 

default rates.  We have nothing against using a lognormal distribution if the losses do follow that 

distribution.  Only, it is a needless distraction which will cause the analyst take his eye of the 

ball, which is focusing on the underlying credit story, where one is in the business cycle, what 

the household debt indicators are, has there been any change in underwriting standards etc.

If Moody’s had stopped at that, they might not have made priceless asses of themselves as they 

did during the securitization craze of the first decade of the 21st century.  They would have 

focused on credit fundamentals and not on creating techniques more bizarrely juvenile than the 

last.  For sheer wackiness, Moody’s usage of Fourier Transforms for calculating expected loss of 

an asset backed portfolio takes the cake.  Fourier Transforms are priceless tools for electrical 

engineers in analog signal processing.  But in credit analysis?  Moody’s claimed in a technical 

document of 2003 that the technique is the right one when the underlying assets have 
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heterogeneity “in terms of rating/credit risk, size or maturity”.   Top grade mathematicians are 

fashioned for a noble calling- the inferior ones resort to confidence tricks in the world of 

finance. 

Mathematics, Retail Credit Analysis and Common Sense 

Probably the only area where the use of actuarial techniques in any form or shape makes sense 

is retail credit analysis.  In a retail loan portfolio, as long as the loan characteristics (in terms of 

loan to value ratio) and borrower characteristics (in terms of income to loan installment ratio) 

remain broadly constant, the default experience remains within a band over a business cycle. 

Remember, that assumes that the societal debt ratio (SDR) is within reasonable limits.  If the 

SDR is spinning out of control, lending even to prudent borrowers can be risky because when 

the debt driven party ends, unemployment shoots up afflicting even households which have 

been prudent.  In those periods, even asset values can collapse, driving down collateral values 

and driving up loan to value ratios.  So, there is little to distinguish a good borrower from a bad 

borrower when SDR is outside the band of prudence.   

If SDR is within prudent limits, actuarial techniques can be used to forecast loss experience at 

various points on a business cycle.   However, the use of common sense should never be 

eschewed in favor of advanced mathematics.  Credit scoring for retail credit makes sense 

provided the independent variables used for scoring, unlike those in used in FICO scores, are 

actual drivers of default and leading indicators of it.  Always remember, just because two 

variable A and B are correlated, it does not mean A caused B or B caused A.  And if A did not 

cause B, studying A to predict B is useless.

In general, quantitative techniques (more specifically actuarial techniques) can be used for 

predicting default experience of retail pools of loans.  As long as the underwriting standards 
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remain same, you are not interested in the credit scores of individual borrowers (whether it is 

the FICO score or some other score) nor are you interested in knowing the distribution of such 

scores in a pool of loans.   And once you have a reasonable fix on the likely default experience of 

the pool, further use of further sophisticated techniques is sophistry.

Credit Default Swap Trading Strategies without abusing Mathematics

While one need not be a fan of capital destroying activities such as trading as an end in itself, a 

good credit investor might want to use credit derivatives if after a well reasoned credit analysis 

the investor feels that the market offers mispriced opportunities.    Credit trading gets more and 

more suspicious as reasoned credit analysis is replaced with mathematical wizardry.  From your 

credit analysis you can come to the following conclusions- the company being analyzed will not 

default within  the time horizon under consideration, it will default in that horizon or it might 

default in the horizon.

It is easier to assert that a company will not default in a given time horizon than to assert that it 

will.  Easy money policies of central banks and gullibility of creditors can ensure that a company 

might survive longer than it would have without the crutches offered by others.  Having 

discussed the two credit possibilities of default and no default, the grey area of “it might 

default” remains.  The first thing that a sensible analyst will do when confronted with an event 

that might happen is to ask what is the likelihood that event will occur?  Obviously, the 

likelihood is a percentage between 0% (the event will not occur) and 100% (the event will 

occur).   

We saw earlier, how the proponents of the reduced form model evaluate PD from market credit 

spreads.  Sadly, that PD calculation comes from a lot of mind-numbing assumptions.   Firstly, 

credit markets practically never price credit losses correctly- either the market underestimates 
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the risk of losses or it overestimates the risk of losses.  The market price of credit risk is really a  

function of market liquidity and fear, not a product of rigorous credit analysis.     In fact, the 

market, thanks to its propensity to be wrong at all times, offers the credit investor continuous 

opportunities, whether as an assumer of credit risk or as an off-loader of the risk.     

For a second, even if we consider that the credit spread indicated by the market as correct, 

credit spread to risk free assets is a measure of expected losses (EL), not PD.   And EL is the 

product of PD and LGD.  You can’t calculate PD from market revealed EL unless you know LGD. 

Market participants, in a very casual way assume a value of LGD and then calculate PD by 

dividing the EL by LGD.   Alas, you can’t be very casual about your PD value- because the PD is 

the relevant parameter on the likelihood of a credit event occurring, not how much losses occur 

post the occurrence of default.  And once the credit event occurs all hell breaks loose.  So the 

calculation of PD from so called market inputs is less than useful.  And we had already discussed 

why structural models, beyond big picture indications of whether a credit is deteriorating or 

improving, are useless.  So what does the credit investor in the single name credit default swap 

market do before plunging in? 

 Limits of PD and LGD Estimates  

Sensible analysts now recognize that PD and LGD of a credit are not independent of each other. 

That should be obvious because if a company is generating low returns on capital employed 

(thus increasing its PD), the assets created with the capital employed would also loose their 

value (and hence increasing LGD) as asset buyers will not be willing to buy such low yielding 

assets without a substantial haircut to book value.  Only an investor who is content with lower 

yield would be willing to pay a higher price for the assets. Valuation of the assets involves 
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evaluating what the highest amount that an investor would be willing to pay for the business as 

a whole.  

The obvious rejoinder is why not use the equity market value and add it to the debt to get the 

value of firm?  In that case, as long as equity price is greater than zero, the LGD would always to 

zero.  Unfortunately, LGD cannot be calculated from equity market inputs.  The equity market 

also has a tendency to overvalue and undervalue assets.   Stock prices have the tendency to 

halve and then halve again within a few days.  In addition, the equity price incorporates 

optionalities involved in the business of a firm.  There is potential for sudden turnaround, there 

is a possibility of another corporate emerging in the horizon to buy out the firm, there might be 

government bailout on account of having a godfather in the treasury secretary of a country – 

those optionalities should not be considered by a creditor for his valuation and calculation of 

LGD. 

All estimates of LGD will be correct only within a broad range.    The first stage of LGD estimation 

involves creating the financial projections (discussed in Chapter 9) for the period of a loan, bond 

offering or CDS protection.  If the CDS protection is for three years, create a three year financial 

projection under conservative business conditions.   Calculate the RoCE for each year of the 

period.  If minimum RoCE is greater than the cost of capital and the loans of the company have 

covenants which prevent management adventures, as far as the credit goes, the PD is zero and 

LGD calculation irrelevant.  This is not the framework that rating agencies and the users of such 

analytics use as we had discussed earlier.  They calculate the PD of each rating category based 

on cluster principles.  

What if the lowest RoCE during the time horizon is less than the cost of capital?  Obviously that 

does not mean that the company will surely default.   Even great companies can have 
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operational losses for a couple of years for various reasons.  It then means the company needs 

external infusion of capital, whether debt or equity or has to carry out asset sales    For a 

company that has low RoCE and a high gearing, the chance of raising additional debt capital gets 

lower and lower and the PD gets progressively higher.  However, in times of abundant liquidity, 

when high yields are hard to come by, there will always be a credit investor who will find an 

excuse (“the new paradigm”) to supply the debt required and prolong the company’s agony.  

Even if the credit markets have abundant liquidity, as the credit quality of a corporate worsens, 

the credit investor should have a clear idea of what the LGD would be if the company sputters. 

One way of evaluating what the LGD would be is to estimate at what value a rational third party, 

who does not put too much premium on synergies and other extraneous factors, would be 

willing to buy the company so that he gets a fair return on capital employed.  What is that fair 

RoCE that one should consider?  We don’t favor using the capital asset pricing model (CAPM) or 

other mechanical models based on past data.  We also don’t favor assuming that the buyer 

would be an incurable optimist, who would assume drastically changed cash flow circumstances 

on account of a 180 degree turnaround.  It might happen, but a creditor has no business 

assigning a probability to that event.  If that event does happen, it means credit conditions are 

not tight- in which case the borrower himself might not default.   We favor assigning a RoCE 

equal to the best RoCE in the industry during good times in that industry.  That might seem 

overly conservative, but we presume that an acquiring company would be shooting for a high 

RoCE, particularly in times of stress in the economic environment when a buyer can set the 

price.   Another question on this choice of an absolute number for RoCE - what if we are in a low 

interest rate environment?  Again, a high risk environment might also be one where risk 

appetite would be low- hence setting a high RoCE bar might not be outlandish.    Once you have 

the RoCE, what should be the amount of capital employed be, for the given projected 
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operational earnings, so that the targeted RoCE can be achieved?    This is the capital employed 

based on targeted return.  We have 2 numbers- actual capital employed, and capital employed 

based on targeted return.  The LGD would then be the ratio (Capital employed based on 

targeted return/ Actual capital employed).                

Liquidity is the reason why it is easier to predict non-default than it is to predict default.  This 

analytical asymmetry means the protection seller (who is betting a credit will not default) is 

always at an advantage vis-à-vis the naked protection buyer (the one who is betting a corporate 

will default).  Also it has to be kept in mind that credit spreads do not always widen in response 

to worsening credit quality or narrow as a reaction to improving credit quality.  The external 

liquidity will ensure that there is no decoupling between individual credit spreads and average 

market credit spreads.   Only when a default seems almost inevitable will spreads start 

decoupling from the market spreads.  Because of analytical asymmetry, writing credit protection 

at times distress, when all spreads move up, on high quality companies is a better bet  than 

buying protection on low RoCE companies during times of abundance.  But whether the times 

are good or bad, a creditor can always have a role as a buyer or seller of credit protection, 

provided he has a sensible idea of the LGD.

Credit Default Swap Trades

A number of credit derivative investing strategies are available to a credit investor.  We would 

like to call them investing strategies because they are based on rigorous analysis and not by 

doing a pair of trades and hope the situation reverts to a mean or hope that fate would be 

charitable.  We discuss some strategies that work and some that don’t work.  
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CDS versus Bond Arbitrage

A simple, nay simplistic trade is based on comparing the asset swap spread of a bond (a first 

cousin of the spread of the bond, for details on asset swap spread, see any fixed income text 

book) with the CDS premium.   Avoid these trades like the plague unless one can estimate the 

value of the numerous structural differences between bonds and CDS such as bond covenants, 

credit events of CDS including restructuring, optionalities in the capital structure of a firm etc. 

The markets are never that inefficient that they leave these simple arbitrage opportunities 

unattended.

Credit Curve Shape Trades

Unlike interest rate curves whose shape is determined by interaction of macroeconomic factors 

and central bank action, the shape of the curve obtained by plotting CDS premium for different 

maturities should be different for each credit and linked to its innate credit story.  However, this 

does not happen in practice.  All credit curves tend to be too steep or too flat at the same time 

depending on investor risk appetite (linked to market liquidity).   This can throw up interesting 

opportunities for those who have done their credit analysis homework well.  Let us say, for a 

particular credit, you do not expect any credit event in the next three years, if no credit event 

occurs in the next year.  As per your analysis the credit curve should be downward sloping. 

However, this does not happen in practice.  If the credit curve is sharply upward sloping, one 

should sell 3 year protection and buy one year protection to benefit if one’s analysis turns out 

right.  Numerous such trades are possible.  

The starting point for such a trade is the clear postulation of an investment thesis based on 

credit analysis.  You look at the curve shapes available in the market.  If a curve shape is, in your 

opinion, not correct, you must find out why the market is pricing the credit risk for various 
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tenures that way.  If you disagree with that reason, you can enter into a trade to take advantage 

of the anomaly.

Convexity Trade 

Convexity trades are trades which profit from extreme movement in credit quality- either sharp 

improvement or sharp deterioration.    In the case of distressed credit, it could involve buying a 

long dated cash bond at a discount to par and buying a short dated protection on that credit. 

All depends on the price at which you bought the protection.  When a credit binge is underway, 

credit protection can be obtained at sharply incorrect prices.  The convexity trade yields money 

under extreme situations- that is the credit sharply improves within the period that the CDS 

protection is present or the credit defaults in that period.  

Trades with LGD Analysis     

Within a consolidated capital structure, an investor might be betting on differential recovery of 

the more junior obligations.  This could include taking differential positions in the senior and 

subordinate debt of a company (usually a financial institution), taking differential views on the 

recovery of a parent company CDS protection versus that of its financing arm and finally, taking 

differential view on a company’s secured versus unsecured debt.

Obviously, the first step of an LGD trade is to assess the likelihood of default.  If the likelihood of 

default post the analysis is non existent, all one has to do is to write protection on the junior 

most credit risk – the subordinate debt, the debt of the financing arm or the unsecured credit. 

On the other hand, if you are convinced that a credit event is likely to happen, the way to go is 

to look at which trade will have the highest differential between discount of bond price to face 

value and CDS premium.  
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The LGD analysis is relevant only when you are neither certain of default nor of non default. 

Then you neutralize the effect of PD and bet on LGD by writing protection on one of the 

securities and buying protection on the senior or the subordinate securities.  As discussed 

earlier, we can estimate the LGD of the senior as well as subordinate debt.  The ratio of the LGD 

of the senior debt to the LGD of the subordinate debt should equal the ratio of the CDS 

premium of the senior debt to the CDS protection of the subordinate debt.  Obviously this will 

not be the ratio at which it will trade in the market because different market participants will 

have different LGD expectations.  Since LGD cannot be precisely valued in advance, the trade of 

selling protection on one security and buying protection on the senior/subordinate tranche will 

make sense only if there is a fairly wide difference between the two CDS premia.

In the case of trade involving a company and its finance subsidiary, close attention must be paid 

to the underlying credit story, the linkage between the company and its subsidiary and would 

the bankruptcy of the company mean bankruptcy of the subsidiary and vice versa, and if they 

both get into bankruptcy together, what the recoveries would be.  Only then can one formulate 

a trade idea.

The Death Spiral Trade

In 2009, banks like Citi, JP Morgan and Bank of America came up with a silly innovation which 

linked the rates at which borrowers could borrow to their CDS premium.  If the premium for CDS 

protection on the borrower went up, the company would have to shell out higher interest 

payments, further deteriorating the company’s credit profile, which would cause the premium 

to go up further, which could cause interest payments to go up and so on.  The product is silly 

unless they were using the higher interest payments to buy further CDS protection.   Anyway, 

what investors can do, whenever banks are making asses of themselves in this fashion, is to join 
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the bandwagon and buy protection on vulnerable companies with already high leverage, and 

have a chunk of debt interest payments linked to CDS premium.  Then they can participate in 

the fruits of the banks killing off companies which might have otherwise survived. 

Gaussian Copula, Base Correlation and other Intellectual Self- Pleasuring

The idea behind a Collateralized Debt Obligation (CDO) investment is not new – it combines two 

ideas- investment in a portfolio of credits like a bank and participating in the tranching of credit 

risk as a securitization investor does.   So, if you are investing in a tranche of a CDO, you need to 

know the following- the credit quality of the each of the constituent credits, the likely losses 

from the credit pool and the possibility of losses hitting the tranche under investment 

consideration.  The other requirement for estimating potential losses of a CDO portfolio is 

default correlation among the different constituents of the CDO portfolio.  Unfortunately, it 

simply cannot be calculated in a sensible way.    

The logical process for evaluating CDO tranches can also be used for credit basket products such 

as the Nth to default product.  For instance, an investor who takes the risk of the first credit of a 

of group of credits defaulting takes the risk of any one of the credits defaulting.  The moment 

one credit of the group defaults, the investor in the first to default (FTD) product is wiped out. 

An investor taking the second to default risk (STD) is exposed to the risk of two entities 

defaulting in a basket of credits.    He is unaffected if only one credit defaults, but is wiped out if 

two credits default.  

The analytical framework for cash CDOs, where the underlying pool of credits is in the form of 

bonds and loans, is the same as in the case of synthetic CDOs, where the risks of the underlying 

credits are taken in the CDS format. 
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Quantitative wizards, who want a single number result, whether it is an option value or 

expected loss of a CDO tranche, resort to a lot of unedifying techniques to calculate the default 

correlation among the credits of a CDO or a credit basket.  Broadly, all these techniques are 

useless.   Is it even a worthwhile thought that default correlations can be calculated?

Can Default Correlation be at all calculated meaningfully?

Default correlation has an important role in evaluating how the credit risk of a pool of credits is 

distributed among the CDO tranches – if all the credits of a CDO portfolio are fully correlated, 

that means all the credits will either default together or survive together.  In this case, there is 

no tranching of credit risk and the senior most tranche faces the same risk of losses as the junior 

most tranche.  How about if the credits are totally uncorrelated?  Obviously, in this case, the 

junior most tranche takes a disproportionately high amount of credit risk.  If any of the credits of 

the pool defaults the junior tranche takes the hit.  The probability of one default occurring is the 

sum of the individual probability of default of each of the credits.  The senior tranche is affected 

only if several credits default.     Obviously, these two scenarios of 100% default correlation and 

0% default correlation, while interesting to demonstrate the importance of credit correlations in 

the assessment of tranche loss, are not real world scenarios.

One interesting thesis used in many correlation calculation methods is- do not worry about the 

default correlations among the different credits of a CDO.  If there are 4 credits A, B, C,D in a 

CDO portfolio, even if you can calculate (which of course you can’t) the default correlation 

between A and B, between B and C, between C and D, between A and C, between B and D, 

between A and D and in addition the joint correlations among A,B,C, among B,C,D, among D,A,B 

among A,C,D, as well as among the 4 credits together,  you don’t need to do that- all you need 

to worry about is the correlation between the default of the company and the performance of 
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the economy.  All companies are correlated to the functioning of the economy to a greater or 

lesser extent.  So, once you have the correlation to this common factor, you don’t need to worry 

about correlation between individual credits.  

This reasoning is not wholly sound.  There are companies which default even when the economy 

does well on account of loss of market share due to taking their eye of the ball- whether by not 

keeping breast of changes in technology or by foolish corporate action such as employing 

excessive leverage.   Also, how do you get the correlation between default probability (which is 

very different from fall in earnings) of a company and the functioning of the economy?  Even if 

you assume that the past track record of a company’s response to economic changes will be 

repeated in future (which of course would not be true), what can you actually correlate? 

Correlation between EBIT margins and GDP change can be calculated, but that does not reflect 

changes in the capital structure of a firm.  If the firm has gotten more geared, it is possible for 

the firm to default even with EBIT growth.  

Getting around this challenge by correlating the performance of the company’s stock to the 

broader market performance is logically wrong.  Individual stock prices can zoom up or languish 

for a number of reasons that have nothing to do with default likelihood.    A company with 

steady, but not growing earnings, might be able to service its debt without any problem but 

might not excite shareholders because of limited growth opportunities- hence the share price 

might remain static or fall while broader markets move up- this does not mean the credit is 

risky.    A company might go for a rights issue or issue additional equity which is creditor friendly 

but shareholder dilutive causing the share price to fall.  Also, there have been too many cases of 

a company’s stock zooming up 12 months before the company defaulted on its debt.   In a debt 

fuelled economy (high SDR) a leveraged company might present shareholders with high RoE 

opportunities if economic conditions remain placid- hence the high stock prices.  But the 
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moment the tide turns, it would be found to have been swimming naked.   So, trying to estimate 

default correlations from stock performance is futile.  

Our thoughts on CDO Loss Calculation

What then can a thoughtful credit investor do, who thinks that a particular tranche of a CDO is 

undervalued?  How can he calculate the expected loss of a tranche?  It is better to not even try 

fancy math when the parameter you want just cant be calculated.  A simple way could be to 

divide the portfolio into three parts – credits that, based on sound credit analysis, will definitely 

not default (Category 1), credits that will definitely default (Category 2) and credits that might 

default (Category 3).  It is the third category which requires careful attention.  In the second 

step, based on your risk appetite and the extent of certainty (we are not calling it PD) based on 

your credit analysis, you need to move all the items in the third category to the first or second 

category.  Obviously, an investor with a higher risk appetite and one who can survive a larger 

amount of losses will move more items to category 1 than an investor with a lower risk appetite. 

Once you have done that, from the LGD calculation method discussed earlier, calculate the LGD 

of all the credits in category 2.    The sum of those LGDs is your expectation of the loss that 

would be incurred on the credit portfolio.  Once you have that number, you can evaluate 

whether the loss would touch the tranche under question, and the likelihood of getting your 

investment repaid in full.  Finally, check whether the yield afforded is right vis-à-vis a 

comparable opportunity.

Obviously two individuals will not come up with the same expected loss- as that is a function of 

the investor’s credit evaluation skills and his risk tolerance.  If every one believed in the value 

thrown up by a financial model, there will be no one who believes that the market is 

undervalued or overvalued and hence there would be no trading in financial assets.  
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In Finance, there are certain parameters which just cannot be calculated.   Wisdom lies in 

accepting this fact.  This could be because the parameters are not likely to stay fixed and the 

way they will change in future is uncertain, or because the broader drivers of the parameter 

value are uncertain.  With these known unknowns, it is foolish to try and get some value based 

on some specious thesis.  Using simple analytical reasoning might be a better approach and will 

yield a sensible answer, even if it is not exactly correct.  As a great man said, it is better to be 

approximately right than to be precisely wrong. 

Binomial Expansion Model for CDO Tranche Pricing: The Perils of Analytical Scribbling

Rating agency Moody’s devised the binomial expansion technique (BET) for calculating the 

expected losses of CDO tranches.  Central to this technique is the so called “diversity score” 

concept.  The objective is to transform a pool of credits having some correlation amongst 

themselves into a pool of uncorrelated credits, using D the diversity score of the portfolio.  The 

Diversity score is supposed to measure the number of uncorrelated assets that would have the 

same loss distribution as the actual portfolio of correlated assets.   For example, if a portfolio of 

10 loans has a Diversity score of 7, that is supposed to mean that the 10 correlated loans have 

the same loss distribution as 7 uncorrelated loans. Each loan in the fictitious portfolio has the 

same par value (total pool par value divided by 7).  Then the probability of j defaults in the pool 

is represented by the binomial formula of statistics

Pj = D!p  j  (1-p)  D-j     

          J!(D-j)!

Here p is the weighted average PD of the pool calculated from ratings of the individual credits of 

the pool.  Once you have the probability of 1,2,3 and up to 7 defaults from this formula, you can 
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calculate the expected losses if such a number of defaults occur.   The final step is summing up 

the expected losses for each of the default scenarios-1, 2, 3, up to the number of diversity score.

The key parameter here is the Diversity Score, which acts as a proxy for correlation of the 

portfolio.  How is it obtained?   According to Moody’s, it predominantly depends on the industry 

group of the company.  However, the framework is as variance with common sense.  Firstly, 

pigeonholing many companies into specific industries is no mean task.  Secondly, just because 

two companies are in the same industry, it does not imply their default correlations are 

correlated.  Several industries contain best performing and worst performing companies.  We 

recognize only two groupings- good companies and bad companies.   We had discussed earlier 

that the credit weakness of one company of an industry can benefit other companies. 

Sometimes, the strength of one company acts to the detriment of other companies of that 

industry on account of the financial arm-twisting possible.  Intel and AMD might be regarded by 

Moody’s to be in the same industry, but they have nothing else in common.  One is a world 

champion; the other is a basket case.  

Anyway, the so-called Diversity Score cannot be estimated scientifically.  That being the case, 

why use sophisticated statistical techniques such as the binomial model when you have no clue 

on the parameters to be used in the model?   A classic case of measuring with a micrometer and 

cutting with a hack saw if ever there was.    MBIA’s 2007 Form 10K describes in shameless detail 

how it used the BET model to value its CDO guarantee liabilities- little wonder the company 

went bust.  We are absolutely curious if the users of the model at MBIA believed in the junk that 

was churned out of the model or if a group of people used it to generate short term fees and 

bonuses.  Someday, we hope, the truth would be out- was fraud involved or was incompetence 

and below average intelligence at work.
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To add zing to an already perverted model, Moody’s has variations such as double binomial, 

triple binomial etc based on splitting the pool of assets into 2 or 3 parts.  If you have certain 

number of mediocre mathematicians in your organization and you set them monthly targets 

such as “devise six models”, be rest assured, they will deliver it.  In fact, if set a target, they 

would even better the Queen of Hearts of Alice in Wonderland who believed in six impossible 

things before breakfast.   Investors who fell for such guiles hook, line and sinker have no one to 

blame but themselves.  Don’t blame Moody’s.   

Gaussian Copula, Base Correlation and other Miscellaneous Junk in CDO Valuation

The driver of value of the different tranches of a CDO is the default correlation amongst the 

different credits that back a CDO.  The junior most tranche is long default correlation –the 

higher the correlation among the credits, the lower the percentage of the total risk of the CDO 

portfolio that is taken by the junior most tranche.  As a corollary, the senior most tranche is 

short default correlation as the higher the correlation among the credits, the higher the 

percentage of total risk that is allocated to the senior tranche.  If the underlying assets are of 

fairly low credit quality, the chances are that they would be perfectly correlated to the 

economy- that is they would probably all default together in a deteriorating environment, and 

would remove all differences between the junior tranche and the senior tranche.  

In fields such as insurance, when aggregation of a number of risks needs to be done to get a 

single probability distribution function of risks, copula functions such as Gaussian copulas are 

used.  We would not go into the details of these functions but suffice it is to say, copula 

functions are used in the life insurance industry for joint survival analysis such as the chance of a 

husband and a wife both dying within a certain period.   Because the human life expectation 

along with joint survival does not change with time when considered over a large sample (other 
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than the factor that people are living longer), such a framework makes sense.  A life actuary will 

not use the copula function to price the joint survival of a husband and a wife if he could access 

the genomes of the pair.  Because it is illegal to do so, the actuary has to resort to this 

technique.     In the case of credits, you have access to all the financial information and the 

credit story.  Just like it is silly to use a Copula function in the case of joint survival if you have 

the genome information, it is silly to use it in credit pricing when you have full access to a 

corporation’s DNA make-up.

Individual credit survival models, as we had stated earlier, are thoughtless buffoonery, only 

capable of being devised by someone with no real world credit experience.   When one tries to 

combine the possibility of survival of two companies, through a correlation parameter, it 

compounds the folly.  The investment banks need not look further than their own credit quality 

to judge the stupidity of the thesis of a correlation parameter that is stable.  In 2006, when the 

credit boom was underway,  the market was pricing Lehman Bothers and Goldman Sachs as if 

their credits were positively correlated- both were gushing out reported earnings (we say 

nothing about real earnings).   In early 2008, nasty news was swirling around Lehman Brothers. 

Immediately, Lehman started losing business, businesses that were captured by Goldman Sachs. 

So, in good times, the correlation between two companies in a sector that is doing well is 

positively correlated- in bad times, the superior credit possibly gains market share as the inferior 

credit goes bust.  And when you are pricing a tranche of a CDO, you have to look at the likely 

correlation until the credit exposures mature.

So, the puzzle here is two fold- 1) why have a survival function and complex modeling of the 

likely survival of an entity whose genomes you are legally permitted to map  2) why try to model 

a correlation when the correlation is absolutely unstable and possibly cannot be measured at a 

point in time.  
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A prominent variation of the Gaussian copula fraud in finance happened through “the base 

correlation model” devised by a JP Morgan analyst.  Since the concerned analyst trained as an 

actuary, he should have known better.  Or perhaps he did, but was tempted by the huge army of 

conmen who were searching for a holy grail to fool the gullible and the unwary.   The base 

correlation model does not satisfy even the basic things that commonsense dictates.  For 

instance, even a child in the world of risk would know that the expected loss of the junior most 

tranche of a CDO would increase with the width of the tranche.  The base correlation model 

does not even assure that.  

The cold fusion fraud in physics did not last too long because you had to back your model with 

experimental proof then and there.  The charlatans using base correlation could turn back and 

say that you used wrong parameters in the model.  The lack of ability to disprove the nonsense 

then and there (other than with commonsense based arguments) was taken as proof.   Taking 

something which cannot be proved, at face value, makes sense only in the case of Pascal’s 

wager problems.  Credit correlation does not fall in that category.        

Useful Mathematics for Credit Analysis

There are some aspects of statistical analysis which are useful in credit analysis and other 

financial analysis.  Because the usage is for specific purposes,  most financial analysts can carry 

on jolly well without being trained in those skill sets as long as they are endowed with common 

sense, intellectual curiosity and a logical bent of mind.

Statistical Testing of Hypothesis

One useful usage of statistics is testing of hypothesis.  From the pattern of numbers in a financial 

statement, an analyst might come up with a hypothesis that the nature of profits reported has 
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changed post the occurrence of a certain event such as new regulatory reporting requirement 

etc.  To test whether the hypothesis has any merit, one can conduct various statistical tests.  

A beautiful example of hypothesis testing in Finance is presented by David Einhorn in his book 

“Fooling All of the People some of the Time”. We would not go into the details here but 

recommend interested readers to read it from the original book.  Einhorn uses the “t test” to 

show that fraud was at play at Allied Capital’s reported numbers.  But as we said earlier, a good 

analyst can perform as well without being trained in statistical analysis, through a deep 

understanding of the credit story. 

The authors of the best selling book “Freakanomics” do something similar to prove cheating in 

the tests administered by the Chicago schools.  The beauty of the analysis was that the proof 

was arrived at through logic based probability analysis without resorting to sophisticated 

statistical techniques.

Bayesian Probability- The Common Sense Approach

Unfortunately, astrology is absolute nonsense – so a credit analyst can never be certain what 

will happen in the future- even if it is just the near future.  The probability of the forecasted cash 

flow materializing is what determines if a company is suitable for credit financing.  A very high 

probability makes credit financing possible.  A less than high probability implies the equity 

financing, if any financing at all is possible, is the only viable option.  

Bayesian probability is about estimating a probability given that a particular event has occurred/ 

will occur.     That is the basis of common sense driven financial analysis and financial 

projections.  It cant be, as is done in most equity research reports, about assuming a particular 

growth rate in sales, costs, capital expenditure, etc as if the company operates in a vacuum, and 

about meaningless free cash flow projections.  Bayesian analysis is about coming to conclusions 
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on parameters such as sales given where we are in the business cycle, the SDR and where we 

are likely to move in terms of a company’s credit story.  Once that is done, one can estimate 

how the company’s income statement and balance sheet will move.  If it is given that the SDR is 

too high, chances are of an implosion, which might make capital expenditure less likely and 

financing more difficult to obtain as the sector which contributed the most to SDR (whether 

households, corporations or the government) rebuilds its balance sheet and hence demands less 

of all discretionary goods and services.     

Text Box:  The Evolution of Mathematics in Credit 

When Harry Markowitz, in 1952, used the mean- variance technique to link the returns of a 

portfolio to the riskiness (as measured by the standard deviation of returns), he set the 

foundation of the use of mathematics in finance.  This harmless pursuit formed the basis of the 

harm wreaked on the world of finance by the Value at Risk (VaR) mumbo jumbo.  Warren Buffet 

has repeatedly stated that it is silly to measure risk by measuring standard deviation of past 

returns.  Even if risk as measured by standard deviation of returns is the correct metric, standard 

deviation of past returns of a security is not likely to persist in the future due to changes in every 

company’s investment story.  When, added to this, the correlation between the returns of two 

securities is measured, the folly just gets compounded and what gets thrown up is modern 

portfolio theory and efficient frontiers.  

The evolution of the use of Mathematics in finance reached new levels when Fischer Black and 

Myron Scholes published a formula for pricing European call options on the stock of a non 

dividend paying company in 1973.   The formula links the value of a call option to the volatility of 

the company’s stock price, the risk free interest rate, the current stock price and the exercise 

price of the option.  Because the result of the mathematical differential equation using the 
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capital asset pricing model (CAPM) throws in a simple and elegant solution for the price of a call 

option, it became wildly popular.   The critics of the model range from the unbelievers of CAPM 

(which includes some of the finest investment minds) to those dismissive of the assumptions 

that went into making the differential equation tractable.  The latter also point to the fact that 

the volatility parameter that needs to be fed into the equation practically renders it useless.    It 

can also throw up a number of funny values for non conventional situations.  We will not go into 

details of this in this book, sparing it for another day.

Will the credit crisis of 2008 gradually put an end to absurd usage of mathematics in finance? 

We are not sure.  It is highly unlikely that the purveyors of junk will slither off quietly and join 

the ranks of the unemployed and unemployable.   Much will depend on two things.  First, to 

what extent would the investors (the buy side) put up with this nonsense in future?  If the buy 

side is content with not applying too much brain power to the investment process, the current 

deplorable abuse of mathematics would only be a prelude to greater follies.  The other factor 

would be the extent to which regulators permit the use of leverage through levers such as 

capital adequacy requirements etc.  Requirements for less use of leverage, calculated in an 

appropriate fashion, will render many absurd products unviable.  That in turn would ring the 

death knell of “quantitative finance”.   

Key Takeaways from this Chapter

Financial Analysis is not an exact science.   Because of too many moving parts which can be 

modeled only at the risk of coming to absurd conclusions, excessive use of mathematics, while 

useful for fooling the unwary and the gullible, is not useful for coming to useful conclusions. 

Hence we have spoken of mathematicians dabbling in finance in less than stellar terms.  In 

short, we have come to bury quantitative models, not to praise them.  The correct approach to 
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credit analysis is through the relentless use of common sense and a logical thought process 

which veers conclusions towards the probable while eschewing the improbable.  Such a 

framework was used by the ancient Greek philosophers who laid the foundation of the 

development of social sciences. 

Pricing credit derivatives using a stochastic framework is an absurdity that can be justified only 

by those who have a poor knowledge of what credit actually is.  A creditor should not be 

involved in any company or scheme whose earnings outcome is of a stochastic nature- that is 

strictly the domain of the venture capitalist (if at all it belongs to any investment realm).  When 

the underlying instrument- that is a credit instrument has to be analyzed on a default/no default 

framework and then priced at what the market can bear- using mathematics to price the 

derivatives linked to a credit instrument in a stochastic framework is as absurd as a square 

circle.   Most mathematics people dabbling in credit have been rejects in their chosen field and 

have found in credit a play ground for fooling the quantitatively illiterate.  Much like astrologers 

who flourish only in societies which have a superstitious bent of mind and were there is high 

tolerance for mumbo jumbo, quantitative financial analysts thrive in an environment of credulity 

and illogic.

Why did senior management at big investment banks permit such absurdities?  There can only 

be two explanations- and the explanations are not mutually exclusive.  Firstly, as demonstrably 

seen, most of the senior management have been Peter‘s Principle creatures – rising to their 

level of incompetence.  Prior to the credit crisis, the CEOs of Merrill Lynch, Bear Stearns, Lehman 

Brothers and Citigroup were people who did not have the foggiest idea of what was happening 

and were perhaps (to be charitable to them ) too shy to ask.  The other explanation is if these 

techniques could be used to fool clients on the buy side such as the pension fund and insurance 

investment professionals and generate valuable fee based income, surely it would be churlish to 
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ask questions and risk upsetting people who were coming up with such theories.  If the PhD in 

Math was throwing up bizarre stuff which impressed the client, why would you want to tar and 

feather him when he might walk into the welcoming arms of another shop and take the client 

with him?

In conclusion, a commonsense based framework is the only way to look at credit.  The use of 

mathematics in finance does not add to the sum total of human knowledge- it merely discredits 

it in the same way that astrology discredits astronomy among the ill-read.  Basically, in credit 

analysis, you can jump to one of three conclusions for a particular time horizon- a debtor will 

default, he will not default and he might default.  If the credit analyst jumped to one of the first 

two conclusions his task is easy- he should either lend to the company or not lend to the 

company and if the derivatives market gives a pricing which is at variance with his conclusions, 

he can come up with a strategy to benefit from the mispricing such as by writing protection to 

gain high premium income or buying protection to benefit from a default.  The credit analyst is 

in a tough position when he is not reasonably sure.  What the creditor does under such a 

scenario is a function of his risk appetite.  All he must ensure is that he does not venture into the 

equity domain for fixed income returns.
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