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Risk is Our Business 

ÅSF permits choosing 
among different kinds of 
risk 

ïprepayment risk 

ïasset credit risk 

ïmodel risk 

ïcompany risk (minimize) 

ÅSF permits manipulation 
of risk 

ïtranching risk 

ïderivatives 
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Residential Mortgage-Backed 

Securities (RMBS): Actuarial 

Approach 
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U.S. Residential Mortgage Volume 
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Source: Inside Mortgage Finance (1990-2011); Mortgage Bankers Association (2012, 2013, and projections). 
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U.S. RMBS Issuance 
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Source: 2007 Mortgage Market Statistical Annual, Inside MBS & ABS (22 Feb 2008), SIFMA 
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Mortgage Loan Basics 

ÅTraditional loan is 30-year, fixed rate, fully amortizing, 
payable monthly, and prepayable at any time 

ÅVariations 

ï15-year, 20-year 

ïadjustable interest rate (ARMs) 

Åindex 

Åcaps 

ïhybrid (fixed/adjustable) 

ÅAffordability features: interest only, negative am., 40-year 

ÅSpecialty mortgage products: alt-A, sub-prime 
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Refinancing: A Valuable Option 

ÅFixed rate loans 

ïWhen interest rates fall, a borrower can refinance 

his loan at a lower interest rate 

ïWhen interest rates rise, a borrower has the benefit 

of having locked-in a lower rate in the past 

ÅFloating rate loans 

ïWhen hybrid loan resets borrower can refinance to 

new hybrid or to fixed 

ïWhen interest rates fall, a borrower has the ability to 

"permanently" lock-in the benefit of the low rates by 

refinancing into a fixed rate loan 
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Mortgage Loan = A Bond minus an Option 

ÅBond portion: obligation to pay principal and 
interest in monthly installments 

ÅOption portion: opportunity to "call" (purchase) 
the bond at a price of par, at any time 

ÅLender is long the bond and short the option 

ÅBorrower is short the bond and long the option 

ÅJargon: Mortgage loan contains an embedded 
short option 

ÅValue of a mortgage loan is the value of the 
bond minus the value of the option 

ÅValuing the option is hard to do 
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MBS Basic Features (GSE MBS) 

ÅPass-through security 

ïMonthly collections of interest and principal, including 
prepayments, "passed through" to investors 

ïServicer collects payments from borrowers (for a fee) 

ïGSE guarantee protects investors from credit risk on loans 

ÅPass-through rate is like an interest rate on the MBS 

ïLower than the interest rates on the loans 

ïDifference is the servicing fee plus the guarantee fee 

ÅLoans backing an MBS are generally similar 

ïInterest rates 

ïLoan maturities 
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Basic MBS Cash Flow 

Homeowners 

Servicer 

Investors 

Monthly P&I at 

the mortgage 

rate (e.g. 4.5%) 

Monthly P&I at 

the pass-through 

rate (e.g. 4.0%) 

Homeowners make monthly 

payments of principal and 

interest at the mortgage rate. 

The servicer retains a portion of 

the interest component of each 

monthly payment as the 

"servicing fee." 

The pass-through rate is the 

mortgage rate net of the 

servicing fee rate. 

$ 

$ 
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Ginnie Mae 

ÅGuarantees securities issued by banks and 
mortgage banks that participate in Ginnie 
Mae programs 

ÅPart of HUD 

ÅLoans have federal insurance or guarantees 
(e.g. FHA or VA; usually low- or moderate 
income borrowers) 

ÅFull faith and credit guarantee 

ÅUsed to compete with sub-prime for loans 
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Fannie Mae & Freddie Mac 

ÅPrivate corporations, federally chartered & regulated 

ÅDirectly issue MBS 

ÅAccept conventional mortgage loans Ò $625K/$417K 

ÅCash and swap programs for lenders 

ÅRegular and special servicing 

ïwith and without recourse; most sellers choose without 

ÅGuarantees its own MBS against credit losses on the 
underlying loans 

ÅGuarantee is backed by the federal gov't since 2008 

ÅLoan Interest rates usually in 1.75% band 
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Structure: Prepayments (1) 

No Prepayments 

Interest

Principal

Basic Cash Flows, 30 Year, 7% Mortgage Loan 

Time 

M
o

n
e
y
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Structure: Prepayments (2) 

No Prepayments 

Principal

Principal Cash Flows, 30 Year, 7% Mortgage Loan 

Time 

M
o

n
e
y
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Structure: Prepayments (3) 

6% CPR 3% CPR 

12% CPR 24% CPR 

Principal Cash Flows, 30 Year, 7% Mortgage Loan 

Time 

M
o

n
e
y
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Structure: Prepayments (4) 

100% PSA 50% PSA 

200% PSA 400% PSA 

Principal Cash Flows, 30 Year, 7% Mortgage Loan 

Time 

M
o

n
e
y
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Structure: Prepayments (5) 

165% PSA 165% PSA 

350% PSA 75% PSA 

Principal Cash Flows, 30 Year, 7% Mortgage Loan 

Time 

M
o

n
e
y
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Private-Label MBS 

ÅIssued by private companies 

ÅNo GSE guarantee 

ÅRated securities w/ credit support 

ïSubordinate tranches absorb losses before senior 
tranches 

ïMortgage loan credit quality is a key factor 

ÅJumbo: loans above conforming limit 

ÅAlt-A: loans that contain non-standard features but 
which have borrowers of "A" creditworthiness 

ÅSubprime: borrower has a tarnished credit record 
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Securitization Diagram 

Consumers 
(obligors) 

"Issuer" 
(sponsor) Transfers 

payments 

minus fees 

Trustee 

Transfers net 

payments 

Investors 

SPE 
(Issuer) 

Credit 

Support if needed Transfer of 

assets 

Proceeds from sale 

of securities 

Issues securities 

Payments 

Proceeds from sale 

of securities 

Sale or pledge of 

assets 

Adapted from: Protecting Investors: 

A Half- Century of Investment 

Company Regulation, SEC Staff 

Report, May 1992, p. 26. 
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Private-Label MBS Subordination Structure 

Pool of Loans 

Not Rated 

B/B  

Ba/BB  

Baa/BBB  

A/A  

Aa/AA 

Aaa/AAA 

Underlying Assets Securities
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Private-Label MBS Subordination (Subprime) 

0

20

40

60

80

100

0 20 40 60 80 100

T
ra

n
c
h

e
 L

o
s
s
e

s
 (

%
)

 

Pool Losses (%) 

Assets

Residual

BBB

A

AA

AAA

21 



More on Credit Enhancement (1) 

ÅSubordination 

ÅOvercollateralization 

ÅExcess spread 

ÅTriggers/alternate waterfall 

ïPro rata 

ïSequential 

ÅThird-party guarantee/insurance 
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More on Credit Enhancement (2) 

ÅSix pack structure (jumbo and "true" alt-A) 

ïPrepayment lockout: seven years or 2³ 

subordination, phase-out, triggers 

ÅExcess spread/overcollateralization 

structure (sub-prime and weak alt-A) 

ïUse excess spread to cover current losses and 

build OC (turbo) 

ïSurplus excess to residual class 

ïPrincipal lockout w/ triggers (3 years or 2³) 
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Subprime MBS Cash-flow Example 

0 12 24 36 48 60 72 84 96 108 120

Residual B Prin.

M Prin. A Prin.

ÅSenior-sub, O/C (not like prime MBS six pack) 

ÅSequential / pro-rata / reverse sequential, with triggers 
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Credit Analysis of 

Mortgage Loans 
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Three C's of Mortgage Credit 

(new loans) 

ÅCredit reputation 

ÅCapacity 

ÅCollateral 
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Freddie Mac Guidelines: Three C's 

37.1: Underwriting a Mortgage for sale to Freddie Mac (01/01/13) 

Freddie Mac purchases Mortgages that meet the standards 
included in this Single-Family Seller/Servicer Guide (Guide). 
The conclusion that a Mortgage is acceptable must be based 
on a determination that the Borrower is creditworthy 
(acceptable credit reputation  and capacity) and the 
Mortgaged Premises (collateral ) is adequate for the 
transaction. Credit reputation, capacity and collateral are 
often called the "three Cs" of underwriting. If one of these 
components is not acceptable or if there is excessive layering 
of risk across components, the Mortgage is not acceptable for 
sale to Freddie Mac. 

 Source: Freddie Mac, Single-Family Seller/Servicer Guide, Vol 1, Ch. 37.1 (1 Jan 2013). 
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Other Factors 

ÅOccupancy ð owner occupied, investment, 
vacation home 

ÅLoan purpose ð purchase, refi, cash-out  

ÅLoan amortization type ð 30, 15, interest-
only, negative-amortization 

ÅProperty type and number of units ð single 
family, condo, PUD, mobile home 

ÅProduct type (if applicable) ð FRM, ARM, 
hybrid 
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Underwriting a Mortgage Loan 

ÅAnalysis of credit quality 

ïanalysis considers trade-offs between various 

risk factors 

ÅThree Cõs  

Åother factors 

ïrisk layering 

ÅScreens for fraud (reasonableness and 

logical consistency) 

ÅVerify accuracy of information 
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Freddie Mac Guidelines: Layering 

The Seller must determine that each component (credit reputation, 

capacity and collateral) is acceptable and that the overall layering of risk is 

acceptable. A conclusion that the Mortgage is acceptable cannot be 

reached by looking only at a single underwriting component or by 

placing the most weight on a single component, but may result from 

balancing the weakness of one component against the strength of the 

other two components. For example, a Borrower with weak capacity may 

be found to be acceptable because of strong collateral and credit 

reputation, but a Borrower with weak capacity and weak credit reputation 

is not acceptable because only collateral is strong. 

Even when each of the three components is acceptable, layered risk 

may make a Mortgage unacceptable. Characteristics specific to the 

Mortgage request, such as the type of Mortgage product, the purpose of 

the Mortgage and the property type securing the Mortgage, add layers of 

risk that must be considered. 

 Source: Freddie Mac, Single-Family Seller/Servicer Guide, Vol 1, Ch. 37.1(c) (1 Jan 2013). 
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Fannie Mae Underwriting Matrix 

Source: Fannie Mae, Eligibility Matrix, p. 4 (10 Nov 2014) 
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Measuring the Three C's 

ÅCredit reputation 

ïFICO® score  

ïCredit history 

ïStability factors (time in home/job) 

ÅCapacity 

ïDebt-to-income ratio (DTI) 

ïFinancial reserves (no. of months) 

ÅCollateral 

ïLoan-to-value ratio (LTV) 
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Components of a FICO® Score 

Types of 

Credit Used, 

10% 

New Credit, 

10% 

Length of 

Credit 

History, 

15% Amounts 

Owed, 30% 

Payment 

History, 

35% 
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Automation: Fannie Mae's DU 

ÅCredit history 

ÅDelinquent accounts 

ÅMortgage accounts 

ÅRevolving credit 
utilization 

ÅPublic records, 
foreclosures, and 
collection accounts 

ÅInquiries 

ÅBorrowerõs equity and 
LTV 

ÅTotal expense ratio 

ÅLiquid reserves 

ÅLoan purpose 

ÅLoan term 

ÅLoan amortization type 

ÅOccupancy type 

ÅProperty type 

ÅCo-borrowers 
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Things Not Considered 

ÅIllegal factors: age, 
race, sex 

ÅType of job 

ÅType of neighborhood 

ÅType of lending in 
homes in the 
neighborhood 
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Credit Analysis of 

RMBS 
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Designing the Analysis 

ÅDefine archetypical loan and pool 

ÅCalibrate "triple-A" enhancement for 
archetypical loan 

ÅDefine sensitivities for varying loan attributes 

ïSome are non-linear 

ÅDefine inter-relationships 

ïMultiplicative or additive 

ÅDefine pool-level adjustments 

ïGeographic concentration 

ïSmall number of loans 
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Archetypical Loan & Pool 

ÅArchetypical loan 

ï75% LTV 

ï725 FICO® score 

ï36% DTI (back end) 

ïFRM30, purchase-money 

ïSingle-family detached home 

ïFull documentation & appraisal 

ÅArchetypical pool 

ïAt least 250 loans 

ïGeographically diversified 
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Triple-A Calibration for Archetypical Pool 

ÅExtreme stress scenario 

ÅSimilar to the Great Depression 

Å30% (vs. 24.9%) unemployment 

ÅHalf of those suffering unemployment 

default 

ïImplies 15% default frequency 

Å50% loss severity on each default 

ïImplies 7.5% total losses 
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Sensitivities, Inter-relationships & Adjustments 

ÅLTV: risk rises geometrically with rising LTV 

ÅFICO®: risk rises geometrically w/ falling 

score 

ÅDTI: risk rises geometrically with rising DTI 

ÅOther attributes: mostly multipliers 

ÅInter-relationships: mostly multiplicative 

ÅPool-level adjustments: rare 
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Seasoned (Old) Loans  

ÅPerformance ð delinquencies and 

losses 

ÅMacroeconomic drivers 

ïHome price appreciation 

ïUnemployment rate 
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RMBS Analytic Challenges 

42 



Description of Delinquencies 

Jan 
$1,000 

Feb 
$0 

Mar 
$1,000 

Apr 
$1,000 

May 
$1,000 

Jun 
$1,000 

Which history suggests more risk?: 

Jan 
$1,000 

Feb 
$0 

Mar 
$2,000 

Apr 
$1,000 

May 
$1,000 

Jun 
$1,000 
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Description of Delinquencies 

ÅAs of June 1, the borrower is: 

ï120 days delinquent one time (1x120) 

ï30 days delinquent four times in a row (4x30) 

ï30 days delinquent once on a òrollingó basis (1x30) 

Jan 
$1,000 

Feb 
$0 

Mar 
$1,000 

Apr 
$1,000 

May 
$1,000 

Jun 
$1,000 

.ƻǊǊƻǿŜǊΩǎ ǇŀȅƳŜƴǘ ƘƛǎǘƻǊȅΥ 

? 
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Time Since Bankruptcy 

ÅTime since filing 

ïBorrower is in financial 

trouble at time of filing 

ÅTime since discharge 

ïBorrower may be getting 

back on his feet by the 

time he gets out of 

bankruptcy 
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Debt-to-Income Ratio 

ÅIncome 

ïRegular job 

ïInvestment income 

ïSecond job 

ïHome business 

ïGifts 

ÅDebt 

ïFully indexed rate 

ïTeaser rate 

ïIncluded debts 
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Appraisals 

Regular Appraiser Automated Appraiser 
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Quarterly Average S&P AAA Credit 

Enhancement Levels for Jumbo FRM30 Deals 

 

2.0

2.5

3.0

3.5

4.0

4.5

5.0

S&P Average ABN AMRO B-of-A Chase Countrywide

Citicorp First Horizon GE RFMSI SASC

UBS Wamu Wells Fargo
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Collateralized Debt Obligations 

(CDOs): Monte Carlo Simulation 

Approach 
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The CDO Monte Carlo Paradigm 

ÅEach credit exposure can be represented by 
mathematical parameters based on: 

ïPar amount 

ïRating 

ïIndustry 

ÅMathematical parameters are: 

ïDefault probability 

ïLoss severity (recovery rate) upon default 

ïCorrelation to other exposures 

ÅCopula technique 
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Copula Technique (1) 
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Years to Default 

Mapping Survival Probability to Default Time 

ϧ 

u 
x = annual survival probability 

ϧ = default time expressed in years 

u = simulated random variable 

Survival Function 
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Copula Technique (2) 
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Å Generate a normally distributed random variable for each credit, Ϙ1 to Ϙn, plus 

one extra one, y, representing the economy 

Å Use the Ϙi variables and y to produce n correlated, normally distributed 

random variables, x1 to xn, with the formula ὼ ”ώ ρ ” 
Å Use the cumulative normal function to map the xi variables to corresponding 

variables in the range of 0 to 1, denoted u1 to un 

Å Map each ui variable to a corresponding default time (ϧi) using the creditõs 

survival function 



Basic CDO Structure -- Tranching 

Corporate 

Bonds/Loans 

Equity 

Baa/BBB  

A/A  

Aa/AA 

Aaa/AAA 

Super Sr. 

Underlying Assets Securities
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Structure ð Additional Features 

ÅCDO lifecycle 

ïRamp-up phase 

ïRevolving phase 

ïAmortization phase 

ÅWaterfall 

ïPre-2005: mostly sequential 

ïPost-2005: mostly pro rata (sometimes with toggle) 

ÅCollateral quality tests (eligibility) 

ÅPerformance tests 

ïOvercollateralization (OC) ð par haircuts 

ï Interest coverage (IC) 

ÅEvents of Default 
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Rating Agency Views 

ÅMonte Carlo simulation-based approaches 

ÅAssumptions 

ïdefault frequencies 

ïrecovery rates 

ïcorrelations 

ÅFactor-based correlation models 

ïSystems for assigning pair-wise correlations 

ÅSoftware tools: 

ïS&P: CDO EvaluatorÊ 6.3 

ïMoody's: CDOROMÊ ver. 2.13 

ïFitch: Portfolio Credit Model 2.4.4 
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Easy Problem:  Model the Universe with Just Six Numbers  

N = 1036 ñ the ratio of the strength of the electrical force to the 
gravitational force 

Ǣ = 0.007 ñ the proportion of mass converted to energy when hydrogen 
fuses to form helium; how firmly atomic nuclei bind together 

ǖ å  0.3 ñ the ratio of the total mass of the universe to the mass that 
would be required to cause eventual gravitational collapse (i.e., 
density) 

Ǩ å 0.7 ñ vacuum energy; "anti-gravity" force that drives expansion of 
the universe 

Q = 10-5 ñ ratio of energy required to break-up large scale structures to 
the rest mass energy of those structures; describes the degree of 
homogeneity of the universe 

D = 3 ñ number of spatial dimensions; allows for crucial inverse square 
relationships of force over distance 

Source: Rees, M., Just Six Numbers, Basic Books, 2001. 
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Financial Engineering vs. Financial Theory 

ÅReal world testing vs. simulation alone 

ÅSimulation implicitly relies on the notion that 

underlying phenomena are governed by (or 

at least behave as though governed by) the 

laws of probability 

ÅHistorical experience provides a form of real 

world test 

ïCorporate bond default studies 

ïABS credit migration studies 
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Things Can Go Wrong: Model Risk 

ÅModels are naturally 
appealing and produce 
reliable results under 
normal conditions 

ÅBut, models are weak 
under unusual or 
extreme conditions, 
when critical 
assumptions break 
down 

,,x y z
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Things Can Go Wrong: Model Risk (cont.) 

ÅBiased development 
samples 

ÅWrong distributions 

ÅNon-stationary processes 

ïthe world is less well-
behaved than we would 
have it 

ÅMissing variables 

ïomitting the unquantifiable 

ÅDonõt be fooled by fancy 
models 
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Hard Problem: Correlation 
ÅHard to measure correlation 

among rare events 

ÅProbably not stable over 
time (i.e., time varying) 

ÅPossibly regime switching 

ÅSubstantial danger from 
under-estimating 

ÅSkora was among the first 
to highlight the issue:  
òCorrelation ð The Hidden 
Risk in Collateralized Debt 
Obligations,ó Derivatives 
Strategy, Nov 1998  

T
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Annual Issuer-Weighted Corporate Bond 

Default Rates 1920-2004  
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Investment Grade

ÅIf it happened 
once before, it can 
happen again 

ÅAverages obscure 
extremes 

ÅFocus on peaks, 
not averages 

ÅCould a given 
tranche have 
withstood the 
relevant periods of 
stress over the 
past 20 years? 
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Annual Issuer-Weighted Corporate Bond 

Default Rates, Europe vs. N. Amer. 1985-2004 
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Other Famous Examples 

ÅHunt Brothers silver squeeze, 1974-1979 

ïfalling prices, margin calls 

ÅMetallgesellschaft AG, oil futures, $1.5 
billion loss, 1983 

ïcontango causes losses on rolling hedges 

Å1987 U.S. stock market crash 

ïprogram trading strategies crumble against 
limited liquidity 

ÅLong Term Capital Management, 1998 

ïhedging strategy based on Black-Scholes theory  
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Margins of Error ð Weather 

Source: NOAA 
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Margins of Error ð Weather 

Source: NOAA 
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Stress Testing: Space Shuttle Main Engine LOX Turbopump 

66 



Stress Testing: Space Shuttle Main Engine LOX Turbopump 

This photo shows the exhaust from the pre-burner that is used to generate 
the hot gases to drive the space shuttle engine LOX (Liquid Oxygen) 
turbopump during the test.  For a typical turbopump test, the low pressure 
tank is pressurized to simulate the NPSH (Net Positive Suction Head) of the 
space shuttle turbo pump inlet. The high pressure LOX and hydrogen tanks 
are pressurized to approximately 1500 psi in order to control the starting 
flows into the pre-burner.  The valve resolution problems experienced when 
controlling a wide range of flows are solved by controlling three fast acting 
electro-hydraulic valves in parallel in each propellant line. The acceleration 
of the turbopump is less than 4 seconds to simulate main engine operation 
which requires the high pressure propellant tanks to be ramped in 
pressure to 9000 psi.  The liquid hydrogen is conditioned by a liquid/gas 
mixer to simulate shuttle main engine inlet temperatures.  The high 
response control system controls the tank pressurization, propellant flow, 
temperature and turbopump speed. The abort system monitors over 200 
parameters and calculations and initiates shutdown or test termination if 
an anomaly is detected. 

Source: EDF, Inc., http://www.edfinc.com/portfolio-space-shuttle.html 
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Key Scenario Testing 
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