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Outline

• Corporate Bonds

– Default Intensity

– Loss Given Default

• Modeling Default:

– Structural Approach

– Reduced-Form Approach

• Credit Default Swaps
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Fixed Income

• Key Risk Factors

– Yield curve uncertainties: Level, Slope, and interest rate Volatility.

– Counterparty risk in OTC derivatives.

– Credit risk in corporate bonds, CDS, bank loans, mortgages, muni’s,

commercial paper, CDO/CLO.

– Liquidity risk, often coupled with credit events.

– Optionalities: callable and puttable bonds, prepayment in MBS, etc.

• Measures of Risk:

– Term Spreads: long-term yield minus short-term yield.

– Volatility: swaption implied vol.

– Credit/Liquidity Spreads: LIBOR-Treasury, LIBOR-OIS,

Swap-Treasury, Old Bond/New Bond, Corp Spread, CDS, etc.
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Outstanding US Bond Market Debt in $ Billions

Mortgage Corp Agency Money Asset

Muni Treasury Related Debt Securities Markets Backed Total

1980 399.4 623.2 111.4 458.6 164.3 480.7 2,237.7

1985 859.5 1,437.7 399.9 776.6 261.0 950.9 1.2 4,686.7

1990 1,178.6 2,195.8 1,340.1 1,350.3 421.5 1,328.9 66.2 7,881.5

1995 1,268.2 3,307.2 2,432.1 2,087.5 924.0 1,367.6 214.9 11,601.4

2000 1,480.7 2,951.9 4,119.3 3,400.5 1,853.7 2,815.8 699.5 17,321.5

2005 3,019.3 4,165.9 7,206.4 4,604.0 2,616.0 3,536.6 1,275.0 26,423.2

2006 3,189.3 4,322.9 8,376.0 4,842.5 2,634.0 4,140.0 1,642.7 29,147.3

2007 3,424.8 4,516.7 9,372.6 5,254.3 2,906.2 4,310.8 1,938.8 31,724.2

2008 3,517.2 5,783.6 9,457.6 5,417.5 3,210.6 3,939.3 1,799.3 33,125.2

2009 3,672.5 7,260.6 9,341.6 5,934.5 2,727.5 3,243.9 1,682.1 33,862.7

2010 3,772.1 8,853.0 9,221.4 6,543.4 2,538.8 2,980.8 1,476.3 35,385.9

2011 3,719.4 9,928.4 9,043.8 6,618.1 2,326.9 2,719.3 1,330.0 35,685.9

2012 3,714.4 11,046.1 8,814.9 7,049.6 2,095.8 2,612.3 1,253.6 36,586.7

2013 3,671.2 11,854.4 8,720.1 7,458.6 2,056.9 2,713.7 1,252.5 37,727.3

2014 3,652.4 12,504.8 8,729.4 7,846.2 2,028.7 2,903.3 1,336.5 39,001.3

2015 3,777.0 13,191.6 8,759.0 8,172.3 1,995.4 2,806.9 1,358.8 40,061.0

2016Q2 3,826.1 13,417.8 8,829.8 8,433.4 2,005.1 2,849.2 1,359.7 40,721.1
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Average daily dollar trading volume in September 2015:

Equity $321bn, Treasury $499bn, and Corporate Bonds $25bn.
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Defaults in 2008, by Industry Distribution

• Lehman was the largest

default in history: $120.2B.

• 84 of the 101 defaulters

were in North American

with 74 in the US.

• North American defaulted

debt volumes: $226.2B.
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Defaults in 2008, by Financial Institutions
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Recovery Rates based on debt trading prices 30 days after the default date
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Recovery Rates based on ultimate recoveries
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Various Sources to Estimate Default Probability

• We will now focus on modeling and estimating the default probability,

while keeping the recovery rate, which is 1 minus the loss rate, at a

constant level.

• Information about default probability can be collected from:

– Rating: credit ratings (S&P, Moody’s, Fitch) and the historical default

rates by rating category.

– Equity Market: firm fundamentals, financial statements and

equity-market information (Moody’s KMV).

– Credit Market: the market prices of securities with exposure to

default risk: corporate bond yield spreads or credit-default swap

(CDS) spreads.
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Models of Default

• Structural approach: start with the firm’s fundamentals, such as firm

value or earnings. Merton (1974), Black and Cox (1976), Longstaff and

Schwartz (1995), and Leland (1994).

• Reduced-form approach: treat default as the outcome of a jump process.

Duffie and Singleton (1999).

• For the purpose of pricing a defaultable bond, the main output of a

defaultable model is the term structure of probability of default.

• When defaultable securities are pooled together, then the valuation of

the pooled security involves crucially on the model-implied probability of

correlated default.
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Model Default using Structural Approach

The Merton Model (also used by Moody’s KMV)
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Distance to Default:

DD =
ln(V/K) + (µ− σ2

A
/2) t

σA

√
t

• The market value of assets V

• Asset volatility σA

• The book value of liabilities K

• Debt-to-Asset ratio: K/V

• The expected growth rate of asset value µ

• DD = distance to default = number of std the firm is away from default

• t = the time horizon
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Calculating Distance to Default

debt ratio asset growth asset vol horizon distance to default

K/V µ σA t DD

15% 10% 40% 1yr 4.79

15% 10% 40% 10yr 1.66

50% 10% 40% 1yr 1.78

15% 10% 20% 1yr 9.89

15% 10% 20% 10yr 4.26

15% 20% 40% 1yr 5.04
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From Distance to Default to Default Probability

Assuming normal distribution: Default Probability = N(−DD)
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From Distance to Default to Moody KMV’s EDF

(Expected Default Frequency)

• The probability from normal distribution is too low and credit risk is not

normal.

• Moody’s KMV uses actual default rates for companies in similar risk

ranges to determine a mapping from DD to EDF.

• This procedure requires a large database of actual defaults.
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Moody’s EDF
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Model Default using Reduced-Form Approach

• Let T̃ be the random default time.

• The probability of survival up to time t:

Prob

(
T̃ ≥ t

)

• The probability of default before time t:

Prob

(
T̃ < t

)
= 1− Prob

(
T̃ ≥ t

)
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Constant Default Intensity λ
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Pricing a Zero-Coupon Bond

• Assume the constant default intensity λ of a firm is 100 bps.

• The one-year default probability: 1− e−λ ≈ λ.

• Assume zero recovery (100% loss given default):

– Consider a one-year zero-coupon bond with $1 face value:

P = e−r
Prob (T̃ > 1) = e−r × e−λ = e−(r+λ)

– The yield to maturity of the defaultable bond: r + λ

– The credit spread of the defaultable bond: λ

• Assume constant loss given default (L):

P = e−r
Prob (T̃ > 1) + e−r

Prob (T̃ ≤ 1)× (1− L)

= e−r × e−λ + e−r × (1− e−λ)× (1− L)

For small λ, the credit spread is approximately: λ× L.
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Credit Default Swaps

• The US corporate bond market is among the most illiquid markets. For a

market of $8T in 2015, the average daily trading volume is only $25B. By

comparison, the average daily volume is $499B for US Treasury and

$321B for US Equity.

• In buying a corporate bond, investors take on both duration and credit

exposures. To have a pure positive exposure to credit risk, investors

have to hedge out the duration risk. To have a pure negative exposure to

credit risk, investors have to locate, borrow, and then sell the bonds and

buy back the duration exposure.

• The emergence of credit derivatives was in part a response to the

limitations of corporate bonds as a vehicle for credit risk.

Fall 2017 Jun Pan, MIT Sloan –27–



15.433 Financial Markets Fixed Income, Credit Risk

0

100

200

300

400

500

In
te

re
s
t 
R

a
te

 S
w

a
p
s

 Notional Amount ($ Trillion)

2000 2002 2005 2007 2010 2012
0

10

20

30

40

50

60

C
re

d
it
 D

e
fa

u
lt
 S

w
a
p
s

0

5

10

15

20

In
te

re
s
t 
R

a
te

 S
w

a
p
s

 Gross Market Value ($ Trillion)

2000 2002 2005 2007 2010 2012
0

1

2

3

4

5

6

C
re

d
it
 D

e
fa

u
lt
 S

w
a
p
s

Fall 2017 Jun Pan, MIT Sloan –28–



15.433 Financial Markets Fixed Income, Credit Risk

Valuation: One-Year Credit Default Swap

• Consider a one-year CDS and assume constant interest rate r.

– The present value of the annuity:

CDS × P
(
T̃ > 1

)
× e−r

– The present value of the insurance:

Loss × P
(
T̃ ≤ 1

)
× e−r

• Set CDS so that the two legs have the same present value:

CDS =
P
(
T̃ ≤ 1

)
× Loss

1− P
(
T̃ ≤ 1

)

• For small P (T̃ ≤ 1), CDS ≈ “1yr Default Probability” × “Loss”
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Applying Constant Default Intensity Model

• Let’s use the constant default intensity model:

one-year default probability = 1− e−λ

• The one-year CDS price is

CDS =

(
1− e−λ

)
× Loss

e−λ
≈ λ× Loss ,

where the approximation works well for small λ.

Fall 2017 Jun Pan, MIT Sloan –30–



15.433 Financial Markets Fixed Income, Credit Risk

2004 2005 2006 2007 2008 2009 2010 2011
0

1000

2000

3000

4000

5000

6000

7000
One-Year Credit Default Swap (bps)

Ford

Fall 2017 Jun Pan, MIT Sloan –31–



15.433 Financial Markets Fixed Income, Credit Risk

2004 2005 2006 2007 2008 2009 2010 2011
0

500

1000

1500

2000

2500
One-Year Credit Default Swap for GS, MS, and JPM (bps)

Bank1

Bank2

Bank3

Fall 2017 Jun Pan, MIT Sloan –32–



15.433 Financial Markets Fixed Income, Credit Risk

2011 2012 2013 2014 2015 2016
0

100

200

300

400

500

600
One-Year CDS Price for Three Countries (USA, Russia, Turkey)

avg = 128 bps

avg = 15 bps

avg = 83 bps

Fall 2017 Jun Pan, MIT Sloan –33–



15.433 Financial Markets Fixed Income, Credit Risk

CDS-Bond Basis
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