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Motivation




Mortgages are the Largest Segment of the Fixed Income Market

...and the Fastest Growing...

Dutstanding Bond Market Debt
as of Jume 30, 2001

Mortgage
Related
24%

Mete: Mortgage Related Securities includes agency and private-label Pass-Throughs and CMOs Dutstanding Bond Markst
Source: Bond Market Association and Federal Reservs Bank Debt as of June 30, 2002




MBS: A Major Investment Vehicle
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Moertgages Differ Greatly from Other
Eixed Income Investments

Cashfilows and vallatiens depenadl upon: the
econemic behavier ofi small time Investors.

Many: e these: decisien makers den t: View
themselves as;investors: at ail.

Do hemeewners, really venave: like VIBAS?
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Volatiliy in IHeusing Wealth

Evolution of Real Housing Wealth Per Capita Across OECD Countries
(1990 =100)
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Volatiliy in IHeusing Wealth
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Consensus on Economic Analysis: of
Moertgage: Borrewer Benavior

PrOVIGES a Conerent and
Usefuiffiramewerk for analyzing Berrewers
prepaynment o default Penavier:

The Ol the prepayment and
default: optiens! IS Important IR explaining
BENaVIoL.

Duration; or moedels
provide a cenvenient analytical toel for
analyzing borrewer benavior.




1. Option TTheory

Only’ a recket scientist needs toe selve a
complex: medel:

A RGMEBWREN JUSt needs: malket Prices.
n Prepay (¢ =-11%) WhRER:

You can refinance the lean for the same
terim With 2 IoWer Coupon.

s Default (%) =) when:

YOU can have Iower payments onl a new Zero
downi payment lean el the same: terin on the
same house.




Variakles “measuring In the money”
off options, say X,, and X,, are
computed By realfpeople at time L.

Call option = [PDV (c, t,) — PDV(r, t,)]
Put option = [PDV (1, t;) — MKT (t,)]

TRANSACTIONS COS




2. Jointness

IHemeewners are less likely e
exercisercallfoption wihen: pui
epuien IS IR the money. \Whay?

Competing Risks

Medels: eff survival frem
epidemioelogy’ and RIGMETNICS.




Survival Function
F(t) = Pr (T > t)

Hazard of “Death”

h(t) = AF(D)/F(D)

S0:
h(tp, t,) = f(X;, X,, other stuff)




One Other Key Wrinkle

Calculation, anlity, attention: 2

Adfhec demoegraphic vananles.

ASsUmpLions abeuit transactions; costs
ACIOSS POOIS! 6ff Mortgages.

Models' o Unehserved differences.

ENORMOUS PRACTICAL IMPORTANCE




Applications Using Real Data

Mertgages: Pulchased By Fredaie Mae
Onginated 1 1976-1963;

Moertgages Onginated by “Large: Private Bank:
Ornginated in 1994-2003.

Mertgages: followed guarterly frem ergination
10 termination, maturation, or CEAserng...

Distributien eff NeUSe: prices followed guarterly:
N each; metropolitan region.




Sample of thirty year mortgages

A. Conditional Prepayment Rates C. Conditional Default Rates
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Determinants of termination at t

Value: of call eption:

Computed from mortgage centract and current
Interest rates.

Prebability’ that put optien!Is Nl the Meney:

Computed firemrUPE and the course of metropelitan
AeUSING| prices.

LIV at: erigination

Metropolitan Unemployment rate
Metropolitan diverce: rate
Measures of “Astuteness”




“ASTUTENESS”
Cumulative Ereguency. of
Missedi Calll Oppertunities
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Mean Values of the Extent to Which the Call
Options; are: Inf The Meney: at Trermination

Vi il




ASI mISsedl oppertunities increase;, call
vallies are nigher at termination.

AS| Seasening Increases, so does the value
e the: call at termination.




Moedels of Prepayment and Default
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(t ratios In| parentheses)
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Vallies) off ot eptiens are very Impertant
I pPrepayment & defiault decisions.

AS| Interest: rate drops, prepayments

INCrease; more than preperticnately.

Other facters; Unemployment, diVorce: ale
Imporiant.




Moedels of Prepayment and Default Hazard
(t ratios In| parentheses)




PDetault rates increase with LIV, Attitude
towards risk?

Link between prepay. rates and LTV IS, less

clear.
Vieasures: eff Neterogenelty: are Important.




Moedels of Prepayment and Defauli
(t ratios In; parentheses)
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More: careful measures off DorrowWer

diffierences; explain; option; Benavier ketter.




Practical Implications

Measuring, anticipating| and reacting e
risk.

Computing|cash fiows), mertgage: pool
Vallauiens, andithe prcing Implicatiens of
market conaditions.

HOW LARGE ARE EFFECTS?




Prepayment Rate
(percent per quarter)

Default Rate
(percent per quarter)

1. Measuring Risks

A. Estimated Conditional Prepayment Rates

For Three Risk Groups
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For Three Risk Groups
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2. Cash Elows and Pricing

Monte Carle Simulation

Dynamic Changes infHousing Prces

|nterest Rate Paths

Simulate many: patias using dynamic term
structure moaelk

Sample: frem| guarterly: patns.

At each guarter, use model to compute
prepayment and default rsks.

Discount the: rsk-adjusted mortgage
amortization cash flows along| Interest rate
pPatis




Simulated Interest Rates — DS ATSM A, (3)




Mean| Percentage Diffierences in Mortgage Pool
Prices




Mean| Percentage Diffierences ini VMortgage Pool
PrICEs




Mean Differences in Prices for One
Millionr Dollar Poeol




Mean Differences in Prices for One
Millionr Dollar Poeol




Economic Benavior ofi relatively: unsephisticated
POKrOWErS Istkey to cashi flows and Vallation of:
mortgage investiments.

Optiens firamewerk provides a powerifuifteol for
analyzingl and understanding Benavior.

Well-known statisticall metneds, using data
loUtinely gatnerea and  maintaimead by financial
IStItUtions;, can ke applied.

Empircaliresults fremi the U.S. suggest that the
magnitudes are'large.

We need to know! a lot more about the differences
among POIeWETrS.




