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Abstract

Following a brief compilationof internal,Streetandvendorideason prepaymeninodeling the
currentprototypedor QF'sfixedrate, ARM, andhybrid prepaymeninodelsaredescribedChanges
areinevitable.

Part |
A Qualitati ve Survey of Modeling Issues

Part one of this paperseeksto distill and summarizesomeof the better(and often anecdotaljdeas
generatednternally and gleanedirom publishedpapers.In particular the contentis directedtoward
traditionalGNMA, corventionalandjumbomortgagesalthoughmary of theconceptextendnaturally
into subprimemobilehome,andothermarkets.

Residentiaimortgageprepaymentsre often caned into four parts: housingturnover, refinancing,
defaults,andcurtailmentswith thelattertwo generallyreceving little attention.This patternwill persist
herein.

1 Housing Turnover

The turnover componenf prepaymentsapturesprimarily non-economicand demographiceffects:
homeavnersprepaymortgagesiueto job relocationhousingupgradesdgivorce,death etc. While some
of thesebehaiors arenot independentf prevailing economicconditions,e.g. housingupgradecosts
risewith interestrates thesedriversimply abasedevel of prepaymentgrior to consideringefinancing.

1.1 SeasonaEffects

A seasonaélementto housingturnover, generallyattributedto weathey holiday andschoolcalendar
effects, is often modeledsuchthat a seasonaminimum occursin Januaryand a maximumoccursin
June.Sucha patternmight be estimatedrom homesalesdataor taken from publishedsources.

ITheNationalAssociationof RealtorsandsomeWall Streeffirms have publishedseasonafactors.



1.2

ExpectedTenure

This componenbf a housingturnover modelis oftenaddresseavith a PSA-like seasoningamp,sug-
gestinga linear progressiortoward a stableannualturnover rate?. The relative lengthof the rampas
well asthelevel of this stableturnover rateareindicative of differencesn expectedenureamongloan
types.Considerationfor modelingexpectedenureinclude:

Loantype: ARM andballoonloanstendto befavoredby “fastmovers’ FHA/VA loansaremade
to ademographigroupwhich empirically exhibits lessmobility. In contrast,15 yearloansmay
befavoredby a moresophisticated@ndmobile populationwith abettercreditrating.

Typeof property:singlefamily structuresareindicative of longertenurethancondominiumsetc.

Pointspaid: large rate buydovns do not make senseunlessthe homeavner plansstayin the
mortgagefor an extendedperiodof time. Sucha pointseffectis usuallyallowed to decayover
time.

Loanpurposeif aloanis the productof refinancingtheloancanbethoughtof aspreseasoned.
This impliesthatthe expectedtenurein the homemay be shorterthanin the caseof a purchase.
Furthermorenotethatif thecurve wasrelatively flat atthetime of therefinancing; fastmovers”
thatwouldnormallyapplyfor balloonor hybrid ARM loansmayinsteachave taken30yearloans.
Suchaloan,thereforewould have a fasterturnover profile thanoneoriginatedin a steepercurve
ervironment.

Prepaymenpenalitiesacceptedaswith pointspaid,acceptancef prepaymenpenaltiesuggests
a propensityto remainin the mortgagedpropertyfor the term of the penaltyprovision. It is
possibleghataspikein prepaymentwill beobseredimmediatelyfollowing theendof thepenalty
periodaspentup turnoveris released.

Loansize: large loansmay imply reducedradeuppotentialandlongertime to market, whereas
smallloansmay suggesthe oppositeeffects. However, correspondindorrover demographics
(mobility, networth, etc.) make suchcontentiondessthancertain,asjumbowholeloansareon
averagethoughtto exhibit greatertturnover thancorventionals.

Geographidocationandmobility: Californiais often saidto have a more mobile demographic
profile. An alternateviewpoint attributesfasterspeedsn Californiato othervariables,suchas
larger loan sizeandpopularityof ARM products yet this doesnot seemto be supportedby the
internal California data. Pre-meger BankAmericamodelsalsocapturedyeographidifferences
betweemorthernandsoutherrCalifornia.

Geographidocationand LTV: Regional housingmarket differencesclearly have animpacton
turnover behwaior.

Geographidocation andtransactiongosts: Applicable at the turnover and refinancinglevels,
the differencein taxesandfeesacrosggeographi@ntitiesis saidto have a significantimpacton
relatve prepaymenbehaior.

2A strictlinearrampto aconstantevel mayprove too simplistic,asempiricaldatamay suggesthatthe post-ramgurnover
rateshoulddecayovertime. Self-selectioreffectsmaybe presenashomesin highergrowth areadeave the pool.



e Limited equity: High LTV loansandloanswhich were equity take-out refinancingsare more
likely to reachlow or negative equity conditionsin housingmarket slumps. Borrowversin such
situationsmay anticipatelongertenuresand associatedhomeprice appreciatioras a sourceof
equity

¢ Other:Relocationoansmay exhibit initial stability followed by anaccelerationn prepays.Low
documentatiotorroversmaybe self-emplged with stronggeographidies,andpersistentver-
sionto full documentatiommay limit accesdo new creditaswell asdiscouragenev homepur-
chases.Investorpropertiesmay turn over more rapidly than owneroccupiedproperties,asin-
vestoranaybe morelikely to take gainsresultingfrom housingmarket appreciation.

1.3 Economic(Dis)incentives

While economidncentivesarecommonlydiscussedn the context of refinancing-relategrepayments,
housingturnover is clearlyaffectedby similar considerations.

¢ Prevailing mortgagerates: housingturnover is dampenedn ervironmentswherethe purchase
of anew homewill involve a mortgagewith a higherinterestrate: this is oftenreferredto asa
"lock-in effect’ Theeffect of this disincentve mayfadesomevhatover time, however, asmary
non-economiceasongor moving cannotbe indefinitely postponedCorversely refinancingop-
portunitieswill likely amplify housingturnover.

¢ Loansize:astheprevailing ratedisincentie is alinearfunctionof size jumboloanprepayments
would be expectedto damperrelatively morein suchscenarios.This is a potentialexplanation
for theanecdotatlaim thatjumboloanshave prepaymenfunctionswhich aresteepethancon-
ventionals.

1.4 Broad EconomicEffects

The stateof the economytrendsin housingvalues,and consumeiconfidencesurely matter but will
likely defy attemptsat accurateforecastingor meaningfulincorporationinto a stochastidnterestrate
modelof low dimension.

As of early2000,comparison®f publishedorepaymenprojectionsacrossnultiple modelssuggest
substantiatiifferencesn opinionover "out-of-sample”speedsn rising ratescenariosSuchdifferences
aredrivenby varyingassumptionsf housingmarket performancen a highmortgageateernvironment
rarelyseenin the pastdecade.

2 Refinancing

Theportionof prepayswvhichwould seento lenditself to a simpleandeleganteconomidnterpretation
is in reality complex andchallenging especiallyfor ARM’s. Topicsto be consideredvhenaddressing
refinancingnclude:

e Prevailing mortgageates:



— ARM vs FRM: While mostsophisticatednortgageshopswill expressa certaincomfort
level regardingfixed rate prepaymentmodels,practitionersare often lesssanguinaegard-
ing ARM models. The heterogeneousatureof production(relatve to ageng fixed rate
mortgages)implicit borrover expectationsof the directionof interestrates,borrowver risk
aversionandrefinancingalternatvesalongtheentireyield curve (ARM-to-ARM andARM-
to-FRMrefinancingsireamonghesource®f prepaymeninodelingdifficulties’. Notethat
borrover decisiondo refinanceanARM loanwill incorporatdeaturesuchascaps relative
maginsandteaserstheseshouldbeincorporatednto the prepaymenmodel.

— Refinancingalternatves: With 15 or 30 yearfixed rate loans,a currentcouponrate at a
comparablepoint alongthe yield curwe is likely to capturemostof the refinancingincen-
tive. In steeperyield curve ervironments however, refinancingmay acceleratanorethan
in parallelscenariossophisticatedixedrateborraversmayroll down thecurwe to capture
greatersavings. With ARM loans(andlikely balloons)curve behaior is evenmoreimpor
tant. Modelswill needto considemefinancinginto new ARM’'s aswell asfixedrateloans.
The ARM-to-FRM refinancingcomponents alsoafunctionof theabsolutdevel of interest
rates,whereborravers may forego greaterARM-to-ARM savings in favor of a fixed rate
nearrecenthistoricallows.

— Lags: Whenforecastingefinancingbehaior, it is generallyacceptedhatalag in ratesof
oneto two monthsis neededo capturethe lengthof the refinancingprocess.The lagged
interestratesshouldbe somemaoving averageto captureintramonthrate movementswith
large dipsreceving potentiallylargerweightsasprospectie borroverslock in loanrates.

— Couponratio or difference: Measuremenbf refinancingincentve may be consideredas
a function of the absolutedifferencebetweenthe loan rate and prevailing mortgagerates
or asaratio of thetwo. The latter approacthasbeenproposedo addresghe notion that
the economicincentive to refinanceis not only a function of the rate differencebut the
level of ratesaswell*. The mawginal explanatorypower of the ratio variableinsteadof a
ratedifferenceis an empiricalquestion.Note thatthe ratio approachimplies an exploding
refinancingincentive asratestrendtoward empiricallows, asa 2 percentratedifferencein
a4 percentervironment(6/4 = 1.50) couldimply sharplyhigherprepaymentshanin a 6
percenenvironment(8/6 = 1.25): while it is theoreticallyappealingo includediscounting
in the borrover’s decisionprocessthis relatve incentive may be too strongin low rate
environments particularlyat levelswhich werenot obseredin theempiricalsample.

— ARM-to-ARM prepayments:ARM borrovers neednot refinanceto capturedownward
movementsn the shortendof the curve, assuchresetsoccurnaturallywithin the existing
loan. Hence ARM-to-ARM refinancingnustbe explainedby factorssuchasteasercapture

3Westhof andSrinivasarclaim thatthe slopeof thecurweis importantonly to mamginal loanswhich areonly refinanceable
with a roll-down into ARM or balloon products. (Bear Stearns,The Next Geneation of Non-Agncy Mortgage Valuation
Models,March1999.)

4This point is often tossedaboutratherloosely In fact, a given coupondifferentialimplies greatereconomicsavings at
higherratelevels prior to discounting.Whetherdiscountingeffectswill overcomethis paymentsavings effect dependsipon
theassumptiommaderegardingthe borrover’s decisionhorizon.



andequity takeout®> A pronouncedprepaymenspike is commonlyobsered aroundrate
adjustmentdatesin certainARM sectors particularlyaroundthe initial reset. This effect
hasbeenattributedto somecombinationof teasereffects, shorttenureselectionbias,and
equitytakeoutplays.

e Tiersof borravers:

— Pointsand magins: Borroverswho buy down loanratesvia paymentof pointsmay have
bettercredit characteristicslower LTV ratios, and sufiicient financial savvy to refinance
aggressiely whenthe opportunityarises. While dataare not alwaysreadily available on
points paid, a commonproxy considerghe loan rate versusprevailing mortgageratesat
origination.A closelyrelatedeffectinvolvesborraverswith higherthan-aerag maginsat
origination,astheseborraversmay be lessresponasie to refinancingopportunitiegdueto
poorercredit,higherLTV ratios,etc.) Modelswhich incorporatehis effect generallyallow
it to decayovertime.

— Loan size: asthe dollar savings from refinancingis a linear function of loan size, loans
shouldexhibit relative responsienessconsistentvith balancadifferences Someof the ob-
seneddifferencesn refinancingesponsienes®f FHA/VA, conventional,andjumboloans
will undoubtedlybe explainedby loan size differences. On a relative basis,refinancing
transactiongostsarelower for largerloans.

— Expectedtenureagain: As the benefitsof refinancinginvolve weighingthe presentvalue
of paymentreductionsagainsttransactionsosts,propertieswhich exhibit rapid housing
turnover (suchascondominiumswill realizesmallersavings from refinancingandhence
tendto respondmoreslowly to refinancingopportunities Preseasoningnay alsobe a con-
siderationif a pool hasa substantiapercentagef loanswith arefinancingourpose.

— PenaltiesPrepaymenpenaltiesshouldbe explicitly modeledasa costor hurdle to becon-
sideredin a refinancingdecision. It is possible however, thatborroverswho acceptsuch
provisionswill belessresponsie in generalprepayingmoreslowly thanthe economicf
the penaltyprovisionswould suggest.

— Equity takeout opportunities: leveragedborravers who have experiencedhigh levels of
homeappreciatiormay exhibit a tendeng to respondjuickly to refinancingopportunities.

— Origination channel: bankingcenter mortgagecompan, and correspondenbriginations
may exhibit varying degreesof borrowver financial sarvy aswell asvarying exposureto
proactve refinancingoffers.

e Burnout: Prepaymenmodelsusuallyinclude a componentimedat capturingthe tendeng of
successk refinancingwavesto dampenthroughtime, asresponsie borroversleave a pool of
loansandtheremainingborronversarelesswilling or ableto follow. A numberof approacheare
possible:

SDownwardresetsn ratecapsarea potentialbyproduciof ARM-to-ARM refinancingbut borroversareunlikely to view
thecapsasa primarymotivator.



— Continuumof responsienessPerhapshe simplestapproachs to assumehatthe borrowv-
ersin a pool of mortgagesave arefinancingresponsdunctionwhich is dampenedsthe
ratio of remainingborroversto original borrovers(the SurvivalRatio) goesdowvn. For ex-
ample,after 25% of the loanshave refinancedthe remaining75% may prepayat 90% of
the previous level. Whenthe survial ratio dropsto 50%, the refinancingresponsemight
damperto 75% of the original level. Whenthe survival ratio reachesxtremelylow levels,
refinancingesponsedwindle evenfurther

— Discretetiers of responsieness:A fairly commonapproactexplicitly modelstiers of bor
rowers, potentiallyincluding segmentswhich cannotresponddueto creditor LTV issues,
sggmentswhich respondwith minimal incentive, andsomesegmentsin betweentheseex-
tremes. Eachsegmentmay have its own refinancingresponsdunctior?. Somemodels
incorporatedynamicmavementsetweernsggments althoughthis suggestexcessie com-
plexity.

— Burnoutasanillusion: At leastoneWall Streetquant hassuggestethatburnoutis almost
completelythe resultof loan level characteristicsuchasthoselisted aborve: pointspaid,
maugins, size, LTV, documentationevel, etc. Natural segmentationinto subpools,com-
binedwith a comprehense modeladdressinghesecharacteristicsis claimedto explain
theburnouteffect.

e Media effects: Someprepaymenanalystspoint to mediaeffects suggestinghat asratesnear
recenthistoricallows, refinancingresponsienessis amplifiedfor a shortperiod of time. This
featuremay be incorporatedo "heal” burnedout loans. A "look-back function” hasbeensug-
geste8l asanimplementatiormechanismdriving refinancingoehaior asa functionof ratelevel
andtime sincethelastsimilar opportunity.

¢ Costsandcorvenience:Certainloansare morereadily refinanced:corvertible ARM loans,for
example mayprepaymorerapidly thansimilarnoncowertibleloanslF arefinancingopportunity
exists andthe loanis within its corvertible window (usuallyyearsl through5.) Somebranch-
originatedloansinclude rate modificationprovisions: theseallow a borraver to resetthe loan
rateto market undercertainconditionsfor a fee. Mortgagebankingindustryeffectsarerelevant
aswell, aslow costrefinancingprogramsaccompanie@ggressie refinancingcampaignsn the
early1990s5.

e LoanassumptionsEHA/VA loansareassumableallowing a purchaseof a hometo assumehe
mortgageof the previous owner. Thiswill only occur however, if the existing rateis favorable
andthehomehasexperiencedninimal appreciation.

6L argerbalanceandhighercouponloanswould naturallyexit first, leaving a pool of lessresponsie loans.

"StevenW. AbrahamsTheNew View in PrepaymentsMorganStanlgy, Februaryl997.

8Westhof andSrinivasan,1999.

9Higher refinancingresponsesreclaimedto occurwhena longerperiodof time haspassedincea similar opportunity
This effect neednot occurasa function of mediacoverageof historicaltroughs:equity takeoutopportunitiesarelikely to be
greatemwith longerintervals betweeropportunities.



3 Defaults

While default modelingis animportanttopicin credit-sensitie contets, thevalueaddedoy addressing
defaultsasa separateomponenbf prepaymentss probablylow relative to the developmentof solid
turnover andrefinancingmodels. Whenembeddednto a prepaymentnodel,default is oftenmodeled
asa simplefunctionof age,LTV, anda few othercreditvariables.It shouldbe notedthat ARM loans
aregenerallyconsiderednorelikely to experiencecreditperformancegroblemsdueto the potentialfor
paymentshocksandusageasanavenueto qualify for largerloans.

4 Curtallments

Partial prepaymentsire generallyassumedo be immaterial,corveniently collapsinginto the param-
etersof the turnover portion of a prepaymentmodel. A possibleexception,however, is the caseof

extremelyseasone@0 yearloans,wheretheinterestportion of a paymenis relatvely small(minimal

tax advantagesandthe borrover haslikely accumulateghersonalvealthover thetermof theloan.

Part I
Model Structur e and Implementation

5 Overview

Theapproachakenby Quantitatve Financehastraditionallyinvolved the constructiorof aprepayment
functionsimilarto thosecommonlyusedby tradersanddealerswith theassociategarameterfitted to
some”StreetConsensu’sjmputedfrom market prices,or drivenby assumption.

5.1 Statistical Approaches:Then and Now

In the past,econometricdechniquesvereavoidedfor anumberof reasons:
¢ thedataandresourcesequiredwerenotreadilyavailablewithout substantiatosts;

¢ thenatureof the FRM portfoliosoftenanalyzedvasassumedo besimilarto TBA pools,allowing
inexpensve leveragingoff of publishedforecasts;

¢ the preferredfunctionalforms exhibit non-linearitiesandinteractionsdbetweenexplanatoryvari-
ablesthatarenon-trivial to addressvith standarceconometrienachineryand

e finally, in light of the previous points,skepticismexistedasto themaiginal valueof aneconomet-
ric modeloveranimplied model.

It is clear hawever, thattheuseof implied forecastss bestlimited to homogeneoudiquid product
sectorsvheremarket participanthave adequatelataandincentivesto estimateandpublishprepayment
analysis As asignificantportionof theBankof Americamortgageportfolio falls outsideof suchsectors



of themarket andis thereforein needof specializednodels,t seemsappropriatdo attemptto integrate
theempiricalandprospectie approaches.

Recentlydataissueshave beenaddressegdost-megerwith aconcertecffort to collectandorganize
datafrom both the Eastandthe Westbank. As a result, datasetsfor both fixed and adjustablerate
mortgagepool historieshave beencreated. In addition, datafor fixed rate mortgagesrom outside
sourcegnotably EJV) hashecomeavailableaswell. Quantitatve Finances currentlybuilding a purely
empirical modelin additionto using statisticalmethodsto evaluatethe performanceof productions
models.

5.2 Lessondrom Derelict Models

The pastdecadeof prepaymentesearctwould seento teacha numberof lessons.

¢ First,thestructureof themortgagenarketis dynamic:caremustbetakento accounfor structural
changesvertime;

e Secondprepaymentsare driven by numerousvariablesotherthanthe generallevel of interest
rates: the strengthof the economy consumeirconfidenceandleverage housingpricesand pre-
vailing LTV levels, debtconsolidationopportunities the slopeof the mortgagecune, etc. As
thesedrivers are often missingfrom deterministicprepaymentnodelsdueto difficulty in fore-
castingthe valuesof suchvariablesit is necessaryo make subjectve judgementsasto whether
amodelshouldfit empiricalbehaior overlong periodswheresuchvariablesarechanging.

e Finally, givensuchproblemsn building amodelwith econometrid¢echniquestheultimateprod-
uct of suchefforts shouldbe sufiiciently transparenio allow carefulinspectiorandtestingof the
sensitvity of theperformancef themodelto changes$n "unmodeled’variables.

Theusualcomponentsliscussedh prepaymenpapersareincorporatedn the currentmodelspecifica-
tion: seasoningslower prepaysarlyin thelife of aloan),seasonalariation(higherprepaysn warmer
months, yefinancingoehaior, andburnout(refinancingesponsedamperasopportunitiesaaremissed.)
Themannelin whichthesecomponentsreincorporatedvill vary asafunctionof thetypeof mortgage
consideredARM, hybrid, fixed,balloon,etc.)

6 KeyConcepts

Beforewadinginto the equationsa discussiorof somenotableissuesmay prove to be helpful.

6.1 Functional Form

Themodelemplo/edincludesbothadditive andmultiplicative elementsTheadditiity is aimedat seg-
mentingbehaioral effectssuchthatrefinancingopportunitiesdo notfacea seasoningampor seasonal
variationandthatnon-refinancingrrepaymentd (deathsdivorces,relocationsupgradesetc.) do not
burn outin the samefashionasrefinancing Early prepaymenmodelsallowedtheseeffectsto blend.

10Theseprepaydriversarecollectively referredto hereinasthe demaraphicelementof prepayments.



6.2 ForecastingMortgage Rates

Analysisof mortgagess commonlyperformedin the context of somenon-mortgagdenchmarkate,
suchasCMT or CMS 1! As prepaymenforecastsaregenerallydriven via benchmarknortgagerates,
someassumptiormustbe madeconcerninghe dynamicsof mortgageratesasa function of the non-
mortgagebenchmarke.g.,the 10 yearswaprate.

Ratherthanbuild a simpleregressionmodelof the mortgagespread Quantitatve Financemakes
thefollowing assumption:

§=S1+Y(Si—S 1),
where

S = thetimet spreacdbetweerthe mortgageateanda non-mortgagéndex (10 yearCMS).
S, = thelong-termexpectedvalueof thespread.
y= thespeedatwhichthespreadeturnsto its long-termexpectedvalue.

Thus,theprospectie mortgagebasisbehaior is easilyunderstoodandmay be subjectedo exogenous
shocksvia §, andy. A simpleeconometrienodelof thespreadnaybe pursuedatsomepoint, with care
takento maintainmodelstability andtransparenc

7 Fixed Rate Mortgage Prepayments

Fixedrateprepaymentareassumedo be separablénto aturnover componentanda refinancingcom-
ponent.In eachcomponentthe currentrateervironmententersinto a borraver’s decisionvia an eco-
nomic savings calculation: Savings(+) is a functionof ratedifferential (G— (G + S)), loan size,bor
rower evaluationhorizon,andremainingterm T.12 Notethatthis quantitymaybenegative, indicatinga
disincentiveto terminatea loanfor non-financiareasons? Define

G= grossmortgagdoanrate.

T = weightedaveragematurityin months.
C: = currentreferenceaate(e.g. 10YCMS)at montht. (May includealag.)
Savings(-) = approximatiorfor thetimet economicvalueof refinancing.

7.1 Demographicor Housing Turnover Prepayments

Threemultiplicative elementsareusedto captureprepaymenbehaior in the absencef arefinancing
incentive. Note thatthedemographicomponents notindependenof a rate(dis)incentve, ashousing

11t is increasinglyunusualfor Treasuryratesto be usedas benchmarkgor mortgageratesor OAS calculations. The
"decoupling” of Treasuryandspreadproductsin recentyearshasled to widespreadiseof CMS (ConstantMaturity Swap)
ratesasthe preferredbenchmark.

125eethe appendixfor additionaldiscussion.

13The prepaymenliteratureoftendubsthis the"lock-in effect”
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turnover is undoubtedlyaffectedby the level of mortgagerates.

SMM;” = demographiportionof SMM attimet.
Aga = monthssinceorigination.
MTS= monthsuntil fully seasoned.
Seasonaft) = seasonabBMM multiplier asafunctionof calendamonth.
FP(Savings(+)) = demographiSMM asa functionof refi (dis)incentve .

Thedemographicomponents givenas:
SMMP = Seasoninf () * Seasonalft) « 7P (Savings(-)).
A PSA-like seasoningamp, rising linearly from monthO to monthMTS, is givenby

Aga

Seasoning (t) = min (M—TS’

1.0) — [0,4].

To capturea simpleseasonagpattern,alook-upfunctionmaybe usedsuchthatthe SMMP is scaled,
Seasona|(morth(t)) € {0.70,0.77,1.05,1.09,1.14,1.23,1.11,1.16,0.99, 1.02,0.91,0.83},

wheremorth(t) € [1,12] indexesalook-uptablesuchasthe setabove.

Consideran”at-the-mong” pool of mortgagesvhereC; + S = G.1° Assumethat #°(0.0) = 0.50.
The demographigrepaymentunction 7°(-) suggeststherefore thatin the absencef an economic
rate (dis)incentve, SMMP will be 0.50for a seasonedAgs > MTS) pool prior to seasonatonsid-
erations.If Aga < MTS, then #P(0.0) will be scaleddovnward by ,\AALTQS. SinceSeasona(t) implies
variationasa functionof the currentmonthof theyear #P(0.0) will be scaleddownward by asmuch
as0.70in Januaryandupwardby asmuchas1.23in June.

14This shapeassumes constantafterthe ramp: somedecaycould be added.A multi-tieredshapemay be usedto capture
the”slow mover” selectiorbiasin prepaymenpenaltypools.
BSForillustrative purposesteplacef P (Savings(-)) with afunctionof pureratedifferentialG — (C; + S ).
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7.2 Refinancing-Driven Prepayments

Define:

SMMR = refinancingportionof SMM attimet.
hurdle= refinancingcosthurdle.
FR(Savings(-),hurdle) = refinancing-dsien prepayfunction.

Survivak = surviving loanproportionatmontht, Survivak € [0, 1].
Survi_valtll = “expected’survival (afterdemographicunof) atmontht, Survival' € [0,1].
fB(;J%i'\‘/’;}) = refinancingournoutfunction+ [0, 1].

The refinancinghurdl e is usedto introducetransactiongostsandis a likely componenbf modelen-

hancementgaimedat analyzingpools which face prepaymenpenalties. The hurdleimplementation

assumes fixed costportionanda variableportionasa functionof loansize.
Therefinancingcomponents givenas:

Survivak

MM = 7B ————
=7 (SJrvivaI[“

)  Seasoninf(t) * FR(Savings(+), hurdle).

FR(Savings(+), hurdle) returnsarefinancing-dsien SMM level for apool of mortgagesvhichhasseen
no previous refinancingopportunities Oncerefinancingopportunitiesareexperiencedthis component
will besubjectto burnoutvia 78(-). A separatseasoningnechanisngeasoninf(t) is includedto add
flexibility to therefinancingresponséunctionalspecificatiort®

The burnoutfunction dampensF R(Savings(-), hurdle) asa function of obsered refinancingbe-
havior.)” Survival' is assignedhe "expected’percentagef surviving loansat time t by assuminghe

18For now assumeSeasonin§(t) = 1.0.

1"Recentprepaymentiteraturehasemphasizedhe assessmertf prepaysat the loan level asopposedo pool level: loan
characteristicvhich lead to a distribution of refinancingresponsienessare modeleddirectly. Loanswith sophisticated
borrowers,large balanceslow LTV/high equity takeoutpotential,andwholesalepedigreesare expectedto respondquickly,
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pool hasexperiencedVIMP (asdefinedin the previoussection)from originationto time t. To simplify
the SMMP calculationjt is assumedhatCi + S = G, V(i <t). Thus,

Survival' = |Ll [1— Seasoninf (i) « Seasonali) « F°(0.0)] .

Theactualpercentagef surviving loans,Survivak, is dividedby Survival to createavariableto explain
burnoutbehaior. 18

7.3 Demographicand Refinancing-Driven Prepayments
Combiningthetwo components,

SMIM; = scalg * (SMMP + VM),
wherescalg is anexogenousshockfacility and

SMMP = Seasoninf () * Seasonaft) 7P (Savings(-))
Survivak

Survival!

Theadditvity accomplisheshe aforementionedoal of modelingcomple interactionscorrectly: refi-
nancingopportunitiesarenever seasonally-adjusteor dampenedtby aturnoverrelatedseasoningamp,
andrefinancingournoutdoesnot effecttheturnover behaior.

MM = #8 ( )  Seasonin§(t) * FX(Savings(-), hurdle)

whereadoanswith low balanceshigh LTV, creditimpairment,documentatiomisincentves,or shortborronver tenurewould
respondmoreslowly. The "traditional” burnoutapproachdescribedn this paperis a proxy for suchdirect modelsof the
distribution of loan characteristics.While the loan level approachhassomeappeal,the designand executionof suchan
approaclcomesat considerablexpensen termsof dataandcomputationatequirements.

18Note thatif burnoutis treatedpurely as a function of Survival, omitting division by Survivalf', thenan older, low-
couponpool of loanswhich hasnever seena refinancingopportunitycould experiencea burnouteffect baseduponempirical
demgraphicprepaymenbehaior. This possibilityis precludedn the modelvia the survival ratio.
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Refinancing SMM * Burnout
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Figure6: RefinancindResponsevith BurnoutAdjustments
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Figure7: CombinedPrepaymenkEffects
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8 Adjustable Rate Mortgage Prepayments

ARM prepaymentsequirenumerousextensiongo the precedindixedratemodel,but areaddresseth
asimilar fashion.While the demographid¢unctionalform is the sameaswith fixed ratemortgagesthe
parameterseflectthatARM’ s generallyseasomorequickly andhave a higherandflatterdemographic
prepaymentesponsdunction #°(-). For simplicity, the rate dependencef demographigrepaysis
addressetlia a FRM referenceatedifferential.

8.1 Refinancing-Driven Prepayments

Define:
G = grossARMcurrentcoupon.
Co= original FRM referencenterestrate,e.g.,10YCMS.
G = currentFRM referencenterestrate.
S = original FRM referencespread.
S = currentFRM referencespread.
lo= original ARM floatingrateindex.
It = currentARM floatingrateindex.
E = Borrowerevaluationhorizonin months.

The refinancingterm has several components:an ARM-to-FRM componenta curve-steepening
multiplier, andan”up-and-flatten"component?

In falling rate environments,assumethat ARM borravers measurerefinancingopportunitiesby
comparinganoriginal referencdixed mortgageate(Co + S) to the currentmarlet fixedrate (G + S).
Economicsavings from refinancingarecalculatedasin the fixed ratemodeldescribedreviously. An
SMM is returnedvia afunction

7,7 (Savings(-), hurdle).

To capturethe potentialfor ARM-to-ARM refinancingassumehatthis level-drivenrefinancingoeha-
ior is modifiedby a slopemultiplier #5(C; — I;,Co— lo).

The"up-and-flatten"components only relevantwhenthe level of ratesis suchthatl; > lg. ARM-
to-ARM refinancingis assumedo be non-optimal,but the ARM-to-FRM questionremains: is it the
casethattheaverageARM couponGi(t,t + E) anticipatedbvertime horizonE is highrelative to afixed
ratealternatve?

Gt(t,t + E) incorporatesll relevantcontractuafeaturesof the ARM suchasmawgin, periodiccaps
andfloors, life capsandfloors,etc. The currentevaluationhorizonE for anticipatedARM ratesis five
years,with forwardindex resets(l;,i > t,) assumeaonstanttthe spotlevel I;. Refinancingoehaior
is driven by the differencebetweertheanticipatecaverageARM rateandthe marlet fixedalternatve:

F(Savings(Gi(t,t + E), (G +S),-), hurdle).

19Notethatthelattertwo componentsvill notbefully exploitedif usedwith single-fictorvaluationmodels.
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8.2 Combining Demographicand RefinancingComponents

Combiningall components,
SMM; = scalg * (SMMP + SMMP),
wherescalg is anexogenousshockfacility and

SMMP = Seasoninf (t) * Seasonalft) « 7 P (Savings(-))

Survivak

MME = TP ——n
! 4 (SJrvivalt“

) « Seasoning(t) = { F3(C — ) * FX(-) + F7().}

A separatseasoningomponenhasbeeraddedo therefinancingermasamechanisnfior potential
decayin refinancingoehaior. In practice the burnoutcomponents viewed asmuchlessimportantfor
shortARM productshanfixedrateproducts andtherefinancingseasoningomponentnay be usedin
lieu of the complex burnoutfunction?®

9 Hybrid Mortgage Prepayments

Hybrid ARMs offer the challengeof "merging” fixed rate and adjustablerate modelsin a consistent
manner Considerthe commonspectrumof hybrids: 3/1, 5/1, 7/1, and 10/1loans. It is probablysafe
to assumehatthe 3/1 borraver is an ARM borrowver, having similar sensitvity to thelevel andslope
of the mortgagecurve anda relatively shortexpectedtenurein the home?! On the otherendof the
spectrumthe 10/1 borrover probablydifferslittle from a 30 yearfixedrateborrover. Betweenthe 3/1
and10/1behaiors arelikely thoseborraverswho might have selectedalloonsin yearspast,but now
find the 5/1 and 7/1 productsmore attractve. Theseborraversarelikely (on average)to have short
initial expectedenuresput may extendtheir evaluationhorizorf? astheresetdravs nearer

To model5/1, 7/1,and 10/1 hybrid prepaymentshe ARM specificatiorfrom the previous section
is (hopefully)too comple. Insteadreturnto thefixedratemodelwith somenotableextensionsDefine

C: = currenthybridreferenceanterestrate,e.qg.5YCMS.
S = currenthybridreferencespread.

_ E: = Borrowerevaluationhorizonattimet.

Gi(t,t+ E) = averagecontractualoanrateoverE;.

A hybrid borrover is assumedo focuson arefinancingalternatve which is on the shortendof the
cune: afterall, this is wherethe borrover haspositionedthe existing loan. This alternatve instrument
hastherateC; + S asdescribedor the FRM model,but the referencepoint on the curve aswell asthe
spreadwvould reflecta hybrid or balloonloaninsteadof anFRM.23

20In otherwords,assumea constant B(-) = 1.0.

21For now, 3/1 ARM’s areaddressedsingthe ARM specificatiorfrom the previous section.

22Thjs is the time periodover which the economic(dis)incentie for refinancingis considered For theseborrowers, reset
risk mustbeincorporatedn somefashion.Seethe appendixor additionaldiscussion.

23|n otherwords,thereferenceatefor a 7/1is notthe 10YCMSratebut is ashortertenorsuchas5YCMS.



17

As with ARM’s, the rateto be comparedwith the marlket alternatve is not a staticquantity: some
assumptiormustbe maderegardingthe borrover’s expectationgegardingloan ratereset(s).For sim-
plicity, it is assumedhatthe borraver averageshe monthly rate paid over the evaluationhorizon E;
and usesthis compositerate G;(t,t + E;) to calculatesavings from refinancing. The loan rate resets
arecalculateduytilizing all relevantcap,floor andmamgin featuresassuminghe underlyingrateindex
remainsatits currentspotlevel overtheentirehorizon.

10 Balloon Mortgage Prepayments

Balloonproductsareaddresseth thesameashionashybrids,for theballoonborrover effectively faces
a”"marketreset’attheballoondate.Mostballoonloansincludeanoptionto extendthetermof theloan
atanew, slightly abore-marlet rate,andborroversarecertainlyableto seeka new loanfrom another
lender

Perhapghe primary economicdifferencebetweenthe balloonand hybrid loan at the resetis the
uncappecdatureof the balloonrelative to the hybrid. This may causea "panic effect” asthe balloon
borrover approachethe balloondate,wherethe borraver rushedo lock in anew rateratherthanbear
theresetrisk. _

Specifically balloonsare modeledas hybridswith a notableexception: G;(t,t + E;) is calculated
assumingaresetinto a new fixedrateballoonloanattheballoondate.

11 Handling PrepaymentPenalties

Prepaymenpenaltyfeaturescan be addedto ary of the aforementionegroductsvia the useof two
commonmodelcomponentsthe demographic/turn@r seasonindgunctionandtherefinancinghurdle.

In particular one would expecta selectionbiasin a pool of borrovers that acceptedhreeyear
prepaymenpenaltiesthe expectedenurein thehomeis greatetthanthreeyears.Thus,theusualPSA-
like seasoningamp discusseckarlier would needto be replacedwith a multi-tiered function which
allows for amuchlower turnover rateduringthe penaltywindow, but shiftsto a"normal” turnover rate
thereafter

Shouldratesfall significantly however, the potentialsavzings from refinancingcould exceedthe
amountof the penalty To allow for rationalborrover behaior in this instance the refinancingcost
hurdleis modifiedto includethe amountof the penaltyduring the penaltywindow. As the endof the
penaltywindow drawvs near it is possiblehata dampeningn suchrefinancingsvould occurin orderto
avoid the penalty with pent-updemandieingreleasedsa spike attheendof the penaltyperiod.

12 Idiosyncratic Spikes

In a numberof contets, prepaymenspikes are obsered that may not fit cleanlyinto this (or ary)
prepaymenspecification. Many ARM pools shav spikes immediatelyfollowing resets:the unsus-
tainednatureof the suigesmalesthemdifficult to explain economically Is the behaior a function of
teaser/equityakeoutplays,paymenshock,or shorttenureselectiorbias?SinceARM productsexplic-
itly includearesetto market, excludingteaseandcapeffects,it seemsounterintuitve thatsuchspikes
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couldbepenasie.

This spike effect, aswell asthe "balloon panic” and”post-penaltysuiges” of the previous sections,
canbeaddressedsingthedemographi@andrefinancingseasoningomponent®f the models.Prior to
incorporatingsuchbehaiors, hawvever, someadditionalempiricalwork shouldbe doneto attemptan
explanationof the magnitudeandpersistencef theseeffects.

13 Calibration and Parameter Estimation

13.1 Implied Estimates

In the absencef historicaldata,QF hascalibratedmodelsto provide reasonabl@ndtheoreticallyap-
pealingprojectionghatfit market obserationsof pricesor speedsvherever possible Resultfrom such
calibrationshave beensubjectedo a batteryof testswhich stresgshe modelperformanceaindernormal
and extremescenarios.Model performancas also examinedwith the goal of reconcilingbehaioral
differencesamongproductdrom differentmarlets.

Implied calibrationof the modelcanbe performedn a numberof ways.

13.1.1 Mark et Prices

QF'sfirst passatimplied calibrationusedmarket pricesfor TBA's, |0’s andPO’s for a particularmort-
gagetype (e.g. FNCL) andattemptedo establishparametershat performedwell acrossnterestrate
scenario@ndcoupons.Thistechniqués expensive computationallyandQF abandonetheapproacta
numberof yearsagoafterobservinghatsimilaranswersvereproducedrom thelesscostlyapproaches
thatfollow.

13.1.2 Third Party Models

Examinationof modelsfrom certainthird party vendorsfrom which we obtainedicensesor may ob-
sene via the Bloombeg, notably Andrev Davidson and Espiel, provides a rangeof opinionsupon
whichto benchmarlQF results.As QF hassomeexperiencewith thesevendorsuseof the projections
is notwithout caution for suchmodelshave limitationsandbiaseghat QF seekgo avoid.

13.1.3 Bloomberg Dealer Projections

For genericTBA's, Bloombeg malesavailablePSA projectionsrom mary dealerdor fixedratemort-
gagesf acrosscouponsandvintages.UsingsuchdataenableQF to producea matrix of tamgetspeeds
by producttype for specificcouponsand interestrate scenarios. Sincethe mortgageissuesare not
completelygenericin termsof WAC andWAM andthe reportingdatevaries,somereconciliationof
differencedetweerdealerss required.

QF examinesthe performanceof internalmodelsrelative to the dealerprojectionson a monthly
basis. Re-calibrationoccurswhenthe QF modelsbagin to appearextremerelative to the universeof
dealeropinions: QF typically positionsits model relative to other modelssuchthat MSR or 1O is
consenratively valued.
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13.1.4 PrepayTuner

A recentadditionto the QF toolbox, the PrepayTuneris a programthatwill measurghe performance
of ary QF modelversusactualprepayhistory for a specificpool. Developedto addressacktesting
andstatisticalfit issuesthe outputof this programwill track actualbalanceand SMMs againstmodel
forecastedalanceand SMMs on a periodby periodbasis.In addition,it is possibleto outputat each
periodthe full stateof the prepaymodel(i.e. the value of all variableswhich contrikute to the final
forecastedEMM). Resultshingeon the amountof actualdatafor eachpool, specificallythe numberof
loansper pool, andthe numberof actualvintages(couponandvintagecombinations¥for a particular
modeltype. This outputgivesthe ability to examineexactly how eachindividual pieceof the model
performsacrossvintagesandcouponsyielding measuresf fit andpotentialcalibrationaids.

13.2 Statistical Estimation of Fixed Rate Mortgage PrepaymentModels

Thefollowing is anintroductionto the currentQuantitatve Financestatisticalmodelingefforts. Cur
rently the resultsof statisticalwork areusedto provide insightsleadingto adjustmentgo the implied
model.Overtime, it is expectedhatthiswork will form a significantportionof the modellingeffort.

13.2.1 PrepaymentModel Structure

CPRP(t) = Baselnex Lockin(Savings * seasoning(t) * seasonality(morth)
CPRR(t) = Refil ncenive(Savingg * Burnout(t)
CPR(t) = CPRP(t) + CPRY(t)

13.2.2 Overview

In generalQF assumes$wo mainreasongor prepayment®n mortgagesHousingTurnover (CPRP(t))
and RefinancinggCPRR(t)). Eachof thesesub-modelds madeup of interactionsbetweenvarious
sub-componentsyhereeachsub-componeris a nonlinearfunction of its underlyingvariable.

Theturnover relatedsub-mode(CPRP(t)) is producedut of theinteractionbetweerfour separate
nonlinearsub-componentBaselingbaseturnover relatedprepaymenspeedor seasonegools),sea-
soning(slower prepaymenspeedsarlyin thelife of the pool), Seasonalityfasterprepaymenspeeds
in warmermonths).andLockin (slover prepaymengspeedsn rising rateervironments).

TheRefinancingub-mode(CPRR(t)) is producedutof theinteractiorbetweertwo sub-components:
Refilncentve(fastemprepayments falling rateervironments) andBurnout(slowver prepaymenspeeds
duringperiodsof refi-incentve dueto changesn pool compaosition).

Themodeldescribederediffersagoodbit from typical statisticaimodelsin its functionalform and
in theway it is estimatedit alsohasa fair numberof "parts” As aresult,implementingamodelof this
typerequiressolutionsto numerousmallproblemsmary of which arenot standardn statisticalliter-
ature. Becausef theserestrictions the estimationapproachwe useis non-parametrién nature. This
approaclkprovidestheflexibility to fit thenonlinearelationshipseerin themodelandallows modelling
of the comple interactionsseerbetweereconomiaefinancingandturnoverrelatedrefinancing.
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13.2.3 The Essenceof the Modeling Approach

As canbe seenfrom the model,mary interactionsexist betweenvariablesthat mustbe estimatedn a
consistenimanner which bothisolatesthe effect of theseinteractionsandmodelsthemcorrectly For
examplethe seasoningeffect takes the form of fasterprepaysin warmermonthsbut slover prepays
for youngerpools. If thesetwo effectsweremodeledwithout carefulconsideratiorio this interaction,
a blendingof thesetwo effects would occurin our estimationsand biaseswould undoubtedlyshov
up in the model. Becausef the complicatechatureof the modelthesetypesof interactionsareseen
often and form the mostdifficult part of the modelingprocess. To make things even more difficult
theseinteractionsare non-linearin nature, which makesthemdifficult to modelusingstandardinear
regression.

To addresshesedifficulties QF hasdevelopeda modellingapproacththat addressetheseinterac-
tionsin aconsistenandaccuratananner Themodelingapproactconsistof threestepshatappliesto
eachsub-componentf eachsub-model.Thesethreestepsareasfollows:

1. Isolateasubsebf thedataonwhichto fit eachsub-componenif eachsub-model Subsetshould
bechosento isolatethe effect of thatonepredictor

2. Use nonparametriagegressionto model this relation. We initially useloessto do this for its
flexibility androbustnessvith respecto outliers

3. Subtracbout (or divide out) thepredicted CPR)effectsof this predictorfrom therestof thedata.

To illustrate this processconsideragainthe problemof estimatingthe seasoningrocess.If one
wereto assumehe seasoningrocessconsistedof only the interactionbetweenthe seasoningamp
(slower prepaysfor young pools) and seasonalityfasterprepaysin warmermonths),onewould first
isolatethe seasonalityeffect by estimatingit on the subsetof datawere the seasoningamp hasno
effect,i.e. fully seasonegools. Onecouldthenremore the seasonalityeffect from the entiredataset
by dividing out its predictedCPR. With the seasonalityeffect removed it is possibleto estimatethe
entireseasoningampwithout concerrfor the possibleconfoundingeffectsof the seasonalityariable.

As canbe seenfrom the exampleabove, the orderin which sub-componentare estimateds im-
portant.For instancea decisionto estimatethe seasoningampbeforethe seasonalitynultiplier would
requirefinding a portion of the datain which the seasonalitynultiplier wasconstant.This is obviously
muchmoredifficult to do (if notimpossibleXhanestimatingn thereversedirection.

13.2.4 Modeling Specifics

At thecoarseslkevel, obserationsaredividedinto two types:demographi¢datawithoutrefiincentives)
andrefi (datawith refi incentives). This division is basedon the valuesof the savings variablefound
in themodel. This variableis a function of ratedifferential,loansize,borronver evaluationhorizonand
assumedransactioncosts,andis usedthroughoutthe modelasa measureof economicincentive or
disincentve to prepay

The demographisub-modeis fitted first, usingonly demographiobsenations, for it is possible
to find datain which to isolatedemographiprepayments,e., loanswhich prepaywhenthey have no
rate incentve to do so. It would not be possibleto isolategroupsof loansknown to be solely refi-
prepaymentsA predicteddemographidaselineprepaymentate is then subtractedut from the refi
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obsenrations, so what remainsin the refi obserationsis just prepaymentslueto refi. The refi sub-
modelis thenestimated.

Within thedemographisub-modelabaselinecomponenis fittedfirst, theseasonalitgub-component
secondthentherate-sensitie componen{Lockin), andfinally the seasoningomponent:

Seasonalitys estimatedn oneof two ways: (1) pre-specifiedy National Associationof Realtors
ratios; (2) estimatedrom the data. In the eventit is estimatedrom the data,it shouldbe estimated
ONLY onthesubsebf thedemographiciatathatis fully seasone@andthosewhicharenottoo far out
of the mong), to avoid the confoundingeffectsof the otherpredictors.In otherwords,for loansthat
arefully seasonedCPRdoesnot vary muchwith Seasoningandfor loansthataredemographicata
but not deepout of the mongy, CPRdoesnot vary muchwith Savings, so QF hasisolateda subsebf
datafor which Seasonalitys thedriving force behindCPRfor the modelspecification Call this subset
"Seasonalitydata’

OnceCPRasafunctionof Seasonalitys fitted, its effectsareremaoved from boththe demographic
datasetandthe Seasonalitydataset, so remainingvariability is dueto other predictors. CPRasa
functionof Savings (Lockin) is thenestimatedn theresidualsof the demographicata,andits effects
areremoved, soremainingvariability in CPRin thedemographialatasetis dueto SeasoningFinally,
CPRasafunctionof age(Seasoning$ estimatedn theresidualof thedemographiclatasetfrom the
previous stepto completethe demographisub-modekstimation.

Next, the predictedCPRis determinedn the Refi datasetusingthe demographicub-model This
Demographic-predicte@PRis subtractedrom the actualCPR;usethe nameCPRrefito describethe
residualCPRthatremains Becausehe effectsof thedemographisub-modehave beensubtracteaut,
thatremainingCPRis assumediueto economiaefinancing.

Within the Refinancingsub-model effectsdueto Savings are estimatedirst, andthenthe effects
dueto Burnout. This processbeayins with isolation of a subsetof the datawhich is hasseenonly
moderateamountsof economicrelatedrefinancingopportunities.Call this the refi-savings datasetor
theunturneddataset. CPRis estimatedasafunctionof savings(refi) on this dataset. PredictedCPRis
thenestimatedasa functionof savingsonthe entireRefi dataset,andits effectsareremoved.

The Burnoutmultiplier is thenestimatedn residualsattainedfrom the previous stepon the entire
Refidatasetto completethe estimationprocess.

Resultsof all nonparametricegressiorfits arecornvertedto a lookuptablebetweerdependenand
independenvariables A finely spacedyrid of valuesfor eachindependentariableis usedto createthe
lookuptable,sointermediatevaluescanbedeterminedsia linearinterpolation.

13.2.5 Detailson Burnout

Burnoutis definedasthe decreaseén interestrate sensitvity of a pool asmoreandmorerefinancing
opportunitiesareexperienced QF measureshe burnoutof a pool by comparingthe predictedorepay-
mentsdueto refinancingswith the predictedprepaymentsiueto turnover. This measuras internally
consistenaindits rangeis alwayscontainedn [0,1]. Themeasurdakesthe form:
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Where
suvival®*R = [[1— (SMMP + SVM{)]
t

sunvival® = [][1—sMMm?]
t

This measureof Burnoutis animprovementover the often-usedoool factormeasure.The reasonfor

this is within the pool factorframework it is difficult to designatébetweerburnoutmeasuresf older
low-couponpoolsthat have never seenrefinancingopportunitiesbut have a small pool factordueto

turnover relatedprepaymentslone,and youngerpoolsthat have experiencedsubstantiarefinancing
opportunities This newv Burnoutmeasureliminateshe possibleconfusion.

13.2.6 A Brief Primer on Local Regression(loess)

Regularregressionalsoknown asordinaryleastsquaregOLS) regressiondetermineghe best-fitting
straightline betweera dependentariabley andanindependenor predictorvariablex by minimizing
the sumof squarecerrorsbetweenhe predictedvaluesof y andthe actualvaluesof y. This resultsin
thefollowing estimates:

(y—y) =Bx=x)+e

wheref is the estimatedegressioncoeficient. Anotherfundementameasureof the realtionshipbe-
tweentwo variablesx andy is the coeficient of correlationr. Thismeasuragakestheform:

_ 2= —Y)
(nscsy)

wheresy ands, arethe samplestandardieviationsof x andy.
Givenmean-centeredandy, the connectiorbetweercorrelationandregressions

_ i)r 1
p— (2 ®
Soonecanthink of the correlationasa standardizedlope(regressiorbeta),or onecanthink of thebeta

asascaledcorrelation.
Changingrom samplestatisticsto populationparameterghe previousrelationcanbeexpresseds

_ Pox
Oy

or

2 _ [320>2<

.
Oy

p

And because

y=Pxte,
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it follows that

2 [320>2<

P Bz r o2

Local correlationis simply a generalizatiorof this relationin thatbetasandcorrelationsareallowedto
vary asafunction of independenvariablex, insteadof beingconstantor all x (notethatonecanalso
generalizeéhevariancetermsto be non-constanaswell):

2 BP(9))
P00t +0?

p

For anintuitive overviaew of thistopic, seeBlythe (1994;moretechnicakeferencesrealsogiventhere).

ThenameLoessstandgor Local regression.Essentiallylocal regressioror loessmodelsareused
whenthe slopeor correlationbetweentwo variablesis not constantacrossthe valuesof the predictor
(or theirvariancesarenot constant) Onecanthink of loessasmary differentregressionsver different
locally weighted’'windows” in the dataset.

Cleveland(VisualizingData,pp.91-101,110-119,122-127)providesthe technicaldetailsof loess,
including:

1. How loessis madeto berobustwith respecto outliers,

2. Quadraticversionsof loess(i.e., alocal versionof quadratiaegressionjand

3. Choiceof smoothingparameteri loess.
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A Appendix: EconomicValue of RefinancingFixed Rate Mortgages

A.1 Equations
Define

G= contractuamortgagecouponrate.
= market mortgagecouponrate.
= maturityof existing andprospeciie loansin months.
= borraversevaluationhorizonin months.

U = currentloanbalance.

Thestandardixedratepaymentcalculationis
M
P(U,M,T) =U p—— 12 :
ST

Define

Thus,

P(U,M,T) =Ux (1%) «a(M,T).

Assumeaborrover evaluateghedecisionto refinanceover somehorizonE < T. Thus,prior to consid-
eringcosts,

Savings = U*i (G(G’T)(%;MZS\A’T)%)} 2
_ %*[am,ne_aw,nw*: <(1+11M2)i> )
_ %*[G(G,T)G—G(M,T)M]*(O((M;Tf)_l> (4)
- v [Ca v aws) @

A.2 Coupon Ratio versusDiffer ential

Early prepaymentnodelsusedacoupondifferential(G— M) asthevariablewhich explainsrefinancing.
An examinationof equation(4) pointedsubsequennodelergowarda couponratio % insteadaslevel
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effectsareclearly presenf* From a purely mathematicaperspectie, neitherproxy is perfect: for a
given coupondifferential (G — M), the savings from refinancinggivenin (4) changesmoothlyasthe
level of rates(M) approachegero. The (G — M) differentialis static,whereagheratio % explodesas
ratesgetextremelylow.?® Furthermorethe% approximationworsensasmaturity T getssmalleror as
thehorizonE is assumedo be significantlyshorterthanT.

Theseconclusionamply that the choiceof ratio versusdifferential might vary by producttype,
borrover demographicsandseasoningSuchcompleity suggestshatthe useof (4) directly, with its
naturalinclusionof loansizeandlevel effects,makesmoresensehaneitherproxy.

A.3 Modeling the Borrower Evaluation Horizon

It seemsaunlikely that the majority of borroverstruly intendto remainin a homefor the durationof
the associatedbans. Furthermorefor the productsfavoredby "fastmaovers; a pool of borroverswill
likely have anaverageevaluationhorizonwhichchangesvertime. In orderto incorporateheseeffects,
considetthefollowing framevork:

= borraversanticipateddwelling time at originationin months.
Ei = borraversevaluationhorizonin months g < L..
MaxE= maximumevaluationhorizonin months.
MIinE = minimumevaluationhorizonin months.
MaxAt = timewhereMaxEis reachedn months.

Considera 7-1 borrover: assumehe initial anticipateddwelling time L = 60 months. As the
borraver may seesomeuncertaintyin the forecastof L, setEy = 48 months. AssumeMinE = 12
months,MaxE = 60 months,and MaxA = 84 months,the time of the first couponreset. Now let E;
evolve asfollows:

E = Eo vt € [0,L— Eqg (6)
E = L—t Vt € [L — Eo,L — MinE] ©)
Er= MinE+ M2EMIE 4 (t+MINE—L) Vt € [L—MinE,MaxA] (8)
E = MaxE vt > MaxA 9

In the caseof the 7-1 borraver, whatdo theseequationsmply? Initially, the borrover expectsto live
in thehomefor 5 years(L), but will considerefinancingf the costsareexceededn 4 years(Ep). For
thefirst yearof theloan (L — Eg = 12,) the borraver continuesto usea four yearevaluationhorizon.
After thisfirst year however, the evaluationhorizonbeaginsto fall, for the borraver beginsto approach
the original dwelling forecastL; the expecteddwelling time remainingin the homeis falling, so the
time periodfor refinancingcostrecovery falls also. Equation6 assumeshis reductionis linearuntil the
minimum evaluationhorizonMinE is reached At this point, the evaluationhorizonbegins increasing
again reflectingthe possibilitythatthe original L wasunderestimatedindtheborraver mayremainin

24Notethatfor agivencouponreduction(say1 percent)theborrover seegreatembsolutepaymensavings(undiscounted)
at higherrate levels. Equation(4) suggestghe oppositeeffect, that savings will be higherat lower rate levels dueto the
reductionin discounting However, this crosseer only occursif theborrovers’ horizonE is long enough.
25gtochastidnterestratemodelsinevitably producesuchscenarios.
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thehomebeyondfive years.Thehorizoncontinuego expanduntil theinitial resetdate whereit reaches
amaximum:theborrowver is now facinga market resetoriginally unanticipatedandthe modelassumes
thattheborrover will seekafixedratealternatve usinganevaluationhorizonof materiallength.

The framework is fairly complex whenusedto addresshybrid ARM’s and balloons,wherethere
areelementsf fixed ratebehaiors which transitionto ARM behaiors. For purefixedrateandARM
products.the implementationis drasticallysimplified suchthat E; = E. Note thatin the context of a
pool of mortgagessomedispersionin the horizonacrosshorroverswill be naturallyincorporatedn
theburnoutcomponent.

A.4 Points Effects: Above Mark et Originations

Considerthe loanrateat origination,Gg. Usinglag structurebuilt into the modelalready obsere the
market referenceate,Mo.

X = Gg— Mg, (20)

theamountby whichtheloanis "above marlet”
To addresshis: RecordX. Create

X = min(X,Upperbound, if X > Lowerbound (11)
X =0if X < Lowerbound (12)

X' is thereforeconstrainedo arangecontrolledby the modeler Assumefor example,

Lowerbound= 25op
Upperbound= 10Chp

Normally, refinancings drivenasa functionof Gy vs. M;. Now adjustthis:
M, = M+ X -aft), (13)

wherea (t) mightlook like thefollowing:

a(0)=1
0; = 0.02
0, =0.10

at) =a(t—1)- (1—8) vVt <12
at) =a(t—1)-(1—8) Vt>12
a(t) =0Vt > 60

Thustheabore marketeffectwould diminishslightly overyearl, rapidly overyears2-3, andis virtually
0 thereafter
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A.5 Implementation Issues

Includedbelow aredetailson the currentproductionimplementatiorof the model.

¢ Refinancing/ehicleAssumptionsTheassumptiorthataborrover alwaysrefinancegnto amort-
gageof matchingmaturity simplifiesthe problemconsiderablyassignificantmismatchesn cur
rentmaturity andnew loan maturity would introducematerialdifferencesn principalamortiza-
tion. Note thatunderthe simplifying assumptionseasonegoolswould needa referencerefi-
nancingvehiclewhichis shorterthanthe original WAM of the pool.

e Lags: For historicalreferenceaates(i.e. datesprior to the pricing date),the modellooks back
a periodof d daysto obsere arate. Thatrateis the averagereferencerate over a periodof m
previous months.Both d andm arespecifiedwith the prepaymodelparameterandhave values
of 15and1, respectiely.

e SpreadsTheuseof spreadss aimedat creatingmortgageatesfrom swaprateswithin theMonte
Carlomodel. Whereapplicablethe modelcompareshe productcouponto areferenceate(such
as10Y CMS)andcomputes spreachetweerthetwo. Themeanof thatspreads calculatecbver
aspecificnumberof monthstypically 24. The spreadat pricing dateis alsocomputed:currently
a5 dayaverages usedto reducenoise.The speef reversiony for thespreadneanis 0.33333.

In the caseof jumbo productsor otherswherethe relevant referencerate might be the rate on
a similar conformingproductplus a spread that additionalspreadis includedwith the prepay
modelparameters.

e Horizons:As notedabove, savings for the demographi@ndrefi incentive componentsrecalcu-
latedbasedon horizonsspecifiedwith the modelparametersThe currentimplementatiorof the
modeldoesnot make full useof the separatdorizonfeatureshorizonsaresetat 60 months.

e Costs:Themodelincorporatedothfixedandvariablecosthurdlesof $1,000and25 basispoints
of loanbalancerespectiely.

e LoanSize:Beyondthenaturalimpactof loansizeon Savingscalculationsthereis no adjustment
of the modelfor loan sizeexceptin thereferencaate,e.g.,jumbosmay geta positive spreado
conformingproduction.

e PointsEffects: Currentlyall parametergresetto zero.

e PrepayPenalties:Prepaymenpenaltiesareenteredasa percentof the loan balance.Thevalue
andthe numberof monthsfrom originationover which the penaltyis applicableareenteredoth
in the prepaymodelparameterbeadingsectionandin themortgagesecurityfile. Suchmortgages
aremodeledasa specialsecuritytype.

In orderto fit themodelbehaior, mostdemographiseasoningampsareadjustedo seasoriully
afterthe prepaymenpenaltyperiodterminates.Prior to that, they might typically seasorup to
somelower level (e.g.50%) by the endof whatwould be a normalseasoningeriodfor asimilar
mortgagewithout penalties.
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e PrepayModel Statelnformation: Optionsareavailablethroughtwo piecesof code,ppm_tuner
andppmO_state whichV t € [origination, maturity] will outputthe valuesof eachcontrikuting
variablein the prepaymodel. ppm_tuner works with historical data,and ppmO_state works

prospectiely.



