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CADES backgroundCADES background
A mission : CADES A mission : CADES isis thethe defeasancedefeasance vehiclevehicle ofof social social 
securitysecurity cumulative cumulative deficitsdeficits

A unique A unique resourceresource : a : a taxtax leviedlevied on on thethe nation nation overalloverall
revenuesrevenues

Debt Debt outstandingoutstanding has been has been extendedextended twicetwice sincesince itsits birthbirth in in 
jan. 1996jan. 1996

ItsIts lifelife spanspan definitiondefinition hashas movedmoved fromfrom an an adjustableadjustable endend
date date withwith a a fixedfixed taxtax rate, to a rate, to a fixedfixed endend date date withwith an an 
adjustableadjustable taxtax raterate
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ResearchResearch
 

workwork
 

surveysurvey
FewFew public or public or governmentgovernment debtdebt managers have managers have mademade theirtheir studiesstudies publiclypublicly availableavailable. . 
SwedenSweden, , DenmarkDenmark, Canada, , Canada, andand UnitedUnited KingdomKingdom are are amongamong thethe rare rare whowho cancan bebe
citedcited..

TwoTwo main main streamsstreams ::
•• MacroeconomicMacroeconomic modellingmodelling : : thethe factorsfactors whichwhich determinedetermine thethe financingfinancing requirementrequirement, , debtdebt costcost 

ofof servicingservicing, , taxtax incomeincome
•• StochasticStochastic modellingmodelling ofof thethe drivers drivers ofof debtdebt financingfinancing costscosts, , includingincluding yieldyield curvecurve modelsmodels, , andand 

debtdebt strategystrategy simulationsimulation

GenerallyGenerally thethe approachapproach isis pragmaticpragmatic, , andand oftenoften combines combines thethe use use ofof econometriceconometric andand
stochasticstochastic techniquestechniques

SomeSome ofof thethe researchresearch studiesstudies have have tackledtackled thethe global global problemproblem ofof optimizingoptimizing bothboth taxtax
policypolicy andand debtdebt strategystrategy..

In In ourour case, case, thethe basics are basics are groundedgrounded on on thethe theorytheory ofof portfolio portfolio investmentinvestment, optimal , optimal 
strategystrategy ofof thethe investorinvestor withwith eithereither finitefinite or or unlimitedunlimited horizon.horizon.

a a strongstrong analogyanalogy cancan bebe foundfound withwith retirement pension retirement pension fundsfunds management. management. 
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BalanceBalance--sheetsheet
 

modellingmodelling
 

: : assetasset

A unique A unique assetasset: a : a receivablereceivable on a on a 
nationwidenationwide taxtax, , thethe CRDS, CRDS, leviedlevied on on 
overalloverall revenues, revenues, mainlymainly on on earnedearned
incomeincome..

Taxable base Taxable base isis assumedassumed to to growgrow atat
thethe pacepace ofof national output (Francenational output (France’’s s 
PIB)PIB)

WithWith AAtt thethe assetasset value, value, kktt itsits growthgrowth
rate, rate, isis modelledmodelled as as thethe sumsum ofof
growthgrowth rate in volume rate in volume andand inflation inflation 
rate, in rate, in continuouscontinuous timetime
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modellingmodelling
 

: : liabilityliability

TheThe disposabledisposable isis computedcomputed by a simple by a simple resourcesresources//expensesexpenses balance. balance. 
FromFrom therethere, , thethe net balance net balance isis attainedattained by by substractingsubstracting payables.payables.
FurthermoreFurthermore, as , as thethe value value ofof eacheach instrument instrument outflowsoutflows are rate are rate 
dependentdependent, a , a financingfinancing requirementrequirement willwill bebe met met withwith fewerfewer debtdebt increaseincrease in in 
a a cheapercheaper rates rates environmentenvironment..

TheThe net net debtdebt dynamicdynamic defineddefined as,as,

withwith CACAtt thethe amortizationamortization capacitycapacity atat yearyear--endend tt
, , alsoalso readsreads

withwith LLtt
** thethe debtdebt value value beforebefore reallocationreallocation

andand NNtt thethe net balancenet balance

ttt CALL −= −1

ttt NLL −= *
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modellingmodelling

3 3 factorsfactors rulerule Cades Cades economyeconomy : : realreal growthgrowth, , interestinterest rates, inflationrates, inflation

WeWe assume assume theirtheir processesprocesses followfollow OrnsteinOrnstein--UhlenbeckUhlenbeck diffusion diffusion equationsequations, , 
parameterizedparameterized by by pullbackpullback force coefficient, long force coefficient, long termterm meanmean, , andand standard standard deviationdeviation..

TheThe set set ofof riskrisk sources sources isis a 3a 3--d d vectorvector ofof correlatedcorrelated brownianbrownian motions, motions, whichwhich oneone hashas
to to transformtransform intointo an an uncorrelateduncorrelated vectorvector(*).(*).

For instance, For instance, thethe SDEsSDEs ofof thethe shortshort--termterm interestinterest rate rate andand thethe inflation rate are reinflation rate are re--
writtenwritten asas

wherewhere dWdWrr andand dZdZii are are uncorrelateduncorrelated brownianbrownian motion motion instantaneousinstantaneous changes.changes.

(*) by (*) by applyingapplying thethe copula copula theorytheory to to thethe brownianbrownian changes, or changes, or thethe CholeskyCholesky transformationtransformation

( ) ( )( ) ( )tdWdttrbatdr rrσ+−=

( ) ( )( ) ( ) ( )tdZtdWdttidctdi iiirriir σρσρ 2
,, 1−++−=



ParameterizationParameterization/calibration/calibration

TheThe OO--U diffusions U diffusions ofof thethe shortshort--termterm rate rate andand inflation rate inflation rate 
are are calibratedcalibrated owingowing to to marketmarket negotiablenegotiable instrument instrument 
pricesprices..

WeWe adoptadopt VasicekVasicek specificationspecification for for thethe nominal nominal yieldyield curvecurve, , 
andand inflation rates inflation rates curvecurve..

WeWe taketake estimationsestimations

for for correlationcorrelation coefficientscoefficients
as inputs for as inputs for realreal growthgrowth
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dynamicdynamic

Our goal Our goal isis to to maximizemaximize amortizationamortization capacitycapacity atat anyany timetime t, in t, in orderorder to to 
have net have net debtdebt reachreach thethe nullnull value value atat thethe bestbest pacepace..

ThereforeTherefore thethe objective objective functionfunction cancan bebe writtenwritten as, as, 

wherewhere EEtt(k,m) (k,m) isis thethe outflowoutflow atat maturitymaturity m for m for thethe kk--thth class class ofof debtdebt, as , as ofof
timetime t,t,
B(t,m) B(t,m) thethe timetime t value t value ofof a a riskrisk--freefree zerozero--couponcoupon bond bond maturingmaturing on on yearyear
m,m,
αα(k,m) (k,m) thethe allocation coefficient for allocation coefficient for maturitymaturity m m andand kk--thth class class ofof debtdebt,,
andand for for anyany variatevariate X, X, 

TheThe amortizationamortization capacitycapacity isis cumulatedcumulated untiluntil net net debtdebt value value isis nullnull, in , in otherother
termsterms debtdebt isis extinguishedextinguished atat timetime s s whenwhen wewe reachreach

( )0,XSupX =+

( ) ( ) ( )( )
+

+
⎥
⎦

⎤
⎢
⎣

⎡
−= ∑∑

k m
tkt NmkmtEmtBL ,,,Min α

0=+
sL
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definitiondefinition

IndeedIndeed an an errorerror in in thethe estimation estimation ofof debtdebt redemptionredemption horizon H horizon H seenseen fromfrom
timetime 0 0 bearsbears somesome consequencesconsequences..
CADES CADES wouldwould have to refinance have to refinance thethe amountamount

ThereforeTherefore, CADES faces , CADES faces thethe riskrisk ofof an an additionaladditional borrowingborrowing needneed, , eithereither
met by met by itsits lifelife extension, or by an extra extension, or by an extra taxtax raiseraise..
Let Let αα designatedesignate thisthis riskrisk, , thethe optimizationoptimization problemproblem cancan bebe writtenwritten as :as :

TheThe timetime dependancydependancy ofof thisthis riskrisk revealsreveals ourour riskrisk aversion. For a aversion. For a givengiven
initial initial debtdebt, , thethe lowerlower thethe amortizationamortization capacitycapacity, , thenthen for a for a samesame capacitycapacity
decreasedecrease, , thethe greatergreater thethe reimbursementreimbursement periodperiod lengtheninglengthening. . 

SeenSeen fromfrom thethe taxtax payer standing point, payer standing point, thisthis looks looks likelike a put a put sellingselling
position, for position, for hishis lossloss isis growinggrowing withwith thethe magnitude magnitude ofof thethe estimation estimation errorerror..

HH CAL −−1

( ) ( )[ ]0Min 1 >−= − ααα HH CALP
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SolvingSolving
 

methodmethod

TheThe adoptedadopted rere--balancingbalancing rulerule isis thethe CPPI(*) CPPI(*) methodmethod..

WeWe do do notnot solvesolve numericallynumerically thethe optimizationoptimization problemproblem..

RatherRather, , wewe simulatesimulate a a reasonablereasonable numbernumber ofof portfolio structuresportfolio structures

specificspecific structures structures calledcalled «« extremeextreme »» portfoliosportfolios
structures structures builtbuilt by by allowingallowing to to switchswitch 10% 10% ofof a portfolio a portfolio betweenbetween twotwo debtdebt classes classes 
arbitrage, arbitrage, keepingkeeping thethe thirdthird allocation allocation equalequal to to thethe currentcurrent value in value in thethe actualactual debtdebt
portfolioportfolio

In In thethe pastpast, , wewe usedused to to buildbuild twotwo main sets main sets ofof portfolios, portfolios, oneone withwith nono
inflation inflation indexedindexed instruments, instruments, andand thethe otherother withwith nono shortshort--termterm rate notes. rate notes. 

ItsIts isis worthworth lookinglooking atat thethe changes changes throughthrough timetime, , atat oneone yearyear intervalinterval..

(*) Constant Proportion Portfolio (*) Constant Proportion Portfolio InsuranceInsurance
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ResultsResults
 

: Debt : Debt riskrisk
 

profileprofile

WhenWhen drawingdrawing thethe «« jointjoint »» distribution distribution ofof amortizationamortization
capacitycapacity andand redemptionredemption horizon, horizon, wewe seesee a a 
representationrepresentation ofof ourour debtdebt riskrisk profile. profile. ChangingChanging ourour
debtdebt structure structure wouldwould resultresult in a change in a change ofof debtdebt profile. profile. 

TheThe curvaturecurvature ofof thethe debtdebt profile profile andand thethe convexityconvexity
phenomenonphenomenon bringsbrings intointo light light ourour riskrisk aversion.aversion.
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Risk factors median path in the 5% risk region
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StochasticStochastic
 

dominancedominance

FirstFirst orderorder
•• WhenWhen for for anyany levellevel ofof riskrisk, , oneone portfolio quantiles are portfolio quantiles are aboveabove 

thethe otherother’’ss

Second Second orderorder
•• WhenWhen for for allall riskrisk levelslevels lowerlower thanthan or or equalequal to 50%, to 50%, oneone 

portfolio quantiles are portfolio quantiles are aboveabove thethe otherother’’ss
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Actual debt analysis from 7-march-05 to 8-jan-07
focus on 3 separate impacts
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Efficiency Frontiers as of 8-01-07
in the Expected Amortization Capacity / CAaR 5% plan
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Efficiency frontiers as of 28-dec-05
in the Expected Amortization Capacity / CAaR 5% plan
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Sensitivity to a 50 bp flattening of break-even inflation rates curve
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Sensitivity to a 50 bp steepening of break-even inflation rates curve
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ConclusionConclusion
 «« beingbeing forewarnedforewarned isis beingbeing forearmedforearmed »»

•• A A tooltool whichwhich allowsallows for for «« enlightenedenlightened »» portfolio portfolio 
allocation recommandations, allocation recommandations, focusedfocused on on thethe tradetrade-- 
offoff betweenbetween performance performance andand riskrisk

•• Anticipation, Anticipation, backback--trackingtracking ofof former former strategiesstrategies, , andand 
backback--testingtesting are are alsoalso allowedallowed
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