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“The crisis d this world is due & wha happens faaway ard powes hae no longe location”, from
La emprea de vivirby Tom& Abraham.

Abstract

We bootstrappe spot rate for Argentinea and U.Sfederd governmen debt instrumentsard fitted

them with smoothing cubt splines a nonparametrt mehod, b esimate the tem structue d interes

rates When esimating the tem structue one musdecice how clog $ould the dad be fited,

considering thiathe curve bould be flexible bu should al© maintain a certai degre d curve

stiffness b identify misspricel securiies. Smoothing cubt sgines ae a helpflitool to dead with this

tradeoff, sine the degree bsmoothirg can be controllel with the smoothig parareter, which mug

be set betwae0 and 1. Ouapproach $ basd on tha presentd by Fisher Nychka and ZervoslQ95)

and to choos the “optimal” smoothng parametevalue we apped boh generalizél cross validatn

and Reinscls (1967) mehods The wok analyze the contagin dfects thd recent internatioria
financid crises sud & the “Tequild Mexican crisis the Asian crisis the Russian crisis ard the
Brazilian devaluation had on Argentinean and U&Sm structureslit alo analyze wha happend

during the datesn which the 1999 ArgentineaPresident elections dok place We found thad

Argentinea curves changes wersignifican during al the crisesespecilly on shortterm maturities

Neverthelss these changes weonly tenporary, sine afer sone ime, the curves wen badk to

similar values and shapse  tho® thd existal befoe the crises ha begunFinally, we appliel a tes

for splines presenta by Silverma (1985) basd on Wéba's (1983 previous results,a analyz if the

term structire change wee statistical} significart or not The @nfidene bands calculaté by this

method resulted too wideand consequentlthey could na discriminate amng significant ad not
significant changes

Resumen

Calculamos las tasdspots’, sobe los titules e deuda de Is gobierns naconales e la Argentira y
los Estados Unidosed América, a trawe dé proce® conocido como Bootstrapping’; y luego
utilizamos finciones canocidas cono “smoothing cubicsplines parma esimar la estructura tepord de
la tasa d interés Al estima la estructua tenpord de la tas ce inter&é € dele decidi con qué grdo
la curva debe aproximarsx cad observacionteniendo en cuemt qe £ deber obtene una cuna
flexible pep deberd también mantenein ciertogrado de “suavidad’pama pode identificar Ics titulcs
que no estén cectamerd valuadosJustamemt las “snoothing cubt spline$ son funcions mwy
Utiles en ese setido, ya qie la “suavidad de la funcion resultarg pue@ ser controlaal cambiado é
pardmeto de suavizadpque pertenece al intervalo [0,Nuesto enfoqe se basa en presentad por
Fisher Nychka y Zewos (1995), y pam elegi € valor “6ptimo” del pardmeto de suavizaadl utilizama
el métado conocido com validactn cruzada generakda o “generalizél cros valdation’, y d
método popuest pa C. Reinstr (1967) El trabajo analia los efects e wntagb que las cris
financiera internacionaleseallos dtimos afios tales comla criss de “ Tequild Mexicana, & criss
Asiaticg la criss Rusay d periado de & devaluacin Brasilefiatuvieron sobe la estructura tepord
de interese e Argentira y Estalos Undos & América. & analiza tambiéque ocuié oon las curva
durant los dis e las elecciones presidenciales Afjeas e 1999. Enontramea que la estructar
tempord de Argentirm sufrd incrementos @ nivel significative durané todas las crisis
especiimente en kcorto plazo Sin embarg estos fuemo cambis temporarios, & que al corto
tiempq las curvas volviesn siempe a formas y nivekesmilares a I que existian argek las crisis.
Finalmente paml determinaridos cambios fuem estaditicamene significative o ng aplicama d
teg de spines presentdo por Silverma (1985) basao en los resultados pieg de Wahila (1983)
Las bandas &l confiana qie este méio calcuh resultara demasiado anchgaa discrminar entre
cambios significativos y camtsao significativos



1 I ntroduction?

Recent internationafinancial crisse hae had important antagion dfects on
Argentinean interaégates But the dfects on interesrates caregponding o differert maturity
horizons ae usudly very different We can observe these ffitrences thiough the term
structure of interest rates, which is buik on interes rates careponding b financid asses
with differert time © matuity. But naturally this cune is a continuousanstructon based on
discree observationsso it is vey important tle mehod we choos © fit the daa points
Applying a rdiable mehodology to obtain pecise esimations d these cune reslts essentia
for ary per®n, companyor bank tha deals vith financid assets Sone d its most frguent
uses are

0] Portfolio Management. Fixed incore investment managerhoo® anong diferert
asses far their portfolios usig mary criterig out d which maturiy — return reléionship B
one d the mos important Tha relationshp is the tem structure which shove the cared
retum tha should be obtaing from commitmerd © differert matuities. Manages rely on
term structue analyss becaus shifs on ths cune (parallel ad not parallel) haa sgnificant
effects on thei portfolios and todays shap can t# them a ld about epectations fo
tomorrow They decide ther invesmert policies partialyy base on ths curve

(i)  ldentifying the Price of Time. Investos nside securities issud by the U.S
Treasuy Depatmert (Bills, Notes and Bond$ as credt risk free a&sets, sine they ae backe
by the full credit d the U.S Governmet. Therefore the tem structue d intereg rates on
thee scurties will represem the pue price of time. Using this informaion, credi risk sprea
on spot rate can be calculated for gnothe financid asse which was not issué by tre U.S
Treasuy Department.

(i)  Correct Pricing of Assets. The presenvalue far ary future paymenh should be
calculatel using tle ot rak that corrgsonds © each maturiy horizon, ad the tem structue
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of interes rates is built out fran the® rates Identifying the cared price d financid assets is
critica for analyss and trades when comparing tw or more securitewith the sare credt
worthiness Having good information can take agentto identify arbitrage proft
opportunties for exampé strpping urderpriced ®curties a synthesizaig overprced ones

(iv)  Future Interest Rates Reference. In financid markets the ageh tha beg predicts
future interes rates can proft immensely The analyss d the tem structue d intereg rates
helps ndividuals know whid is the markets cnsensuss tha they can make theiown
future conjectures

(V) Expectations on the Real Economy. Future interesrate expectatns hae influene
on the real emnomy’s activity, including @nsumption ad invesment decisoins Today’s
economic activig depads on expectains on tomorrow’s economiactivty, and thats why
term structue awarengs 5 9 important

All these reasns illustrate th importane o good tem structue esimations To do
so, we first bootstrappe theoretich spot rates out d yields o maturiyy for Argentinea
governmen® deh instrumens and U.S Treasuy securiies and then fitted tho® rateswith
smoothing cubic splines. Ou gpproat is basd on tha presentd by Fisher Nychka and
Zervos (995) Then we briefly explan how thee spines wok and whidch ae the advantage
of usirg them as fitting functions as wdl as how ould discount ad forwad curves ke
derivad out d the ot rate curve (a term structures)To choog the “best’ possibke
smoothing parameter value n the snoothing splines we appli@ the generalized cross
validation (GCV) mehod, and we al® appliel Reinschs (1967) mehod, comparig the
resultant splinesWe found smoothing ubic splines parcularly usefu to fit Argentinea
more variable ad unequail time distrbuted observéions The wok is centeredn analyzing
how Argentirean ad U.S temm structue curves changeduring reert interndiond financid
crisis perods To incorporaé more Argentineanedt instruments iot the analys we al®
fitted yields b maturiy (since we @uld not bootstra spot rate from nonbullet
instrumentd). Ther grgphs ae siown in the @pendk D. Findly, we appli@l the sfine te$
presentd by Silverma (1985) basé in Wahba$ (1983) prevbus resultsbut tre confidence
bands thathis mehod calculated resulieexcessivel wide o discriminaé anong sgnificant
and nonsignificart changes

This papeis organizd & fdlows. In Secton 2 we presenthe bootstrappig mehod,
and the way m which discount rad forward curve can be derived fro 9ot rates curvesin
Section 3 we explan how snoothing abic splines wok and we describe wirwe used thm
as fitting fundions Secton 4 describg the asset we used and thecharacteristicsin Section
5 we presenour resuls on tem structue estimatns and in fction 6 we gply a statisica
ted to study f the tem structue curves sifiered or not significahstatigical changesFinally
section 7 preserst our onclusions Appendk A describe Argentinea governmens delb
gener&characteristicsAppendk B describes # Argertinean prices ad yields ve used and
Appendk C lists Argentinea federd government debt instrument&ppendk D presers the
figures d the splines fitted on yields @ matuity insteal of ot ratesand in Appendk E we

® We used Matlab rdines (se referencésto do bootstrappingard the® can only bootstr@ spa rates from
bullet instruments
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briefly mertion the hypothess thda haw been postulated to expladlifferert term structus
shapes.

2 The Term Structure of I nterest Rates

The yield curve is the relaton between ime and return to matuty for a set 6 asses$
with similar characteristig (credi risk, liquidity, etc.) When the returrs carepond b zeo
coupon asssta bullets, we gé the term structure of interest rates. And thd is the curve that
shoutl be usd to calculaé the corect price fo ary financid asset ad each of #
components

2.a. The spot rates

The spot rates are the retun to maturiy tha zelo coupon ases dfer (Treasury Bl s
in the U.S case, ad “Letras deé Tesoro”in the Argentinean case)The difference between
yields to maturity (r) and spot rates (z), is thd the sscond one ae the rates thiacaregpond
exclusivey to a given maturiyy horizon, calculat® on a given assewvhich ha a sngle
payment athat matuity, and no othe coupon paymeista othe maturity horizons This is
therefoe the rat thd should be used to discount furucas flows. The pioblem is thd zeio
coupon gcurties ae usual shorttem assetsand therefoe the tem structue d intereg
rates is not usually directly observablor medium and long tem horizons But we can derive
medium ad longterm ot rate by bootstrapping then out d medium and longtem non
zelo coupon debt instrumestinformdion. In tha case, edt asse has to be onsiderd & a
packag@ d independent futer cad flows, with singula return ad time t© matuity. The
following exampé explairs this mehod, helpig al®o to understand the ftkrernce between
spot rate and yields b matuity.

Suppos we hae azero coupon sse¢ which has 1 year b maturity and with USD
1000 of face valueGiven thé it is a zerecoupon assethe yied to maturiy (r1) tha it offers
will also be tle l-yea spot rake (z). Accordirg to the financiatheory, the presenhvalue d
this asse(p;) and theg two rates shoudl satisy (2.1) If we can observeipz; and nr can be
found fram:

0, = 1000 _ 1000
(+z) (L+r)

(2.1)

Now suppo® tha longe zero oupon securitie do not exisin the marketso the z
rate will not be diredly observableThis is not a ppblem becaus we can bootstrap spot rate
out d yields o matuity. The following stes will show how thé mehod finds tle ot rates
and they will also show tle conceptual differemcbetwea spot rate and yields 6 maturity.

Once we know z we ould calculag the z rate Suppo® we chog a secuty with a
5% annud coupon rate 2 yeas © maturity and a face valuefoJSD 1000. Khowing the
price d this asstin the marke (p;) (determind with the yietd to matuity (rp) tha it is
offering), we can solve (2)2o gd z:
5



50 1050
+

= i+2)  @rzy (2.2)

P,

50 1050 _ 50 = 1050
+ = +

(Note thd p,= > = 5 )-
(1+z) A+z)" @+r) @Q+n)

And once we goz; and 2, ushg the price (§ of a three yeario maturiy security,
and knowing thait also ha a 86 annud coupon rateand a face vale  USD 1000, ve can
solve (2.3 to g4 z3:

50 50 1050
+

+ (2.3)
1+z) (@+z)* (@Q+z)°

Ps =

Following this gproach, dlthe remainiig theoretichspot rates: gzszs .z, could be
derived. Tha is, usirg similar asses but wih differert maturity datesthe " spot rate Zcan
be found from:

_ 50 50 50 B, +C,;
= + ,+ A& o (2.4)
1+z) @+z)" @1+z) 1+z)

P;

where Gis the coupon paymentd B is the principal paymentfasse .

2.b. The discount factors
Accordirg to financid theory, to find the arfirage price fo a futue paymen we

shoutl multiply it by the caregponding disount factor Sud factors can be derived outfahe
spot ratesas falows:

i} 1 gi= Ly 1

d=_—"—5;d2= "~ ;. di= (2.5)
1+2) 1+z,) 1+z)’

where d is the discount factowe mus use © gd the presetvalue d a futue paymenat
period j. Far example to find the corect presenvalue (PV) of a USD 1000 payment tw
yeass from now, whee the tvo yeas annud spot rate $ 2, we $ould do:

_ 1000
(1+2)?

=1000* d, (2.6)

* In ca® that moe than one sgaate existd for a particular matugtdate,the mehod use simpk average as
the spa rate for tha period.
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2.c. Theimplied forward rates

Implied forward rate ae vely important variable for financid agents and they
shoutl al® be derived outfahe theoretichspot rates curve The fdlowing exampé shows
the inportance bthis analysis.

Suppos that a pemn whishe to make a investment wth two yeas d maturity
horizon. Tle two dternatives wuld then be

Alternative N'1: Buy securiy 1 with one yeard matuity, and when it maturesbuy
_anotheone wit one more yeao matuity.
Alternative N 2: Buy securiy 2 with two yeas o maturity

Obviousy the investor wil be indifferert if both options gie him the sane overal
profit. But the only known rates & the begnning d the first yea are

z;: 1-yea spot rae
Zo. 2-yeda pot rae

Theforward rate (next years one yea spot rat is not know & the beghning d year
1, but we can calcul& which would ke the rate tha would let the investor ndifferert among
both options This is the implied forward ratefor year 2 (f2), and can be solved out of

(L+2,)? = (L+2).0+f,) (2.7)

The same can be donetge f3:

(1+2)° = (1+2).0+2).0+f,) (2.8)

and so forfy, f5,..., fn. To decide amng the two mentioned securitieshe investor wil look
a the f; rate If he thinks tha the future pot rat will be higher he will buy securiy 1, and
when it matures buy anothe oneyea secuity tha offers the nev spot rate In contrastif he
thinks it will be lower tha thef, rate he will buy secuity 2 and kep it for two years

2.d. Why are spot ratesthe correct ratesfor pricing financial assets? An example.

The mos$ importantrea®n for usirg Pot rates © discount futue paymert is tha
evely singke paymeh should be discouni@ & its caregpondent rated identify ardtrage
opportunties If we usel the yietl to maturiy to price a secuty, we would be usig only one
rate © discount dl payments thus obtaining inaomed preseh values for each ©upon
payment Tabk 2.d illustrates this oncept Suppo® we observen the markethe yield curve
which appeas in columm 3. Ths exampt uses 10 dherert secuities with maturty in 10
different yeas from t=1 to t=10 (dl with a 8% annud coupon rag¢ (pad annually and dl with
USD 1000 of f@e value) to bootstrap thepot rates caregponding d the® ten wars In
column 5 we calculate tb presenvalues (PVJ) of Bond A’s @ flow paymend separatgl
(a 9% ooupon secunt with USD 1000 of fae valle and ten yeas to matuity), usirg the

7



yield curve valuesAnd in column 8 ve show the presehvalues (PV2 of sud paymerg but
using tke caregponding bootstrapp spot rates

Table 2.d.

1 2 3 4 5 6 7 8
Yearsto| “Bond A" |Market Discourt PV1 Bootstrapped | Discourt PV2
Maturity | Cash Flow | YTM Factors (in USD) Spa Rates Factors (in USD)

(YTM) (in USD) (With YTM) | (With YTM) (With Spot | (With Spot
Rates) Rates)

1 90,00 7,00% 0,934¢ 84,11 7,00% 0,934¢ 84,11

2 90,00 9,00% 0,841’ 75,75 9,02% 0,841 75,72

3 90,00 7,50% 0,805( 72,45 7,43% 0,806¢ 72,58

4 90,00 8,00% 0,735( 66,15 8,00% 0,735! 66,16

5 90,00 8,50% 0,665( 59,85 8,57% 0,663( 59,67

6 90,00 9,00% 0,596: 53,66 9,15% 0,591¢ 53,23

7 90,00 12,50% 0,438t 39,46 13,63% 0,408¢ 36,80

8 90,00 13,00% 0,376: 33,85 14,21% 0,345¢ 31,10

9 90,00 13,50% 0,319¢ 28,79 14,88% 0,287( 25,83

10 1.090,00 ([12,00% 0,322( 350,95 12,42% 0,310: 338,01

Total 865,04 843,22

It is eay to see that in ths case, tb arbitrage profit tha could be obtaind by
synthesizing the securit and sdling it at tre price thasome one codlbe calculatig usirg
the yied curves valus would be US21382 for every USROOO (Se tha USD86504 -
USD84322 = US[?1,82)

Once hos ot rates ae found, ve sould stil answe anothe type d questions Far
example suppo® we wanteda know whid should be th ot rate thaia nev securiy with
2.5 yeas b maturiy be dfering, and no othe comparal# securiy (risk, liquidity) exiss in
the marké with the sama maturiy horizon (a you can see in our examm secuties hawe
1,2,3,4,...n yeas o maturity) Or for exampé uppo® we wantedd know f certan scurity
is wel priced in the market according to the pricek similar securities excep for the
maturity To answe sud questions & mus$ apply sone mehod b esimate a continuos
curve out 6 discree observions To do so, v used smoothingubic sgines a non
parametic method tha is describd in the neksection.

® Buying each oupm by separat anl sdling it as a package.
8



3 Fitting Spot Rates with Smoothing Cubic Splines

3.a. Smoothing cubic splines methodology

When choosing aundion to fit bootstrappé spot ratestwo opposéd issus must le
handled: fittig the data wel and maintaining a mpe degree b curve stifness If the
function fits to the daa extreme} well, it will not identify misspricel securitis in the market
On the othe hand, if we cdhooe a bo smooth function,tiwill fail in fi tting the dateout d
which it was suppose to be derivedWe will explain howsmoothing cubic splines help us &
ded with this “precison-stiffness’ trade df. This nonparametic mehod date back d leas
to Wittakker (1923) and the mdiod ha be& mud studiel andapplied during the las 30
years But despite tis attenton by sgcialists the mehod s not & widely known and appliel
as perhap it should be ly pracitioners.

We will now descrile briefly how snoothing wbic sgines work. Suppo® tha we
have obseations (x, y;) where i=1,2,....n and we wart to fit a fundion on them The fitting
function gwould then stsfy:

Yi =9(x)+e (3.1)

It will be assumed thathe X% points sdisfy x;<x,< ....<Xp, and thd the errorse are
uncorrelatd with zero nean and standard deviation The mo$ common method to choes
the fundion to fit the dag would be b choog the one that mininzies tle gquarel sum @
errors, or wha is the same:

Min Y [y, - 9(x )1 (32)

where g(x; ) are the values thisthe esimative cune takes athe caregponding x.

Obviousy if no othe restricton is imposé on g, we will obtan a function tha

actually intempolates the dag, taking to zeo the sm of squarel erors But then the resultimgy
function would be @o variable and in our casewould fail to identify misspricel assetsThe
mog common wg of getting snmoothe fundions is b restri¢ attention to a certaitype ¢
functions Fa example we coutl restri¢ attenton to straight line a logarithmic functions
or we coutl even us polynomi functions restritng ther degree. Bu naturally thee
functions would not povide the necessawariablity to fit disperg data points. Anothe way
of reachirg snoothe functions s including a bughnes penaly into equaion (3.2) Equéion
(3.3) includes sud roughnes penalty weightirg it with (1-p). We will explain why snoothe
functions wil produe lower valus in this type d roughnes penalty but tre idea $ tha

® The reader codl se Cat De Boor’s “A pradical guide D spline$ (1978), Slverman (1985), FisherNychka
ard Zewos (1®5), or Waggoner (1997),ot find a more detailed theoredi eplanation of the splines
functioning
" Large degree polyomid functions muld shav greate locd variability, but thes functbns ae too complcate
ard unmanagable.

9



minimizing Zg, the resiting function g will produe a @od fit to the data, r&d it will not
show bo mud locd variability. You can cleayl see the trade & between geting close to
the data vsobtaining smothe functions n equatbdn (3.3) sine boh weighs ( and(1-p))
sum up to 1.

n R
Min Z, =0y p.ly; —9(x )]ZE‘* %1‘ p).g[azg(x)]zdx% (3.3)
0g 8 T

Setting tle snoothing parametep=1 in this equation, tle resultah function woub
actualy intempolate the data sine the pughnes penaly would be multiplied by 0On the
othe hand, sdting p=0 would ony force the finction o have the swothes possibé blends
resulting inb the straighline that mimmizes the syuae sun of errors The intereing point d
this mehod & thd settirg the snmoothing paramete value between Orad 1, tke snoothing
locd variability tradeoff can be handled, fing dat well but maintainig certan degee d
curve siffness As Silverma (1985) saidthe p valuerepresert therate d exchang between
residud error and locd variation. Tke complicated tasksidhoosing tha“optimal’ value, but
fortunatey severbmethods hag alreag bea proposd to do so.

As we metioned, tke oughnes penaly is given by tle integraof the guarel seond
derivative @ the function. Bu why does the integrh of the sjuarel second derivativefa
function is increasig on tha function’s variallity? Conside a fundion g. Now remembe
that the firs derivatives g'(x) values will be low if the sbpe d g is not high and tha the
second derivave’s g”(x) values will be low if the blends(or first derivatives sbpe of g are
smooth. Ths condition is antrolling th& the function’s g blends do noté oo rough, ad in
this way it is alsocontrolling its sbpe (ote thd if the spline has a steep region downwards
and afte that a step region upwardsthe blend tha thee two generat wil be 0o rough)
The mehod firg calculats the g”(x) function, and then calculateit’s integr&in orde to find
if the values bthat fundion awe hidh or not Remembetoo tha the integrdon a undion
calculats the area undethe curve <0 if the valus d the g”(x) fundion ae high (s a
consequencefdoo many oudh blendsm theg fundion) the integral valug will also be hgh.
The guae ong”’(x) in equation (3.3)wids tha negatie and positive values balaneab
other by makirg dl of them be posiive values Summarizing as the fundion’s varialility
increasesthe integraon the gquarel second derivative vatuwill increa® o, increasig the
roughnes neasure.

Now, it can be $iown (see Reinsch (1967nd (1971) or Greville (1969)), thaif Zgy is
minimized ove dl twice differentiabk functionsg, given a snoothing facto p, and given tha
i=1,2,...,n; tke resiting curve §(x) has the fdlowing properties

(a) It is a cubi polynomiaf in each of tke subintervas [x i, Xi+1];

(b) At the poins X%, the curve ad its fird two derivatives ae @ntinuous but thee maybe a
discontinuiy in the thid derivdive;

(c) In each of te ranges-(o ,x;) and (X, o) the seond derivatives zerg <0 tha ¢ is linea

outside the rargd the data

8 Remembe tha cubic polynomiak ae d the form ax+hx+cx+d, whee a, b, ¢, ath d ae the polyomial's
coefficients
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Any cune which sdisfies (§ and (b) 5 callel acubic spline with nodes x. Theg are not
imposal on the edtnate but ae a consequence the minimizaton in equation (3.3)A

smoothing cubic spline § a piecewis abic polynomia] joined togethe a node points, which

naturally includes a pughnes pen#ty and therefoe dlows us o choog the smothing
degree At evel node point, the two polynomia$ tha meet will hae exacty the sane leve

and first two derivdives Tha is, they will meet and they will do it snoothly. This is the

approab we followed prevously applied by Fisher Nychka, and Zervos 1995)

Some auhors usel othe mehods © smooth cula splines for exampé McCulloch
(1975) Cubic splines flexibility depends on the numbieand spacing bthe node points By
reducing thei numbe or increasig ther spacing McCulloch (1975) manageto control tle
splines oscillations Thoudh the numbeof nodes and ther spacig ae ad hocn his nodel
he found tha this mehodolog worked fairly well in practice’.

Waggone (1997) observd tha cubic splines tend © osdllate excessivel on long
term maturities while failing to fit short-term observationsTo solve hs poblem he designé
a mehod b fit smoothing abic splines tharesultel moe flexiblein the $iort end than in the
long end. Snoothing cubt splines flexibity depends not on} on the node numbe and
spacing but al® onp. This auhor postulatd tha when a fixedp is usedand & p increases
the vale d that parameteinfluences the variability of the spline more than the nadeumbe
and spacig do. And thereforeif a constanp is used and if tha p value s not low the
resulting spnes would show bng tem excesiwe oscillatons no mdter how the nods ae
settled. D solve tlis, he popose a variable smoothing parameter, p(x), decreasig on
maturity, transfoming the oughnes penalf tetm on equation (3.3)into a variable
roughness penalty. This variabé parameter wuld allow hm to ge a g splire fundion tha
could fit shortterm ot rates moe closey than long tem ots Fa tha he goupeal daa
points acordirg to ther abscisa position, ad used dferert p values for differert maturity
regions Fa longe maturity regions his mehod woutl setlower p values which would force
the reslting spgine  be smoother Therefore, th objetive function to be minimizé would
be (3.4) Note that this quatn is the same as (3.3gxcep that the snoothing parameteis
now depeading on X.

. n 0 O
Min Z = Iy - ag(x)]? 1- ([02 2d 4
N £ 40ag) ip(X) [y; —9(x)] gé p(x)]g[ g(x)] X% 6.4)

But we coutl wdl fit splines thd are snoothe in longterm maturities than in shot
term maturities usirg the modd applied by Fisher Nychka and Zervos 1995) Equdion (3.5)
incorporats w, a (1xn) vecta (with w; 0 (0,1) for dl i O (1,n), which indicates ¢ the splie
the importane we wari to assign to edcdat point (x,Y;). Fa example if we wanted to fia
spline avoiding bng tem oscillations but fitting short tem zers well we coul se
w=[1,1,1,..., %, Y,...... ,%2] The objetive fundion to be mimmized in orde to obtain our
smoothing abic spline would then be:

® The sggestel numbe of node poirg is @proximately tle sjuare roo of the number of observatis usd in
the sample, aththey shoutl be spaced so theoughly an equd numbe of observéions fdl betwean nodesFa a
more complet descripton of hs methal sse McCullod (1975).
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n B3
MinZ,, = @Z pw.[y, —9(x )]2%+ ﬁl— p)-g[azg(x)]de% (3.5)
=1 D a i

Note that ths is al® the sames(3.3) but now we can assigdifferert importance o
eat dat point in the samplén othe words this would be the other weof dealirg with the
regiona oscillatory problem tha Waggone found. Assignig smalle weighs on longterm
observationsthe resuling sgine would fit shortterm rates bdter then longtem rates and
therefoe avoiding excese longterm oscillatons

Anyway, we seé w;=1 for dl i, and used a fixeg value (ot depadent on x) becaus
our splines dd not present #osdlations on long ten maturities tha WWaggone (1997) tried
to solve.

The avantag@ d using a nonparametic mehod versus usm parameté mehods &
that the esimated values d the curves wl not deped on # data poins in the sam@ with
the sare weight’. Nea dat poins wil have mud moe influence on the curvesstimatel
values tha distant pointsgiving us mud mote “consisteritestimations @ the tem structue
curves

3.b. Choosing an “optimal” valu e for th e snoothing parameter

We wuld smply stat plotting splines with different smoothing parametevalues unil
we gd tha one tha “looks better] or we ould ue a prespecified modeto choog an
“optimal” value. Severdamethods hae be@ proposd to define such “optimalvalue, and
asymptotically dl these mehods &ould arive to similar results sirce they ag al trying to
find the ‘bptimal” value.

We usel a weltknown method calledjeneralized cross validation (GCV), (the reade
can e Wegmanrad Wright (1983) @ Silverman (1985) fo a specift treatmenof the GCV
methalology), goplied by Fisher Nychka and Zervos1095) bo. Ths mehod applis a
“take-oneout’ technique o find whidc is the snoothing parametevalue unde which the
missing dad point 5 bes predictel by tre remande of the data. Moe preciselythe method
works like this first, the first observéion is let out d the sampleand finds §* .., which is

the splire that usig & snoothing parametep* minimizes (3.6)'%. Then the second
observatn is left out, and findsg * »[-2]- 1he same processs repeate to find g* o[- for al

i, trying evey possibé p value betwee zeo and ongby minimizing Z:

19 For exampe fitting a lirear functim sud as y = Bx;+e or a logaithmic ore such a y = B.log(x)+e, the ony
parameteto be estimated wodl bef3, 0 the vale d the firs dag poirt in the sampd will influence the valie
tha the resultahestimating cune takes neathe lag data point
1 We used culisplines hee toq bu othe type o splines ould hawe been used.
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n O
Min Z; (gev) = gz PWi-[Yi = G (% )]Zg+ %1— D)-g[azgp_[_i](x)]zdx (3.6)"2

When al the §* .. splines hae been dund, te sun of squarel arors betwer

them and dl the dat poins (incuding tre one thathad been lef out d the sample foeadh
spling is calculatedOu of the §* i, the one that minimize (3.7§? is chosen, ad thep*

that gereratel tha splire is dhosen &s the “optimd value

Min CV(p) =i§i[yi S )]Zﬁwi (3.7)

The ideas tha it choose the p* value that generatehe §* smoothing cubic spline

tha would calculaé thre mos$ probabk values fo data poins if missirg in the sampleWe
usal Woltrings B-Spline algorithnt® to appy generalized cross validation.

We al® use the metod presented by Reirsc([1967] [1971) to selet an
appropria¢ snoothing value He denonstraed tha a sensitie rangé® for p is aound:

= (3.8)

12 \We used w1 for all i here toa

13 To ue ths aporithm withn Matlab workspae, we usel Matlab mex interface fo GCVSR. packag
contributel by Anthony Reinas (April 1998) baseé on Dwight Meglars C code Actually the GCVSR pack
works with this equabn:

. ZD E Bﬂ 2 2 ’
Z(gev) = iwi-[yi = Gp-n ()] E+E’\g[a 9 - (X)] dX% (3.6)

where 0< o, inskead of (3.6). Kowing the vallte d A we can gethe vale o p, and the other wa too. Note
tha if we mdtiply (3.6) by ary constantthe solution will not change Then, muiplying it by 1/p, we will get

1-p

(3.6), whee A = ; and therefoe we ca gd the p value from p = if we hadA. Therefore, th

splines usirg 1 andA as weights, ad the spines usirg p and (ip), will result exatly equal (we verified this

ourselves) We did this becaus the putine that fis smoothig cubt splines withm Matlab require the “p’
value as a input but & we explainedthe routire tha rurs GOV within tha softwae ouputs the “A” value.

4 This nears tha within this range the spines variability i s significanty affectal by change in the smoothig
factor, but outsi@ this rangeit is not Therefore Reinst (1967 ard (1972 postulate tha it's enoud) to work
inside ths rangebecaus almosall splines can le found here
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h3
where: 6 = —
16

and h s the maxmum difference betweenthe given abscissaSyecificdly, one wuld expect
a clo® following o the dad when p = py; = 1/(1+6/10) and sone saisfactoly smoothing whe
P = Psmooth= 1/(140.10). This resul is proven in Reinsch (1967)ral (1971).

We calculatd smoothing fators with both methods red compared the resultan
splines Figure 3.b preserg the snoothing sfines fitted on Argentinean tem structure
during tke Asian crisis perod. Ths is a god examp d what we found n mog cases
Reinschs snoothing values and generalizél cross validationvalues generaté smilar sdines,
confirming tha actualy the snoothing parametés choice fran boh methods wuld tend ©
converge

Figure 3.b.
G.C.V. vs Reinsch's Smoothing Cubic Splines.
0.15 ‘Argent‘inegn I?oqu ‘Ter‘m ‘Stru‘ctu‘res‘ quing thg A§iaq Cfisig.
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4 The Assets

4.a. The Argentinean security markets

Argentineansecuriy markes ae regulated by # “Comisdn Nacional & Valore$
(Nationd Securitis Commisson or “C.N.V.”"). In Buenos Aires, (Argentineanation&
capital) securties tracg boh a the “Bolsa de Comera de Buenos Aire S.A” (Buenos Aires
Stok Exchang a “B.C.B.A.”), and & the “Mercado Abierd Electronico S.A.(“M.A.E.”) .

!5 Reinschs eay way of choosing tle “optimal’ smoothing parameteis presente too n Carl e Boa (1999),
Spline Toollwx Use Guide The MathWorls Inc, pp.217, Verson 2.0.1. Releas11
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The B.C.B.A is olde (foundel in 1854) but not merimportant tha M.A.E., which startel
operdions n March 1989. Thes are other StécExchange in Argentia which ae ako
authorized to trade securitiebut none bthem is important

Argentinean government delinstruments markeha grown significanty during
recent yearsIn 1987 ad 1988, Argentia issued the “New kBhey Bonds and the
“Alternative Participatin Instument$ (APIs) as a resli of the restructurig of an existing
debt wih commercif bank creditors On December 28 1989, dl Government deb
instrumens othe than “Bonex (which first series “Bonex87’; hal bee issuel in 1987) were
refinancel into “Bonex 89” pursuant to the @&ernment stabilization measurdster that in
1990 and 1991, thGovernment starttissuing U® denominatel debt instrumestcalla the
“Botes’ (Bonos dé Tesoro) In 1991, aothe important serie bega to be issuedthe
“Bocores”. In accordance wit the Del Consolidaton Lav (Law 23.982) the Government
issuel six series d “Bocones (Bonos ¢ Consolida@n) during 1991 and 1992 pensiones
and various priva credtors for anouns owel to such credit@r which had accrug but had
not bea paid (nev “Bocones series wee late issuel in 1994 and 1999Fa this time (in
April 1992), the Government anounce a new refinancigp agreememnto restructue medium
and long tem debt. t consistel on the $suane d Par bondsDismunt Bonds and Floding
Rate Bonds (FRB)known as Argentirean Brady Bnds Fran these the Disount and the
PAR bonds a the ory Argentire del instruments thacount with waranty'® of the U.S
Treasury

In 1993, Argentia startd issuirg a nev series d plain vanilla dely instruments déed
“Globales (Globd Bonds) as wdl as Argentinea “Eurobonds’ And finally, in 1996 the
Government begato isste $ort term Treasuy bills known & “Letes” (threesix, and twelve
month secuities), togethe with medium ad long tem Treasuwy bonds know & “Bontes
(Bonos dé Tesoro) Tabe C.1 in Appendk (C), preserd detailel informaton on &
Argentinean government deinstrumenty’.

Argentinas indebtednes ha keen dividel into “Externd Indebtedess” and
“Domestc IndebtednessUnde the firg categoy we hae Globd Bonds Brady Bonds and
Eurobonds All the re$ of Argertinean government ddbinstrumens caregpond b the
“Domestc Indebtednss” category Even thoudnh the “BoneX and the “Bontes series
correpond b the “Domesic” group, thg are incuded unde the “cross default” regime.
Basically this establishes th#f Argentinean Government fail®tpay any interesor principd
correponding b any security classifieas “Externd Indebteness”, holdes ma declae at
the dfice d the fiscal agenthe principal amountot be mmediately duerad payableUsually
“Bonex’ and “Bonte$ where sad to have “hdlcross defalt bakup”, sine the gvernment
shoutl pay ther principd amount (f claimed) f defadt occuis on any othe “External
security, but not tle othe way. In May 1999, thes series wher reclassified & “Externad
Indebtedness™o we can now s§ tha they count with a “full” cross defailt warranty.

Obviousy this “cros defaul” regime impioves the “qualty” of the instrumentssine
the Government wuld have incetives o defaut on any othe before defalting on them
This is the reasn why financid analysts plotwo USD Argentirean tem structue curves

18 The warrang bacls two coupm paymenrg ard 100% of the principal payment.
1 Eurobonds a not incuded in this list becaus we considexk securitis tha trace in Argentinean marketard
eurobonds don't
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one fa delt instrumens havirg sone kind of “cross default backup, ad othe one fa the
ones which do not hae sd®.

The Convdibility Plan the trade liberalization measureshe elimination of
restrictions ¢ foreign capittmovemens and othe important eonomic measues adoptel by
the Government during tki deace hawe reativated Argentinas economy In the past
Argentinean Government defaudteon loans frmm commercial baks from governmenth
creditors and on bonds issueas pat of previous deb restructurig with commerciabanks
Sine 1993, 4 payments wilh respetto domest and foreign currerycdenominatel debt
have been made onianely basis but Argentinea scurties mntinue o offer high rates ove
U.S. Treasuy secuities.

4.b. The data we used

In the case foArgentinean debt instrumentswe wnsideré closing d& prices
publishel by M.A.E S.A in it's “Boletin Diario” and yields 6 maturity® calculated by tha
too, sine the majaty of Argentinean government debnstrumens ae traded f this
exchangeln the case thatnainstrument di not tra@ & M.A.E. exchang for a given daywe
considerd closing price & the Buenos Aire Sto& Exchange and yields © maturiy
calculatel by tre LA.M.C. (Ingituto Argentino de MercadosedCapitales S.A which is
associatd to the B.C.B.A°. This informatbn is publishe in the ‘Informe Diario del
I.AM.C.”. Findly, if that security diln’t trace & the B.C.B.A either we used price publishe
by Mercalo Abierbo S.A (an important boke company in Argenina) in “Ambito
Financiero” (a well known financid newspapg?..

Argentinean government debnstrumens markeé is increasingl important ad
worthy d study. Neverthelss, tle numbe of Argentinea instrumerd is mut smdler than
U.S. treasuries, rad even worse we mus separat them into dferent groups We consideré
instrumens issud in USD, and separated tie into two groupsbullet instrumens (those thad

18 Sone analyst postulatd tha Argentirean securitie shoull be goupel accoding b ther issuane procedure
Tha is, the “Bocones”, ad the “Bonex” seris whee issuel to pay old Governmentsdebts which hal accrud
but hal na been paid Sirce tre Governmen'“forced' these credtors o take thes instrumerg & paymentthe
secuities ae classified a “conpulsive’ debt On the other handthe res$ of Argentinea securties sud & the
“Bontes or the “Globales’ whee issuel and sold fadomestt ard InternationaMarkets though public dffers.
Agents who bough the® scurities did so voluntarily and therefore Argentinean delhich is nd “compulsie”
is sad to be “voluntary”. Nevertheks, we mnsidere tha credit rik has little to do wih this fact but depads
on the probabilit that the Government wou defaul on cetain instrumetor not Following this citerion, we
separatd USD securities ino securitis which are mde the “cros defalt” regime, ard securties which ae not
9 For thog Argentirean ®cuities with floating rae coumns yields o maturiy where calculated usincurrent
values an the carespnding ratesWe used adlArgentinean securitis thd existal for each date.
20 Wwithin the Buenos Aire Stok Exchang thee ae two systers © trace securitiesOn one had we have te
“Mercado de Concurreria” which is formel by the “Pisd transactions and the SINAC transictions (ekctronic
offer ard demad). And on tle other ve hae the “Rueda Cotinua e Negociacion”, whik is a parallel marke
where no pubt offers a demand neel to be dne Transctions ae ma@ amoig two agens tha get in toub
throuch a computig systen ard negotia¢ an the transactin conditiors (price ard anounts). We useds wdl as
the I.LA.M.C. does prices fran the “Mercad de Concurrencia’
2L They publish prices tha do not neessariy refa to Buenos Aire markets, biuthey are as representagvas
prices publishé by M.A.E. or the B.C.B.A.
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pay 100% principAwhen they mature) and nonbullet instrument&. Sine we used Matta
routine for bootstrapping, and & this can on} bootstrg spot rate from bullet instruments
we ould only bootstrg spot rate far the firs group. The anount d Argentinean government
debt instrumerst in the fird group wa increasig during recenyears but usually ve did not
count with moe than 15 observatiofis All these instrumers can al be fit with the sare
curve since they behg b the same quiay group, fa bee al unde the cros defalt regime

To incorpora¢ nonbullet deld instrumentsinto the analysiswe fitted yields b
maturity for al Argentinean instrumend issué in USD, separatig then in two groupsthos
which ae unde the cros defaul regime (goup 1) and tho® which ae not (goup 2) The
figures in Appendk D show thosetwo curves for every dagé we analyed With respectd the
two Argentinea debt instrumentsotinting wih U.S Treasuy warranty on ther paymens
(PAR and Discount)we did not includé them in any @ the goups becau® ther quality is
considerd to bebeter than al the rest We coutl not obviously fit separa¢ splines on thei
rates becaus theg are onf two.

During the “Tequild Mexican Crisis perod, onl one Argentinean bulleénstrumem
existed, ® we fitted splines on yields @ matuity insteal of doing it on spot rategn orde to
get an approximatin o the Argetinean tem structure Instrumens unde the “crossdefault”
regime were not common duringpdse dats in Argentina 0 the curves fothe “Tequila”’
dates in the nex sedion coregpond to norbullet USD instrumeng with no “cros default
(group 2) This is the reasn why the “Tequila’ crisis pe& curves ae not siown in figures in
section 5.g when we compare &the crises

For U.S Treasuy Bills, Notes and Bonds we usél prices and yields b maturiy which
are daily publishd by the “New Yok Times newspapé?. Callabe bonds wher taken out b
the daa since a dible bond wil trade at a gbstantialy lower price than a simlar non
cdlable bond wha interes rates diop kelow the coupon rat d the callabé bond. Ths is due
to the increased likelihood ththe bonds Wi be cdled by the issuerFa Argentina’s cas we
left callabke bonds ind the data becaasthe numbe of securities was alreag significantly
lower.

22 For Argentinea pe® denominate instrumerg we did na fitted splines beau we had a significantl smal
numbe of observéions (usualy nat more than 5). With respetto Eurobondssud & instrumentsn Germa
Denmarks Italian Liras Japanes Yens Swedif Franks British Poundsor Spanif Pesetasve did na include
them in the sampt for two reasns First theg do na trade n Argentinean marketsrd sscond, theiyields ©
maturity ae not straightly comparablbetwea each otheor with USD denominatd instrumerg beaug o the
curreny difference

2 We fourd tha the smal numbers bobservatbns h each grap did not make smoothig spline inaccurate
We used dlArgentinea securitis thd existal for each date.
24\We were unalel b purchae ary existirg dat store, da © restrictiors in our budget
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5 Results

5.a. Choosing datesfor our analysis

As we alreag mentbned, ve analyzed how #h Argentinean and the U.Sem
structue d intereg rates fluctuatel due © the dfect of internatond financial crisis The®
crises wee the “Tequil& M exican Criss d 19941995, tle Asian crisis d 1997, tle Russia
financid crisis d 1998, ad the Braitian devaluatn period of 1999. We alsanalyzd how
Argentinean presiderst’ 1999 edction dfected Argentinean curvesTo choog the dats in
which we bootstrapp and fitted curve$®, we looked & the muntry risk index calculatel by
J.P.Morga named “EMBIArgentina®® (Emerging Market Bonds hdex for Argertina),
which includes varbus Argentiean bondsThis index weighs bond price usirg ther market
capitalizator?’, caresponding b the prio busines day Figure 5.a. hows the evolutbn of
this index and its levé at the date we have hosen. A we e, thes dats carepond b the
minimum poins befoe the crises expted, te maximum poins thatthis index reache
during hos perods d financid turbulence, ad a dg in which the crigs hal already
finished. Fo the “Tequila’ banking criss perod, we chog 5 datesbasd on Dabds ad
Goéme Mema (1999) analys d the criss evolution. Fa the 1999 Presiderd’ electon perbd
we simpl considerd the day befa and the day aftéhe electon took place

% We would have liked too, b bootstrap spaates for every dg since 198 up b 1999 bu Argentirean Price

ard Yields wee not stord by Bloomberg Reutes a other financidata supfier, on a daily basjssine tha

time. We woull have liked thiasud informaion existel for Argentinea securitiesto plot 3D grapls e mary

authors didand analyed the continuamichang d the curves This wa done fa exampé by Bing-Hue Lin, in

“Fitting the tem structue o interes rates for Taiwanes governmenbonds’, Journa of Multinationd Financid

Management1999 for Taiwanes tem structue curvesor by Fisher Nychka and Zervos in “Fitting the tem

structure dinteres rates with smoothiig splines; FederbResere Board Januay 1995 for the U.S Treasuries
curves

% The EMBI-Argentira coves Argentinea Brady Bonds The EMBI*-Argentima incudes sone othe
Argentirean norbrady onds bu we consideré tha it was not significantly differenwhich one ve used frm
the two to chooe our datessirce they are highly carelatad (Correlaton Codficient = 0.98)

2"Each proportioneamourt or weight in ths index is a functim of both the amourt outstandig (which we wil
assune is gqud to tha proportian of an assets outstanding aount that a investo can easjyt purchasgard it's
price. Thes two factas, when mutiplied together, equahe asses markée capitalzation. To calculat the
sprea with resgct to U.S Treasuries a weighted averag(usirg the @ses marké capitalzation) on tle
maturity d Argentinea securitis is calculated ard then it is compard with an equivalent U.S Treasuy
security. See Vanderseel Ting “Emergirg Markes Bonds Inde Plus Methodolgy”’, Emerghg Markes
Research J.P.Morga Securties Inc, New York, 12 July 1995 for an extensie descriptio o this Indexs
methodology
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Figure 5.a.Sprea between the EMBIndex and U.S Treasuris Yields®

Spread of Argentina Sovereign Bonds Yields ove US Treasury Security Yields
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5.b. The “Tequila” Banking Crisis

On December 28, 1994, tle Mexican CentlaBank establishe the widenig of the
exchang rate bandswhich resultel in an immediate 15% devaluati of the Mexican
currency The devaluatin of the pe® continued, ad the fal in interndiond reserve
degpened, leadig the auhorities o announe the floding of the pe® two dag later The
confidene criss triggerel by tre Mexican devaludion reached the emerginmarkets
Argentinean stdc exchange indexes and government bond indexédel substantially On the
othea hand, tre Asian ad the ndustrialzed westar countries sto& markes evolved
favoraby after the Mexican pe® devaluation.

The dfects thd this crisis hd ove Argertinean financid markes can be divided iot
5 phase (e Dd&os and Gorez Merg 1999) During the first phasewhich startel the day tk
Mexican Pe® was devaluedand finished &the end of Februarythee wa an important
proces d pe® depodiwithdrawa and a reallocatin of dgosits anong financidinstitutions
The £mnd phas ok pla@ during tle month of March During this second phaséhe fal in
deposis becara a true bak run dfecting bot peso and doltadeposts, and extendingd dl
groups 6 financid institutions At the sane ime, interess rates rachel their highes levels
During tre thid stag@ d the crisis from April until the middle d May, the depos

28 The dats forma will be in al our work: dd/mm/yy.
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withdrawd slowed down, unti it was revertd in May 15, when the forh and las period of
recovey began

Baseal on ths analysiswe chog five dates o fit the tem structue spines December
2151998, Februar28" 1995, Mart 9" 1995, Apri 4™ 1995, ad May 15" 1995. As we said
the <curties includal in goup 2 for tke yied curve analysi ae nonbullet bonds
denominatd in USD, and whichare not unde the cress defaul regime a count with U.S
Treasuy backup on thei payments The Discount ad Pa bonds ount with U.S Treasuy
warranty on ther paymentsand & we said tha is the reasn why we did not inclide themn
group 2. Givea tha the® wee the ony securties thd for tha time hal maturities longe than
8 years the resiting Argentinea yield curve present in the® two figures hal only 8 yeas
of maturity horizon. Figue 5.b.i and 5.bii. presen our resuk for the five dates w
mentioned, usip generalizd cross validatn and Reinscts mehods © choos the
smoothing parametén the splines

Figure5.b.i.
Reinsch's Smoothing Cubic Splines Fitted on Yields to Maturity.
05 The Tequila Banking crisis period.
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Figure5.b.ii.

GCV Smoothing Cubic Splines Fitted on Yields to Maturity.
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As we car see from bot figures during tre first phase short and long Argentinean
rates sufered a significah increase After tha upwad parallé shift, the tem structue
reversed. Thi ould be interpreted in the followinway: for March 9" 1995, houch interes
rates reachd ther highes levels h Argenting and the cisis was & it's wore® moment
individuals expected interdsrates o fall in the iortmedium term. Argentineayield curves
showal a significah downwad shit from March to April, with shorttemm interes rates
falling more tha long tem ones resulthg inb a relativey flat shape curve fo April 4™,
1995. On May 15" the cure had already coendown to the valuesral shape thaexiste
before the criss hal began.

6.c. The Asian Crisis

The econonu and financikcrisis tha took place n seved Asian countries in 1997
not onl spred into othe emnomies in tha continent, but caused dipiver effects thioughout
the gbbd financid system. Ths criss hal its orignh in the largescale shit of funds out @
domesté financid markets beghning in Thailand®. The Internation Monetay Fund
postulate tha four bast factos @ntributed to thee crises © occur First, the successfu
peformane d thes countris during te eary and md 90’s second, sora favorabé
externd conditions duringpre-crises years, thirdsome inconsistencigin macroecononu and
exchang rate policies and forth, varous structura weaknesses in ther ewmnomies
particulary in ther financid systems It is not our olgctive © explain why ths criss

29 See Benon E Gup, 1999.
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occurred, but we only intend to describe how Argentinean and U.S. term structure curves
where affected.

Despite the apparent difference between Asian and Latin American economies, the
second ones were significantly affected by the crisis. Almost al Latin American countries
suffered important loses in equity markets by the end of 1997, as well as interest rate and
yield spreads rises. Argentinean EMBI-Arg. Index reached 729 basic points for November
12" 1997, which indicated the important shock that this economy received. Figures 5.c.i. and
5.c.ii. show the estimated term structures for October 22™ 1997 (when country risk was only
324 basic points), November 12" 1997, and February 5™ 1998 (when country risk had already
gone down to 481).

Figure5.c.i.

Reinsch's Smoothing Cubic Splines Fitted on Bootstrapped Spot Rates,
‘22-‘Oct‘-19‘97,‘ 12‘-No‘v-1‘997‘, aqd 5‘-Fe‘b-1‘99§.
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First of al, we should note that here too, both methods to calculate the optimal
smoothing parameter conducted us to similar spline functions.

With respect to the Argentinean term structure estimations, it can be seen that it
suffered a significant parallel upward shift during this crisis. We could then say that investors
expected Argentinean interest rates to remain high for a long time. But rates went down
relatively rapidly, and for January 5™ 1998, spot rates had already gone down to similar levels
to those that existed before the crisis. Looking at the U.S. term structure estimations, we can
see that spot rates went down during the crisis, increasing even more the spread on spot rates
between Argentinean bonds and U.S. Treasuries. The crisis had opposite effects on
Argentinean and U.S. curves, but note that Argentinean spot rates increased much more than
what U.S. spot rates decreased.
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Figure5.c.ii.

GCV Smoothing Cubic Splines Fitted on Bootstrapped Spot Rates,
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5.d. TheRussian Crisis

The Russia financia crisis hal its origh in its larg fiscal deftit and a financia
systen with serious structutgproblems.(se Benbn Gup (1999)). ® Augus 17", 1998
Russias auhorities announce a packag desig to deal vith the curency, debt and banking
crises The mble was devalud and it was then announcedha a conpulsoly restructuriig of
Russias domesic deli would take placeThe® facs hal al a bg impad on Argentinea
markets causiig the EMBI-Arg. Index to reach i highes level sin@ the Mexican Banking
crisis perod. It reachd 1626 basi ponts in Septembe1d" 1998, despit the effors dof
Argentinean authoritee to differertiate Argentinea economi postion from that d Russia
We al® present cune careponding o July 20" 1998 (county risk was jug 498 basi
point§ and Novembe 27" 1998 (wha it had alread/ gone dow to 783) The fdlowing two
figures fiow the spines on spot rate for thee three dates using Reinschs and GOV
smoothing parametefor snoothing sfines



Figure5.d.i.

Reinsch's Smoothing Cubic Splines Fitted on Bootstrapped Spot Rates,
20-Jul-1998, 10-Sep-1998, and 27-Nov-1998.
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Figure5.d.ii.

GCV Smoothing Cubic Splines Fitted on Bootstrapped Spot Rates,
‘20‘-Jul‘-1998, ‘10-‘Sep‘-19‘98, and 27-Nov-1998.
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Looking at these figures, we can see that the Argentinean term structure suffered a
significant change in its shape. Rates on short-term instruments increased significantly, while
rates on long-term assets did not increase so much, making that the curve reversed. This
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means thiindividuak recognizéd the effect d this crisis as teporary Mayke becaus d
Asia’s crisk lesson, omayte becaus individuak rapidl noticed tha Russias eonony had
little o do with Argentinean ongeindividuak expectd rates to go down relativey rapidly.
After the crisk pased interes rates wert down to ther origind levels

In this case the Argentinea GCV spines resultd momwe variable tha Reinschs
splines in the $&ort-end, but mog similar in the bng end. Looking & U.S. tem structue
estimations we see here aisthd the® curves sufered a downwad shift during the crisis
contray to the upwad shit tha the Argentinean curee sdfered In consequencethis
increased even merthe ot rate spread between Argentnegovernment bondsnd U.S
Treasuries

5.e. The Brazilian Devaluation

Brazl is one d the world’s most important economiesnd cleary the mos important
in Latin America As the Brazlian Government decideto devalue th Real h Januay 1999,
many eonomies sufered a la& of crediblity contagion, parcularly Latin American
emergng economiessud & Argentina The inflationay and unstal# Argentinea pas was
evidently not © far away sin@ internationhinvestos immediaé reactbn was to think tha
the nex country to devalue & cureng/ could be Argentina. Té EMBI-Arg. index levd
reache 1,285 basi poins in Januay 14" 1999, fiowing tha the effecs o this crisis wee
significantly more expensig far Argentira than the Asian @is dfects.

Figures 5.e.i and 5.eii. show thd the dfects on Argentinea spot rate thd the
Brazlian devaluéion caused during daay 1999 whee al® seen s norpermanent fects.
Looking & Reinschs Argentirean splines rates on shar and medum term assets rose
significantly, but bbng tem rates did not stdfered such changesrhis gawe the Argerinean
curve a “humped” shapdut fa 15" April 1999 t had already gne down to its prevbus
levd and shapeThe GCQV Argentinean splire fitted on ot rate & the peak of th criss was
downwad sloping curvebecaus sut spline sowed highe values for short-temm rates This
is a smdldifference but $1ows how two diferert sgdine curves can result from changithe
smoothing parameter



Figure5.e.i.
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Figureb.eii.
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5.f. Octobe 1999 Presiden’'s Election Period

On Octobe 24" 1999 Argentinean thir President ekction took phce sine
democray was reestalished in 1983, ad Dr. Fernado de & Rua becane Argenina’s new
elected presidentis predecesspbDr. Carle Menem had been president fdLO yearssine@
1989, keen eelected in 1995. ¢lhad managkto transfom Argentinea economythough he
failed in solving som important issue sud & fiscd deficit and uremployment The
uncertaing on the new gvernments policies ook county risk index to 1205 bast poins in
July 20" 1999. B analyz how tte electon’s resuls dfected Argentinas tem structure we
analyz the curvesshape on Octobe22™ 1999 vsits shag on Octobe25" 1999.

Here the two methods fo choosing a smothing parameteresultel into vey similar
spline functions ®o. The GCQ/ Argentinean spline valus showd a dightly bigge differene
for medium tem rates (thouch this wa not bigge than 0.25%), lecaus the Ocbbe 22"
spline showal lowe values and the Oabbe 25" spline fiowad highe values than using
Reinschs parameterdBut in generglthe spines from boh methods redied very similar.

As we can ee, tle Presidens ekdion in Argentira did not hae a significah effect
on Argentinean ten structure Democratt institutions sem to be onsolidated, ad the
President charggwas see as a continuatin of tha country’s devebpment praess, ad not &
a junp back to the gss.

Figure 5.1.i

Reinsch's Smoothing Cubic Splines Fitted on Bootstrapped Spot Rates.
Pre and Post Presidential Election Dates.
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Figure5.1.ii.

GCV Smoothing Cubic Splines Fitted on Bootstrapped Spot Rates,
Argentinean Pre and Post Presidential Election Dates
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6.g. ComparingtheCrises

In this work we analyed two importantsisus from the tem structure we hae
estimated. Firstthe different shaps whid the® curves showed, wheether variahlity, levd
and slope defia tha shape; ad second, i spred between Argentinean and U.8urves.

We found tha Argentinea spot rate whee much moe variabé than U.S Treasuy
spot ratesmakirg snoothing cubt sgines particulary usefd to g¢ smoothd esimations d
the Argentinean tem structue curvesWith respetto ther levels we found thadl the crises
increased Argentinean tar structue levels whee the increase on shddm rates wes
generaly bigge than the increas on longtem rates Looking & the U.S tem structure we
observe théd this did not sdfer sud big change & the Argertinean curve It even decreased
during the Asian ad the Russian crisiperods makirg the got rate sprehbetween the ta
countries curves eva bigger Thee was fligh to quaity.

With respetto ther shaps and slopeswe found th&in generbArgentinean and U.S
tem structure wee upwad sloping But during sone financia crisis perbds the
Argentinean ten structue reversedbecaus ort-term raes increasé much moe than bng
tem rates This is the cag d the “Tequik’ and the Russiacrises (and of the Brazilian
devaluatbn period spling when we usel the GCV sroothing parameter)

Figures 5.gi and 5.gii. presem the Argentinean ten strictures for those dates whe
the EMBFArg. index reachd its peaks, ad Tables 5.g.i and 5.g.ii presehthe values on
those figures We can se hee how tle different crises hal differert term structue dfects
Note that tle Mexican criss pe& curve s not incuded in thee figures As we alreag
mentioned, & mnsiderd tha this cune wa not comparaklwith the other crisi peak curve
for two reasonsFirst the Teguila Mexican spline wee fitted on yields & maturity sine
only one Argentinean blgt securiy existal in thog days And second, thecorepond b
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bonds whit ae not unde the cros defaul regime s ther qualty is not & good & the
bonds ve used for th other datedn Tables 5.g.i and 5.gii. we incuded tha curve’s values,
but we swgges not comparig thean with the rest without @nsidering te differences we
mentioned.

Figure5.qg.i.

Reinsch's Smoothing Cubic Splines Fitted on Argentinean Bootstrapped Spot Rates.
Comparisor; of‘Asian,‘ Rqssian and Brgzilian Cri‘ses antagiqn E‘ffects.‘
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Figure5.g.ii.

GCV Smoothing Cubic Splines Fitted on Argentinean Bootstrapped Spot Rates.
Comparison of Asian, Rusian, and Brazilian Crises Contagion Effects.
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Table 5.g.i. Argentinean Tan Structue Values alnternationaFinancial Crise Peak usimg
Reinschs snoothing paramaters (In basc points).

Yearsto Maturity
Crisis 1 5 10 15 20 25 30
Asian Crisk Reak 1034 | 1153 1223 | 1261| 1259 | 1219 1163
Brazlian Crisis Reak 1339 | 1470 1457 | 1351| 1219 | 1085( 950
Russia Criss Reak 1810 | 1721 1610 | 1511| 1361 | 1146( 906
Tequila Mexican Criss Peal| 4561 | 3540 | 3132 | --%° -- -- --

Table 5.g.ii. Argentinean Tan Structue Values alnternation&Financial Criss Peak usirg
GCV smoothing parametergIn basct points).

Yearsto Maturity
Crisis 1 5 10 15 20 25 30
Asian CrisisPeak 1051 | 1143 | 1207 | 1242| 1245 | 1221| 1183
Brazlian Criss Reak 1430 | 1394 | 1344 |1283| 1213 | 1137| 1060
Russia Crisis Reak 1779 | 1650 | 1515 | 1525| 1431 | 1173| 852
Tequila Mexica Criss Peal| 4667 | 3452 | 3813 -- -- -- --

Second, wih respetto the spread betweekrgentinea and U.Scurves we found tha
a significan sprea existed during la dates we analyzed And thd this spread sufered
significart increase during tle criss perods Naturally it caregponds o the Argetinean
government credi risk, sinrce we considerd USD securties for both countries (therefoe no
curreng risk is involved) and U.S secuities ae considere credt risk free as we alreag
mentioned. Figwr 5.9.ii. shows the spread dierences on smoothing ubic sgines for both
courtries when the county risk index (EMBI-Arg.) reachd its maxmum level during te
Asian, thke Russia and the Bratian crisis perods The reade will note tha the fdlowing
figures ae vely smilar to figures 5.9.i and 5.9.ii, since as w alreagt mentiioned, tke changse
in the U.S tem structue splins wee vely smdl comparel to the Argentinean oneJhe
tables 10w the values o the spred curves in bot figures.

%0 As we alreag explained, durig the “Tequla” Mexican crisis period the Dismurt ard the Par Brag bonds
were the longes Argentinea government dehinstruments Ther maturity is & 2007. As we said theg hawe
U.S. Treasuy warrany on ther principd and two coupons paymentsp sve did not inclug them n group 2
which is the grop we used fothos datesThis causd tha the resiting Argentinean termtsicture curves wes
shorte than the U.S curves The “---“ in the tables maatha for thos dates w did not couhwith Argentinean
yield curve values
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Figure5.g.iii.

Spreads Between Argentinean and U.S. Term Structure Reinsch's Splines.
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Figure5.g.iv.

Spreads Between Argentinean and U.S. Term Structure GCV Splines.
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Table 5.q.iii. The Spreasl betveen Argentinean and U.STem Structure & Internatond

Financid Crises Peak usimg Reinschs snoothing parametsr(in basc points).

Yearsto Maturity
Crisis 1 5 10 15 20 25 30
Asian Criss Reak 516 600 658 689 633 587 548
Brazlian Criss Re&k 890 998 954 788 646 538 471
Russia Crisis Reak 1340 1255 1140 1038 811 559 345
Tequila Mexica Crisis Peak| 3925 2813 2382 - - - -
Table 5.g.iv. The Spreasl betwea Argentinean and U.STem Structure & Internatond
Financid Crises Peak ushng GC/ smoothing parametsr(ln basc points).

Yearsto Maturity
Crisis 1 5 10 15 20 25 30
Asian Criss Reak 533 591 642 670 620 588 569
Brazlian Criss Reak 980 918 906 709 639 590 788
Russia Crisis Reak 1303 1190 1044 1054 861 592 296
Tequila Mexican Criss Peak| 4019 2727 3071 -- -- -- --

6 Testing for Term Structure Significant Changes

To ted in a rigoous mang if the tem structue has significaily change during
those crise perods we will follow the splire te$ presentd by Slverman (1985) basé on
Wahba 1983) prevbus resultsThis goproach focusefirst in obtaining inferece regons fa
predictal values §,(x) and then seif thos intervas intersetead other Slverman (1985)

demonstrate in hisatrticle that tie formuh in equadion (6.1) gives uis a 95% onfidence bands
(CB) on the smothing abic spine that ve esimated

OO\(AJ
-b\w
o w

CB=g,( (6.1)

+20p (ZW)
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In othe words the confidene bands wil contan al the daa poins thd a certan
spline is fitting, with a @nfidence interval ©95%. If two bands frm different sdines do not
touch each other the te$ says thd the caregponding tem structue splines ar statisttally
different

In equation (6.1)¢ is the standat devidion of errors g and therefoe 07 is the
Var(e). But this would not ke the casefiwe would be onsidering dferert dat weighs in
the nodef™. p is the snoothing parametevalue used for th splineg,(x), w are te daa

weights (which we set to w1 for dl i), and f(x ) is the local densit of the daa poins

distribution & x;. To calculae f(x,), we goupel dah poins into equasectbns accordig to

their abscisa position, and calculated deity by smply adding al data poins in each group,
and dividing tha numbe by the total amountfodata points

Note that tle mehod will calculae wide bands fa splines with highe varian@ in the
errors g, and smdler snoothing ficta values This is intuitively understandablesine
whereve we have bigger variaecn g, the band Wl necessaly have © be wide to contan
95% d the data and whereve the snoothing facto value ges smalley distancebetwea
observations rad fitted spline ges bigger, and consequentjythe bands W also have ¢ be
wider to contan 95% d the daa points The formub al® includes the dengy distribution of
dat points Fa regons wih moe daa points the bandswill get narower, and for regons
with less daa points bands will get wider. Intuitively, we can sg tha for regions ©ntaining
more dat points the band will not hawe  “worry too much” about distarobservéions On
the othe hand, if data poins ae not numeroysthe spline vill conside more seusly ead
point

We calculated confidence bands on s@insirg Reinschs and generbized cros
validation smoothing parameter3he confidence bands resultdoo wide b discriminate
among signiftantand not significant ten structue changs unde both methodsbecau® the
numbe of observations & ae using was not big Figures 6.a.i and 6.a.ii show an exampé
of the wnfiden@ bands calculated on the Argjeran tem structue esimated for Ocbber
22" 1997 (ths is the case were we had $esbservations (6)ut we usually ountel with
more than 10) As we can seethis will obviously not identify significant change in the
curves

31 Sjlverman (1989 explains wly if we considedifferent dag weights then o®could be estimated hy

L Sbidy

n-tr(A(p))

where tr(A(p) is the trace ®matrix A(n*n), which diagond terms can be calculated as:

IR
A(p); =p *.n
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7 Conclusions

1) In this wok we bootstrappe Argentinea and U.S oot (a zerg rates from federa
governmerg delh instrumentsand fitted then with smoothing cubic splines, to esimate tle
tem structue o intered rates for both countries We found in spline a usail and dficient
metod to fi datg which can provide sooth but onsisteny relatal to the daa functions
We agplied both generalized cross validation and Reinscls [(1967),(1971) methods b
choo® tre “optimal” valwe for the snoothing parametein the splinesand we found tha the
resulting spline ushng boh methods wer vey similar. We then applied a tesor sdines
presentd by Silverma (1985) bas# on Wahbas (1983) prevous reslis.

2) We hae found tha the Argentinea tem structue suffered big fluctuatons which
were moe important tha the U.S curves fluctuatons during internatind financid crisis
periods In general Argentirean shorterm rates sufered bigge increases tha longtem
rates during hos perods During the “Tequila” Mexican criss and the Russian crisi
periods the upwad shit on shoriterm rates was so by tha Argentinea tem structurs
reversed. Durig the Brailian criss perod mainy mediumterm rates sufered the bgges
increases reslting into a “humped” shape tem structue curve when using Reinscls
smoothing parametevalues But usirg the GCV snoothing values the tem structue
estimaton showed highe values for shortterm rates resuting in a downwad sloping cure
too. Analyzirg the Adan crisis perod, we found thathis criss was tle only one that causka
clear upwad pardlel shift in the Argentiean curve causimg tha the tem structue
maintainel a clea upwad sloping shap a the pe& of the crisis Findly, we found tha
Argentinean 1999 presidesteletion did not hae an important &ect on the tem structue
estimations fotha country.

We al® found thé one the fundamenta thd had originated the crisedisgpeared,
the Argertinean tem structue curves wert downto ther origind levels and shapesHerce,
the contagin effects whee onl tenmporary

Looking & the U.S tem structue esimations we observe tha the novemens in
the®e curves wee much smider than the novemens in Argentinea curves & we alreag
said. And even morgein sone casesfor exampé during tle Russia and the Asia crisis
periods the® curves showka ckar downwad movementoppoge to the novemens in the
Argentinean curvesThee was fligh to quality.

3) With respetto the spead between Argentineaand U.S ot rates and yields ©
maturity, we observd tha it showel high valus during recen years But during
internationa financid crisis perbds its value sufered significant inceases especitly for
shot and mediumterm rates causd by the upwad shift of Argentinean shortem rates The
“Tequila” Mexican crisis was te one whib generate highe spread valugghen the Rigsian
crisis, then the BraZian devaluation, iad finally the Asian crisisTha is the sane ader in the
levels d the Argentinea tem rises sine the U.S tem structue changes wervey smdl
compard to the Argentinean ones

4) We then testel if those changse in levd and shape where stdisally significart or
not applying tre tes presentel by Silverma (1985) This mehodoloy calculats 95%
confidene bands on splineso tha if bands fran differert splines touch each othefor a
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certan matuity region, ther differen@ cannot b sad to be statigcally significart for tha
maturty region. We calculat® bands on splireethd usal Reinschs and generalied cros
validation smoothig paramete values but we found tha the resultiy baads wee

excessivel wide o detet significant changegprobabl becaus the numbe of ot rates we
counteal with was not a kg number

5) Summarizing the contagon dfects thd internation& financid crisis caused ni
Argentinean markst hal bigge effecs in tha country’s tem structue than m U.S tem
structue d intered rates and theg effects on Argentinean curgewee much moe important
for shortterm maturiy rates than for long-term maturiy rates Tha is, in generalthe crises
cause in Argentinean cungbigge upwad tem structue shifs & short maturities than &
long maturiies, and one the criss wee over theg curves wendown to leves and shaps
that were not significantly dferert to the leved and shaps thd existal befoe the crises lth
begun. Hencewe mnclude thathe mntagon dfects sufered by Argentinea term structue
of interes rates on government debt instruments &venly tenporary
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Appendix A
Statistical Appendixes

Appendix A. Argentinean Government Debt General Characteristics

This section presents data that can give us a genera idea of Argentinean sovereign
debt characteristics. Argentinean debt has been increased significantly during recent years.
The following figure shows the different lenders, classified by maturity horizon. We see that
Public Bonds represent the biggest percentage of Argentinean public debt.

Table A.1. Argentinean Public Debt by Lender and Maturity Horizon Outstanding as of
September 30™ 1999.

Lender Debt
Thousands of Arg$ (1Arg$ =1 USD)
Medium & Long Term 115,174,804
Public Bonds 84,777,670
- Argentinean Pesos 6,574,074
- Foreign Currency 78,203,596
Loans 30,397,134
International Institutions 19,707,530
-BID 6,453,766
- BIRF 8,521,136
- FMI 4,698,277
- FONPLATA 26,691
- FIDA 7,660
Official Institutions 6,091,086
- Paris Club 3,338,312
- Other 2,752,774
Commercial Banks 3,961,092
Other 637,426
Short Term 3,618,837
Treasury Bills 3,618,837
Total 118,793,641

Sour ce: Ministry of Economics of Argentina.
Http:\\www.mecon.gov.ar
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If we classify debt by currency, we see that Argentinean debt is principally issued in
U.S. dollars. Debt denominated in Euros, Argentinean pesos, and Japanese Y ens are the other
important currencies.

Table A.2. Argentinean Government Debt by Currency
Outstanding as of Sep 30", 1999.

(Exchange rate as of 30/09/99 was 1 Arg$=1 USD)

Currency %
1. USDoallar 66.1%
2. Euro 19.6%
3. Argentinean Peso 6.6%
4. Japanese Yen 5.8%
5. Sterling Pound 0.9%
6. Swedish Frank 0.9%
7. Other currencies 0.1%
Total 100%

Sour ce: Ministry of Economics of Argentina.
Http:\\www.mecon.gov.ar

A very important portion of Argentinean debt is issued on variable rates. This
characteristic makes the Government very vulnerable to periods of international interest rate
rises. In Table A.3., we see that more than 50% corresponds to debt paying variable rates.
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Appendk A
Table A.3. Argentinean Government Deby Interes Rate Type

Outstandingsadf September 30 1999.

Interest Rate %
(Exchang Rae as ©$30/0909 was 1Arg$=1USD)
Fixed 56.3%
Variable 43.7%
- Libor 25.0%
- “Caja ce Ahorrd’ Arg. Pe® Deposis 4.9%
- FMI 4.2%
-0On Plazgk Fijo” USD deoosits (Surve 4.9
BCRAY)
- Othe (BID, BIRF, Diverse) 5.4%
Total 100%

Sour ce: Ministry of Economics d Argentina.
Http:\\www.mecon.gov.ar

(*) Interes rate informé by Argenting Centré Bark from

daly survey on interes rates for bank saving in USD or in

Arg$.

One d Argentinean government dehinstruments mdsimportant characteristicae
their heterogeneityFigure A.4 shows the different types d instrumens thd the government
has issud during ecen yeas and the importane that thes gioups have
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Table A.4. The Different Series of Debt Instruments issued by Argentinean
Government Outstanding as of September 30™, 1999. (In percentage.)

Foreign Currency Denominated Debt %

Domestic Indebtedness

Bonex 3.4%
Bocones 5.9%
Bontes 4.0%
Other 1.0%
Externa Indebtedness

Brady Bonds 11.0%
Global Bonds 7.2%
Eurobonds 11.9%
Other 0.1%
Subtotal 44.5%

Argentinean Peso Denominated Debt

Domestic Indebtedness

Bocones 5.0%
Other 0.0%
Externa Indebtedness

Globa Bonds 0.4%
Other 0,1%
Subtotal 5.5%
Total 100%

Sour ce: Ministry of Economics of Argentina.
Http:\\www.mecon.gov.ar
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Appendk B
Appendix B. Argentinean Pricesand Yields

Argentinean pdes ad yields © matuity where povided by M.A[E S.A., LAM.C
S.A., and Mercado Abied S.A, as we alreag explained Now, if M.A.E. S.A or LA.M.C.
S.A. provided prices ad yields then prices ae presentedni “red value” or “r.v.”. But, if
Mercado Abierto S.A provided them then they are presentg in “nomind value”.

With “nomind value’ we refer b the price 100 UD (or Arg.$) bond lamina
Suppos tha the “resdud valu€' (that part ¢ a del instruments principa tha has not
maturel ye) was 50% To find the “rehvalue’ of tha debt instrumentf prices ae publishd
in “% by $100” a “nomind value” (n.v.), we would then havea mutiply thatnominad value
by the “resdud valu€’ and divide t by $100. Tle real vale careponding b $90 (in % ly
100) would then be $0.45, sie as v explainedit can be solved fro:

BL00... i 050 (“residuavalue”)
$90 (n.v. 0“nomind value”)............. (r.v.(“red value™))
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Appendix C

Table C.1.USD and Argentinean Pesos Denominated Debt Instruments Issued since 1987.
Source: Ministry of Economics of Argentina.

Group Series Maturit y Date Coupon Type Bullet? Currency
1 "Bonos dd Gobierno BGO1 20/01/01 Floating No usD

Nacional"
2 BGO2 14/07/01 Floating Yes usD
3 BGO3 15/07/01 Floating Yes usD
4 "Bonos Externos Globales'(BOG X2 01/11/99 Fixed Yes ush
5 (“Globales™) BOG X3 23/02/01 Fixed Yes usb
6 BOG X1 20/12/03 Fixed Yes usb
7 BOG X7 04/12/05 Fixed Yes usD
8 BOG X4 09/10/06 Fixed Yes usD
9 BOG X9 07/04/09 Fixed Yes usD
10 BOG X5 30/01/17 Fixed Yes usD
11 BOG X8 25/02/19 Fixed Yes usD
12 BOG X6 19/09/27 Fixed Yes usb
13 “Bono de Cos.ce Reg.de |BOHI 02/12/08 Floating No ush
14 '|'_|El>(irnoc():§ Externos' BONEX 87 07/09/97 Floating No usb
15 |(“Bonex”) BONEX 89 28/12/99 Floating No usD
16 BONEX 92 15/09/02 Floating No usb
17 |"Bonos dd Tesoro" BOTE 5 (Bot1) 01/04/96 Floating No usb
18 (“Botes” and BOTE1 31/08/96 Floating No usD
19 “Bontes”) BOTE2 01/09/97 Floating No usD
20 BT 01 13/12/98 FIXED Yes usD
21 BOTE3 01/04/99 Floating No usD
22 BOTE10 ( Bot2) 01/04/00 Floating No usD
23 BT 05 24/05/01 Fixed Yes usD
24 BT 02 09/05/02 Fixed Yes usb
25 BT 03 21/07/03 Floating Yes usD
26 BT 06 24/05/04 Fixed Yes usD
27 BT 04 19/09/27 Fixed Yes usb
28 ["Brady Bonds' FRB 31/03/05 Floating No usD
29 (“Bradies”) DISCOUNT 31/03/23 Floating No ush
30 PAR 31/03/23 Fixed Yes usb
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Group Series Maturity Date Coupon Type Bullet? Currency
31 |"Letrasdel Tesoro" LE 20 14/11/97 Zero Coupon Yes usb
32 |("Letes') LE 25 14/11/97 Zero Coupon Yes Arg$
33 LE 22 19/12/97 Zero Coupon Yes usD
34 LE 27 19/12/97 Zero Coupon Yes Arg$
35 LE 24 16/01/98 Zero Coupon Yes Arg$
36 LE 26 13/02/98 Zero Coupon Yes usD
37 LE 18 20/03/98 Zero Coupon Yes Arg$
38 LE30 20/03/98 Zero Coupon Yes usb
39 LE32 17/04/98 Zero Coupon Yes usD
40 LE29 15/05/98 Zero Coupon Yes usb
41 LE31 19/06/98 Zero Coupon Yes usb
42 LE33 17/07/98 Zero Coupon Yes usD
43 LE34 14/08/98 Zero Coupon Yes Arg$
44 LE 38 14/08/98 Zero Coupon Yes Arg$
45 LE 40 18/09/98 Zero Coupon Yes Arg$
46 LE 28 16/10/98 Zero Coupon Yes usb
47 LE 42 16/10/98 Zero Coupon Yes Arg$
48 LE 39 13/11/98 Zero Coupon Yes usD
49 LE 44 13/11/98 Zero Coupon Yes Arg$
50 LE41 18/12/98 Zero Coupon Yes usb
51 LE 43 15/01/99 Zero Coupon Yes usD
52 LE 45 12/02/99 Zero Coupon Yes usb
53 LE 36 19/03/99 Zero Coupon Yes usb
54 LE 46 16/04/99 Zero Coupon Yes usD
55 LE 47 14/05/99 Zero Coupon Yes usb
56 LE 48 18/06/99 Zero Coupon Yes usb
57 LE 49 16/07/99 Zero Coupon Yes usD
58 LE 50 13/08/99 Zero Coupon Yes usb
59 LES51 17/09/99 Zero Coupon Yes usb
60 LE53 15/10/99 Zero Coupon Yes usD
61 LE 54 12/11/99 Zero Coupon Yes usb
62 LE 55 17/12/99 Zero Coupon Yes usb
63 LE 56 14/01/00 Zero Coupon Yes usD
64 LE 57 11/02/00 Zero Coupon Yes usb
65 LE 52 17/03/00 Zero Coupon Yes usb
66 LE 58 14/04/00 Zero Coupon Yes usD
67 LEX54 10/07/02 Zero Coupon Yes Arg$
68 LEX64 06/04/04 Floating Yes usD
69 LEX49 12/02/07 Zero Coupon Yes Arg$
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Group Series Maturit y Date Coupon Type Bullet? Currency
70 |"Bonos ce Consolidacid de  |PRE1 01/04/01 Floating No Arg$
71 |la Deuch Previsional" PRE2 01/04/01 Floating No usD
72 [("Bocones") PRE3 01/09/02 Floating No Arg$
73 PRE4 01/09/02 Floating No usD
74 PRO1 01/04/07 Floating No Arg$
75 PRO2 01/04/07 Floating No usb
76 PRO5 15/04/07 Floating No Arg$
77 PRO6 15/04/07 Floating No usD
78 PRO3 28/12/10 Floating No Arg$
79 PRO4 28/12/10 Floating No usb
80 |"Bono Republica Argentina" |SPAN 30/11/02 Floating Yes usD
81 |"Bonos Republica Argentina |FRAN 10/04/05 Floating Yes usD
A Tasa Variable"
82 ["F errobonos” FERR Perpetuity Floating No usD
83 |"New Money Bonds" NMB 25/10/99 Floating No usb
84 ["Spanish Bonds" ESP 31/03/08 Floating No usD
85 |"Fl oating Rate Bord 06 " FRB06 02/03/06 Floating No usb
86 |"Bonos ce Inversion y BIC1 28/12/99 Floating No usb
87 [Crecimiento" BIC5 01/05/01 Floating No usD
88 ['Bonos ¢k la Tesoreria" TESA 01/04/96 Floating No usD
89 TESB 01/04/00 Floating No usD
90 ["Bocep" Bocep Various Zero Coupon No Arg$




Appendk D
Appendix D. Fitting Yield Curveswith Smoothing Cubic Splines

This setion showvs our reslis on fiting snoothing spline on yields @ maturiy
insteal of doing ® on bootstrapped spot rateshng Reinschs snoothing parametevalues
As we explained in sé¢ion 4, we do ths so tha we can include Argdimean nortbullet
government debinstrumens into the analysissine the Malab routines can not bootstra
spot rate out d nortbullet delt instrumens informdion.

We divided Argentinea governmens delb instrumen (issued in USD) into group 1
and goup 2. Tk first group include thos that ae unde the cros defaul regime The
second goup include tho that a& not undetha regime The longes securiy in the second
group maturs in the year 2007,ra thd is why the yietl curve on ths goup 5 dorte then
the one itted on the scurties fram thefirst group. As we al® mentionedn ction 4, we dd
not fitted splines on yields fron Argentinea bonds issugin Argentinearpesos becauseeh
numbe of observdions wa o small With respect to the tw Argentinea securitis
counting with U.S Treasuy warranty on ther paymens (PAR and Discounf)we dd not
include themn any d the gioups becaus ther qudity is mnsiderd to be better thadl the
rest We could not obviously fit separa¢ splines on therates becau® these a only two.

During the “Tequil” crisis perod, onyy one Argentinea bulle deli instrumem
existad in group 1, ® in sction 4 we fitted splines on yields coegponding b instrumens in
group 2 for ths perod. We do notlsow thos figures agan in this gppendix

U.S. treasuris usualy hawe coincideh maturity dates Tha is, it is norma& that moe
than one debinstrumen matue at a given dayUnfortunately the Malab fundion whic
plots smoothing abic splines rquires thd the dates (o‘x’) series ke strictly increasingand
therefoe it would not ke abé © fit a spline wherever twrates hae the same matity date
This was not a @blem when we fitted spot ratessince on@ we un the bootstrapping Matia
function which calculate the ot ratesit would give s two series as outputthe maturiy
dates and the pot rates Thoe maturiy dates wee stridly increasing allowing us 1 fit the
smoothing splinesThéa is the reasn why the U.S curves which appeain this gppendk are
splines fitted on spot ratéé

%2 Only two Argertinean government’s delnstrumens (from the ones we ae considering) thequé maturity

dates In orde tha the Malab function which plots smoothig cubt sgines allowal us  fit yields o maturity
on Argentirean deb instrumens for the dats in which thos two traded (the dates iwhich they coincide
where ory a few),we sav three solutionstake one 6 them out d the sample, calculatan averag m the yields

that the® two were offeriig (which would redue the numbe of observatins too) or change fo only one day
the maturiy dae o one d them We chose the thiroption beaug we saw thaiore dgy in a D yeas cune

would not hae a significaheffect ard in tha way the numbe of observéions woutl na be reduced
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FigureD.1. The Asian Crisis
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FigureD.2. The Russian Financia Crisis
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Figure D.3. The Brazilian Devaluation Period
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Figure D.4. Argentinas PresidenElection Dates
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Appendix E
Appendix E. The Determinants of the Term Structure Shape

In this appendix we mention some of the most important theories that have been
proposed to explain the varying shapes of the term structure of interest rates. Almost any
shape is possible to be found for this curve, but there are four shapes that are very common.
Figure E.1. illustrates these four shapes.

Figure E.1. The four most common term structure shapes. An example.
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10 +
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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Many hypotheses have been postulated to understand these shapes, but they can be
separated into two major groups: the expectations hypothesis, and, the market segmentation
hypothesis®.

The pure expectations hypothesis states that the forward rates exclusively represent the
expected future rates and that investors think and choose their assets in a rationa way,
without any maturity preference. For example, if the market is expecting interest rates to
grow, demand for long term assets will fall because investors will put their money on short
term assets so that they can then re-invest that money at higher rates. As demand on long term
assets falls, their prices will fall, increasing long term rates. But to this theory we should add
some considerations known as risks premiums that investors surely consider.

For example, it is known that bond price volatility increases with maturity, very fast
for short-term assets, but at a continuously decreasing rate for longer term assets. Therefore,
investors would not be willing to bear thisliquidity risk or price risk unless higher returns are

% This appendix is based on concepts presented more extensively in The handbook of fixed income securities,
Fabozzi, 1997, or in Investments, Bodie, Kane and Markus, 1996.
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Appendk E

offered to compensat that risk The tem structue would then represent bdt future
expectéions and an exta retun increasing on matity, cdled price-risk premium. Anothe
exampe is the re-investment rate risk. Reinvestment rat rik is associate with future
interes$ rates uncertainty For example a $orttem assé may offer a highe shortterm
return, but tle longtem investor $ not sue he wil be able ¢ reinves his earning & the
same rae when the Isortterm asset maturehoosing a dngterm asset ta reinvestment
risk is eliminated o shortterm asset shoudl offer a premium to attrat investos who do not
want to bear tls risk Finally, the habitat preference hypothesis states tha investos hawe
preference with respetto the maturif of the assetsTo take a investor out bit's preferred
habitat a prenium should exist postive a negative represeting the investor’s aversin ©
eitheg short or longtemrm investments Thee would caug tha not ony the future rag¢
expectdions determia the assetsnarke price, but als the force within the $iort and the
long tem markets

On the othehand, the market segmentation hypothesis states thd investos ae divided in two
major groups ecordirg to ther maturity preferencesshort and long tem investors But now
the dfer and demand withi each markewill solely determir the assets’ pricesAccordirg
to this hypothesis the markes ae segmentedCammercia banks ae usudly the principal
investos on shortem assetswhile penson funds ae the clearesexampls for long tem
investos. . Therefore, accordinto this theory the only determinarg for the tem structue
shape a the markets supply and demad forces within each group. Thiis implying tha
once investos hawe decidd ther investment horizon, tlyewill not chang suchhorizon o
take alvantag d an arbitra@ opportuni in the market This view of the market is not
comnon today since boh borrowers ad lendes seen to compae long and shoriterm rates
before decidirg which assé to buy o to sdl.
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