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1. Introduction

CCTs werte first introduced in 1977 to meet the need for more

effective management of the public debt. They are a classic example
of financial innovation implemented on an “experimental” basis in
. advance of theory.!
5 The CCT was born, and accepted in the matket, as a centaur’ a
short-term secutity as regards its yield and risk features, but with a
long maturity. Investors are guaranteed a long-term contract that
‘ponetheless offers a rate of return in line with short-tesm yields in the
primaty market for Italian Treasury bills. This has the advantage of
‘providing automatic management of the capital invested (virtually a
tollover of the reference Treasury bill).

" When the bond is valued for trading purposcs, its dual nature
metges again with reference to the components of income: the
-oupons, the value of which is determined in the primary market, and
e ptice, which is fixed in the secondary market.
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From the technical point of view, the indexation of the coupon
has a stabilizing effect on the price of the security; the rationale (and
the efficiency) of the stabilization mechanism is based on the
uniqueness of the term structure of interest rates used in determining
both the coupons and the price. The degree of stabilization is not
always easy to measurc owing to the complexity of the indexation
mechanisms adopted. The market pricing of CCTs is affected not only
by their technical features but also by market imperfections and
uncertainty about factors other than interest rates (such as the credi-
bility of the issuer, the exchange rate of the lira and a rather nebulous
notion of illiquidity).

Tnitially it appeared possible to define variable rate securities as
“hanknotes carrying a coupon”.’ The monetary authorities themselves
had indicated that CCTs would be “easily convertible into money”
since indexation would reduce price fluctuations and thus limit the
tisk of capital losses. More than a technical diagnosis, the observation
concerning price stability peeds to be seen as a hypothesis, or hope,
about the market, It was based on the assumption that operators
would cotrectly assess the quantitative and qualitative features of
CCTs, that there would not be significant misalignments between the
primaty and secondary markets and that illiquidity would not be a
serious problem in the secondary market.

Tn practice, howevet, the behaviour of prices shows that the
indexation mechapism was a poor :mmunizer: it resulted in CCTs
appearing “subject at times to a risk of capital losses comparable to
that on fized rate securities”.* Even recently it was noted that “in the
secondaty matket the indexation of CCT coupons has not prevented
the average price of these secutities from varying in the same way as
that of fixed rate securites”.’

The “serious difficulties”

project; tather, they point to a faflure on

both directly through issue policies and indirectly throug
regulatory activity and the promotion of transparency.

3 Banca Commerciale Ttaliana (1984), p. 4.
4 Banca Commetciale [taliana (1988), p- 10,
5 Banca d’ltalia (1991), p. 237.

CCTs have encountered cannot be-
used, however, to discredit the technical value of the indexation’
the part of operatots to
appreciate the complex financial significance of such securities and in.
general of the authorities’ failure to manage the markets efficiently,
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The Treasury Ministry has frequently appeared in two minds
about the role to be played by variable rate securities in the man-
agement of the public debt. Ideas have changed with respect to the
technical features that influence the quality of the indexation, either
directly (the rules for calculating coupons, tax treatment) of in;ﬁrectly
(the auction techniques adopted for the reference Treasury bills), with
the re.:sult that the market has had to cope with a great many di{-Eerent
securities going under the name of Treasury credit certificates.

Tn terms of techniques of financial analysis and portfolioc man-
agement, the methodological approach to CCTs appears to be gen-
erally confused. Although stochastic models of the term structure of
interest rates (falling within the so-called new term-structure theory)
“allow formulas to be developed for valuing variable rate securities
_t_hat take account of their interest rate risk features, the recourse made
to CCTs has still not been set within an officially recognized theo-
tetical reference framework.

Market Meodels and Practice

- The spread in the seventies of inherently risky instruments
ariable rate securities and options, for which the cash flow that will
"ggnerated is not known) posed critical questions for traditional
theoty, based on the hypothesis of certainty, and gave tise to a golden
ade of revolution in the methods of financial analysis on the basis
probability theory.”

The Advisory Committee on the Public Debt judged the lack of uniformity of
ues to be one of the causes of their “crisis” (Ministero del Tesoro, 1989) ’
_gcar.dlng to Metton, the revelution that occurred in the seventies fo,]lowedl“the
‘of financial innovations in capital markets”, The sign of the break with tradition
e lfuathematical tool of continuous probability & J# Norbert Wiener and 4 Iz
i 110, Suddenly, what had been complex approximation became beautifully simple
Sa:Ipuels'OfJ). The effect of theory on maskets has been truly notable in some cases
ns p{:[f:mg), as a result of a sort of natural link between formal techniques and
‘significance, and of the ability (ot lucky chance) of not confusing “rigor in the
al sense with rigor in the economic sense” (Metton). Fot the citations and
?@ng, see Merton (1990), Duffle (1992) and Samuelson’s preface to Merton.
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The new theory of the term structure of interest rates is one of
the key products of this golden decade; it exploits all the key aspects
of the new approach, ranging from stochastic methods of calculation
to the underlying economic logic.

The new theory develops a formal analysis of the relationships
between interest rates and states of the economy; it is built around the
three basic constraints on asset prices: absence of arbitrage, single-
agent optimality, and market equilibrium. Under this approach, CCTs
can be classified as interest rate sensitive securities (irs) in the sense
that their price depends “essentially” on the term structure of interest
rates; they can also be classified as derivative securities since the flow
of coupons they give tise to is a function of the interest rates obsetved
or, from another point of view, because they can be replicated with
portfolios of other securities. The valuation of CCTs therefore re-

quires reference to be made to a market model: the prices of indi-
vidual securities have to be determined within the overall system of
prices, as a function of the state vatiables of the economy, and subject
to consistency constraints (the atbitrage argument) to ensure that
their replication does not permit riskless profits.®

For Italian Treasury bills (BOTs), bonds (BTPs), credit certifi-
cates (CCTs) and optable certificates (CTOs),” it is possible to derive
valuation methods based on stochastic models of the market, in which
the short-term interest rate Is the only state variable. In line with
theory, the prices of BTPs provide the empirical basis for the esti-
mation of the typical parameters of the term structure. Once this has
been obtained, the valuation formulas permit the analysis of CCTs
and CTOs (as well as other derivatives such as options on BQOTs,

BTPs and CCTs and instruments derived from CCTs using stripping

techniques).™

The model is thus not aimed at identifying the term structure, it
is not just “a complicated method of curve fitting”,'! but is required.

& Fven in the case of indexation based on parameters that are

the price (yield) of market securities, valuation sill requires 2 specif

variable and the price is obtained by exploiting the arbitrage argument; see Co

Ingersoll and Ross (1980), pp. 394-3 for example. Similar considerations apply to he

pricing of options, see Ingersoll (1987), pp. 381-3.
9 BOTs, BTPs and CTOs are its securities like CCTs,
ed as derivate secutitles since they incorporate an option on 2 bond.
10 Gee De Felice and Moticoni {1991b).
11 Brown and Schaefer (1991), p. 14,

and CTOs can also be classi

not comparable with
¢ model of the state
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to setve as the (theoretical and empirical) basis for the comparative
assessment of all the irs securities that are or could be traded.

For the purposes of empirical analysis, the single-factor Cox
Ingersoll and Ross (CIR) model appears to strike a good balancé
fLetween the accuracy of the description of the market, mathematical
tractability and ease of interpreting the results. Concepts such the
structure of expected interest rates, the structure of liquidity pre-
miums, and the measurement of interest rate risk, which are am-
biguous in the Janguage of traditional term-structure theory, take on a
precise formal meaning and operational significance."? ,

_ In addition to the empirical implications, the definition of a
'5 n‘mdel. Qf tl_le market plays an important heutistic role in the correct
«dentification” of the technical properties of contracts and hence in
:the choice of the approptiate management methods."

= Even without making specific hypotheses regarding changes in
the state variable over time, the logical structure of the model shows
hat irs securities are subject to two types of interest rate risk, related
to the uncertainty surrounding the value of the discount factor and
the coupops. Consequently, the aim of the indexation mechanism is
5'achieve a negative correlation (autoimmunization) between the two
mponents of risk. In practice, this cannot be perfect, so that the
ro_blem of measuting the two components of risk remains important.
On the other hand, the fact that the cash flow mechanism of irs
ntracts (maturities and/or coupons) is generally known, results in
crest rate risk having an “inherently intertemporal” dimension (“an
nexpected change in the interest rate now affects all future returns,

o .
nterest rate risk ‘compounds’ over time”)" that reflects investors’

.

references with regard to the allocation of resources over time and is
fflcult to determine in the case of stocks (since stock “risk is the
empotaneous resolution of returns”).””

It fo]l(?v_vs that the management of portfolios consisting entirely
rs securities cannot use the methods typical of the stock market
on diversification and the offsetting of risks. Under the traj

ceig:_C;Ex, Inger;oll and Ross (1983).

lentification o these properties is a major problem for all financi

n without a theoretical fathet” and therefcﬁ'e {generally) seenainizltiz::)t;ta;ctisﬁlg]ﬁ:
l_c.et. The problem is recognized to be important and complex and affects the
response of products and the quality of the matket.

(1987), p. 404.

(1987), p. 404.
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ditional approach to portfolio selection theoty (2 la Markowitz), the
risk associated with the uncertain value of stocks can be controlled by
selecting a “sufficiently large” number of securities with yields that
are not highly cotrelated (obviously, the effectiveness of the diversifi-
cation is inversely related to the correlation between the yields). In
the case of portfolios consisting of irs financial claims, since the price
of the securities depends on the (uncertain) rate of interest, the risks
are highly correlated. Consequently, the riskiness of a pure in-
vestment portfolio cannot be reduced through diversification. The
riskiness of intermediation portfolios, consisting of both assets and
liabilities, can be controlled by selecting contracts that match as
closely as possible (perfect matching is the limiting case in which
there is perfect negative correlation).

Tt is important (also for the purpose of assessing the overall
operational value of stochastic models of the market) that the one-
factor model permits the development of portfolio selection methods
based on the theoty of financial immunization and therefore suited to
irs securities.’® Tollowing this approach, it is possible to develop
cortect forms of measurement and control of the interest rate risk in
securities business.”? There may also be useful indications for the
management of the public debt; the widespread adoption of asset-
liability management in the management of portfolios and financial
institutions could improve the efficiency and completeness of
matkets.'®

In practice, however, it does not appear to have been possible to
overcome the difficulties encountered at the start, when the need to
value securities “born without a theory” justified the use of the only

analytical instruments available (based on the traditional hypothesis:
of certainty), despite their inability to cope with the innovation or
uncertain cash flows. In fact, the tools ptovided by the new theory
have not acquired the status of operating standards, nor does there:

16 See De Felice and Moticon (1991a).

17 “Regulators and financial folle are increasingly
financial detivatives are neither measured not priced correctly”;
“Taming the derivatives beast”, published in The Economrist, 23-29 May 1992.

concetned that the risks i

18 See Merton (1990), pp. 451 and 467-71. The reference to the public debt sinkif_ig_.

fund is important in several respects. The methods based on stochastic models of iki
matket could meet the need for the fund to be able to read the secondary market in otde
to manage selective policies and make corrective interventions in segments of the mazke;
that are marked by assessment etrors on the part of opetatots or negatively affected b

the distribution of maturities (Salvemini, 1992b).

subtitle to the article,
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appeat to be agreement on identifying the quality of innovative
financial instruments. Paradoxically, the urgent need (imposed by the
growth of the market) to apply probability theory has resulted in 2
sott of “uncertainty malaise”, which, despite the hope that it would
be overcome,? is clearly reflected in portfolio management practice.
The valuation of CCTs is still (generally) based on “fixed-rate
practices”, with the result that “more or less arbitrary conceptual
generalizations and approximations are often found in the analysis of
the yields of variable rate securities” ?® As regards the measurement of
interest rate risk, the infotmation available to the public is still
contradictory: in the case of operators, risk is measured by the
“liquidity hotizon” (defined as “the time uniil the next coupon revision
date™),2" which was recently adopted in regulations governing the
Ttalian securities matket,? but it is also measured by the Macaulay
duration computed on a stream of known cash flows obtained by
‘assuming a deterministic coupon equal to the latest coupon on all the
subsequent payment dates, thereby “sterilizing” the indexation mech-
anism. Accordingly, on 26 November 1991 a CCT 1.3.91/98 (ABI
code 13096) had a risk of two months on the basis of its liguidity
orizon and of four and a half years when considered as a sterilized se-

urity.”

Preliminary Diagnosis of the Effects of Indexation

The typical amortization features of CCTs provide for the lump
‘tepayment of principal at maturity coupled with the payment of
pons at regular intervals,

In the analysis of the indexation mechanism important roles are

d by the so-called indexation lag (the interval between the fixing
he reference index and the payment of the indexed coupon}) and

In its report on “Asset and Liability Management by Banks” the OECD draws
on to the urgent need to “managing risk... and continually monitoring the bank’s
with tespect to risks...” (OECD, 1987, p. 16).

Tonti and Onado (1989), p. 298.

aiica Commerciale Italiana (1984), p. 4.

ee Article 32(2) of the Regulations issued by the Bank of Italy on 2.7.1991
nting Law 1/1991: “variable rate securities are attributed to the residual maturity
cotresponding to the date of the next interest rate revision”.

i¢ published in II Sole 24 Ore on 27 November 1991
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by the relationship between the coupon interval (i.e. the interval
between coupon payments) and the maturity of the reference security.
1f (as in the case of CCTs) the indexation parametef is the rate of
return on a zero-coupon bond, the index matutity corresponds to the
maturity of the zero-coupon bond, which in this sense is the under-
lying secutity of the indexation, and the CCT the derivative security.

In the case in which each fixing of the reference index coincides
with the statt of coupon entitlement and the coupon intetval is equal
to the maturity of the reference security (“synchronous” indexation),
the indexed security perfectly replicates, over a horizon equal to its
maturity, a rollover of the nominal capital in the underlying zero-
coupon bond.

Consider a market for irs securities that satisfies the usual perfect
matket conditions and with an equilibrium term structure of interest
rates; let £ be the moment of observation and £, £, £, the coupon
dates of the indexed security (£ = 4, <, <. SE) which perfectly
replicates a rollover in shott term bonds traded on the market. It can
be shown, as a direct consequence of the arbitrage argument, that the
flow of indexed coupons, referred to a unit amount of nominal
capital, is equivalent, in terms both of value and of sensitivity to
changes in the interest rate, o a pair of deterministic unit zero-
coupon bonds: an asset with maturity ¢, and a lability with maturity
¢ (see Appendix 1).

This result is important because it allows the risk associated with
the (uncertain) indexed payment streaim to be measured by calculating
the Macaulay duration of the equivalent deterministic stream, which
is usually found to be negative.

If, in addition to the indexed amounts, account is taken of the

redemption of the principal at maturity (a positive unit zero-coupon -
bond), the resulting cash flows reduce to a deterministic unit zero-'
coupon bond redeemable at #,, so that the dutation of the stream of-
uncertain coupons combined with the principal at maturity is equal to.

t, -t

increases the value of the payment stream, but does not alter the dur

ation.

to its par value; in the petiod between two coupons, the ex-coupo

price Temains “very close to the nominal value”, but only if in this

interval the market rate of return remains “yery close” to the coupo

Adding the first coupon (which is paid at £ and known at t),

At each coupon payment date, the price of the security is équ:al
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rate of return, In general, therefore, there are capital risks in the
pef:lofl between two successive coupons. In this sense the duration
c‘olnc1des with the liquidity horizon or, in other wotds, measures the
time thsjtt has to pass before the next theoretical pari’ty is reached;
ﬁom this point of view as well it can be considered as a measure 0%
risk. On t.he other hand, the fact that the duration of the indexed cash
flow on its own is negative, so that it diminishes the deterministic
components in the calculation of the overall duration of the securit
indicates that a risk-reduction (autoimmunization) mechanism is injlr’
plicit in indexed securities, -
. It .is also clear that the spread adopted as part of the CCT
1nde:-x.at10n mechanism is spurious to the rationale of indexation: the
adchtl‘on of a flow of deterministic amounts incteases the ov'erall
_ duration of the security, by lengthening the liquidity horizon, and
- alters th.e' theoretical par value to the advantage of the holder th;ou h
‘the addition of an amount that, under the hypothesis of a stable tergm
structure of interest rates, is a decreasing function of the maturity of
the security. ’
1 Tl.le typical indexation mechanisms adopted for CCTs do not
d}.ffer-m'quaﬁtative terms from synchronous indexation, but their
quantitative evaluation requires a more detailed analytical framework
and a model of the reference market.

A Theory for CCTs: Measurement of the Price and Risk

Stochas'tic models of the market make it possible to define a
ehensive method for valuing CCTs that takes account of their
al f:ontractual features (indexation lags that differ from the
:q_r_;:__mterv-al, the dependence of the coupon on the results of more
one auction, the rules governing the calculation of the reference
and the size of the spread).
addition to the determination of the price consistent with the
um term structure of the market (and with the expectations
n this structure), it is possible to measure the risk, in the
1?6 stochastic duration (the semi-elasticity of the price with
“changes in the “short-term” rate of interest, measured on a
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time scale), distinguishing between the component due to the uncer-
tainty of the coupons (coupon risk) and that due to the variability of Tasee 1
the discount factor (discount risk). COUPONS
The model also makes it possible to define operational criteria of
equivalence between certain and uncertain pay-offs. In particular, it is puyment P . o °
interesting to calculate the so-called ex ante value of each uncertain r
coupon given by the model, defined as the certain amount that, when 26/05/92 5.1920 5.4763
substituted for the coupon, has the same equilibrium price, calculated Ser03/08 49291 54843 50054 P O
on the basis of the model. (The formal structute of the approach is 26/11/93 14308 Epted e 11769 oo
developed in Appendix 2. : 26103/94 4.2045 5.4925 ot eon 0d
_ With reference to the situation obsetved in the screen-based 26/05/95 2}9;?;(1) §'Z§§g —2.0762 18825 :B;ggg
market (Mercato Telematico) on 26 Novembet 1991, we have analyzed %25(1);’/’32 3.5768 5.4852 :é:i?gg 3?32? “3'2”8
a hypothetical five-year CCT with a semi-annual coupon linked to the 26/11/9 33008 pgten -0.0565 23031 5399
auction prices of six-month Treasury bills in the two months ending ' 04168 24012 -1.9844
one month befote the day on which coupon entitlement begins. We REDEMPTION VALUE
assume that the secutity is ‘ssued on the valuation date and ignote
taxation and the spread (adding a spread of 0.50 points would result L P . o °
in this hypothetical security being very similar to some actual CCTs, r
e.g. that with ABI code 13208). 26/11/9% S6.6034
The main features of the security are summarized in Table 1. ' 100.000 2.4012 2.4012 0.0000
The cash-flow schedule is analyzed by showing for each coupon N
payment date the model present—value (P}, the ex ante value (z), the RITY
overall tisk (€), the discount risk (D) and the coupon risk (I. The POy = 99.9781 DI ~ 04061
corresponding figures are also shown for the redemption value and QUK) = 0,379 BX) 20495 rl(X
=2 ) = —1.6698

the security as a whole. The security is found to have 2 stochastic
duration (D) of about 5 months, which coincides with the conven-
tional liquidity hotizon. The reduction in risk (autojmmunization)
achieved with the indexation mechanism is revealed by the negative
sign of the coupon sisk of the uncertain coupons (the coupon risk of,
the first coupon is nil because its value is tnown at the valuation
date). o
In Table 2 the CCT is compared with securities having fixed
(deterministic) coupons and the same payment dates. Four different
deterministic streams are considered having vatious forms of equi
alence with the indexed security. In addition to ex anie coupons and
fiat coupons, which are all equal to the first known coupon, W
consider forward coupons (each of which is obtained using:the
forward rate implicit in the estimated term structure relative to-the
period of coupon entitlement) and par coupons (calculated on th
bhasis of the par yield, defined as the nominal rate of a bullet bal

with an equilibrium price, calculated on the basis of the reference
m stracture, equal to pat), The ex ante coupons differ from the
_:_ard coupons because the indexation lag of around seven month
s not c0‘1nc1de with the coupon interval (or with the maturit 02
nderlying security). The ex ante coupons are systematicall 103‘;’6
the corre':spo'nding forward coupons and the model pricey of thz
it sdecurlty 1s'below par. The model price of the flat-coupon
v does not diverge from the equilibrium price only because the
of tlge relevant y%eld cutve is not very latge. The notable
ﬂn‘cr:re fetg.reen the risks (and the durations) of the deterministic
! with ex ante coupons compared with those of the indexed
am"s af measur?'of the risk-reduction effect of the indexation
sm for securities that (by construction) have the same tim
ty.and the same model price. o
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TapLE 2

FIicure 1
CHANGE
——— $ IN DURATION
26 November 1991
payment forward forward pat ex ante flat coupon
date raie coupon coupon coupon coupon oup
0.75
26/05/92 1
0.70 -
26/11/92 ]
26/05/93 0.65 |
26/11/93 1
26/05/94 g 060
5]
26/11/94 L
g 0.954
26/05/95 3 |
26/11/95 2 0.50 ]
26/05/96 1
26/11/96 0.45
0.40 -
Price | 1000000  100.0000  99.9781  99.9036 |
Risk 2.0494 20493 2.0495 2.0498 0.35
Duration 3.5060 35057 3.5063 3.5073 7 ' ' ' .
: 6

residual maturity (years)

Figure 1 shows the changes in the stochastic duration of a CCT
(ABI code 13208) calculated with a given term structure of interest
rates (estimated on 26 November 1991). Tt is worth noting the effect
of the increase in information occasioned by Treasury bill auctions,
which result in the coupon to which they refer becoming progress--
ively less uncertain, and hence less indexed (autoimmunized); the -
auctions thus produce brusque increases i1 overall risk that are larger
than those due to the payment of the coupons (in the figare the laiter,
is shown in correspondence with the residual maturity of six and 2
half years).

The figure can also be seen as a description of the market tisk.
associated, at a given time, with a set of securities having the samne
indexation mechanism and ordered by residual maturity. The squares
in the figure correspond to the levels of risk that could be easute
on 26 November 1991 (for securities actually traded in the scieer
based market on 26 November 1991 that differed from ABI 1320

only in their date of issue).

It is: commonly held that, by reducing uncertainty, increases in
mfprmanon reduce risk; however, CCTs demonstrate that this view
as o sense unless it is properly specified. The apparent paradox can.
¢ overcome by recalling that it is always necessary to measure risk in
rms of the uncertainty of achieving the undetlying objective. In our
ase, we are not concerned with the uncertainty surrounding the
d_lyidual elements (coupons) of the contract but with the uncertaint
s to whether the contract will achieve the objective for which it Wﬂ);
igned (producing the market rate of return).

"'I'he quantitative analysis of indexation mechanisms makes it
lbie to test the technical effects of the contractual features that
be considered of strategic importance for issue policy. Changes
Ipulated in various market situations to the method of calcu-
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lating the indexed part of the coupon compared with that in use did
not produce significant changes in the quality of the securities®

5. Quirks in the Empirical Analysis of Prices

The empirical analysis was carried out on a daily basis with
reference to the prices observed in the screen-based government
secutities matket from 1 January 1990 to 30 June 1992. These prices
can be taken as a reliable index of market conditions in the period,”
and more representative than those recorded on the stock exchange.

Figures 2A and 2B show, in relation to the observation date, the
ex-coupon prices of BTPs and CCTs (for a nominal value of 100 lire},
which, together with the prices of Treasury bills, constitute the
reference data base for the analysis (with 7.951 BTP prices and
13,538 CCT prices).

The term structute of intetest rates, in the form defined by the
single-factor CIR model, was estimated on a daily basis using the
prices of Treasury bills and BTPs by a non-linear regression pro-
cedure of the kind proposed by Brown and Dybvig.? Since the
payments relative to ecach security have been calculated net of with-
holding tax, the estimate gives the term structure of net yields.

2 Ip this simulation, CCTs wete hypothesized with three, six and twelve-month
coupon intervals, velated to the auction prices of three, six and rwelve-month Treasuty

bills (as the ptice of a single auction and as the average of the prices of four successive . -
auctions), with the indexation lag set equal to the coupon intetrval. The theoretical prices- .

of these secutities, calculated for the observation period using the CIR model, did not
diverge significantly from the theoretical prices of the CCTs teaded tn the matket, This;
of coutse, does not guarantee ¢hat the market prices of such securities would have
behaved in the same way if they had actually been issued, since it cannot be excluded that -

the market uses different valuation critesia from those of the test model.
25 «QOply in 1991 did the screen-based government secusities matket become com-

patable with the Anglo-Saxon markets in terms of efficiency and scale of trading {numbet

of operatots, number of fisted securities, turnover and ability to reflect matkes conditions
and operators’ expectations)’, Bianchi, 1992, p. 38. L
% The method consists basically in estimating the “risk-adjusted” patameters of th

model that produce the best fit, in the least squares sense, between the theoretical and

actual prices. The underlying theotetical idea is that an intertemporal athitrage model 0
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FiGURE 24 Freuse 2B

BTP prices CCT prices

102 . 102

ex-coupon price

94

43 93

952 924
T T T T T
1Jan90 IJul90 1Jan9l Lfuldi  LJand2 30Jun%2

TT T

1Jan20 170190 1Jan?1

¥

TF T T
1julol  1Jan%2 3Qfunf2
day day

In the 626 observation days the instantaneous interest rate w1
fluctuated between a minimum of 0.0935 and a maximum of 0.1244,
with a mean value of 0.1045 (standard deviation 0.0042). The mean
value of the long-run asymptotic rate, 7,, was 0.1202, with a range of
about 0.05 (a standard deviation of 0.9143). The mean value over the

the yield curve impties restrictions on the structure of the prices of the bonds traded on 2
given date. Even if the complete specification of the model can only be obtained by
estimates based on time series of prices, the information contained in individual cross
sections is sufficient for the putpose of valuing irs secutities consistently with the
exclusion of arbitrage opportunities.

‘ Tf the model wete to be used for forecasting, it would have to be estimated on time
series. However, as was to be expected, all the empirical tests of single-factor models of
the CIR type have indicated that the parameters estimated on time series ate highly
unstable, over different subpetriods. This conflicts with the basic hypotheses, which
?equire that the values of the parameters be constant over time, and shéws the
inadequacy of such models for forecasting purposes, This result may seem obvious in
view of the fact that the model is extremely simple while the reality is extren:iely
_com[?Iex. On the other hand, the estimation based on successive ctoss sections, which
1mp1lles a continuous recalibration of the tisk-adjusted parameters has shown, als}o when
_.apphed to the ltalian market (see Batone, Cuoco and Zautzik, 1989), that the stability of
“some patrameters (in particular implicit voladlity) is compatable with that obtained on
time seties. This suggests that the combined use of the infortation provided by time
_sene;:s and that obtained from the observation of successive cross sections of prices (as in
he “three-step” estimation method proposed by De Felice and Moriconi, 1991b) could
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whole observation period of the volatility coefficient of the instan-

raneous rate, PV was 0.024 (dev. st. 0.002).%7
Figure 3 shows the term seructurcs estimated on each Tuesday in

the observation period for maturitics up to six years.

Ficure 3
THE TERM STRUCTURE OF INTEREST RATES
{on Tuesdzy, from 9 January 1930 to 21 July 1992}
interest
rate (%)
14.4
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21192
175ep91 13Nov90 0
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Initially rising, the slope of the yield curve decreased between
the early months of 1991 and January 1992 as a result of the fall in
longer-term yields (attributable to expectations of convergence

towards the average level of European rates). Subsequently, the curve:. .
flexed sporadically before acquiring the downward slope that marked: -

the final part of the period.

The slope of the yield curves and the twist of the surface they’

form are also revealed by the estimated path of the instantaneous rate

represent an accep
routine reparametetization is theoretically inconsistent
unavoidable”, see Duffie {1992, p. 216).

27 The definitions of #(#), r, and p are given in Appendix 2.

.. but seems to some degree

interest rates

table compromise in the practical use of such models. “This process of
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##) (the continuous line in Figure 4) and that of the long-term rate #
(the broken line), Excluding the rare non-monotonic curves thé
yields show a rising trend when the long-term rate is greater tha;x the
short-term rate and a twist when the dominance is reversed.

Ficure 4

INSTANTANEQUS AND LONG-TERM RATES
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Analysis of the Price of CCTs

In order to enhance the homogeneity of the data, the obser-
vation period is divided into two subperiods at 1 March 1991. In fact,
__‘;h1s month saw a significant change in the set of securities traded in
the screen-based market since the number of CCTs having technical
features that can be summarized as C6/A/2%® came to exceed that of
all the other types of CCTs. Tn the second subperiod C6/A/2 se-

oo 8 Tl:le code stands for “semi-annual coupon, indexation on annual Treasury bills
nd taxation at the second rate (12.5%)". These securities have the type of indexation
echanism classified as v, in Barone and Folonari {1992) and a spread of 50 basis points
ince May 1988 only this type of CCT has been issued. l
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curities make a fundamental contribution to broadening the range of
maturities available in the market (roughly from 3 to 7 years), while in
the first subperiod other types of security covered the extremes of the
range. From the point of view of transactions, the tendency for the
prices of all traded CCTs to increase systematically was confirmed,
with a significant teduction in the difference between face values and
ex-coupon prices, and a decrease in the dispersion within each cross
section (the set of prices at a given date). The pattern can be seen in
Figure 2B and March 1991 can conveniently be taken as the moment
when the prices of CCTs entered a narrow fluctuation band close to
the par value and about 3.5 lire wide. In fact, the average price rose
from 97.24 lire in the first period to 98.84 in the second, while the
standard deviation in the first petiod was nearly three times that in
the second (2.17 lire, as against 0.77 lire).

For all the CCTs listed in the observation period we have
calculated the theoretical price on cach quotation day (using the term
structure of interest rates estimated on the prices of fixed-rate se-
curities on the same date), taking account of all the specific features of
the indexation mechanism (including the spread), so that the values
obtained are comparable with the observed prices.

The analysis reveals 2 general tendency for the model to
overvalue CCTs in comparison with their actual prices. Over the
whole obsetvation petiod the daily overvaluation averaged 4.5 lire
and it was never less than 3 lire.

This systematic overpricing can be interpreted both as a
symptom of an inherent weakness of the model attributable to poot
information (the inadequacy of the single-factor stochastic process in
describing the state of the matket in government securities) and as a
cesult of the extreme idealization implicit in the petfect market
hypotheses (no taxation or fransactions coSts and the possibility of

sclling short, etc.).

The results of the test can nonetheless be used heuristically to.
diverge from the basic

hypotheses of the model. Several factors appear likely to reduce the.
also complex (taxation),

difficult to quantify {“supply pressure”) and their effect can be cumu-

lative (e.g. in the case of an incorrect perception of the quality of the
ase the model to

construct and test possible causes of the mispricing and ther’g:‘bj’

identify the typical market conditions that

explanatoty power of the model; they ate

sccurities). Along these lines, it is possible to

enhance. the explanatory power of the model.
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The Effects of Taxation

. Under the provisions of Italian tax law, there are both taxed
investors, who receive interest income net of withholding tax Xed
others whose large interest payments result in their being a’e’fant
exempt and'therefore interested in the gross amount of ilglterestago
"The' existence of tax-exempt investors results in a price stmct.ur
that .1s‘h1gher on avetage than would be found in an ideal mark )
consisting entirely of taxed investors. Consequently, the existeni1 e;
exempt investors should result in the term structu;ce of net intcer X
rates estimated on the prices observed in the market being lower 6t:hESt
Fhe ideal net structure. The converse applies for the siructure of gr o
interest rates with respect to a market consisting exclusivelg 082
tax-exempt investors. o
The stt:ucture of the market, and hence the definition of th
_ syste&n of Pélces, are further complicated by the existence of securitie:
zﬁieectssjt;codl erent rates, which can give tise to substantial tax-clientele
- The distortions produced in the estimation of the term structur
of interest rates by differences in taxation can alter the logic of prici :
.'models, Wlth effects that are more complex for variable-rate sefurit'ng
i_:__han for fixed-rate securities. In the case of CCT's the disturbanc an
be shown by looking at the reinvestment security (without hawie o0
cf_:fer' to the stochastic valuation model). Tf the cash flows have 1;—38 .
onsidered net of withholding tax, it can be seen that the f eten
/v(Ts) — 1, obtained from the estimated term structure and us:((i (t)r
_.p_resent th.e reference index, may not coincide with the reinvestmenc;
ate best suited to tax-exempt investors, who faces a higher specifi
erm structure. Accordingly, there is no longer equivalence btfi):w I(i
Iding the indexed security and a rollover commitment at marfl:fet

5 ; .
6_{1'11:) Cp;arlftlce theée exists a whole range of intermediate positions, depending on the
ot incorn c?re;g:;zg and };She structurz:1 gf the investor’s balance sheet, with important
i . see Bernareggi (1986). For th ity, i
_DOTflxtreme cases qf taxed and exempt investor:. s of clariy, we consider only
e i: 51(:}-:;13&]; okf :identlfymg a speciﬁ'c term structure for a given tax category of
fore 1 cloa ri : Onn :11 ytﬁ ti}cllatA ofhdetirmmi}l:g the ideal secutities portfolio that such
s olid. As has been shown in the literature, from th
S;!;S ffls{aei}ful?r (1'977) to the work of Dermody and Rockafellar (1991)€ ;ﬁgielisoj
aiip of :1}?1 ty (1:1' the lmealf programming sense) between the two proialems For
oon of d]'r? possible 'tax-chentele effects as a result of the changes in the tax
ns reg g the Ttalian matket, see Rovelli (1991), especially pp. 21-22
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rates.t If the market were to percejve tax asymmetries of this type as
offering an arbitrage oppottunity, it might react by lowering the
market prices of CCTs as if the indexed coupons were valued on the
basis of the (estimated) structure of gross interest rates.*?

This type of retuning can easily be incorporated in single-factot
stochastic models and has given satisfactory results in a certain
period.”> The gradual increase in the prices of CCTs that began in the
first half of 1991 led to systematic underpricing by the model! cor-
cected for the effect of taxation (with a mean error for each cross
section of between approximately 0.3 lite and 1 lira). Since no
significant changes in the relevant tax provisions occurred in this
period, the credibility of the mechanism adopted to correct for tax
segmentation is diminished.

The Significance of the Reference Index

Another lack of cotrespondence between the theoretical model
and reality is the fact that CCTs are indexed to prices observed in the
primary market, and hence determined on the basis of equilibria and
mechanisms that may differ from those that determine prices in the

secondary market. :
The hypothesis of an undetvaluation of CCTs as 2 result of a

misalignment of the index compared with the yields typical of the

31 Tax segmentation also produces more direct effects. For example, with reference -
to the reinvestment secutity (considered on the after-tax hypothesis), a tax-exempt CCT
indexed on the net Treasury bill yield allows a tax-exempt investor to reinvest only at the .
get rate. Another factor that alters the equivalence between a strategy of holding CCTs'
and a Treasury bill rollover strategy is the difference between the ways in which tax is

pald on Treasury bills and securities with coupons.

32 The possibility of valuing CCTs by “crossing” net and gross term structures is also.

considered by Drudi and Scalia {1992, p. 23).

3 Until the eatly months of 1991 the analysis carried out using the single-factor cI _

model gave theoretical price cross sections that were not very differens from the price

ohserved on the Milan Stock ¥xchange. For instance, on 24 July 1989, for a sample’
consisting of the twelve C6/A/s2 CCTs listed, the error (difference between m_arket ptice:
and model pice) ranged from _1.15 lire to 0.04 lire, with a mean of 0.65 lite (stau_d{it’d

deviation 0.38); on 8 January 199 1, for the 27 CCTs traded the errot ranged from 06
lire to 1.56 lire, with a mean of 0.96 lire (standard deviation 0.57); sce Castellanf; D
Felice and Moticoni (1989) and De Pelice and Moriconi (1991b). Ristuccia (199
provides an analysis of the reliabifity of the model in the period May 1988-Decemb
1989, distinguishing between the various types of indexation, s
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secondary market does not appear to be confirmed by ex post analysis
if the index is considered inclusive of the spread. ’

- Figure 5 shows the difference between the coupens paid (net of
withholding tax) on C6/A/2 CCTs and the net return estimated on
the market for a maturity of six months. ‘

With two exceptions, the coupons were always higher than the
market return. Net of the spread (i.e. measuring the distance of the
asterisks from the horizontal line at 4.373 lire, which corresponds to
the after-tax value of the spread), the coupons were lower than the
matket retarn on 19 occasions out of 30. It can therefore be said that
the rollover guaranteed by CCTs (at least in the case of the C6/A/2
type) was mote profitable than the market rollover, since the spread
offset the difference between the annual return on the primary
matket and the annualized semi-annual return estimated in the sec-
ondary market.**

“Supply Pressure”

Ignoring the spread, an issue of CCTs is equivalent, for debt
management purposes, to replacing a series of Treasury bill issues
made at each maturity of the CCT coupons to finance an amount
equal to the face value of the CCT’s (naturally, the maturity of the
Treasury bills is equal to the coupon interval of the CCTs),

- If the Treasury were to finance the borrowing requirement with
sues of Treasuty bills, it would tun the risk of having to pay high
eturns as a consequence of “supply pressure”. From this point of view an

4 Thf': misalignment between the retutns obsetved in the ptimary market and those
. e;d in tl}e secondary matket does not appear significant for three and six-month
ét;:s. This excludes’the possil?ﬂity of the misalignments at twelve months being

by excess demfmd in connection with the uniform-price auction techniques, which
age n}111t191e'b1ds; on this point, sce Buttiglione and Prati (1991). The explgmation
{)he tlllnterxa.c:uon between the segmentation of demand and the very active role
byt :rce:exlx;rialt bank km the primaty market, In the case of twelve-month Treasuty
anks are lec o make auction purchases at unahgx}ed prices in order to supply
e whose deqmrements cannot ‘be met with §ecur1ties bought in the secondary
fnd who :unot generally indicate exact prices since they are afraid of being

o e otment as a resu%t of't}}e purchases made by the central bank {with
f excluding the demand at prices it judges to be too low). It is worth noting that

_r:lt;i;tiil'1 isn question purchases by the central bank were less frequent for three and
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FIGURE 5 The Lengthening of the Liguidity Horizon

Cé/A/2 TYPE CCTs: MARGIN ON THE INDEXED COUFON The explanation of the mispricing based on the illiquidity of

CCTs appears to be of a circular nature that exploits the centaur-like

ambivalence of these securities; a CCT is underpriced in comparison

0.8 with the model price because of its limited liquidity (in other words it

0.7 T is considered as a long-term contract), if it were quoted at the ideal

1 ¥F T' T price, it would be highly liquid (because it would be equivalent to the
0.6 % underlying Treasury bill). On the other hand, the relationship be-
054 |7 T k% tween price and liquidity shows how the price can influence the

= o4 Tx T ] * quality of the sc'acufity, with the risk of destabilizing effects: xiicious
=l 1 i circles (a low price implies low quality and therefore a lower price) or
'% 0.3 virtuous circles (a high price has an announcement effect of high
B oo quality and therefore a higher price).

! The relationship between liquidity and price provides a more
0.1+ T T T interesting interpretative key if it is coupled with a tradeoff approach:
0.0 o the mispricing of CCTs with respect to the equilibrium line can be

: l measuted in terms of underpticing, but also in terms of the length-

~0.1 4 . S . . iy . :

] ening of the liquidity horizon, Ze. as additional risk (equivalent to the

024 T — loss of liquidity) measured on the time axis. 'This approach has a
Jan90 Tul90 Jan91 Jul1 Jan?2 Jul>2 direct operational significance by representing the market in the

nt f . .
coupon: PAYIRE (Duration, Normalized price) plane”

Figure 6 shows the situation in the market on 26 May 1992.

The continuous line represents the equilibrium line P=v(D): if
the market prices coincided with those of the model, the normalized
prices would lie on this curve. The normalized price is plotted against
the stochastic duration for the securities quoted in the screen-based

issue of CCTs reduces the cost borne by the Treasury compared Wit]q- market during the day: using (“Zs”) for Treasury bills, (“Fs™) for

a series of Treasury bill issues. -
However, considerations of this type undermine one of the basic
hypotheses of the theotetical model, i.e. the assumption that oper:
ators cannot influence the level of prices. On the one hand we have
large number of operators, who, taken individually, are price takgr___s;
on the other there is just one very large operator whose suPply tend
to depress prices and who therefore has an interest in dlv‘el'tslfy_l__t:l_g
issues as widely as possible over the whole range of maturities.
The analysis of the equilibrium of a market with such a Structure
is theoretically complicated and it is not clear how far this type oF
asymmetry influences prices in the secondary matket.

: % In terms of the theory of stochastic immunization, an irs secutity with contractual
features ¢ can be considered equivalent at time 7 to a zero-coupon bond having the same
“value and stochastic duration (the same basis risk}. At time ¢ let #(z,5) be the price
structute estimated in the market. Consider a secutity ¢ with value P, stochastic duration
and price . The value », = o(3, ++D) is the equilibrium value at ¢ of a unit
ero-coupon bond with maturity D, so that the quantity z = Py, is the face value of a
éro-coupon bond that, at time ¢, has the same value and basis tisk as ¢. Defining the
normalized price” of ¢ as the ratio IT = 100Q/z — 10002,/P, it follows that IT_ is the
tice paid at £ in the market for a security ¢, equivalent, in terms of price and duration, to
ero-coupon bond with a face value of 100 lire and maturity at £+D. In the (Daration,
ce) plane the curve P = »(D) can be interpreted as the equilibrium frontier of the
mitket at time £ For more details, see Castellani, De Felice and Moticoni (1992),
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BTPs, (“Vs”) for CCTs and (“Os”) for CTOs. The mispricing 'of 'the
CCTs is revealed by the fact that the “Vs” are below the equilibtium
cutve. The deviation from the ideal position can be measuted as the
distance from the cutve on the x-axis, which gives increases Imn the
liquidity horizon on the day in question ranging from 0.07 to 0.55

years,

FIGURE 6
EQUILIBRIUM LINE AND NORMALIZED PRICES
26 May 1992
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The Influence of the Residual Maturity

The analysis of the market prices of individual CCTs in relation
to their residual maturities suggests that the market has an .1ncorr¢§§
perception of these securities (or that fixed-interest valuation mles

have been impropetly applied).

The relationship between the residual matusities of all the listed

CCTs and their market prices is summarized in Figure 7, which sho

the mean value (broken line) and the minimum and maximum vah_lﬁf_s :
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Figure 7

RESIDUAL MATURITY OF LISTED CCTs
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- (continuous lines) of the time to maturity of the CCT's listed on each
day in the obsetvation period,

The securities with the lowest price for the day (whose maturity
is shown with a circle) tend to be those with the longest residual
maturity and those with the highest price {(whose maturity is shown
with a square) those with the shortest residual maturity. The line
corresponding to the mean values divides the securitics with
aximum and minimum prices almost perfectly.

" These tesults are inconsistent with the condition embodied in
e theoretical model of the indexation mechanism that the price of a
ecurity is basically independent of its residual maturity.

ce Paths

The compatison of the empirical relationship between market
e'and maturity and the corresponding theoretical relationship can
aken further by looking at the changes in the prices of CCTs over
eir lives.
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‘ CCTs of the C6/A/2 type have been examined. The theoretical

ptice follows a falling path as the residual maturity shottens owing to Ficure 8
the price component corresponding to the spread. This also explains ABI 13069 — issued on 1/1/90 ABI .
why the theoretical price is (generally) highet than the face value. Net 1054 13084 — issued on 1/7/50
of the spread component, the theoretical price of securities with ; ' 1054 :
asynchronous indexation mechanisms follows a path similar to that of 1041 104 : ,
securities with synchronous indexation (in patticular, the value is 103 ; ' 103 ﬂﬂwfh ~s
close to the theotetical parity around the time at which coupons ate e N d
fized). By contrast, prices in the «creen-based market are well below k] 1024 TR
par. For some secutities the theoretical price and the observed price " "o L ""
foliow similar paths, albeit with mispricing. The reaction of the = 100 " :
theoretical prices to the results of the auctions used to fix the coupons " g E‘ s
s cJear. However, for other securities of the same type but issued in o5 99
different periods the two price paths are dissimilar. The hypothesis 98]
that the market has a cotrect perception of the indexation mechanism o7
does not appeat to be confirmed; rather, such a perception appeats to 964 : : ' L it
be a random effect produced as market prices draw closer to the par 0 6 12 18 24 30 12 S S L L
value following a cyclical trend in the second subperiod (as Figure 2B age (months) 0 & 12 18 24
shows). Figure 8 shows, for four CCTs of the C6/A/2 type, the paths age (months)
followed by the model and market prices net of the accrued interest
(respectively the broken line and the continuous line). The CCTs with
‘ ABI codes 13069 and 13084 can be considered as tepresentative of
“in-phase” paths and those with ABI codes 13079 and 13089 of ABI 13079 — issued on 1/5/30 ABI 13089 - issued on 1/10/90
“sut-of-phase” paths. 1054
| i ; s ;
L A ! : 5
T'be Cost of the “Uncertainty Malaise” Ml A 103'Njwm "VL
™ : BT
| - , 102 M
In the context of a market that has an incorrect perception of the " H 1014
indexation mechanistm, instead of using the valuation model to ex- | X
plain mispricing on ¢ational grounds, it is possible to provide an: E

actitical measure of the effects of management customs and practices

typical of fixed-rate securities. :
The difference between the model and matket prices can be
attributed to the “uncertainty malaise” associated with CCTs as.2

LS . : : B
T T T Uy T Y T '

6 12 18 24 30 ] 6 12 18 24

cesult of the uncertainty surrounding coupons. In this sense th
misalignment can be seen as the price paid for the extra risk arising

from indexation. age (months) age (months}
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A CCT is equivalent to a portfolio with fixed, deterministic
components (the redemption value, the spread, the known coupons —
the first and sometimes the second} and indexed components (the
unknown coupons). Accordingly, the price P of the security can be
defined, in view of its lineatity, as P =F + V, ie. as the sum of the
price of the fixed components, F, and that of the variable compo-
nents, V.

At any time the prices F and V can be valued separately using
the CIR model, estimated on the situation prevailing in the market
(e.g. F is the present value of the fixed amounts calculated using the
discount factors obtained from the estimated term structure of in-
terest rates},

The extra-risk component can be defined as the factor, &, with a
value between 0 and 1, that reduces the price of the indexed payment
stream that, summed with the price of the fixed component, gives the
market ptice, Q. For each cross section of prices {Qi}, the reduction
can be measured in a natural way using the model Q, = F, + &V, + &,
With the usual assumptions on the error term, &, the parameter & can
be estimated by means of a linear tegression of V on the differences Q
_ F, observed on the date the price refers to.

The values of £ estimated daily for C6/A/2-type CCTs over the
ohservation period reveal two different patterns: until March 1991
they are highly erratic in connection with the high volatility of the
market prices and the small number of obsetvations in each cross

section; they are nonetheless “centered” around the level equivalent.
to a tax tate of 12.5%, thus confirming the possibility of explaining.

the observed prices on the basis of the tax-effect hypothesis.*® In the
second subperiod £ appears to be at a constantly higher level. '

In the terminology of fixed-rate securities, the estimated level of .

the reduction parameter k can be measured in terms of the additional

return the market requires (at the estimation date) to buy the security:

Assuming, in conformity with an actual valuation method, that all the
indexed coupons are equal to the last known coupon c¢ (net of the

_ withholding tax and the spread, which is included in F), the quantity -

R = 2¢(1-k) provides a direct measure, in percentage points, of the
increase in the return, on an annual basis, required to offset th
uncertainty sutrounding the value of the coupons. -

36 The compensation mechanism associated with the existence of tax segmentation

would result in a reduction in the model price of the variable component, which can be very

roughly approximated by the reduction in the price corresponding to the tax rate.
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The continuous line in Figure 9 represents the values of R, while
the broken line represents the corresponding standard error of the
residuals {(stdt).

‘ The average premium required on each day of the whole obser-
vation petiod ranged from 0.85 percentage points (in the middle of
May 1991) to 1.7 points (at the beginning of the period). The
p_ronounced variability of the standard error of the residuals in the
first period (which implies a highly unstable quality of fit) can
Qrobably be attributed to the small number of C6/A/2-type CCTs
listed in the screen-based market until the beginning of 1991.

The residuals reveal a negative correlation of the difference
between the observed and estimated prices with the residual maturity
of the securities in question. In other words, the model tends to
undervalue the CCTs with shorter residual maturities.

Froure 9
Cé/A/2-TYPE CCTs: EXCESS RETURN REQUIRED
single-parameter linear model
0.8
0.7
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In order to improve the interpretative power of the model, it
appears plausible to assume that each indexed coupon is valued by
reducing its ideal (equilibrium) value by a constant coefficient & and
by a second coefficient, k, = -0, that is propottionally related, by
means of a constant @, to the time to maturity of the coupon, 7z,
Taking § to denote the sum of the ideal values of the coupons, ¢,
multiplied by 72, the value of an indexed security is given by P=F+
LV - aS. Consequently, the parameters k and o can still be estimated
by means of linear regression on each cross section of prices {Q} on

the basis of the model: Q, = F, + kV, - as, + &, 1

As in the case of the single-parameter model, the estimated

coetficients can be expressed as an additional return, The mispricing
of each CCT is thus measured as a number of fixed percentage points
(determined by &) and a variable number for each year of residual
maturity of the security.

We have estimated the two-parameter linear mode! on a daily
basis for C6/A/2-type CCTs with ceference to the 335 working days
of the second subperiod {from 1 March 1991 to 30 June 1992). The
estimation errots are sufficiently small and stable (the standard etror
of the residuals oscillates around 0.19 lire with a standard deviation
of 0.05). In addition, they are not significantly correlated with the
residual maturity of the securitics.

The results show that during this subperiod CCTs were valued,
on average, by adding a fixed premium of 70 basis points and a
premium of 8 basis points for each year of residual maturity to the
return required on fixed-rate securities with a coupon equal to the
known coupon.’’

37 It would, of course, be possible to consider the single parameter model Q, =F, -
as, + &, which measures the mispricing in terms of 2 premium that increases linearly with
the maturity (without a fixed component}, In this case the estimation catried out for the
whole observation petiod produced residuals that were positively correlated with the
residual maturity.

These linear models, whether based on ane or fwo parameters, have only a
desctiptive value. However, they reptesent a more correct methodological approach than

attempts to explain the mispricing by repatameterizing stochastic models of the tetm -

stracture. In the end, reparametetization astributes meanings to the parameters that are
not consistent with the otiginal (heoretical reference framework and their estimation may

be biased (since estimations on cross scctions only petmit the determination of the
risk-adjusted parameters, it is not possible to interpolate the CCT prices while con-.
straining the values of the patameters to those obtained by interpolating the prices of:

fixed-rate securities).
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Ficure 10
C6/A/2-TYPE CCTs: EXCESS RETURN REQUIRED
two-patameter linear model
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6. Conclusions

’ The CCT is a security that was born without a theoty, but
which, analyzed using the methods of new term-structure theorgz has
1_‘evea1ed a complex theoretical nature, ,

Th‘e technical price and risk features show that the indexation
mechanism provides protection against interest-rate risk and, in this
spect, confirm the original judgement concerning the quality of
( CTs, which continue to be “securities of interest both for the public
and for the issuer”,*® in view of their autoimmunization properties.

The empitical analysis of the secondary market based on the
I_%gle-variable CIR model reveals quitks in the behaviour of market
rices compared with that which theory indicates would be correct.
ot only are there misalignments between the theoretical and ob-

.7 Miniscty of the Treasuty (1986), Ch. 6.
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served prices, but ptice paths are found that generally do not appear to
bhe influenced by the indexation mechanism, in the sense of theit
correspondence with the theoretical parity. We have found that prices
are affected by the residual matutity of securites (thereby flouting the
independence hypothesized at the theoretical level) and that they can be
explained in terms of a perception of the security as involving extra risk,
i, the sense of a lengthening of the liquidity horizon.

The empirical results thus appear to corroborate the hypothesis
that the critical factor in the pricing of CCTs is operators’ incorrect
perception of this type of security. The mispticing canl be interpreted
as the effect of market practices, whereby indexed securitics are
valued using methods customarily applied to fixed-rate securities, and
measured as the cost of the “uncertainty malaise” caused by the
uncertainty surrounding the value of coupons.

Other factors naturally play a tole in the complex phenomenon
of mispricing and can be identified by examining the disparities
between the hypotheses underlying the model of the market and the
conditions in which it actually functions. Tt is plausible to imagine
¢hat the tax situation and the pressure of supply make a significant
conttibution to the mispricing found. The analysis only hints at the
offects of the deterioration in the standing of CCTs as a result of
historical factors such liquidity crises and doubts about the credibility
of the reference index.’® Howevet, it is worth noting that in the
observation petiod the spread incorporated in the indexed coupon
offset all the misalignment between the annual returns in the primary
and secondary markets, in the sense that the rollover guaranteed by
CCTs was mote profitable than the ideal rollover observed in the
secondary market.

Technically speaking, it does not appear possible to prevent
CCTs from being underpriced by means of changes in the indexation
mechanism, such as a switch to synchronously indexed secutities with
a short coupon interval {e.g. 2 security with a three-month coupon, a
three-month indexation lag and based on three-month Treasury bills),
since this has been found to produce only a small change in the

theoretical parity. Rather, the greater simplicity of synchronous -
indexation could be used to guide the market by making identifi
cation of the technical properties of indexed secutities easier and

hence their recognition by the public.

19 See, for instance, Alesina, Pratl and Tabellini (1990).

f:_establishing logical limits to rhetoric”.*!
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‘ ?t nonetheless appears more important to tty and overcome the
misalignment between the returns at twelve months in the primar
and secopdary markets by reducing the interaction between thz
segn}entation of demand and the intervention of the central bank at
auction. The guarantee of alignment between the returns in the two
markets and a reduction in the spread would improve the standing of
CCTs. - .

"["urmng to an assessment of the methods used, the limited
empncal cotrespondence of the model is not in itself evidence
against the single-variable version of the CIR model or, more gen-
erally, o.f diffusion stochastic models. Rather, it can serve,as the fasis
for a critique of single-variable arbitrage models. But such a critical
approach would also undermine the (traditionally recognized) signifi-
cance of the relationship between spot rates and implicit rates%

. TI}e proposal to improve the petformance of the model by
increasing the number of state variables is theoretically valid, but
brings to mind the debate on the accuracy of share-market m(;dels-
the generalness of a model does not always guarantee its explanator‘
powet, and the additional effort required to estimate the extrz
patameters is not always matched by an increase in the model’s
accuracy.® Moreover, in the special case of the matket for gov-
ernment securities the additional sources of risk appear difficult to
incotporate satisfactorily in a model that remains logically consistent
without weakening its structure by adopting simplistic ad hoc h

potheses. o

Tl:le single-variable approach based on the no-arbitrage hy-
pothesis retains a certain validity as a reference model. In any case
Fhe syr.lchronous model already permits the key properties o%
11'1dexat1on to be identified, thereby providing an example of how a
simple model built on robust foundations can “be useful in

0 Tarrow and Rudd (1983), p. 228,
: 1 Bray (19853), p. 187,
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APPENDIX 1

Consider a bond matket that satisfies the usual perfect-market assumptions
(frictionless, complete and with no arbitrage opportunities). _

Denoting the valuation time (the curtent date} by 4, (4, 5) denotes the price
at time ¢ of a unit zero-coupon bond with matutity s (¢ = ).

Tn ecuilibrium conditions the function #it, 5) represents the discount factor
of the market in the interval from £to s (paturally, #i£, 5) = 0 for every s, {5, §)
=1 and v(t 5)is a decreasing function of ). The annual interest rate relative to
the period from £ to s is given by i (¢, §) = vlt, 5) -1-8 — 1; as a function of s,
i(z, 5) gives the term structure of interest rates at time .

A payment stream X consisting of the non-negative amounts X, Xy - %,
payable at £, £ s £, (witht < ¢, < 4,5 < ¢ ) will have a value (price) at
time ¢ given by P(x) = YA ) and a (Macaulay} duration given by D(t, %)
=T, 1) % olt, ) / Pl %)

Consider the following:
Definition - Given the dates t, T and s with t < T < s, we define as (unit)

reinvestment security from T o s the zero-coupon bond, acquired at time ¢, that pays
the uncertain amount XT,: =1/ &1, 5 at time s

This is clearly a security that guarantees, at time s, the value of one lira in-
vested from T to s at the market rate ptevailing at T (not known at time 2.

We therefore have the following:

Theotem — In order to prevent arbitrage opportunities at time t, the price,
P(t, X, ) of a reinvestment security from time T to time s must be equal to the price
of a deterministic zero-coupon bond with maturity T; i.e. P(y, X, ) must be equal to
o(t, T, .
The proof of this theorem Is a direct consequence of the arbitrage ar-
gument (Moriconi, 1992). It is easy to show, moreover, that the property
continues to hold even after uncertain perturbations of the term structure of

interest rates.

It follows from the theorem that, at time £, the uncertain amount “Xp lire”
payable at time 5, is equivalent in terms of both price and sensitivity to changes
in the interest rate, to @ certain %1 lira” payable at time T.

In general, since olg 5) < 1, the amount X, can be broken down into 2
certain, unit component (conventionally taken as corresponding to the principal)
and into an uncertain interest component (the coupon). The arbitrage argument
also results in the coupon, ¢ = [1/7(T, 51— 1being equivalent (in terms of its
value) to the portfolio consising of the uncertain positive amount Xy, payable
at time s and a deterministic negative unit zero-coupon bond with maturity 5,

and hence can be replicated by compounding two deterministic zero-coupon
bonds with maturities T (asset) and s (liability). The equivalence I3 shown -

schematically in Figure Al: part a shows the result of the application of the
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the to the uncertar = + [)a t l) W
Orem aln amount X

T I CT ’ Sho 8 the Consequent
Cqmva{@llce I:)etwee] e uncertain COLIPOII ﬂlld the two détﬁtmlnlstlc Zero

coupon bonds.
Ficuze Al

part a
patt b

X1, = l+¢1‘,_.

-t i E

t.I_J t \fi Ljfej'_ t;) the ;nfiunty schec‘hﬂe {based on a ¢oupon interval of one yeat),
Edufj + ,S \ ;rting, f;;mlth e — 1,' with ¢ < ¢, and to a security that pays m — 1
D s ,j maiimty b=t + 1. Mote specifically, we consider the
et o z‘V(tue tt a)lt at time 4, =1, +k—1(k=2 3 .., m) paysthe
wlemed coupe mai;kﬂ A O}E r}f,; A ,titx;m(ltrﬂzmg to the interest earned by investing
it o wait dosaion tfi; é Cf 1 'rough the' putchase 'of the zero-coupon
d it @ unit dura , undetlying security of the indexation).

i e Oc_omponenit], ¢, of eac}} coupon can be replicated by
e s coupon bonds maturing at ¢, and #, (respectively
o ,ir efst;eam x n}aclle up.of the # — 1 indexed coupons will
e negaﬁVI:; II]o eterministic unit zero-coupon bonds (respectively
itve and ne genemtegtgnnﬁ at £, am‘i t (Sli:lce each component of the net
D e Izrl att uf;i Eor;fohos rephcating'the indexed components
b ot the Intermediate | ies), as can be seen in part a of Figure A2 in
It follows immediately that the cash flow X of the indexed components
3

hreference to a princi 1 wi v
Ith e al amount ing valu
- ‘ ¢ p ith face value C, has the foHowmg Tue

P, X) = C [alt, 1) — o(z 1))
{Macaulay) duration given by: §
(¢, =) vlg, t) — (¢, — B vlt 2,)

olt, £) — olt, £ )

Diz, X)
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- in the cases of ractical
When #lt, ¢,) / v t) < (@, ‘t) /g, -0 (as in p
interest), the duration takes on negative values.

FiGURE A2

part b

{ redeemed at maturity () is
b flow X will be equivalent to
le at #, (as can be
¢ b of Figure A2);

1f the (cettain) amount C of the principa

added to the indexed amounts, the resulting cas "
the deterministic zero-coupon bond with a value of C, paya

immediately shown by continuing the physical analogy of pat

= Xy=1¢ -1t
therefote have: P(# X) = Colst) and D(z, . ‘ .
b I? :ccount is also taken of the firlst (known) coupon (amounting to ¢, in £},

— ¢ - t, since in this
we obviously have: P(t, X) = (€ + e ol t) :.md Dz, X) b £, 51'_1’le ;ri ihis
case the payment stream X that describes the indexed security IS equivale
sero-coupon bond with 2 redemption value of C + ¢, and maturity 7,
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APPENDIX 2

Consider a diffusion model of the financial market in which the state
variable (the only source of uncertainty) is the instantaneous interest raie, or the
spot rate, r(£), which follows Ito’s stochastic differential equation:

dr = {(r, &} dt + glr, § dZ,

wherte f and g are the infinitesimal parameters of the diffusion process {r(r)}, and
{7} is a standard Brownian motion.’ Under the standard hypotheses of the
new term-structure theory, the price at time £, P(£), of a generic its security is a
function of the state variable #(#), time and the vector ¢ of the contracfual par-
ameters:

P(t) = Plr, ; c);

the general valuation equation, obtained using the arbitrage argument, is given
by the differential equation:

{1) P¢+(f+qg)P,+%g?Pﬂ—rP:o,

_whete ¢ = g(r, #) is a function (indipendent of ¢) that expresses the increase in
- expected instantaneous rate of return per additional unit of risk and defines the
‘market price of risk”.

From (1) it is possible to detive the price at time £, wlp, 1; 8), of an ordinary
yero-coupon bond with maturity s (+ < s), by imposing the boundary condition:
o, 5; ) = 1. The price, o(r, £ 5), as a function of s, describes the price structure
of the market at time #; the term structure of interest rates Is given by: Alr, £ 5) =
log u(7, £; 5) / (s — #); the long-term (asymptotic) rate of return #, is defined as:
=lim_ hlr, £ 5.

The reference framework for the valuation of CCTs can be set up by
assuming that the coupons I, (¢ =1, 2, ..., m) ate paid at the maturities £, =7 +
kO, with 8 > 0, and determined in accordance with indexation rule:

1

- {C[W—“GL se T, > 1,
k 1
Cl—g,ym —1+ol seT, <4
T,=4—-M\ k=12 ., m

du > 0 A > 0,6 2 0 (the coupons are stachastic zero-coupon bonds).

More exactly, the local rate is a force of interest (hence .measured in yeats); the
sponding value of the interest rate, on an annual basis and in percentage points, is
by: i) = 100 (e - 1),
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Under this rule each coupon depends on the issue price. of an Ttalian
Treasury bill maturity [, observed A units of time before each payment; the
amount of the coupon [, is given by the rate of return #T,, W) plus a spread

aG.
The indexed security is thus represented by the vector of random cash

flows:
X={,1, . I+ O,

paid at the times Z;, £, -, %, and can be considered {and treated) as a portfolio
of stochastic zero-coupon bonds.

The price function is given by:

P 5 X) = P 5T, b )+ Colr 6 8,)

)
E=1
=C { ‘j:, (8(r, & T,y 8, W) — (L— 0} olt, 4 1)1 + olr, & tm)},
=1
being:
' _ oy, T, T+ W) T
(3} J@(rz X T: 5 Uv) = Ez [ ﬂ(f, ,T, T T u) € g ],

where S(¢, s) is the stochastic integral:
S, ) = f° ) du + = @), 0 du = f 4l ) 420

n taken with respect to the prob-

and E, represents the conditional expectatio
{r(0)}, specified by the value of the

ability distribution that describes the process

spot rate observed at time .
Using the ex ante amount of the stochastic coupon I,;:

Pir,; T, ¢, 1)
olr, £ 4)
the price of the indexed cash flow can be expressed in the form:

E=1 2 .., m

2r, & Ty by I)=

P, 5 X) = Z olr, 5 8) or, 5 Ty, 1) + Coulr, 4 t)
k=1
The basic risk is given (using a simplified notation) by:
Pr, & X)

Qb 4 X) == "4 X)
1 i
- — —F{ké v(t) 2t) + C vle) + Tk;f olt) z(2) },

since if T at of » In particular, for’

zero-coupon bond with price olr, £ 5) the basic risk is given by:
ol 4 5) = — w5 &)/ vl & 9).

< ¢ the ex ante coupon is independe
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' The ('overall) basis risk €(, £ X) can be represented, by distinguishing the
discount risk from the coupon tisk, in the form:
Qlr, £ X) = @, 5 X) + I, 5 X),

whete the discount tisk is given by:

: l: ﬁ o) viz) 2(t) + ole) o) C}

O(r, 5 X) = = 7

and the coupon risk by:

1
T, 5 X) = - = p olt,) z (2.
By,

‘ Tt 7\. ~ 1 =0 and 6 = 0, we have the same results as with the synchronous
indexation (Appendix 1). In fact, for each &
R, £ T, 1, W) = vl 4 T) =0l 1),
where #, = £. Accordingly, the ex ante coupon expressed in the form:
ur, £ £, )

o £ 4y 1} = C ety 4,

2, 5 Ty by 1) = C [

where j(&: T, 5) represents the forward rate at time 7, for the period from T to
S
° From (2), we have:
P(r, t; X) = G,
so that the indexed security is priced at par, as if it were a fixed-rate security

with “forward” coupons.
~  TFor the basis risk, we have:

. Q(?‘, & X) = ‘-P{f) i tI);
hich cotresponds to the stochastic duration.
D=t —-1=0
In the one-factor model of the term structure of interest rates proposed by

0%, 'Ingersoﬂ and Ross, it is assumed that the market is characterized by a
diffusion process for the spot rate, with the following parameters:

f(?', t):a('Y—?‘), a’:FY>O>
grty=pvr, P>
by a function for the market price of risk:

7T consiant.

2

gr, )= ——

. P

. ;:’1:_:’ these assumptions, the fundamental valuation equation (1) is specified in
forin:

P+lay-(@-mAP +4pirP —rP=0.



ry Credit Certificates (CCTs): Theory, Practice and Quirks

166 Ttalian Treasw

The discount factor (obtained from equation {4) under the boundary condition

o(r, 53 §) = 1) is given by:
oy, £ 5) = Alg, 8) gt Bl st

where
g - m D (s - 0/2) }2awp2
- [
A 9 = { (a—n+d)e"“*"—1+2d . ’
2[€d(r—f)_1]
s
Bl = G nrdles-11+2d
and

4 = (o —m? + 2p%
The long-term interest ratc is constant: 7, = 2av/d+a - . ‘
The explicit form of the function § can be obtained from equation (4), with
the boundary condition:
v, T; s)
* =
B, T Tos W= oy
(which is obtained from equation {3) by putting # = T ).2 The solution, given in
Castellani (1988), is:
fir, 5 T, s, 0 = M@ T, 5 W)

E

P N T s u),

where
AT, 35)
ME S = 2 T+ W

2
2 de(u, —n+d (T~ 02

. 2 ay/p
L s am———
[ (a—‘m+d)(e"“"'”—l)+2d+p2AB[ed‘T !

20— 1)~ AB e -m—d T -1 24

N ) = T A1)+ 2d + p AB [T — 1]

(@~ m+ d) (e

and
AB = B(T, s — B(T, T + u).

M.DF. - EM. - MTS.

2 For further details, see De Felice and Moticoni (1991a).
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