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Summary

B The pricing of government debt in a number of financial mar-
kets is analyzed to see how high-debt countries should manage
their liabilities. We focus on the Italian experience and also consid-
er whether indexed bonds can reduce the cost of funding the public
deficit. In particular, we attempt to quantify the risk premia that
investors require on different forms of government debt. Our ap-
proach is market oriented, based on government debt prices ob-
served in the market place. Due to practical considerations, the na-
ture of our analysis is partial equilibrium, rather than general equi-
librium. We try to understand how investors price treasury secur-
ities and attempt to measure risk premia due to inflation and real
interest rates on various forms of debt. Our findings suggest that a
government can reduce the cost of debt by increasing its market
depth and liquidity and by avoiding financial innovations as a debt
management policy. Finally, our analysis suggests that real indexed
bonds can reduce the cost of debt, but that the savings for a gov-
ernment can be seriously misjudged by an overly simple analysis. I
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At the end of 1994, the stock of Iralian Government debt reached the
level of 1,937,069 billion lire, or 117.2 per cent of GDP. If this debt is
calculated according to the criterion defined in the Maastricht Treaty, its
proportion of GDP increases to 124.5 per cent. During the same year,
the budget deficit , net of privatization proceeds, reached 155,900 billion
lire, some 9.4 per cent of domestic product. Interest payments alone
amounted to 10.5 per cent of GDD, as the country experienced a primary
surplus. The value of the Government debt issued was 100.6 per cent of
the budget deficit; 92.5 per cent of the debt placed by the Treasury (net
of refunding) was in the form of medium and long term bonds, with the
remainder funded mostly by means of Treasury bills.

Debt management policy is a substantive policy issue in Iraly. Italian
Government debt is issued mainly in the domestic market and denomi-
nated in lire. Foreign debt accounts for only 4 per cent of the total stock,
while ECU indexed bonds, which are auctioned to domestic investors,
have practically ceased to be issued after Italy’s exit from the European
Monetary System and never exceeded 3 per cent of the yearly Treasury
funding program. Floating rate bonds (Certificati di Credito del Tesoro,
CCT), currently 7 year notes with a 30 basis point spread over the 6
month Treasury bill rate, account for roughly 35% of the lira denominat-
ed Government debt. Treasury bills (Buoni Ordinari del Tesoro, BOT),
sold at regular bi-weekly auctions for maturities of 3, 6 and 12 months,
account for another 27%. Fixed coupon bonds (Buoni del Tesoro Polien-

* We thank Lars Svensson, Nils Gottfries and Anders Vrvedin for their comments. Stefano Nan-
nizzi, Jason Karceski, and Manlio Marchesi provided helpful research assistance. Analysis s.p.a.
provided part of the Italian data.
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nali, BTP), which are also auctioned regularly twice a month for matur-
ities of 3, 5, 7, 10 and 30 years, represent 33% of the total. The remain-
ing debt consists of bonds with an implied option to extend the maturity
of the bond (Certificati di Credito con Opzione, CTO), which ceased to be
issued in 1992, and a new 2 year zero coupon bond (Certificato di Credito
Zero, CTZ) recently launched by the Treasury.

The composition of the stock of debt does not reflect the current debt
policy of the Government. Until 1988, floaters and Treasury bills were
the only source of Treasury funding, as the inflation rare risk premium
was deemed to be too high for fixed coupon bonds. It was not until the
end of 1988 that the first liquid 4 year straight bond was successfully
placed with investors. At the same time the Treasury tried to lengthen the
maturity of the debt by issuing CTOs, which are 3 and 4 year fixed
coupon bonds with an option to extend the life of the securities by an
equal number of years. The narrowing of the bands of fluctuations for
the lira within the European Monetary System at the end of 1989 al-
lowed the Government to issue a 6 year fixed coupon BTP in June 1990
and then a 10 year BTP in March 1991. The security enjoyed immediate
liquidity, especially when the LIFFE exchange in London launched a
BTP futures contract in the Fall of that year and, one year later, when a
similar contract was traded on the Milan electronic futures market, MIE
In mid-1993, the first issue of a 30 year fixed coupon bond took place.
Meanwhile, the liquidity of Italian Government debt greatly improved as
a result of the introduction of primary dealers who guarantee two-way
prices within narrow spreads and participate in Treasury auctions for a
fixed fraction of the debt being issued. The creation of additional deriva-
tives, including a futures contract on 3 month Eurolire deposits, options
on futures contracts, and interest rate swaps, made hedging interest rate
risk easier. As a result of these changes, the Treasury has relied on straight
bonds (BTPs) to fund approximately two-thirds of the public sector defi-
cit since 1991.

What conclusions can be drawn from the Italian experience? One way
to judge the management of Italy’s debt would be to search for testable
implications from the large and interesting literature on optimal debt
policy. Gale (1994) considers the welfare aspects of government debt pol-
icy, focusing on the risk-sharing possibilities of government debt issue.
His work extends previous analysis by Fischer (1983), Peled (1985), and
Bohn (1988). When private security markets are incomplete, the poten-
tial for non-neutral, welfare-improving government intervention arises.
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One area where markets may be incomplete is in the provision of riskless
securities. Private markets may be unable to create a sufficient supply of
riskless assets because of credit risk — a risk that a government’s power of
taxation might overcome. Alternatively, markets may be incomplete be-
cause private financial intermediaries or instruments which enable inter-
generational trade may not exist (though private pension funds may be
an example of this sort of private institution). Government provision of
previously unavailable riskless securities or long-maturity claims can im-
prove welfare by completing markets, thereby expanding investors’ risk-
sharing opportunities. When markets are incomplete due to differences
in investor information, Gorton and Pennacchi (1990) show that govern-
ment creation of riskless securities can also improve welfare by enhancing
liquidity. Government securities, such as treasury bills, can provide lesser-
informed investors with a lower cost transactions vehicle, thereby reduc-
ing their costs of trading.

As Fischer (1983) points out, government debt policy is usually, if not
always, only one of several ways of improving welfare when markets are
incomplete. If a government can directly set taxes and make transfers,
there is no need for an interventionist debt policy. One area where debt
policy may be uniquely important is in its effect on the time consistency
and credibility of government fiscal policies. For example, a long-run op-
timal policy for a government may be to smooth current taxation relative
to current government spending, running fiscal deficits during times of
extraordinary government spending requirements (e.g., military or eco-
nomic crises) and running fiscal surpluses during times of relative pros-
perity. However, following a period of deficits and an increase in the
stock of government debt, the government may be tempted to deviate
from this long-run optimal policy by reducing the payments it makes to
existing government bondholders; such a policy is optimal in the short
run, but not consistent with the long-run optimal policy. This payment
reduction could occur via outright default or an unexpected increase in
the taxation of bondholders™ returns (either directly or through an infla-
tion tax). Recognizing this possibility, rational investors in government
debt will initially demand a premium commensurate with the likelihood
of the government’s deviation. Importantly, the likelihood that a future
government reneges on debt repayments may depend on the form of the
debt that it inherits. For example, if the mechanism by which a govern-
ment can deviate is via an unexpected increase in inflation, this mecha-
nism will only be effective and, therefore, will only be carried out if the
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existing debt has long maturity and nominal coupons, rather than being
of short maturity or indexed to the cost of living.

This paper takes a market-oriented approach to measuring the risk
premia that investors require on various forms of government debt. Out
of practical necessity, the analysis is partial, rather than general equilibri-
um: the current quantity and composition of debt is taken as given. The
approach is also positive, rather than normative. Any policy implication
that might result from the analysis should thus be treated with caution.

1. Do floaters help?

Throughout the 1980s, the vast majority of the debt issued by the Italian
Government, excluding Treasury bills, was in the form of floaters, called
CCT (Certificati di Credito del Tesoro). It is only since 1991, when the
first 10 year bond was issued, that fixed coupon Treasury securities be-
came the primary source of Government funding. Still, roughly one-third
of the current stock of debt is composed of CCTs. There are two reasons
why a high-debt country would like to issue floating rate notes. Both of
them have been behind the Italian Government debt policy. First, be-
cause coupons are tied to short-term interest rates, floaters may provide a
good hedge against inflation if short rates are freely set in the market
place and reflect investors’ expectations of inflation. Even though they do
not provide a perfect hedge, they nonetheless allow a government to bor-
row long-term funds, presumably without paying an inflation risk pre-
mium.

Second, they might reduce the probability of a default, and thus the
default premium associated with it. The literature on default, such as
Alesina, Prati and Tabellini (1990), shows that a default on government
debt could be a rational, market-equilibrium event. A government could
be forced into default if investors were to ration the treasury by refusing
to lend it additional money at any price, thereby halting its ability to roll
over existing debt. This could occur if investors believe that the govern-
ment may be unable to raise taxes to repay its debt following a negative
shock to the economy. As in the standard rationing model, the borrower
would face a negatively upward sloping supply of funds. The probability
of default is minimized, the fewer the number of times the government
accesses the credit market, and the smaller the amount of money bor-
rowed each time. A floater is then equivalent to a strategy of rolling over
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short-term debt, but with the advantage of a longer debt maturity, there-
by reducing default risk.

By examining the data, it appears that little, if anything, was gained by
issuing floaters; CCTs turned out to be even more expensive than fixed cou-
pon bonds. We assessed the relative value of CCTs in two different ways.
First, since these floaters pay a coupon twice a year, a standard benchmark
is the 6 month LIBOR rate on Eurolira deposits. The LIBOR, rather than
the BOT rate, is used because the arbitrage of floaters occurs through the
swap market, which is tied to Eurolira rates. However, until February 1995,
floater coupons were indexed to the 12 month Treasury bill rate, thereby
introducing a mismatch between the maturity of the base rate and the cou-
pon reset interval. In addition, each coupon was based on the average yield
prevailing in Treasury bill auctions during the second and the third month
preceding the coupon reset date. Thus, basis swaps between Treasury bill
rates and Eurocurrency rates, though available, could not be used for an ex-
act arbitrage between floaters and money market rates. Nonetheless, the
coupon spread over the LIBOR rate, measured as the current floater cou-
pon divided by the floater price (this division was necessary since floaters
are often traded below par), remains a valid indication of the relative cost of
the debt instrument since 6 and 12 month Treasury bill rates are highly cor-
related and display little volatility. We limited the analysis to the period Jan-
uary 1992 to May 1995, because a liquid secondary market was in place,
Eurolira and 10 year Government bond futures contracts were available,
and international capital movements were completely liberalized. For the
15th day of each month, we selected the most liquid CCTs with a remain-
ing life of 3, 5 and 7 years, respectively.

Figure 1 shows that the spreads over LIBOR are very large for every
maturity, indicating that the Government continued to pay a substantial
default risk premium. Only during the 1992 exchange rate crisis that led
to the lira’s exit from the European Monetary System does the spread
turn negative. This was probably due to the Eurocurrency market’s lack
of liquidity during times of extreme currency turbulence which pushed
up Eurolira rates, rather than a diminishing perception of default risk.
Part of the spread may also reflect Italian commercial banks’ lack of ex-
pertise in arbitraging CCTs with the money market, rather than a risk
premium. The figure clearly indicates that 7 year floaters typically com-
mand a smaller spread than 3 year CCTs. The opposite is likely to be true
if default risk were the only explanation. Seven year floaters are likely to
be more fairly priced because the swap market is most liquid for this ma-
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Figure 1. CCT floaters: spread over 6 month LIBOR
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turity, thus making arbitrage relatively easier. A few months ago, the
Treasury began to issue floaters with coupons tied to the 6 month Treas-
ury bill and no indexation lag. This innovation should facilitate arbitrage
activity; however, a spread for this new type of CCT can still be observed.

A second way to evaluate CCTs is to price them relative to the term
structure of Treasury bonds. We followed the approach of El-Karoui and
Geman (1992) where the price of a floater at any date is the discounted
value, using the existing term structure, of the risk-adjusted expected
coupons. Figure 2 shows the difference between the theoretical prices of
the three CCTs and their market prices for the same period examined
earlier!. Even though the difference has narrowed considerably since the
end of 1993, it remains extremely large. This indicates that floaters were
even more expensive than fixed coupon bonds. Because any default risk
premium must necessarily be the same for any security issued by the Ital-
ian Treasury, and an inflation risk premium can only be smaller for float-
ers, the large discount can only be attributed to market segmentation and
an excess supply of this type of Government debt.

The Italian experience with CCTs provides us with the following les-
sons. First, floaters do not necessarily reduce the cost of borrowing be-
cause of a lower default and inflation risk premium. Second, if arbitrage
among various segments of the treasury debt market is not viable, supply

! The implied forward rates and the zero coupon bond term structure were obtained by
fitting the Cox, Ingersoll and Ross (1985) model to the existing BTP prices, using a maxi-
mum likelihood approach.
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Figure 2. CCT floaters: theoretical — market price
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effects can push the effective cost of floaters even above that of equiva-
lent-maturity, fixed-coupon bonds.

2. Debt management and financial innovation

A government might reduce its cost of funding by helping to complete fi-
nancial markets. This can be done by issuing debt with payofts that pri-
vate financial institutions and markets are unable or unwilling to provide.
By purchasing these debt securities, investors can obtain previously un-
available state-contingent cash flows that could lead to a better allocation
of risk between investors and the government (i.e., current and future
taxpayers). While, in principle, government financial innovation appears
to be a promising avenue to debt management, the Italian experience has
been disappointing. Between 1988 and 1990, the Italian Treasury found
it virtually impossible to issue fixed-coupon bonds for maturities exceed-
ing four years. Thus, it issued 3 and 4 year fixed-coupon bonds, called
CTOs, which contained an embedded option to extend the maturity of
the bond at the original conditions for an additional 3 or 4 year period.
The bond was equivalent to a 3 (or 4) year bond plus a call option ona 6
(or 8) year bond that could be exercised in 3 (or 4) years; alternatively,
the CTO was equivalent to a 6 (or 8) year straight bond, plus a put op-
tion that could be exercised after 3 (or 4) years. The Government’s mo-
tive was to “test the water” by giving investors a long-term investment op-
portunity, but with insurance against its failure to bring down inflation.
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By issuing CTOs, the Treasury offered the market a previously unavailable
long-term, low interest rate risk security. However, investors failed to
appreciate the implied extendible option, as CT'Os were usually traded as if
they were simple 3 (or 4) year bonds; sometimes even at a relative discount.
It is interesting to note that this mispricing remained even in 1992, when
the Treasury was finally able to issue 10 year straight bonds, and futures as
well as option contracts were available to hedge long-run interest rate risk.
In that year the Government discontinued issuing CTOs.

Figure 3 shows the difference between the theoretically implied option
price and its market value, under the assumption that the CTO’s straight
bond component was priced in line with the fitted term structure?. For
every month, beginning in January 1992, the difference is calculated for
two bonds, one having an implied option maturity of three months and
one being the most liquid bond having an implied option maturity long-
er than 1.5 years. Data for the longer option were unavailable beyond
1993 since CTOs had not been issued in the previous year and a half. For
simplicity, theoretical prices were calculated using the Black-Scholes
model, which may overestimate prices of options having maturities that
are long relative to the underlying bond, as the model does not consider
the reduction in bond variance over time. To help correct for this bias,
the bonds’ estimated volatilities were adjusted downward by taking their
means over the remaining life of the bond. In any case, the potential bias
is negligible for the three-month option.

The figure shows that the market failed to pay the full theoretical price
for these options, except for a few months in 1994 when it actually paid
more. The mispricing was more pronounced for longer maturity options.
Several conclusions might be drawn from this experience. First, financial
innovation, per se, may not reduce government funding costs if there is
insufficient demand for the new instruments. Rather than experimenting,
a treasury might limit itself to issuing instruments for which a private
market already exists, but for which the government has a natural com-
parative advantage as a low cost supplier. The U.S. experience with Treas-
ury bond strips is a clear-cut example. The immunization needs of large
institutional investors created a strong demand for zero-coupon bonds
that was initially satisfied by private institutions selling strips from Treas-
ury coupon bonds held in privately created trusts. The U.S. Treasury now
satisfies this demand by allowing direct ownership of individual Treasury

2See footnote 1 for the methodology used.
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Figure 3. CTO implied option: theoretical — market price
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coupons and principal payments. Presumably, the Treasury now obtains
the gains previously paid to the creators of private trusts. Second, the de-
mand for government debt with embedded options will be enhanced if
the underlying security already exists (allowing for easy hedging) and the
options can be stripped and traded separately (allowing purchase by in-
vestors who may want the option but not the straight bond). None of
these conditions existed for CTOs and this could explain why longer
term implied option mispricing was always more pronounced than in the
short term. Governments should keep these principles in mind when
considering proposals for issuing treasury bonds containing long-term
options on public-sector enterprise shares, as are currently being dis-
cussed in a number of countries.

3. Real indexed bonds: the Italian experience

It is often argued that real indexed bonds are an obvious solution for a
high debt country. These bonds can reduce the inflation risk premium
paid by the government because the incentive to levy an inflation tax is
minimized. They may also signal a government’s belief in lower inflation,
which may reduce investors’ inflationary expectations and aid the con-
duct of monetary policy, by indicating more accurate market expectations
about inflation. Indexed bonds may also serve investor demands, especial-
ly institutions which manage retirement funds and wish to hedge the risk
of long-term losses in purchasing power. Why, then, do we not see gov-
ernments issuing indexed bonds on a large scale?
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Italy issued only one indexed bond on August 1st, 1983, which ma-
tured ten years later. The bond took the form of a private placement. It
paid an annual coupon of 2.5% that was indexed to the change in the
value added deflator during the previous year. The principal amount was
also indexed in the same way. The bond was not a success for several rea-
sons. The issue was too small to be liquid and the Italian bond market,
then an unregulated over-the-counter market, was not functioning well.
The indexation had a one year lag, and the price index was unfamiliar to
investors. The Government preferred the value added deflator to the con-
sumer price index out of concern for imported inflation, as the lira’s par-
ticipation in the European Monetary System was not yet credible at that
time.

We carried out an ex-post accounting exercise of the Government sav-
ings from issuing that bond. Of course, risk premia are ex-ante concepts.
But a descriptive analysis can still provide some interesting information
on the effective burden of the various forms of government debt. To reck-
on the ex-post burden, we capitalized the cash flows actually paid by the
Government up to the day of maturity and compared them with those
generated by alternative forms of borrowing. Table 1 (second column)
shows the cash flows paid by the indexed bond. During this period, the
growth rate of the value added deflator declined from 14.1% in 1983, to
4.9% in 1992. The consumer price index declined even faster, as the Eu-
ropean Monetary System led to a real appreciation of the currency. The
capitalized cash flows of the real bond would have been 266.5 lire for eve-
ry 100 of principal amount at the end of the 10 year period?. Instead of
the indexed bond, the Treasury could have chosen to issue a single floater,
to roll over 1 year Treasury bills, or to issue a basket of securities with
characteristics similar to the outstanding debt. The cash flows generated
by these three alternatives, together with the differences from those of the
indexed bonds, are also shown in Table 1. For the floater, we took a CCT
that was issued on the same day as the indexed bond. Because it had a
maturity of only five years, we rolled it over in 1988 with an identical
floater that expired on August 1st, 1993. The cash flows after 1986 were
calculated net of the witholding tax that was introduced in that year. For
the Treasury bills, we rolled over a 12 month security, with the yield at
the auction closest to the first day of August in each year. For the basket

3 All the cash flows in Table 1 are capitalized until the index bond redemption dare by us-
ing yields for 6 month BOT.
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of Government securities, we calculated the proportion of CCTs, BTPs,
and BOTs in the outstanding stock of debt at the beginning of each year.4
The Table shows that all three alternatives would have implied an higher
cost for the Treasury ranging from a capitalized value of 37 lire for every
100 of principal for the 12 month BOT, to 63.85 lire for the single float-
er. Relative to the total amount spent by the Government over this 10
year period, the savings were between 12% and 20%. These are sizeable
numbers. Of course, one reasonable explanation for such high numbers is
an unexpected decline in inflation. The amount of savings was probably
exagerated by the illiquidity of the bond, which was placed directly with
public sector enterprises and was rarely traded on the secondary market.
The placement price may have been artificially high. Nonetheless, it is
doubtful that liquidity alone could account for a great part of the savings.
Even though ex post we cannot assess the role of the inflation risk premi-
um, the mere size of the gains warrant some extra thoughts on the bene-
fits of issuing indexed debt.

4. Real interest rates and expected inflation:
lessons from the U.S.

In some other countries, there has recently been increased enthusiasm for
issuing indexed bonds, even in countries such as the U.S. where the ratio
of Government debt to GDP is not yet a serious impediment to econom-
ic policy. Requests for indexed securities now appear frequently in the
press: they have been demanded by officials of several federal agencies
(Wall Street Journal, 24 April 1995), as well as by prominent economists
(R. Barro, Financial Times, 17 May 1995 and S. Hanke and A. Walters,
Forbes, 12 September 1994). The strong revival of indexed bonds in the
U.S., and perhaps in the world, is partly due to the interest rate dynamics
that has characterized U.S. financial markets during the last two years:
“... the long bond yield was 8.1 per cent back in April 1992 but then slid
all the way to 5.8 per cent during the great bull market in bonds that last-
ed until late 1993. By November 1994, the yield was back to 8.2 per

4 At the outset, there were no straight bonds, while they accounted for 29% of the total in
1992. The CCTs chosen in the basket were three issues, which were placed on the market
on July Ist, August 1st and September 1st, 1983. The proportion of BOT consisted en-
tirely of 1 year instruments. The BTP chosen was a 5 year issue, placed on the market on
August 1st, 1988, maturing the same day as the indexed bond.
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cent. Now, it is testing 7 per cent again. Meanwhile, US inflation has
scarcely budged from 3 per cent during all this time” (B. Riley, Financial
Times, 13 May 1995). If large swings in long-term rates are entirely due
to erratic inflationary expectations, index bonds should have an impor-
tant role in insulating investors’ purchasing power from the vagaries of
these expectations.

To asses the impact of inflationary expectations and real interest rate
movements in U.S. financial markets and, thus, the potential benefits of
indexed bonds, we estimated the process for real interest rates and infla-
tionary expectations using a methodology developed by Pennacchi
(1991), which is based on the two-factor equilibrium term structure
models of Langetieg (1980) and Vasicek (1977).5 The movements of the
real rate and expected inflation were inferred from a time-series cross sec-
tion of monthly U.S. Treasury bill prices and quarterly survey data on
professional forecasters’ expectations of the U.S. GNP deflator. Their es-
timated dynamics clearly indicates that the two variables are instantane-
ously negatively correlated and that each variable’s dynamics depends on
the level of the other. The estimates imply speeds of mean reversion for
the instantaneous real rate of interest and the instantaneous rate of infla-
tion , measured as their half-lives (the expected time the variables will
take to return one-half way back to their steady states following a devia-
tion), equal to 4.5 and 1.8 years, respectively.

The parameter estimates were also utilized to reconstruct the unob-
served time path of the instantaneous real rate and expected inflation.
The two estimated series are shown at the top of Figure 4 for the period
October 1968 to March 1995. The upward movement in interest rates
since the beginning of 1994 is entirely reflected in an increase in real
rates, from the extremely low levels (even negative) reached in 1992 and
1993. The figure vindicates the Federal Reserve’s claim that real rates
were abnormally low and that the rise was meant to bring them closer to
a long-run equilibrium level. The bottom of Figure 4 also shows the esti-
mated time series of expected inflation, together with actual inflation
which is indicated with dots. It is interesting to note that, unlike the
1970s when expectations appear to consistently underestimate inflation,
expectations over the last three years appear to predominantly overesti-
mate actual inflation. The statement that the interest rate increases in
1994 were needed to stabilize expectations, which were running ahead of

5 The model utilized is explained in the Appendix.
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Figure 4. U.S. real rate, expected inflation, and T-bill yield
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actual data on prices, seems corroborated by our findings. However, it is
doubtful that the real values of indexed bonds would have remained
stable during this most recent period since, as can be observed from the
top of the figure, real interest rate volatility vastly exceeded that of expect-
ed inflation. During the entire sample period, the standard deviation of
real interest rates is more than twice that of expected inflation.

The U.S. experience teaches that simple comparisons between current
nominal interest rates and actual inflation rates could be misleading. Ac-
tual realized inflation and investor inflationary expectations may be quite
different. Yet, even if inflationary expectations can be disentangled from
actual data, so that we could measure real rates perfectly, we still need to
know more in order to determine the desirability of indexed bonds. We
would really like to know the risk premium that investors demand in or-
der to hold nominal assets. Measuring this risk premium is not straight-
forward: the differences between nominal and real term structures reflect
not only risk premia but also expected levels of future inflation that can
be different over different future horizons. For example, an inflation rate
which is expected to revert to a higher long-run mean would imply a dif-
ference between nominal and real term structures that increases with ma-
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turity, even though investors may demand no premium for inflation risk.
Hence, if the higher coupons on nominal bonds are simply compensation
for higher expected future inflation, no risk premium is saved by a gov-
ernment issuing indexed bonds. A real bond would simply defer part of
the coupon payments. To estimate the size of the risk premium, we need
prices on both nominal and indexed bonds, together with a two-factor
model of the term structure capable of producing closed form solutions
for the risk premia.

5. Indexed bonds and the inflation risk
premium in the U.K.

The U.K. is the only country that has issued both conventional and real
indexed Government bonds with maturities exceeding 10 years for a sig-
nificantly long period of time. Thus, we focused on the British experi-
ence. As an initial step, we performed an exploratory data analysis to in-
vestigate how indexed and conventional bonds differed in terms of risk
characteristics. We used weekly returns for a sample of five nominal and
five indexed gilts that had relatively similar maturities and that spanned
the long end of the term structure (7-20 years). In Table 2 we show that,
adjusting for maturity, nominal bonds are more volatile than indexed
bonds, though the difference is not substantial: for the typical 10-13 year
maturity, the yearly standard deviations of the nominal and indexed gilts
are 7.7% and 6.4%, respectively. However, the correlation matrix reveals
that the two types of bonds may have different sources of risk. Conven-
tional gilts are highly correlated among themselves, with values ranging
from .88 to .97. Indexed gilts are also highly correlated among them-
selves, with roughly identical correlation coefficients. But the correlations
decline to values between .48 and .51 when calculated between similar
maturity nominal and indexed gilts, and to a minimum of .32 when the
longest nominal is matched with the shortest indexed gilts.

To investigate further the existence and importance of different risk
factors, we analyzed the data by assuming a three-factor model of the
term structure, where the risk factors are empirically identified by princi-
pal component factor loadings of the variance-covariance matrix of re-
turns. Empirical multi-factor models have proved very useful in analyzing
and managing interest rate risk. Three factors are typically found: the
term structure’s parallel shifts, changes in its slope, and what is known as
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term structure “butterfly” movements®. Table 3 shows the loadings for
conventional and indexed gilts across maturities. The first factor affects
bonds of different maturities in roughly the same way. One can identify it
with parallel shifts in the term structures associated with changes in the
general level of interest rates. For indexed bonds, however, the first factor
accounts for a relatively smaller fraction of returns variability: this factor
explains roughly 75% of indexed bonds’ returns as opposed to 95% for
conventional gilts. The third factor is upward sloping in both indexed
and nominal charts. It can thus be identified with movements in the
slope of both indexed and nominal term structures. Its contribution to
bond return variability is small, roughly 2-3% for both types of bonds.
The second factor has a sharply different impact on nominal and indexed
bonds: it explains only 5% of conventional gilts returns, but a uniform
23% of indexed bond returns. In addition, the positive sign of the load-
ing indicates that an increase in the risk factor increases indexed bond
prices. This factor cannot be easily identified with inflation, since it af-
fects only real bonds. However, if unexpected inflation and real interest
rates are instantaneously negatively correlated, as other empirical research
has found, then higher inflation may be coincident with lower real inter-
est rates, which would tend to raise indexed bond prices. Whatever the
factor identification, the data suggest that there is a significant risk factor
typical of indexed bonds.

To assess the risk premia that investors were willing to pay, we again
utilized the previously described model of Langetieg (1980) and Pennac-
chi (1991) where bond prices are driven by two state variables, expected
inflation and the real rate of interest. For each month from January 1984
to March 1994, we took prices on a cross section of three long-dated con-
ventional gilts and three long-dated indexed gilts. The composition of the
cross section was revised each month to ensure that the maturities of both
types of bonds were as similar and constant as possible. The pricing mod-
el allows a bond expected rate of return in excess of the instantaneous
maturity, risk-free nominal interest rate to be expressed as the sum of the
bond premium due to inflation risk and its premium due to real interest
rate risk. Each risk premium, in turn, is the product of the given factor’s
market price of risk multiplied by the quantity of that factor’s risk con-
tained in the stochastic component of the bond’s rate of return.

In principle, the parameters of the stochastic process driving the two

6 See Litterman and Scheinkman (1991).
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state variables could be estimated jointly with the market prices of risk; in
practice, small sample estimation problems make simultaneous identifi-
cation of all of these parameters quite difficult. To reduce the number of
parameters to be estimated, we took a somewhat Bayesian approach by pre-
setting certain parameters at values that appear reasonable based on histor-
ical experience or prior empirical work. First, we set the steady state values
of the real rate and inflation equal to 3 per cent and 3.5 per cent, respective-
ly. Second, the parameters other than the market risk premia describing the
dynamics of the real rate and expected inflation were set at the estimates
obtained using U.S. data, which we described earlier. Although this will
produce real interest rate and expected inflation dynamics that are specific
to the U.S., Kandel, Ofer, and Sarig (1995) found qualitatively similar
dynamics for Israeli real interest rates and inflation using data on nominal
and indexed bonds issued by the Government of Israel. Having fixed this
subset of parameter values, we then estimated the market price of inflation
and real rate risk using the time-series cross-section data on U.K. gilt prices.
While some of our parametric assumptions were admittedly crude, we
believe that the results should be evaluated against the capability of the
model to fit the existing U.K. term structure.”

Surprisingly, the model does quite well. Figure 5 reports the estimated
nominal and indexed yield curves for the U.K., assuming the current val-
ues for expected inflation and the real rate are equal to their assumed
steady state values, a reasonable assumption given that the current actual
level of inflation is roughly 3% and the short-term nominal rate is ap-
proximately 6.5%. Also plotted against their durations are the May 30,
1995 yields to maturity of the 2, 3, 5, 7, 10, 15, 20 and 30 year bench-
mark conventional gilts and the real yields on indexed gilts maturing in
20006, 2013, and 20208. It is important to stress that these yields were not
used to estimate the parameters, and thus the fit is out of sample. Given
this, and the manner in which many of the parameters were obtained, the
model appears to replicate market prices in a satisfactory way. The in-
dexed bond yield curve is flat because the estimated market price of real
interest rate risk was found to be close to zero. In contrast, the estimated

7We do not account for taxes which, however, have been shown to play a significant role
(Woodward, 1990).

8To calculate the real yields on indexed bonds, we subtracted the accrued inflation since the
issue date from the quoted price of the gilt, the coupons to be paid and the principal
amount. As for conventional gilts, the yields were plotted against the bond durations. Data
on both conventional benchmark gilts and indexed gilts were taken from Datastream.
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Figure 5. U.K. nominal and indexed bond term structures
(current equals steady-state)
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market price of inflation risk was large and significant which, in spite of
the fact that current real rates and expected inflation were assumed to
equal their steady state values, resulted in an upward sloping nominal
term structure.

In Figure 6, we graphed the estimated inflation and real risk premia as a
function of bond duration. Notice that even indexed bonds pay some
premium for inflation risk because of the dynamic relationship between the
two state variables. Based on the positive estimates of the state variables’ im-
pact on each other’s dynamics, an unexpected increase in current expected
inflation (given no instantaneous movement in the real interest rate) will
increase the likelihood of higher future short-term real interest rates, which
will decrease the current price of real bonds. Thus, investors in real bonds
will demand a premium to hedge against this (indirect) inflation risk. The
difference between the two inflation risk premium curves measures the
potential savings for the Government from real indexed bonds, as opposed
to conventional straight bonds. For example for a twenty year debt instru-
ment, savings are approximately 300 basis points, a substantial amount,
albeit smaller than what is typically discussed informally. Note that since
the estimated market price of real interest rate risk is approximately zero,
both bonds’ real interest rate risk premium curves are flat at zero. Thus,
there is no relative benefit to either bond along this dimension.
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Figure 6. U.K. nominal and indexed bonds:
real and inflation risk premia
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6. Indexed bonds and the inflation risk
premium in Sweden

In the Spring of 1994, the Kingdom of Sweden issued zero coupon Treas-
ury bonds with principal tied to the cost-of-living index and maturities of
10 and 20 years. Because the two bonds do not pay coupons, their yield
to maturity exactly measures the return to deferring a unit of consump-
tion into the future. In addition to long maturity indexed bonds, Sweden
has issued nominal Treasury bonds for several maturities. In principle,
the contemporaneous observation of real and nominal term structures
could allow for estimates of risk premia for inflation and real interest rate
risk. As with British gilts, we used a two-factor term structure. The multi-
ple parameter estimation problems encountered for the case of the U.K.
is aggravated in Sweden by the lack of sufficiently long time series on in-
dexed bond prices. Only one year of prices precludes any attempt to esti-
mate all of the model’s parameters simultaneously, especially those relat-
ing to the dynamic behavior of real interest rates and inflation, which
clearly requires observations from different economic cycles.

Given these difficulties, the following exercise should be viewed as no
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more than a sensible starting point for measuring the price of inflation
and real interest rate risk in the market for Swedish Government bonds.
In estimating these risk premia, we used prices from a cross section of
nominal and indexed bonds on January 30, 1995. We chose only this one
day because it was the date of the latest auction of both 10 and 20 year
indexed bonds and because demand exceeded supply by a factor of 3,
making the auction price significant. This day was prior to the European
exchange rate crisis — an abnormal event which might have introduced
significant noise into market prices. The approach we followed was simi-
lar to that taken in our estimation of risk premia for the U.K. in that we
preset some of the potentially estimable parameters at values we regarded
as reasonable. As with the U.K., we set the matrix determining the dy-
namics of real interest rates and inflation (matrix B of equation (A2)) at
the estimates obtained using U.S. data. Again, while there is no guarantee
that Swedish real interest rates and inflation interact in a similar manner,
this assumption should be evaluated against the capability of fitting both
the real and nominal term structure in Sweden. However, because Swe-
den has experienced relatively high volatility for interest rates and infla-
tion, we estimated the covariance matrix for real rates and inflation (ma-
trix S of equation (A2)) using Swedish data on inflation and changes in
real GDP (a proxy for real interest rates) over the last 25 years.

We obtained estimates for the annualized standard deviations of the
change in real rates of 3.2% and of the change in inflation of 2.2%, with
a correlation of —.237. Using these same data, we then made two sets of
conjectures about the current levels and long-run means of both the in-
stantaneous expected inflation rate and the real rate of interest. While
output growth averaged 2.8% over the last 25 years, a reasonable hypoth-
esis is that the current burden of adjusting fiscal imbalances will reduce
the potential growth rate of the Swedish economy in the long run. Thus,
we set the steady state real interest rate at 2.2%. Short-term interest rates
above 8% at the end of January, combined with an inflation rate of 2.6%,
suggest that the unobservable instantaneous real rate was above 5%. For
the simulation we chose 5.7%, implying that the real rate of interest will
be expected to decline to its long-run value. Such a dynamic was implied
by the market yield curve for real rates observed at the January 30, 1995
auction, which was negatively sloped for very long maturities, between
9.16 and 19.16 years. As for expected inflation, we considered two differ-
ent scenarios. The first assumes a level of 3%, slightly above the current
inflation rate of 2.6%, and a long-run level of 3.5%, which is roughly
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consistent with a stable exchange rate vis-a-vis the Deutsche Mark if the
inflation rate in Germany is expected to remain around 2.5%. The sec-
ond scenario is more pessimistic and assumes that the steady state infla-
tion rate will be 6%, a level which is close to the average inflation over
the last 25 years.

Given these parametric assumptions, we then used the January 30,
1995 prices of both nominal and indexed bonds to estimate the prices of
inflation and real interest rate risk. Indeed, we could observe only two
points on the real curve, a rate of 5.316% for the indexed bond with a re-
sidual life of 9.166 years and 4.87% for the bond with 19.166 years to
maturity. For the nominal yield curve, we could observe the yield to ma-
turity on the 2, 3, 5, 7, 10, and 15 year Treasury bonds, classified as
benchmark bonds according to Datastream. Because the nominal bonds
pay coupons, we approximated the term structure by associating those
yields to the benchmark durations, of 1.87, 2.66, 3.41, 4.47, 7.34 and
7.49 years, respectively. Since we had only two points for the indexed
bonds, as opposed to six for the nominal, we assigned a triple weight to
the indexed yields in the non- linear optimization algorithm that we used
to minimize the sum of squared deviations between these actual bond
yields and the theoretical model bond yields.

Employing this optimization procedure, we obtained two sets of esti-
mates of the market price of inflation and real rate risk, one for the low
steady state inflation scenario and one for the high state scenario. Using
these risk premia estimates, we then graphed the theoretical nominal and
indexed term structures under both inflation scenarios. In spite of the
rough parameter settings that we used, Figure 7 shows that the model can
fit the actual yields of nominal and indexed bonds, denoted by diamonds
and dots in the figure, rather well. To help interpret these current nomi-
nal and indexed term structures, we also graphed corresponding term
structures setting the initial values of the real rate and expected inflation
at their steady states, rather than their assumed current values. These
steady-state term structures give a better indication of the effects of risk
premia since their shapes are not affected by expected movements of the
state variables. Returning to the current nominal and indexed yield
curves, we see that the fit is roughly equivalent under both inflation sce-
narios: when the inflation rate is assumed to revert to a higher value,
much of the level and curvature of the nominal curve is accounted for by
the rise in expected inflation, while that of the real rate appears unaffect-
ed by the inflationary scenario, as one would expect.
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Figure 7. Swedish nominal and indexed bond term structures
(steady-state inflation = 6.0%)
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We argued earlier that if the higher interest rates on nominal bonds
are exclusively due to higher expected inflation, a government would save
very little by issuing real indexed bonds, providing that investors’ expecta-
tions are correct, on average. Figures 8 and 9 display the two premia for
both nominal and indexed bonds by maturity, for both the low and the
high steady state inflation scenario. In the low inflation scenario, the sav-
ings for the Government from issuing indexed bonds appears quite large.
As an example, for the 10 year maturity, a typical benchmark maturity
for treasuries in European countries, the difference between the inflation
premia on nominal and indexed bonds is close to 400 basis points, and
becomes 500 when the maturity moves to 20 years. The benefits, howev-
er, decline to only 130 and 160 basis points, respectively, if the market
expects inflation to settle down at a much higher level in the long run.
This might appear to be a contradiction, since greater inflation would
seem to reflect greater inflation risk, and hence greater savings. The ex-
planation, however, is that the shape of the term structure might be a re-
flection of expected movements in the state variables (and small risk pre-
mia) or large risk premia (and small expected movements in the state var-
iables): to the extent that expectations explain a greater proportion of
market prices, risk premia must explain a lower fraction. Thus, we cannot
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Figure 8. Swedish nominal and indexed bonds:
real and inflation risk premia
(steady-state inflation = 3.5%)
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state with a high degree of certainty whether government savings are
small or large, since it depends on investors’ long-run expectations.

~. What lessons have we learned?

We looked at a number of financial markets to see whether the pricing of
government debt can suggest how high-debt countries should manage
their liabilities. Lesson number one is that floaters do not provide sub-
stantial savings. While, in theory, they might reduce the risk of rationing,
there is no evidence that they command a lower default risk premium
than other forms of debt. In addition, investors seem unwilling to pay a
premium relative to fixed coupon bonds for the better inflation hedge
provided by floaters. Lesson number two is that financial innovation is
another unpromising avenue to government debt management. Attempts
to make financial markets more complete may often receive an unenthu-
siastic response by investors. While, in theory, governments could save
money by issuing securities that provide previously unavailable protection
against risks, in practice, it is very difficult to gauge investor demand for
such insurance. In addition, markets seem to reward financial instru-
ments that can be stripped into simple, tradable, and easily hedged com-
ponents. Government debt with embedded contingent claims that does
not satisfy these requirements may be priced at far less than its fair pro-
babilistic value. Governments would do best to leave financial innovation
to the private sector and focus debt policies on making their bond issues
as liquid as possible. Governments might introduce new financial instru-
ments only after there have been similar innovations in the private sector
and only when the treasury is likely to be a lower cost supplier.

Lesson number three is that financial markets are willing to pay a pre-
mium for depth and liquidity. Cost savings can be achieved by ensuring
that single bond issues reach a size which is considered large by global
investors. Because size is a necessary, but not a sufficient, condition for
liquidity, debt management policy should promote a market micro-struc-
ture that concentrates trading on a few benchmark bonds. In addition,
the development of derivatives with risk characteristics similar to the
benchmarks should be encouraged to enable both domestic and foreign
market participants to easily transfer risk. The Italian experience on this
score is very convincing. Single bond issues are re-opened several times,
until they reach a size of between 10,000 and 30,000 billion lire (equiva-
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lent to 6-20 billion dollars). Special Treasury bond dealers are committed
to making two way prices at any time via an automated electronic mar-
ket. In addition, futures contracts on Italian Government bonds, traded
in both London and Milan, allow dealers to hedge inventories and pro-
mote market efficiency by keeping cash and futures prices in line. Newly
issued, on-the-run, 10 year straight bonds, which have the status of
benchmark issues and are typically deliverable against future contracts,
usually trade at a considerable premium relative to the term structure
under very different market conditions: on average roughly 50 basis
points relative to bonds with equivalent risk characteristics.

Lesson number four is that real indexed bonds can reduce the cost of
debt, but the savings are hard to reckon, and may be overestimated by a
simple analysis of the term structure. A steep nominal term structure,
along with a lower and flat real term structure, may not reflect a signifi-
cant inflation risk premium if investors perceive current inflation and/or
real interest rates to be different from their steady state levels. In addition,
one cannot rule out that indexed bonds may also require an inflation risk
premium when changes in expected inflation and real interest rates are
dependent. In most cases, however, we do find that nominal bonds re-
quire an inflation risk premium relative to indexed bonds which trans-
lates into potential savings for the treasury of up to several hundred basis
points. A strong case can be made for increased issuance of indexed

bonds.

Appendix

In this appendix we describe the two factor bond price model that under-
lies our empirical estimates of the inflation rate risk premium. Defining
the price index on date # as /(z), the actual inflation rate is assumed to
follow the stochastic process:

%: n(t)dr + o,dz, (A1)

where 7(#) is the instantaneous expected rate of inflation at date ¢, g, is
the annualized instantaneous standard deviation of inflation, and dz; is a
standard Wiener process. The price of a nominal bond is assumed to be
determined by two risk factors: the current instantaneous expected rate of
inflation and the current short-term (instantaneous maturity) real interest
rate, 7(¢). We allow these two factors to be correlated, consistent with the
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findings of numerous empirical studies. The stochastic evolution of the
two risk factors is described as:

AR i v R ] R *

The elements of the A vector determine the steady state levels of the two
factors while the elements of the B matrix determine the factors’ dynam-
ics and speeds of adjustment to these steady state levels. The annualized
instantaneous standard deviations of changes in the real interest rate and
the expected rate of inflation are given by ¢, and o, respectively. An at-
tractive feature of this model is that the two factors, () and p(z), may be
instantaneously correlated, i.e., p,, 70 and have an impact on each other’s
dynamics. A limitation is the constant volatility assumption for the state
variables.

Let the current (date ¢) price of a zero coupon bond with a time until
maturity of 7'be denoted P(7"). Also, let m(z) denote the bond’s expect-
ed rate of return in excess of the instantaneous maturity, risk-free nomi-
nal interest rate. This excess rate of return can be expressed as the sum of
the bond’s premium due to inflation risk and its premium due to real
interest rate risk. Each risk premium, in turn, is the product of the given
factor’s market price of risk, @, multiplied by the quantity of that factor’s
risk contained in the stochastic component of the bond’s rate of return:

m(t) = @rﬁl’) o, + (Dnﬂan (A3)

Given the above assumptions, the price of a nominal or real zero coupon
bond takes the form:

P(T) = K(T)e—D(T)s(2) (A4)

where s(z) = (r (¢) p(2))” is a vector of the date # values of the two unob-
served state variables, D(T") is a 1x2 vector, and K(7') is a constant. A
similar functional form can be derived for the expected level of inflation
over any finite future period. Using these formulas, the parameters of the
B matrix, g, and o, and p,, were estimated by maximum likelihood using a
Kalman filter to compute the likelihood function. The details are given
in Pennacchi (1991).
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