The euro yield curves

Luca Ascoli

In this statistical study, Eurostat presents in detail the new methodology for
the calculation of the euro yield curve. The objective of this study is to make
comprehensible to the reader the series of different yield curves calculated by
Eurostat, to explain their interest and to compare it to other measurement
methods, such as bond indices.

1 fo cu S The creation of the euro-zone and the introduction of the new single currency
have transformed European financial markets. The market in euro-
I Iy denominated bonds has become the second largest worldwide after that in

dollar bonds. To cater to the new situation, Eurostat has replaced the ECU
yield curve, which was its reference tool for the ECU bond market, with the
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At the same time, Eurostat has established a yield curve for commercial inter-

est reference rates for export credits and also national yield curves. These

THEME 2 — 39/1999 national yield curves have initially been created only for internal use by the
European Commission but a larger use is taken in consideration.
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The yield curve on the Eurostat Web site

Since September 1992, Eurostat had
calculated an ECU yield curve' as a
benchmark for the financial markets,
and for a discerning public looking for
information on yield developments on
the ECU bond market. From June
1997 to the end of December 1998,
four pages of the Eurostat Web site
(bttp:/europa.eu.int/en/comm/eurostat)
were dedicated to this curve.

In response to the changeover of the
financial markets to the euro, the ECU
yield curve on the Web site was re-
placed with a euro yield curve on 5
January 1999. The new curve is very
similar to its predecessor, although it
has undergone a number of changes
to better reflect the new situation on
the bond market.

Since the euro replaces not only the
ECU, but also all the national curren-
cies of the euro-zone, the euro bond
market has quickly become more lig-
uid and deeper than that of the ECU.
The new curve is therefore no longer
calculated on the basis of a more-or-
less fixed basket of around 20 bonds,
but on a flexible basket of more than
200 bonds.

ISMA data

Every working day at around 11 p.m.,
ISMA (International Securities Market
Association) in London issues a data
file on the euro bonds which have
been actively traded during that day
on the major stock exchanges. The
ISMA file often has more than 350
entries, but this number can vary
slightly depending on stock exchange
activity. In creating the file, ISMA
makes a preselection of bonds: the
minimum amount of each bond must
be €500 million, and only straight
fixed-coupon bonds are included. No
adjustments are made for differences
in coupon levels or for differences in
taxation and regulation between the
capital markets.

Each entry contains the following data
on a particular euro bond:

— ISIN code

— name of the issuer

— sector code of the issuer

— nationality code of the issuer
— amount of issue (outstanding)
— coupon

— date of payment

— maturity date

— buying rate

— selling rate

— remaining time to maturity
— vyield to maturity

— Standard & Poor's credit rating
— Moody's credit rating.

To a certain extent (because of pre-
selection), the ISMA file reflects the
current makeup of the euro bond
market.

For example, in the file of 8 October
1999, more than 90% of the bonds
measured in terms of amount out-
standing are issued by a government,
less than 2% by international institu-
tions, and the rest by non-financial
enterprises and financial institutions.

The percentages change considera-
bly when calculated in terms of the
number of issues. More than 59% of
bonds are then issued by govern-
ments, around 27% by financial insti-
tutions, slightly more than 6% by in-
ternational institutions, and the re-
maining 8% by businesses. In other
words, government issues are many
in number and often much greater in
volume than other issues.

A breakdown by country of govern-
ment bonds measured in terms of
volume (see Figure 2) reveals ltaly as
the largest issuer, followed by Ger-
many and France. When all the issu-
ing institutions are included, Germany
comes first, followed by Italy and
France. A comparison of the volume
and the number of government issues
by country shows that smaller issuing
States, such as Austria, Finland and
Portugal, have a higher percentage in
number than in volume; for the larger
issuing States, the opposite is true.

A breakdown by maturity of govern-
ment bonds in terms of volume shows
that a third of the bonds reach matur-
ity after three years or less, more than
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Figure 2 : Breakdown of government bonds by country
based on ISMA data on 8 October 1999

!See ECUSTAT supplement 9/1996
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half reach maturity after five years or
more, and almost 90% reach matur-
ity after ten years or less.

The calculation procedure

The file is retrieved automatically
from the "Stadium" computer and
imported to a FAME environment,
where it is then processed. It takes
approximately four minutes to up-
date the FAME database and cal-
culate and print all the curves. A
further three minutes is then needed
to create all the Web pages (tables
and graphics) in the three languages
and transfer them to the "buffer"
site, so that they can be incorpo-
rated in the hourly update of the
"Europa" site.

The first process run on the file in-
volves a more stringent selection
than that of ISMA and only the best
bonds of the euro-zone are in-
cluded. Only bonds meeting the fol-
lowing criteria are incorporated in
the calculation of the yield curve.

— The sector code must identify
the bond as a government issue
to guarantee its quality.

— The nationality code must be-
long to one of the euro-zone
countries.

— The bid-offer spread must not
exceed 40 basis points (bp).
The narrower the spread, the
more liquid the bond. If the bid-
offer spread does not exceed 40
bp, the bond can be considered
to be very liquid.

— The time remaining to maturity
must be least nine months, oth-
erwise the yield would reflect the
currency market and not the
bond market.

The selection process filters out
between 40% and 55% of the bonds
because they do not meet the re-
quired conditions. The bonds are
weighted by the amount outstanding
to take into account the weight of
each bond on the market.
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Selection example

To return to the example of the file
of 8 October 1999, 153 bonds out of
375 were rejected because their
sector code was not that of a gov-
ernment issue, 25 because the is-
suer was outside the euro-zone, 7
because the bid-offer spread was
greater than 40 bp and 11 because
the remaining maturity was less than
nine months. In total, 196 bonds out
of 375 were rejected. Some failed to
meet more than one criterion. There
is a link between the nationality of
the issuer and the sector code and
liquidity. Euro-zone issues and gov-
ernment issues are often more liquid
than other issues.

The model

The model used is transparent, re-
producible and based on reliable
data provided by ISMA. Since the
results achieved with the calculation
model chosen for the ECU yield
curve were good, it has been used
as a basis for the model for the euro
yield curve. The number of very
high-quality bonds has risen consid-
erably compared with the situation
before the introduction of the euro.
The selection prior to the calculation
ensures the quality of the bonds
used, and the model therefore no
longer needs to incorporate a quality
variable.

each maturity segment, the range of
maturities has been divided into
several sections, with a separate
polynomial being adjusted to each of
them; at the same time, their conti-
nuity and the smooth transition be-
tween them (in other words, the
continuity of the first and second
derivatives) remain unaffected. A
system of three sections and two
intersections (or "knot-points") was
chosen. The "knot-points" were set
at five years and ten years. Since
there is a higher concentration of
bond issues between one and five
years, the yield curve is not based
on the maturity, but on its logarithm.
The logarithmic version provides a
smoother issue distribution along
the X-axis and makes the curve
more flexible where necessary.

Every working day, the model cal-
culates the one- to 15-year yields
and the five coefficients of the equa-
tion using FAME's FIT command.
These coefficients can be used to
obtain the daily yield for any matur-

ity.

The Eurostat Web site also provides
users with information on the be-
haviour of the curve in terms of
yields, term spread and volatility.

R =Yield
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¢ flogyy (max (1,M/5)) £ + s flogyy (max (1,M/10))

[0,75 <M < 15]
M = Maturity
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Figure 3: The yield curve equation

The vyield curve is estimated using
"spline" regression based on third-
degree polynomial functions with the
help of a standard Ordinary Least
Square (OLS) technique. Spline re-
gression was chosen because its
flexibility makes it possible to create
a curve which faithfully reflects the
behaviour of a yield curve. Since a
yield curve behaves differently in
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The CIRR curve
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Figure 4: The CIRR curve

The commercial interest reference
rates (CIRR) are the minimum rates
that can be applied to export by na-
tional export credit agencies under
the OECD Arrangement on Export
Credits.

In general, they are calculated by
adding 100 basis points (= one per-
centage point) to the state-borrowing
rate of the country concerned. The
CIRRs are used for medium- and
long-term credit for sales of aero-
planes, nuclear power stations, very
large industrial machinery, etc.

Until the end of December 1998 there
was a CIRR rate for the ECU and for
each national currency of the future
euro-zone (except for the Portuguese
escudo and the Luxembourg franc).
Since the introduction of the euro,
there has been a single CIRR euro-
rate for the whole euro-zone.

The calculation

The calculation used is based on a
similar model to that of the curve on
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the Web site. An iterative algorithm
has been added to the model to cal-
culate the minimum rates. Based on
the same ISMA file, the data have
undergone the same selection proc-
ess, but the regression for the calcu-
lation of the curve is not carried out in
a single step. The program calculates
the standard deviations of the obser-
vations used for the regression. It
finds the one with the highest stan-
dard deviation, removes it and starts
a new regression process with the
remaining bonds. The removed bond
is always the one highest above the
last curve calculated. Before each
regression, the volume of the bond
market is measured. The algorithm
stops just before the market volume
of the remaining bonds dips below
50%. In this way, the calculation of
this curve will have used at least half
the government bonds on the market.
Because of the iterative algorithm, the
CIRR curve is lower than that of the
Web site.

Since the CIRR rates are monthly,
they are based on a weighted monthly

average (the last week counts dou-
ble).

Every day, Eurostat sends the yields
from the calculation of the CIRR curve
to the DG for Trade in Brussels, which
uses them to calculate the rates to be
applied. The application period of
these rates always covers the second
half of the current month and the first
half of the following month. The an-
nounced rates are always calculated
on the basis of the yields observed
during the previous month.

Period <5 >5 | >85
years | years |years

<8.5

years
roooig | 415 | 433 | 453
e | 407 | 428 | 448
o | 414 | aa1 | ae7
o= | 415 | 450 | 480
rooagg | 393 | 428 | 458
oo™ | 96 | 434 | 469
ooy | 427 | a7a | 5
o™ | 460 | 511 | 543
e | 486 | 537 | 565
toiteg | 503 | 551 | 581

Table 1: The current CIRRs

The rates in Table1 can also be
found on the Web site of the DG for
://leuropa.eu.int/comm/

eurostat
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The national curves
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Figure 5: German yield curve

Eurostat has also created national
curves, principally for internal use at
the European Commission.

Even since the introduction of the
euro, the size and liquidity of the
national bond markets in the euro-
zone have differed widely from one
country to another. Italy has become
the largest issuer of government
bonds in the euro-zone in terms of
number and issue volume, with
Germany in second place. Together,
these two countries issue more than
half the government bonds in the
euro-zone. However, the euro bond
market has become the most har-
monised financial market. Most of
the various institutions have taken
advantage of the redenomination of
their debt in euro to choose the
same calculation rules. For exam-
ple, the rule most often used for in-
terest is "actual/actual®. The market
has therefore become more homo-
geneous. However, since the GDP
and debt of smaller countries will
always be lower in real terms, their
issues will not have the same liquid-
ity as those of larger countries. The

volume of government bonds in the
euro-zone should not increase too

euro, even if they cannot issue them
for each maturity and thus cover the
entire yield curve. Eurostat cannot
yet calculate a yield curve for some
of the States which make few is-
sues. This is the case with Austria,
Finland, Ireland, Luxembourg and
Portugal. In addition, a calculation is
not always possible for Spain, since
a regression curve requires a mini-
mum of points well spread between
the various maturities.

By contrast, the proportion of bonds
issued by businesses and the finan-
cial sector will continue to increase,
because the European bond market
has become more attractive now
that it is deeper and more quuid3. In
1997, 74% of EU businesses were
financed by bank loans, and only
26% by bond issues®. At the same
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Figure 6: Italian yield curve

much in the next few years, since all
States are now bound by the Stabil-
ity and Growth Pact, limiting their
deficit to 3% of GDP (reference
value). Since the arrival of the single
currency, the smaller countries have
been issuing higher volumes in

time in the United States 68% of
businesses relied on the bond mar-
ket to borrow funds.

?"Kapitalmarkt Europa: Der Bund zieht mit", Hans Ulrich Lellek, Bérsen-Zeitung, 25 September 1999

3"Bond issuance beats record " Edward Luce, Financial Times, 1 October 1999

“Practical issues arising from the euro”, Bank of England, June 1999
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This observation also applies to the
debts of local administrations and, to
a lesser extent, the debts of the
States®.

The calculation model used for na-
tional curves is the same as that of
the yield curve on the Eurostat Web
site. However, for certain countries,
such as the Netherlands, a third-
degree polynomial regression with-
out the "knot-points" at five and ten
years was found to produce better
results.

The national curves have become
very similar due to the convergence
in yields. For example, a compari-
son of the German curve and the
Italian curve shows very little differ-
ence in basis points. The yield dif-
ferential between a German gov-
ernment issue at ten years and a
comparable ltalian bond varied be-
tween 20 and 30 bp during the first
quarter of 1999°. In this case, the
residual discrepancy is due to the
difference in credit risk, which is also
reflected in the countries' credit rat-

ing. The rating agency Standard &
Poor's gives Germany the best
credit rating, triple A (AAA), and Italy
the rating AA. This means that Italy
must pay more to borrow on the
market. Thanks to the introduction of
the euro and the consolidation pro-
grammes of the State budgets, the
already slight differences in credit
risk should disappear at State level.

Bond indices

A number of financial establish-
ments calculate bond indices for the
euro-zone on a daily basis. The
bond indices presented here have
been chosen because of their im-
portance. In cases where an estab-
lishment calculates several indices,
that of government bonds has been
preferred, since it is close to the cal-
culation of the yield curve.

Barclays Capital
Euro Government Bond Indices

Barclays Capital publishes a number
of indices based on public issues.
There is an index for each country of
the euro-zone (except Luxembourg)
and an index covering the entire
euro-zone (Euro all). In addition to
all these indices, there are data for
different maturity periods. Barclays
Capital limits itself to the euro-zone;
there is no index covering the Euro-
pean Union.

These indices are calculated on the
basis of liquid, negotiable, fixed-
coupon bonds with a remaining term
to maturity of more than one year
and a minimum volume of € 250
million.

They are weighted by stock-market
capitalisation in euro (in ECU before
1January 1999) and based on
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Figure 7: Barclays Capital Euro Government Bond Indices (Euro all)

FTSE actuarial methods with
monthly changes to the weightings.
The base 100 is 31 December 1997.

In the example of 15 October 1999,
269 bonds are included in the cal-
culation of the "Euro all" index, with
a stock-market capitalisation of
around € 2 000 billion. The break-
down by country is as follows: Aus-
tria 2.50%, Belgium 7.15%, Ger-
many 24.01%, Spain 8.27%, Finland
1.77%, France 21.49%, Ireland
0.83%, Italy 25.04%, Netherlands
7.68%, Portugal 1.27%.

7 "Staatsfinanzierung”, DePfa Research, Nr. 3/1999

When this is compared with the data
used the same day for the euro yield
curve, the result is as follows: 214
shares with a total stock-market
capitalisation of more than €1 700
billion were selected for the calcula-
tion. The breakdown by country is
as follows: Austria 1.92%, Belgium

8.70%, Germany 27.56%, Spain
9.13%, Finland 1.20%, France
19.55%, Ireland 0.12%, ltaly

23.76%, Netherlands 7.29%, Portu-
gal 0.86 %.

°"Klare Konturen des neuen Euro-Kapitalmarkts", Thomas Stucki, Neue Ziiricher Zeitung, 24 August 1999
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Barclays Capital is based on a wider
selection of bonds to allow smaller
countries to be included in the indi-
ces. Liquidity is guaranteed only by
a minimum size. The main aim of
these indices is to draw a repre-
sentative picture of the government
euro bond market of the countries in
the euro-zone. By contrast, the aim
of the yield curve is to show the
yields of the best government
bonds.

Figure 7 shows the Total Return
Index, which includes the revenue
reinvested as soon as it is received,
and the Clean Price Index, which is
based on the prices at closure with-
out accrued interest.

MSCI
EMU 11 Sovereign Debt Index

Morgan Stanley Capital International
has created an index (MSCI EMU
11 Sovereign Debt Index) to cover
the sovereign debt issued on the
national markets of the euro-zone
countries. This index is based only
on fixed-rate issues and includes
both simple issues and issues with
"put" or "call" options. The minimum
remaining maturity is one year. The
minimum stock issued depends on
the market. It is €1 500 million for
France, Germany, Ireland, Italy, the
Netherlands and Spain, and only
€ 1 000 million for Austria, Belgium,
Finland and Portugal. The break-
down by country is therefore as fol-

lows: Austria 2.54%, Belgium
7.42%, Germany 23.76%, Spain
9.18%, Finland 1.86%, France
22.29%, Ireland 0.90%, Italy
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23.46%, Netherlands 7.35%, Portugal
1.23%. The index is calculated from
around 300 shares weighted by the
stock-market  capitalisation. Its
makeup is reviewed every month.

JP Morgan
Government Bond Indices

In March 1998, JP Morgan pub-
lished the EMU Government Bond
Index to measure the performance
of the bond market in the future
euro-zone. This index is made up of
229 fixed-coupon government bonds
representing a stock-market capi-
talisation of approximately € 1 900
billion. The bonds must meet the JP
Morgan liquidity criterion, which
varies according to the size of the
country's market. It is stricter for the
larger, more liquid markets, so that
they do not prevail over the smaller,
less liquid markets. It currently cov-
ers all euro-zone countries except
Luxembourg and Austria. The index
base was initially 31 December
1995, but was then changed to
31 December 1998 = 100. The na-
tional weightings are as follows:
Belgium 8.31%, Germany 26.27%,
Spain  9.81%, Finland 1.89%,
France 24.57%, Ireland 1.29%, ltaly
17.19%, Netherlands 9.63%, Portugal
1.04%.

Compared with the two other indi-
ces, JP Morgan's EMU Government
Bond Index is more representative
of France than Italy. This means that
quality is more important than vol-
ume and the number of issues in the
choice of bonds.

eurostat

JP Morgan later created a second
European index called the European
Government Bond Index. This cov-
ers EU 15 except for Austria, Fin-
land, Greece, Ireland, Luxembourg
and Portugal, and is based on 253
fixed-coupon government bonds.

Conclusion

Bond markets are less "exciting"
than share markets but attract in-
vestors looking for safer investments
in times of uncertainty. The intro-
duction of the euro has made the
European bond market a lot larger
and more attractive to foreign in-
vestors.

This development has not run its
course, but is part of an ongoing
trend. For all these reasons, analy-
sis of the euro bond market by
means of yields or indices can be
very interesting.

Information for readers
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The daily yields indicated by the
euro yield curve and the monthly
and quarterly yields are available
from the New Cronos database for
maturities from one to 15 years.
These yields are calculated for the
euro-zone and for EU 15.

The monthly yields for the euro-zone
and EU 15 for maturities of one, five
and ten years are posted on the
euro-indicator Web page at the start
of each month.
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