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Abstract

In this paper we study the determinants of the long term yield spread
between Italian and German government bonds using daily observations
for a period 1 January 1995- 28 October 1997. We split total spread into
two main factors: an exchange rate factor or currency risk factor, that
we approximate by a differential on swap contracts (same maturity) and
a default risk factor, that we consider as a residual. Using cointegration
analysis we test if this parity condition holds in the period considered and
also study the dynamic adjustment of total spread and its components
using impulse response analysis. The main result is that an uncovered
parity condition cannot be rejected in the sample only if the relationship is
augmented by German short term interest rate. Impulse response analysis
shows that this latter variable permanently affects the default risk.



1. Introduction

In this paper we study the determinants of the total interest rate spread on gov-
ernment bonds (BTP, BUND) between Italy and Germany within the period
1995-1997. The analysis is performed by decomposing the total spread within its
components, as suggested by the uncovered interest rate parity conditions: the
exchange rate component and the default risk component.

An estimation of the default risk component is important, in this framework,
since after the establishment of EMU the exchange rate component of the spread
will disappear and any interest rate premium will depend on the (expected) default
risk assigned by financial markets to a given country.

In the period considered the total interest rates spread between interest rates
exhibited a steady reduction and the aim of this paper is to give account: a) of the
role that in this reduction has been played by the exchange rate component with
respect to the default risk component and b) the role that international factor
(long run dynamics of the world interest rate) with respect to idiosyncratic factor
(credibility) may have played in the dynamics of the default risk.

Both of these issues will be addressed empirically by estimating a long run
relationship based on the interest rate parity condition. Point a) will be addressed
by proxing the exchange rate component by interest rate differential on swap
contracts (same maturity) denominated in different currencies and treating the
default risk as a residual as, for example, in Favero et al. (1996). Point b) involves
variables which cannot be easily proxied (particularly at the daily frequencies
analysed in this paper) and hence will be addressed in a less direct approach. Both
the international factor (world interest rate) and the national factor (credibility
factor) can be taken as exogenously given with respect to the variables considered
in the equilibrium relationship we use, and hence much of the answer to the
question raised in point b) has to rely on the dynamic response of interest rate
spread to these exogenous components.

The paper is organised as follows. Section 2 introduces the usual uncovered
interest rate parity condition that decomposes total spread on government bond
issued by Italy and Germany (BTP, BUND) into two factors: a exchange rate
factor and a default risk factor. Section 3 shows the methodology: (i) cointegration
analysis is used to test the existence of a long run uncovered parity condition and
for causality; (ii) impulse response analysis to study the dynamic adjustment of
each variables to shocks. Finally, section 4 concludes.



2. The determinants of government bonds spread

We start from the following uncovered interest rate parity condition
L+ 1)1 =p)+p(l —a)(1+1") = (1 + [)(E°/E)

where I'* represents the annually compounded interest rate on Italian govern-
ment BTP denominated in domestic currency, /9¢ represents the annually com-
pounded interest rate on German Government BUND denominated in D-Marks;
p represents the probability of a default of Italian government occurring before
the maturity expiration of the title, « represents the fraction of the cost to the
creditor due to default; E° represents the expected exchange rate formed at time
t for the time of maturity of the asset; E represents the current exchange rate
(number of Italian liras for one D-Mark).

Some algebra shows that, by disregarding second order terms, this equilibrium
condition can be rewritten, as follows:

(1) I'"" —[%¢ = (B¢ — E)/E + ap

where I — ]9 = Sp can be defined as the total spread between Italian and
German long term bonds, (E° — E)/E = Er represents the expected exchange
rate changes and can be defined as the exchange risk term in the parity condition,
while ap = Dr represents the expected cost due to default and can be defined as
the default risk term. Hence (1) can be rewritten as follows

(2) Sp= Er + Dr

2.1. Measures and definition of the variables

The main problem in testing such equilibrium condition and in decomposing Sp
in its components is that these latter are not observable. In recent papers different
routes have been proposed to escape this problem.

One route is to consider different measures for Er (free of any default risk)
treating Dr as a residual. The most common measure for Er is given by inter-
est rates differential on swap contracts (same maturity) denominated in different



currencies: FEr = ST% — S[% (for example Favero et al., 1996, Tosato, 1996,
Seghelini, 1996). The swap differential between I'TL and DEM is usually assumed
to embody the currency risk. Other candidates free from default risk are interest
rates on long term bonds essued by a supra-national organisations (such as World
Bank or the European Investment Bank). A different strategy would require using
an independent measure of default risk treating Er as a residual. In this paper
we use interest rates on swap contracts as a proxy for the exchange rate risk, for
references about this issue see the discussion in Favero et. al. (1996).

Data are daily observations for a period 1 January 1995, 28 October 1997 of
the following variables:!

btpl0y : interest rate on 10 years Italian Government bonds (BTP denominated
in Liras)

bundl0y : interest rate on 10 years German Government bonds (BUND de-
nominated in D-Marks)

lit10y : interest rate on swap contract (EurolTL)

dm10y : interest rate on swap contract (EuroDEM)

lit3m : interest rate on 3-monts Italian bond (EuroITL)

dm3m : interest rate on 3-months German bonds (EuroDEM)

3. Methodology and results

A natural framework for testing the interest rate parity condition as an equilibrium
condition due to the degree of integration of the variable is given by Maximum
Likelihood Procedure developed by Johansen (1991) to investigate cointegration
properties of the data. The cointegration testing procedure appeals to the fact
that deviations from equilibrium condition(s) for two or more variables, which
are nonstationary (we return on this definition later), when taken by themselves,
should be stationary. The intuition is that economic forces should avoid persistent
long run deviation(s) from equilibrium condition(s), although significant short
run deviation(s) - that is transitory but that could be long lasting - may be
observed. An implication is that, while individual interest rates may wander
extensively, certain groups of such series should not diverge from one to another
in the long run. The economic counterpart of this statistical definition, is that
interest rates exhibit considerable volatility and persistence to a national and
international shocks representing changes in domestic and international policies

'We thank Cosimo Musiello and Prometeia for providing us with the data set.



and finance conditions, however the parity condition in international financial
markets should ensure that the individual rates do not wander arbitrarily far.

3.1. Cointegration analysis

Now we illustrate the basic econometric tools used. Suppose that a (n x 1) vector
X; can be represented as a nonstationary pth-order vector autoregression:

B) Xe=p+Bi X1+ ...+ B Xy, + 0

where v, ~ (0,%,),det X, # 0. Any VAR of this form can be equivalently
written as

(4) Xt = U + (I)lAXt—l + ...+ q)[,_lAXt_p+1 + I‘Xt_1 + U
where

O, =—(Byy1+...+By) fors=1,2,..,p—1
['=B+..+5,

Subtracting X;_ifrom both sides of (4) produces the following VECM (Vector
Error Correction Model)

(5) AXt_l =l -+ q)lAXt—l + ... q)p—lAXt—p—!-l + HXtﬂl ~+ Uy

where

M=T-I=—(I-By~..-B,)

The rank r of the II matrix can at most be equal to the number of variables
included in the model, that is n. If » = n, the vector X is integrated of order
zero, i.e stationary. If r < n, it determines the number of cointegrating vectors
(representing 7 long run relationships among n variables) in the VAR model ex-
plaining X. In this case the Il matrix can be decomposed as Il = a8’ where
f' is a (r x n) matrix of cointegrating vectors and « is a (n x r) matrix of the
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adjustment coefficients to the long run relationships. If the rank is equal to zero
the variables are not cointegrated and does not exist a VAR in levels as in (3).

For example, if the parity condition (2) holds, we expect to find one cointe-
grating relationship between Sp (defined by btplOy — bundl0y) and Er (defined
by l7t10y — dm10y) with the particular form f = (1, —1) or equivalently one coin-
tegrating relationship between the four variables: biplQy, bund10y, lit10y, dm10y
with the particular form 8 = (1,-1, -1, 1).

3.2. Introduction to the identification and IRF analysis

In the econometric exercise we present in the next section we also perform im-
pulse response analysis (IRF), that is the study of the dynamic adjustment of each
variable to shocks. To this aim we implement identifying restrictions on model
(4), that can be considered as the reduced form of a general dynamic structural
model, to recover structural disturbances from reduced form disturbances.

The autoregressive representation of (4) is given by:

(6) B(L)X: = v

By inverting B(L) we get the (reduced form) moving average representation:
(7) AX, = E(L)v;

For the representation (6) and (7) the following conditions hold

v ~ (0,%,),det X, # 0
(

): I
B(0) = I,
E(L) =1+ E\L+ FE,L*+ ...
B(L)=1- B\L — ByL? — BsL?® — ... — B,I”

Now we assume that AX; has the following structural moving average repre-
sentation

AX, = C(L)e,



where &, ~ (0,%.). The innovations v; of the reduced form are assumed to
be linear combinations of the structural disturbances e;,i.e. v; = Se; for some
(n x n)full rank matrix S.

Hence, the following relation holds

53,8 =3,

Since X, can be estimated from the reduced form, the problem of the identi-
fication relates to the conditions under which the structural parameters in S%.S’
can be recovered from X,.

The structural model, i.e the coefficients of C'(L) will be identified introducing
enough restrictions to determine S uniquely. The orthonormality of the variance-
covariance matrix . = I provides n(n + 1)/2 non linear restrictions on the ele-
ments of S. To just-identify the model, we need n(n—1)/2 additional restrictions.
Since C'(L) = E(L)S,we can choose different identification strategies, for example:
(1) pre-specify three of the parameters of the contemporaneous matrix S (short
run restrictions)?, (ii) pre-specify particular long run relationships between the
variables to constraint the matrix of long run multipliers C(1) given that also the
relation C'(1) = E(1).S holds (long run restrictions), (iii) pre-specify a mix of long
run and short run restrictions, (iv) choose the standard Choleski identification
that imply the contemporaneous effects in the model are triangular, while lagged
dynamics are unrestricted®. We discuss the restrictions of our model in the next
section. Suitably transformed, the estimates of C(L) based on the identifying
restrictions allow us to express all the n variables as the sum of p distributed lags

of the structural shocks, &;.

3.3. Estimation of the interest rates parity condition

The necessary condition to perform Johansen cointegration procedure concerning
model (5) is that all the variables in the VAR contain a unit root, that is they are

1(1). *.

2Premultiplying both sides of (6) by S~™!'we obtain the structural VAR representation
A(L)X; = e¢,where the matrix of the contemporancous effects is 4(0) = S—1.

3For a summary on the identification in VAR models, see Canova (1995a) and Canova
(1995b).

4Shea (1992) reviews the debate on the nonstationary behaviuor of interest rates. The debate
has proponents of linear time series model with uuit root (for example Campbell and Shiller,




We test the null hypothesis of the presence of a unit root by using Dickey -
Fuller regressions, augmented when necessary with a number of lags in order to
prevent autocorrelated errors, and non parametric measure of persistence at zero
frequency due to Cochrane (1988)°. Table 1 presents the results. The estimates
of persistence at zero frequency and the ADF tests show that all the variables:
btp10y, bundl10y, lit10y, dm10y, lit3m, dm3m contain a unit root.

Table 1 Spetral density function and unit root tests

Variables  spectrum f(0),(s.e.) ADF (lags)
btpl0y  1.14 (0.36) 2015 (1)
(
(

bundl0y  0.79 (0.25) 22,07 (1)
lit10y  0.79 (0.25) -0.09 (0)
dml0y 050 (0.16) - 2.00 (1)
lit3m 0.74 (0.23) - 0.55 (0)
dm3m  0.50 (0.16) 1262 (2)
spriQy 1.19 (0.37) 0.08 (1)

swsprlOy 0.98 (0.31) 0.21 (1)

Notes :Spectral density function of the first differences of the variables at zero
frequency f(0) is the spectrum at zero corresponding to a period equal to infinity,
i.e trend. Bartlett window estimates, window size equal to 52. Asymptotic stan-
dard errors in parentheses, (s.e). ADF: unit root tests from augmented Dickey-
Fuller regression with a constant included (levels of the variables). Lag lenght
chosen by LM tests. Critical values: 5% = -2.86.

1987) and proponents of linear mean variance stationary model, I(0) (for example, Fama and
Bliss (1987)). Goodwin and Grennes (1994) also review the limitation of conventional regression
tests of interest rate equalisation in the possibility of non stationary series.

5The persistence measures how important is the random walk component is to the behaviour
of a series. It describes how much a shock changes the forecast of a variable in the long run.
If this change is zero, the innovations are viewed ouly to have transitory effects. When a series
has a random walk component, that is it is I(1), innovations are expected to persist into the
future and the persistence measure must be significantly different to zero.If the series is a pure
random walk the persistence is equal to one.However, a persistence equal to one not necessary
imply that a series is a pure random walk, while tlie reverse occur. A persistence equal to one
implies that a series is a pure random walk only for the class of models ARMA(1,1), see Pistoresi
(1997).When the persistence is different from zero only implies that the series contains a random

walk component.



The VECM (5) is a common representation used for variables that are trend-
ing. It implies that X has a linear trend but this can be eliminated by cointegrat-
ing relationships in £. In other words, 8 that eliminates stochastic non stationarity
also eliminates deterministic non stationarity (this is the usual case of determin-
istic cointegration)®. Figures 1 shows that the variables of interest are trending
on the relevant period and this is compatible with the representation VECM with
an unrestricted constant.

Model 1. Now we start testing for cointegration among 4 variables entering
the pure interest parity condition (2) that is X = (btp10y, bund10y, (it10y, dm10y).
The VAR has p = 4 that is the number of lags supported by traditional lag trun-
cation criteria.” Standard tests of the hypothesis of reduced rank of the IT matrix
enable us to accept one cointegrating vector at the 95% quantiles. (Table 2).

Table 2 Cointegration tests on X = (btpl0y, bundl0y, lit10y, dm10y)
Hy Trace T —nm 95%
r=0 487 4757  47.2
r<1 19.82 1936 29.7
Notes:Trace statistic: —T S22, log(1 + );). Critical values in Osterwald-
Lenum (1992, table 1). T-nm is the trace statistic adjusted taking into account
the degrees of freedom, see Reimers (1992).

Having found one cointegrating vector we next test the hypothesis that it has

the form required by (2). The restricted cointegrating vector 8= (1,-1,-1,1)
yields the following statistics: x2(3) = 23.61(pvalue = 0.00) which enable us to
reject the hypothesis.

In other words the rejection of the hypothesis above means that data cannot
allow a representation of the form given by the pure interest parity condition,
Sp = Er + Dr. The result is that total spread cannot be decomposed in the two
unobservable components by using the swap spread and treating the default risk
term as an [(0) residual. In other words the usual term Dr = Sp — Er turns out

8See Campbell and Perron (1991) for a discussion on deterministic and stochastic
cointegration.

"We perform information criteria tests and on the selected VAR we also perform diagnostic
tests for autocorrelation in the form of single equation tests and vector tests (see Doornick and
Hendry 1994 for a discussion of these test). Results are available on requests.



to be an I(1) non stationary variable whose dynamics, as we will see, is driven not
only by country specific factor, but also by permanent international shocks.

Model 2. After rejecting model 1 we propose a more general model for es-
timating the interest parity condition which considers the role that the 3-months
spread between Italian and German short term rates (lit3m, dm3m) and/or the
level of the European interest rate (proxied by the German short term interest
rate) may have in explaining and forecasting the dynamics of either the Exchange
rate factor or the Default risk factor (See also Seghelini, 1996 and Tosato, 1996).
These variables, for example, (a) may give account of different position of Italy and
Germany in the business cycle, (b) may contain relevant information of the pol-
icymaker about the credibility of future monetary stance, (¢) may affect directly
the total spread via the default risk, as in the case when an increase (decrease) in
the level of short term rates has negative (positive) effects on public expenditure
for interest repayment.

The candidate variables are Italian and German three months interest rates.
To test this possibility we run cointegration tests on X = (btpl0y, bund10y, lit10y, dm10y, lit3
in this case p = 4. Cointegration tests are reported in Table 3 below.

Table 3 Cointegration tests on X = (btpl0y, bundl0y, lit10y, dm10y, lit3m, dm3m)

Hy Trace T —nm 95%
r=0 101.1 97.6 98.33
r<1 70.74 68.28 71.80

Notes:see notes in Table 2

The resulting cointegration relationship is given by the following vector:

6= (1,1.97,-0.66, —3.00,—0.12, —0.25), and the corresponding vector of ad-
justing coefficients is given by: a = (—0.046, —0.006, —0.015, 0.010, —0.006, —0.015).
The following hypothesis are implemented both to restrict contegrating coefficients
as suggested by the interest rate parity condition and to test for weak exogeneity.

A

H(1) | f=(1,-1,-1,1,0,0) | x*(5) = 13.14(pvalue = 0.02)
A
B=(1,—1,-1,1,0,86) | x*(4) = 5.95(pvalue = 0.20)
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A
H(3) B=(1,—-1,-1,1,0,Fs) 2(8) = 12.52, (pvalue = 0.12)
A= (a1, 2, 0,0,0,0) Gs = —0.63, a7 = —0.034, ay = 0.011
éz (1,—1,-1,1,0,5) x2(9) = 16.04, (pvalue = 0.066)
H(4) | , Bs = —0.69, 1 = —ary = 0.016
= (al,a2=—a1,0,0,0,0) 6 it 2 :

H(1) rejects the hypothesis that both the three-months interest rates can be
ignored in the long run relationship between Sp and Swsprl0. H(2) does not
reject the exclusion of lit3m from the cointegrating relationship; H(3) imposes a
further restriction on the weak exogeneity structure across the variables consid-
ered; finally, H(4), restricts the adjustment coefficient to be the same in magnitude
for btpl0yand bund10y. H(3) and H(4) suggest that the only variable that adjusts
to long run disequilibrium is btpl0y — bund10y, i.e. Sp, in other words Swprl0
and dm3m turn out to be weakly exogenous in the system®. The three-months
Italian interests rate does not enter in the long run relationship and moreover does
not enter in the short run dynamics of the equations for Spl0y, Swsprl0y and
dm3m,in other words it does not Granger cause any other variable (the Wald test
x%(12) = 18.33(p—wvalue = 0.11) enables us to accept these short run restrictions).
For this reason, it has been excluded from the final model for the determinants of
the total spread fluctuations. Let us now move to the final model.

Model 3. Having found a representation for the data which allows us not to
reject an augmented interest rate parity condition as an equilibrium relationship
among the following variables: X = (Sprl0y, Swsprl0y, dm3m) where Spri0y =
btp10y — bund10y, and Swspr1Qy = lit10y — dm10y. Table 4 shows the same long
run properties of the data as described by H(4) in model 2 but estimated within
a more parsimonious VAR. In this case the (cointegration) residual represents
only the country specific, stationary, component of the default risk. The default
risk defined as Dr = Sp — Er also contains an international component whose
dynamics, we will see to be driven by the shock to Dm3m.

Table 4 Cointegration tests on X = (Sprl0y, Swsprl0y, dm3m)

81n the sample period at hand, Italian lira was pegged to the DM. Provided that the pegging
is credible we expect the interest rate parity condition to determine the long run level of interest
rate in the Italian money market. The final implication, given the exogeneity of the interest
rate on Bund, is that the endogenous variable within system the must be the total spread.

11



Hy Trace T-—-nm 9%
r=0 40.23 39.53 35.65
r<l 19 18.66  20.04

Notes: see notes in Table 2

H(5) B=(1,-1,0) | X*(3) = 462, (pvalue = 0.20)
6\(: (051,0, 0) /83 = —0.617a1 = —0.047

The weak exogeneity result in our data stated by H(5), that is a negative
significant a; = —0.047, provides evidence that in presence of deviations from
the long run equilibrium the spread, Sprl0y,adjusts to restore equilibrium while
exchange factor and German short term interest rate do not. In particular, Spl0y
adjusts to two permanent shocks (we have two common trends in the system)
represented respectively by shocks to SwsprlQy and dm3m. We also expect to
find that shocks to Spl0y have only transitory effects.

Having established that the long run equilibrium properties, we move to the
analysis of the short run dynamics of the system. Impulse response analysis (IRF)
describes the dynamic response of the system to shocks of interest. However, this
requires the identification as stated in section 3.2 to allow the analysis of the sys-
tem to a particular shock independently from other shocks. We have a system in
three variables, hence the orthonormality of the variance-covariance matrix X, = [
provides 6 non linear restrictions on the elements of S. To just-identify the model,
we need 3 additional restrictions that come from choosing S to be the Choleski
factor. This identification scheme implies that while the contemporaneous effects
in the VAR are triangular, lagged dynamics are completely unrestricted leaving
the data freely describe the dynamic interdependence we are interested in exam-
ining here. We are confident with the Choleski identification scheme because the
innovations of our reduced form system are nearly uncorrelated®.

Figure 2 shows the estimates of C'(L) transformed to express the variables
as the sum of distributed lags of the structural disturbances. In particular, it

9Ths approach is used for example by Canova and De Nicolo’ (1997): ” If the innovations in
the reduced form system are uncorrelated, all the identification schemes which impose restric-
tions on the contemporaneous impact of shocks will produce the same the results, In the less
extreme case where innovations are of the reduced form system are nearly uncorrelated results
will be qualitative robust to alternative identifications schemes which impose restrictions on the
covariance matrix of the shocks”. See also Canova (1995b) for a discussion of this point.
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summarises the responses to one shock respectively to Sp10y (first row), Swspr10y
(second row) and dm3m. (third row).

A shock to Spl0y has a transitory effect on the other two variables, while, on
the other hand is permanently affected by shocks to SwsprlQy and dm3m which
is consistent with the view that interest rate spread is the endogeious variable
which adjusts to long run equilibrium, as required in an exchange rate pegging
regime as the one working within the sample considered.

dm3m. is unchanged both in the short and long run when Spl0y and SwsprlQy
are shocked implying that the variable is not Granger caused by the other variables
within the system as already tested in section 3.3. This is consistent with the
interpretation of this shock as the exogenous level of the European interest rates.
A shock to the dm3m (that is international shock) has a permanent effect on the
other two variables.

The dynamic responses of Spl0y and SwsprlOy to a shock to dm3m has a
similar shape. However these responses are not identical. The difference between
the two impulse reply suggests a quite interesting interpretation and allows us to
address the point raised before on the nature of the source of the reduction of the
spread (idiosyncratic versus international).

If the dynamic response was completely identical we would have to conclude
that any shock to the international interest rate affected the total spread only
through the exchange rate factor. In other words, since the difference Spl0y -
Swsprl0y = DR we would get the result that international shocks to international
interest rate would not affect the default risk on Italian bonds rates. We get the
opposite result: the effects of the international shocks are not totally captured by
changes in the expectations emboded in the changes of the exchange rate factor.
Instead, in our data the difference in the dynamic shape of the interest rate spread
and interest rate spread on swap contracts suggests that a shock in the European
level of the short term interest rate modifies the Italian default risk factor that
responds to this shock as plotted in figure 3. As a conclusion, the default risk in
Italy has not only a country specific nature (credibility gain) but also contains an
international component.

Finally, it is worth that the long run value of the shock to Swsprl0y is imme-
diately reflected one to one in the long run value of Spl0y.

4. Conclusion

13



This paper studies the determinants of the total interest rate spread on govern-
ment bonds between Italy and Germany on the period 1995-1997. The usual
uncovered interest rate parity condition does not hold in the period considered.
This equilibrium condition between 10-years BTP - BUND spread, spread on
swap contracts ITL-DEM reflecting the currency risk (also defined as exchange
rate factor) and default risk (also defined country risk, mainly due to the high
Italian debt) must be augmented by German short term interest rate.

The impulse response analysis performed suggests that the level of the short
term German interest rate permanently affects both the exchange rate factor and
the default risk factor. The implication of this result is that the reduction of the
spread in the period studied was due both to credibility gains and to favourable
dynamics in the German interest rate which reduced both the exchange rate term

and the default risk term.
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