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Abstract

McCallum (1994) sets up a RE model for the interaction of monetary policy and the Expectation
Theory (ET) of the term structure which rationalises some empirical failures of the latter and
demonstrates the inappropriateness of usual regression tests for the information in the term structure.
In the present paper, we generalise McCallum (1994) two-period model by introducing a different,
finance-theoretic characterisation of the term premium. Our results still account for those empirical
findings which are at odds with the ET of the term structure and yet support validity of usual
regressions performed to assess the information content of the term structure.
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1. Introduction

The term structure of interest rates has been recently object of investigation by means of
sophisticated stochastic models, which are mainly aimed at pricing interest sensitive derivative
securities' . Yet, it should not be forgotten that the term structure plays a role not only in finance, but
also in economic theory.

In fact, the term structure has interesting implication for economic policy since it provides the
relationship between short term interest rates, which are normally considered as policy variables, and
long term interest rates, which typically influence macroeconomic functions.

The term structure is therefore interesting in itself for its information content, which has been
object of accurate empirical investigation in the last decade (among others: Campbell and
Shiller(1984, 1991), Fama(1984, 1990), Mishkin(1990), Rudebusch(1995) and for a survey
Torricelli(1995))

A related and interesting issue is represented by the interaction between monetary policy and the
term structure of interest rates. The basic idea of the present paper is to investigate what are the
effects of monetary policy on the term structure of interest rates (TS), with particular attention to the
predictive content of the TS.

The issue has already been anaiysed in the eighties and has been recently reproposed by
McCallum(1994). The author takes as starting point the empirical failures of the Expectation Theory
(ET) of the TS and proposes an explanation based on the existence of time varying term premia and
an “interest rate smoothing” policy rule according to which the central bank changes the target (the
short rate) in response to movements in the term spread. On the basis of the results obtained,
McCallum concludes that most regression tests conducted on the TS in order to detect its
information content are not appropriate. As it stands, the model should be “regarded as more of a
parable than a fully-worked-out quantitative model” and the author suggests to study the effects of
the introduction of different monetary policy regimes.

In the present paper, we mean to take a line of investigation of the empirical failure of the ET
centred on the role played by time-varying term premia. That the failure of the ET is due to the
existence of time-varying term premia has been since long recognised. Yet, only recently term premia
have been determined endogenously within general equilibrium stochastic models and some light has
been shed on their time-varying nature.

The model we propose here is essentially a variation of McCallum two-period model, based on a
different characterisation of the time-varying nature of the term premium which offers quite different
results and has different implications as for the predictive content of the term structure.

In the following section we describe McCallum(1994) two-period model. In section 3, we
propose our modification of the model and we discuss the results obtained. Details about the
solutions and the procedure used are given in the Appendix. Conclusions and further lines of
investigation are provided in section 4.

2. McCallum(1994) two-period model

In this section , we will briefly recall the main equations of McCallum’s two-period model and
those results relevant to the comparison with the model we propose in the next section.” For details
about the Rational Expectation (RE) solution procedure, we refer the interested reader to the
original papers, i.e. McCallum(1983, 1994).

According to the ET, the equation for the TS in a two-period model is;

! For surveys on stochastic models of the term structure of interest rates, see Vetzal(1994) and Boero and

Torricelli(1996).
2 Given the absence of nominal variables in the model, in this paper interest rates should be thought of as real interest

rates.
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Where:
r; is the one-period return on the one-period zero coupon bond,
R, is the one-period return on the two-period zero coupon bond,

& is the term premium.
Equation (1) can be also written in the following way:

_Zl—(EtrtH _rt):(Rt—rt)—gt (1a)

Which can in turn be transformed in the corresponding statistical equation:
1
—z—(rm_rt)z(R;—rz)_‘ft+l/28r+1 (1b)

With &.; being the expectational error which is orthogonal to 7; and R; and defined as:

Ee1= Vel = ey,

Tests on the validity of the ET have been based on the estimation of the parameter of the
following equation:

%(r, —r,_l) = a+l’7(R,_1 —rH) + disturbance (1c)

According to the ET, b should be equal to 1, @ should be equal to the constant term premium.
The issue-has already been long investigated in the empirical literature. In particular, the
characterisation of the term premium as being constant, has been considered responsible for the
empirical failure of the very same theory’.In order to take this critique into account, McCallum
assumes the term premium to be autoregressive of order 1, i.e.:

& =pé, +u, )

where u; is a white noise and |p| < 1.
The monetary policy rule is supposed to be aimed at interest rates smoothing, specifically it is

assumed that:
rtzcrt—l+;l(Rt_rz)+Ct (3)

with 020, which is presumed to be close to 1, and 420, to be smaller than or equal to 2*and &isa
white noise.

Equations (1), (2) and (3) represent only a portion of a macroeconomic system. Yet, if the two
white noise terms are assumed to be independent of the remaining relations, the system is recursive
and can be solved for r, .

The fundamental bubble-free RE solution is attained by means of the Minimal State Variable
(MSYV) criterion proposed in McCallum(1983).

*The point has long discussed: among others, see Campbell and Shiller(1984, 1991).
4 McCallum(1994) in footnote (9) writes that the condition is imposed because “it is plausible and also because a
theoretical issue concerning the root of (10) that gives the bubble-free solution, arises when A>2".



Combining (1)-(3), yields the following equation:

(14 D, =or, + A 5[+ Er ) + €]+ ¢, @
The MSV criterion suggests to find a solution of the following form:

r,=¢, 1 8,8 + 6.6, (5)

From (5) it is easy to work out the expression for Eg;.;, which substituted, together with (5), into
(4) leads to a non-linear system of four equations in the undetermined coefficients @, 41, 2 ¢s. Under
reasonable assumptions’ , such a system has a unique solution. For the case of o=1, the values of the
above coefficients simplify to:

A
=0 =1 = =
¢0 ’¢] ’¢2 l—pl/2’¢3 1

So that the solution for the one-period rate becomes:

A
r=r +m§: +6, (6)

and, accordingly, the spread and the first difference in interest rates are respectively given by:

Rt —-h= I/Z(Etrtﬂ _rt)+§t :(1_ p’l)_l‘ft (7)
Ap A
r.‘—rt—l_l_lp/zgt—l+1_lp/2ut+gt (8)

Combining (7) and (8) gives:

1 Ap
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where the two disturbances are uncorrelated with the spread.

On the basis of this result, McCallum comments upon the appropriateness of those tests on the
information content of the ET essentially based on the estimation of equation (1c). Were p or A equal
to zero (i.e. if the term premium were a white noise or if the monetary policy rule were simply
autoregressive), the slope coefficient in eq. (9) would also be zero. Such a result “demonstrates, I
would suggest, not only that the usual regression test is inappropriate but also that it is misleading
to think of the expectation theory in terms of the “predictive content” of the spread for future
changes of the short rate. Such a predictive content is not a necessary implication of the theory”.

(McCallum(1994), page 7).
The author proposes, as a further line of investigation of the issue, the need of considering

different monetary policy rules.

In our opinion, McCallum’s result rests not only upon the specific assumptions made on the
monetary policy rule, but also on the time-varying behaviour assumed for the term premium. In the
next section, we propose a model with a different characterisation of the term premium and we
derive the RE solutions and discuss some implications under such an assumption.

5 Cfr. McCallum(1994) page 7 and McCallum(1983): the basic idea is to choose only that solution which is valid for
all admissible values of the structural parameters.



3. An alternative two-period model

The model we propose in this section differs from McCallum’s for the characterisation of the term
premium. McCallum recognises the need of a time-varying term premium and simply models it as an
AR(1) process.

The time-varying nature of term premia in relation to the ET empirical failures has been long
debated in the literature. The point is clearly made by Mankiw and Summers(1984): "Without an
explicit theory of why there is such a premium and why it varies, it has no function but
tautologically to rescue the theory.[...] These results suggest the importance of developing models
capable of explaining fluctuating liquidity premiums./[...] Without a satisfactory theory of liquidity
premiums, predicting the effect of policies on the shape of the yield curve is almost impossible.".

Hence the question is now the following: is it a theory of the term premium available in the
literature? In our opinion, a positive answer to this question is to be found within general equilibrium
stochastic models of the term structure of the type introduced by Cox, Ingersoll and Ross (1985),
CIR, and further developed by Longstaff and Schwartz (1992), LS. Each paper offers a precise
functional form for the risk premium, which in both cases turns out to be a rather cumbersome
function involving the model parameters.

Yet, to the aim of the present paper, a useful implication of the two mentioned stochastic models
of the term structure (CIR and LS) is that the time-varying nature of the term premium is due its
dependence on the short term interest rate.’

In what follows, we will model the dependence of the term premium on the short rate in such a
way as to preserve linearity of McCallum’s model and to allow, at the same time, a sensible
economic interpretation. To this end, we have decided to model the term premium as follows:

& =alEr,~ra)+ B, with f,=pB +u, (10)
where o 20, |p|<1 and #, is a white noise.

The term into brackets can be thought of, as:

((Et Ven rt)+(rt _rt—l)) /2
and hence represents the simple arithmetic mean of the changes in the short rate over the two
periods under investigation in the present model. Therefore, it can be interpreted as the agents
measures of the variation in the short rates based on what happened in the past (between #-/ and 7)
and what is expected to happen (between # and #+1).

Eq. (10) essentially says that the term premium has two components: one is autoregressive (the
second term on the r.h.s.) and has the same characteristics of McCallum’s term premium, the other
captures the dependence of the premium on the short term rate. When the short interest rate is
expected to remain constant, the term premium is purely autoregressive and the model would
collapse in McCallum’s (which would also be the case if @ = 0). The term premium is bigger
(smaller) than its pure autoregressive component if the short rate is expected to increase (decrease).
Intuitively, such a characterisation of the term premium is consistent with its very existence: in a risk-
averse setting, long rates are requested to be bigger than the average between the current and the
expected future spot rate, when short rates are expected to rise and viceversa.

Since the other equations are the same as in McCallum’s, our model is fully described by
equations (1), (10) and (3), where the first two together provide a behavioural equation for the TS
and the latter describes the monetary policy rule.’

6 LS conclude that, for a fixed maturity, the term premium is a linear function of the riskless interest rate and its
volatility. Yet, the inclusion of a volatility measure would transform the basic model into a non-linear one.



Combining (1), (10) and (3) yields to the following equations:

(1+ A/ 2, =(c-ad)r_ + M1/2+a)E,r,,, + 1B, + ¢, (11)
Hence, according to the MSV criterion, we also look for a solution of the following form®:
7=t 0B+ 956,

Using the procedure proposed by McCallum(1983) and under reasonable assumptions on the
parameters values’, we obtain the following RE solution for the short rate:

1 A
i 2a g apr2 P e

with 0<1<2 (12)

Accordingly, the spread and the first difference in the short rate are given by:

1
R -r =-

t rt wﬂt—l+1__aﬂp_lp/2ﬂt (13)
1 1 Ap +4a’Ap +4alp—2al—-4a’l-2
—(rt_rt—-l):_—Z(Rt—lwrt—l)—’_ 2 ﬂt—l
2 (1+2a) (1+2a)*{2-2a4p - Ap) 4

a A 1
Gt +-4,

T1+2a 2—2adp-Ap 2

A few comments are in order. First of all, eq. (12) and (13) collapse into (6) and (7) respectively
for =0, which means that our model contains McCallum’s as a special case.”

As for the spread between the long and the short rate, by comparison of eq. (7) and (13), it is
clear that, in our model, it is not only a function of the autoregressive component of the term
premium, but also of the level of the short term interest rate. In particular, the RE spread at time t
depends negatively on the level of the short interest rate a period before: the result stems from the
assumption we have made about the term premium and can intuitively be explained by the fact that
the latter is assumed to be negatively dependent on r,_."

But the most interesting results are to be deduced from eq. (14). In order to illustrate them, we
will first make some observations on the characteristics of eq. (14) and then we comment upon the
implications for the analysis of the information content of the TS.

" The assumption taken on the model parameters are, beyond those on o, the same as in McCallum’s: possible further
restrictions, are eventually discussed in the Appendix and may be useful in the interpretation of the results of the
present section.

8 We omit the constant @, since it turns out to be, both in McCallum(1994) and in our model, always equal to zero.

? Details on the solution procedure are given in the Appendix. For simplicity, we impose the relationship expressed by
(A4) among the model parameters. Yet, by continuity, small deviations from such a relationship do not imply
qualitative changes in the solutions.

Note also that the restriction imposed on A is the same as in McCallum’s model and has the same rationale, i.e it
serves to single out only one value for @,.. It should also be stressed that such a restriction on A is also economically
plausible and desirable since it imposes a limit on the dependence of the short rate on the spread in the monetary
policy rule.

1% The same cannot be said for eq. (14) since its derivation implies that o0,

1" According to eq. (10), in our model the term premium is actually a function of [E(ru1) - r..1]. Easy calculations show
that the RE value of such a difference is itself a negative function of r; .



Looking at (14) it is clear that: i) the coefficient of the spread is a function of o and does not to
include anymore the other parameters (such as A and p), ii) the autoregressive part of the term
premium (B¢.;) comes into the scene as a separate regressor, iii) the same is true for the white noise
term in the monetary policy rule ({;.1).

The first two characteristics of eq. (14) stem from the new characterisation of the term premium
(and hence of the spread). That o plays a role in equation (14) is not surprising, given the assumption
made on the term premium. As for A and p, they enter only through the autoregressive component of
the TP (second term on the r.h.s. in eq. (13)), which is contained in the spread.

In McCallum (see eq. (9)) the autoregressive component of the TP does not explicitely appear as
a regressor because there is a substantial coincidence between the TP and the spread and the latter is
normally taken as regressor since it lends itself to a more interesting interpretation. Infact, eq. (9) is
derived by substituting eq. (7) into (8), which represents the change in the short rate as a function of
the autoregressive part of the TP.

In order to better understand the difference between the two models, it is convenient to subtract
r..; from each side of eq. (12), which gives:

—2a Ap A
(rt_rt—l): y ut+gt (15)

r,_, + B+
(1+2a) 1—aﬂp——’12p T l—adp- 5P

Eq. (15) is the equivalent of McCallum eq. (8) and, in fact, for o = 0 collapses in eq. (8).

By comparison of eq. (8) and eq. (15), it is clear that the role played by the autoregressive TP is
the same in the two models. Yet, our characterisation of the TP introduces a further determinant of
the one-period variation in the short rate, the first term on the r.h.s. of eq. (14) or (15), which, under
the monetary policy rule taken in this paper, is still active even if the policy parameter A were set to
zero.

We think that the most interesting features of the results obtained lie in their implications for the
investigation of the information content of the TS within the ET framework.

First of all, in contrast with McCallum (1994) conclusions'?, neither p =0 nor A=0 implies a
null coefficient for the spread in eq. (14). Thus the appropriateness of regression tests of the type
implied by (14) is mantained.

Hence, our results demonstrate that McCallum’s statement about the inappropriateness of using
usual regression tests to detect the information content of the TS stems from the very specific
assumptions he takes on the time-varying term premium and in particular from its purely
autoregressive nature.

Secondly, eq. (14) provides a theoretical justification of a widespread empirical result: the slope
coefficients emerging from estimations of eq. (1c) tend to be well below 1. Such a result has been
often claimed to be inconsistent with either the ET or one of the maintained hypotheses (RE,
constant term premium). The introduction of a time-varying term premium of an autoregressive type
as in McCallum’s model does not solve the puzzle. Our alternative model provides a justification of
the most common empirical finding: the coefficient of the term premium is smaller that 1, simply
because the term premium is not purely autoregressive, but depends also on the past and expected
behaviour of the short term interest rate (i.e. o #0 and specifically o>0).

Finally eq. (14) suggests that, in contrast with McCallum’s, the spread between the long and the
short interest rate is not the only determinant of the change in the short rate. In order to better
understand this point, let us take McCallum’s model and assume that p is positive, given the
assumption on A, the coefficient of the spread in eq. (9) is positive, which means that a positive
spread implies an increase in the short rate and viceversa. In eq. (14) such an effect,which is

12 See McCallum(1994) page 7 or the citation reported at the end of section 2.



consistent with the ET, is still present, but it might be dumped or reinforced by the second and the
third term on the r.h.s.. Specifically, while the latter should be modest in dimension, the former
deserves some more comments.

Let us soppose that at some time, the spread (R..; - re1) and B:.1 are positive. As in McCallum’s,
the positive spread predicts an increase in the short rate in the next period. As for B, since its
coefficient can be, under reasonable assumption on the parameter values, negative (see Appendix for
a proof), it follows that a positive P.1 predicts a decrease in the short rate. The total effect is
therefore indeterminate and is eventually an empirical question.

Intuitively, we can think of eq. (15) as obtaining a sort of separation of the effects that the ET
assumption and the interest rates smoothing monetary policy rule respectively have on the change in
the short rate. The first term on the r.h.s. captures the implication of that part of the spread that
works out its effects through rates (and hence indipendently of A); the second captures the effects of
the autoregressive part of the TP via the interest rate smoothing part of the policy rule (and hence
disappears when A or § are zero). The total effects depends on the parameters values.

Conlcuding on this last point, we think that having the spread as the single regressors in most
empirical tests of the information in the TS, implies that some information contained in the TS is
missed and this may in turn explain poor results in terms of R*(e.g. Fama (1984,1990)).

4. Conclusions

Starting point of the present paper is McCallum (1994) two-period model for the interaction
between the ET of the term structure of interest rates and a policy rule involving interest rates
smoothing. The author shows that anomalous empirical findings, about the magnitude of the slope
coefficients in regressions of short rates over the long-short spread, can be explained by
consideration of an exogenous autoregressive term premium. Yet, the author suggests such usual
regressions are inappropriate to detect the predictive content of the TS spread since the spread
coefficients becomes zero whenever the monetary policy rule parameter (A) or the autoregressive
term premium parameter (p) are set to zero.

In this paper we show that McCallum’s negative conclusion about information tests of the TS
derives from having assumed the term premium to be purely autoregressive. By characterising the
term premium as depending not only on an autoregressive component but also on the past and
expected future short rate, we obtain a regression equation where the coefficient of the TS spread
does not go to zero as A or p are equal to zero.

Moreover, our model is able to rationalise other two widespread empirical findings. First of all,
due to the new assumption taken on the term premium (i.e. o#0 ), the spread coeflicient is smaller
than one: a result which is consistent with most empirical investigations (e.g. Fama(1984,1990)).
Secondly, the presénce of regressors other than the spread in our main regression equation provides
a rationale for the low R? characterising most empirical studies: using only the spread as a regressor
some information contained in the term structure is missed.

For a=0, we get McCallum model and results as a special case and hence our model can be
considered as a generalisation of McCallum model.

The present paper has to be seen as preliminary to a deeper investigation of the interaction
between monetary policy and the term structure of interest rates and lends itself to be extended in
many directions.

The first natural extension is to the n-period case. McCallum(1994) actually shows the the change
in the short rates displays qualitatively the same characteristics as in the two-period model. Yet, the
n-period model allows fot the investigation of the information content of the spread as for the long
(n-period) rate.



Secondly, given the sensitivity of the result obtained to the monetary policy rule assumed, it
would be interesting to analyse the effect of alternative, and possibly more realistic, policy rules (see

Rudebusch(1995) page 247).
Finally, the absence of nominal variable in the models analysed in the present paper, naturally
raises the opportunity of bringing the price level into the model. The latter could also, in some time-

and country-specific set up, play a role in the monetary policy rule.

Appendix

Here the purpose is to describe the procedure used to obtain the difference in the short rate given
by (14) and to discuss the assumptions on the parameters needed to this aim.

In order to get a unique bubble-free solution for the short rate dynamic, we argue that the agents

employ a minimal set of state variables for their forecasts; such method, suggested by McCallum

(1983), is known as the minimal-state-variable (MSV) criterion.
As one can see in the fundamental relation of our model, i.e. equation (11), the short rate r,

depends only on the state variables r..1, By and { ¢, consequently, the equation for r, will be a linear
function of such variables, that is:

r :¢1rt—1 +¢2ﬂt +¢3;t (A'l)
with ¢ ¢2,¢; undetermined coefficients.

The expectational variable is then given by:

Epr, = ¢frt—1 + (¢1 +p)¢2ﬂt +¢1¢3§t

and substituting into (11) one has:

A
1+5}¢lrt—l +¢2ﬂt + ¢3£:z) =
1 \ 1 (1

(a—aﬂ)r,_, + '2_+a P+ E+a ¢, + ,0)¢2,8, +1L5+a ¢|¢3§t + 48, +¢,.

For (A-1) to be a solution for the short rate the following identities in ., Bt and C; must be true:
(. A 1

(1+-2")¢1 =0 - al+l(5+ a)qﬁf

A 1
) 1+E $, =2 Sta (¢, +p)p, +4 (A-2)

~(1+—§)¢3 = l(%+a)¢l¢3 +1

In order to solve the system it is convenient to distinguish the two cases A=0 and A#0. Let us
begin with the latter one A=0; the first equation in (A-2) yields:



2o 1e2) -algea)
1+ 2+ 142 ) —44 - -
+2 \/1+2 4 2+a0 at)

A1+2a) (A-3)

¢, =

In order to choose between the two possibilities for ¢, assume 6=0 and o=0; in this particular case r;
does not depend on r..;, as one can see in (11) so r,; has not to be included in the minimal set of state

variables and the value for ¢, is zero; but the zero root is obtained only with the negative square root
in (A-3). As in McCallum (1983) we require that the solution formula for ¢; must be valid for all
admissible values of the parameters, hence we take the negative determination in (A-3) for all a, A

and o.
It is convenient to introduce the following relation on the parameters:

o=al+ ! ; (A-4)
1+2a

in this case, in fact, the coefficient ¢, has a very simple expression so it is easier to analyse the
implications of such solution.

At the end of this part we will discuss the special case o=1, which is suggested by the interest rate
smoothing behavior and is also discussed in McCallum(1994).

When (A-4) holds, from (A-3) and the condition O< A <2 We get 1= and assuming;

1+2a
2-Ap(1+2a) 20 (A-5)
from the second and third equation of (A-2) we obtain:

B A
l-alp-Ap/2

9, $s=1,

according to (A-1), the solution for the short rate r; is then given by (12).
Consequently the expected value of r.; becomes

Era,= : r+ ‘0
1+2a 1-aip—Ap/2

B

if we substitute such relation in (1) and take into account (10), we find that the spread obeys
equation (13), so in particular it holds:

1
R =t = =@y b e B (A-6)

Of course, the solution for the short rate (12) may also be referred to the time #-7; if we get 1.2
from such relation we obtain

A(l+2a)
1-aip-Ap/2

B, —(1+20)¢,,

v, =Q1+2a)r,_, -

and combining with (A-6) it yields
10



al+2a*A+1
l-alp—-Ap/2

R_ -7, =—-a(l+2a)r,_, + B, +a(l+2a)l,

Whenever o= 0, we are able to express r,.; in previous equation as a function of the spread at time #-
1 and of B.; and &;.;; more precisely we have:

1 al+2a*i+1
Fy = (R, —r)+
a(1+2a)(1— aﬂp—ﬂp/Z)

_a(1+2a) ﬂt—l+§t—]

and substituting in (12) we get the final relation (14) concerning the first difference in the short rate.
On the other hand, when A=0, from (A-2) we have ¢;=c, ¢>=0 and ¢s=1, so if we assume for o

, (12) continue to be true and consequently also

the special value (A-4) which reduces to 1
(14) holds.

+2a

It is worth now to discuss the sign of the coefficient of B, in (14).
Easy calculations lead to the following result:

w Ap+4a’ip+daip -2ai-4a*i-2
(1+2a)*(2-2aip - Ap)

>0 if and only if

2-2 2+2aA(1+2a) 2
A£0 a> an LS P <,
24 A(1+2a) A(Q+2a)
. 1 o\ .
In fact, when A=0 such coefficient reduces to ————, so0 it is negative.
. (1+2a)

In case A#0 and O<ax < , the coefficient would be positive outside the admissible range of

values for p.

Finally we briefly comment upon relation (A-5) which introduces, when p is positive, a further
condition on the parameters in the model.

More precisely we want to show that, whenever o is sufficiently near 1, such condition always holds.
Indeed (A-5) does not depends explicitly on o; but, in view of (A-4), it depends on & through a. In
(A-4) it is possible to express o as a function of o; in fact , we have:

=—1—(i— ) for A=0,

2\o
o-1+Vo’+20-3 ,
= y for A=2 and

11



_ 20— At+(1-20)* -8A(1-0)

a1 for 0<A<2

with & varying in appropriate domains always containig the value 1. Consequently the function
appearing in (A-5) continuously depends on o for all possible A.

If we assume c=1, we get a=0 or = Y for both o the function in (A-5) is positive, hence

condition (A-5) holds at least for all values of o sufficiently near 1.

12



REFERENCES

Boero G. and C. Torricelli, 1996, "A comparative evaluation of alternative models of the term
structure of interest rates", European Journal of Operational Research, forthcoming.

Campbell J.Y. and R.J. Shiller, 1984, The determinants of interest rates: old controversies
reopened - A simple account of the behavior of long-term interest rates, AEA Papers and
Proceedings, 74, 44-48.

Campbell J.Y. and R.J. Shiller, 1991, Yield spread and interest rate movements: a bird’s eyes
view, Review of Economic Studies, 58, 495-514.

Cox J., Ingersoll J.E. and S.A Ross, 1985, A theory of the term structure of interest rates,

Econometrica, 53, 385-407.
Fama E.J., 1984, The information in the term structure, Journal of Financial Economics, 13,

509-528.
Fama E.J., 1990, Term-structure forecasts of interest rates, inflation, and real returns, Journal of

Monetary Economics, 25, 59-76.
Longstaff F.A. and E.S.Schwartz, 1992, Interest rate volatility and the term structure: a two-

factor model, Journal of Finance, 47, 1259-1282.
McCallum B.T: 1983, On non-uniqueness in rational expectations models: an attempt at

perspective, Journal of Monetary Economics, 11, 139-168.
McCallum B.T., 1994, Monetary policy and the term structure of interest rates, NBER Working

~ Paper Series, N. 4938,
© Mishkin F., 1990, What does the term structure tell us about future inflation?, Journal of

Monetary Economics, 25, 77-95.
Rudebusch G.D., 1995, Federal Reserve interest rate targeting, rational expectations, and the

term structure, Journal of Monetary Economics, 35, 245-2774.
Torricelli C., 1995, The information in the term structure of interest rates: can stochastic models

help in resolving the puzzle?, Materiale di Discussione, Dipartimento di Economia Politica,

Universita di Modena, n. 113, luglio.
Vetzal, R K., 1994, A survey on stochastic continuous time models of the term structure of

interest rates, Insurance: Mathematics and Economics, 14, 139-161.

13






10.

1L

12.

13.

14.

15.

16.

17.

18.

19.

20.

2L

22.

23.

25.

26.

27.

28.

29.

Maria Cristina Marcuzzo [1985] “Yoan Violet Robinson (1903-
1983)", pp. 134

Sergio Lugaresi [1986] “Le imposte nelle teorie del sovrappiti™, pp.
26

Massimo D’Angelillo ¢ Leonardo Paggi [1986] ‘PCI e
socialdemocrazie europee. Quale riformismo?”, pp. 158

Gian Paolo Caselli ¢ Gabriele Pastrello [1986] “Un suggerimento
hobsoniano su terziario ed occupazione: il caso degli Stati Uniti
1960/1983”, pp. 52

Paolo Bosi ¢ Paolo Silvestri [1986] “La distribuzione per aree
disciplinari dei fondi destinati ai Dipartimenti, Istituti ¢ Centri
dell’Universitd di Modena: una proposta di riforma”, pp. 25

Marco Lippi [1986] “Aggregations and Dynamic in One-Equation
Econometric Models”, pp. 64

Paolo Silvestri [1986] “Le tasse seolastiche e universitaric nella Legge
Finanziaria 1986, pp.41

Mario Forni [1986] “Storie familiari e storie di proprieta. Itinerari
sociali nell’agricoltura italiana del dopoguerra™, pp. 165

Sergio Paba [1986 ] “Gruppi strategici e concentrazione nell’industria
europea degli elettrodomestici bianchi”, pp. 56

Nerio Naldi [1986] “L’efficienza marginale del capitale nel breve
periodo™, pp. 54

Femando Vianello [1986] “Labour Theory of Value”, pp. 31

Piero Ganugi [1986] “Rispammio forzato e politica monetaria negli
economisti italiani tra le due guerre”, pp. 40

Maria Cristina Marcuzzo ¢ Annalisa Rosselli [1986] “The Theory of
the Gold Standard and Ricardo’s Standard Comedity”, pp. 30

Giovanni Solinas [1986] “Mercati del lavoro locali ¢ carriere di lavoro
giovanili”, pp. 66

Giovanni Bonifati [1986] “Saggio dell’interesse e domanda effettiva.
Osservazioni sul cap. 17 della General Theory”, pp. 42

Marina Murat [1986] “Betwin old and new classical macroeconomics:
notes on Lejonhufvud’s notion of full information equilibrium”, pp. 20

Sebastiano Brusco e Giovanni Solinas [1986] “Mobilitd ocoupazionale
e di pazione in Emilia Romagna”, pp. 48

Mario Forni [1986] “Aggregazione ed esogeneitd”, pp. 13

Sergio Lugaresi [1987] ‘Redistribuziene del reddito, consumi e
occupazione™, pp. 17

Fiorenzo Sperotto [1987] “L’immagine neopopulista di mercato debole
nel primo dibattito sovietico sulla pianificazione”, pp. 34

M. Cecilia Guerra [1987] “Benefici tributari nel regime misto per i
dividendi proposto dalla commissione Sarcinelli: una nota critica”, pp.
9

Leonardo Paggi [1987] “Contemporary Europe and Modemn America:
Theories of Modernity in Comparative Perspective”, pp. 38

Fermando Vianello [1987] *“A Critique of Professor Goodwin’s
“Critique of Sraffa™, pp. 12

Femando Vianello [1987] “Effective Demand and the Rate of Profits.
Some Thoughts on Marx, Kalecki and Sraffa”, pp. 41

Anna Maria Sala [1987] “Banche e territorio. Approccio ad un tema
geografico-coonomico”, pp. 40

Enzo Mingione ¢ Giovanni Mottura [1987] “Fattori di trasformazione
e nuovi profili sociali nell’agricoltura italiana: qualche elemento di
discussione”, pp. 36

Giovanna Procacei [1988] “The State and Social Control in Italy
During the First World War”, pp. 18

Massimo M ie A ia  Si zzi  [1988] “II debito
pubblico”, pp. 62

Maria Cristina Marcuzzo (a cura di) [1988] *“Richard F. Kahn. A
discipline of Keynes™, pp. 118

30.

31.

32.

33.

35,

36.

37.

38.

39.

40.

41.

42,

43.

45,

47.

48.

49,

50.

51

52.

53.

55.

56.

57.

58.

Paolo Bosi [1988] “MICROMOD. Un medello dell’economia italiana
per la didattica della politica fiscale™, pp. 34

Paolo Bosi [1988] “Indicatori della politica fiscale. Una rassegna ¢ un
confronto con Vaiute di MICROMOD”, pp. 25

Giovanna Procacci [1988] ‘Protesta popolare e agitazioni operaie in
Ttalia 1915-1918”, pp. 45

Magherita Russo [1988] “Distretto Industriale e servizi. Uno studio
dei trasporti nella produzione ¢ nella vendita delle piastrelle”, pp. 157

Margherita Russo [1988] “The effect of technical change on skill
requirements: an empirical analysis”, pp. 28

Carlo Grillenzoni [1988] “Identification, estimations of multivariate
transfer functions”, pp. 33

Nerio Naldi [1988] ““Keynes’ concept of capital”, pp. 40
Andrea Ginzburg {1988] “locomotiva Italia?”, pp. 30

Giovanni Mottura [1988] “La ‘persistenza’ secolare. Appunti su
agricoltura contadina ed agricoltura familiare nelle societd industriali”,
pp. 40

Giovanni Mottura [1988] “L’anticamera dell’esodo. T contadini italiani
della ‘restaurazione contrattuale’ fascista alla riforma fondiaria”, pp. 40

Leonardo Paggi [1988] “Americanismo ¢ riformismo. La
sovialdemocrazia curopea nell’economia mendiale aperta™, pp. 120

Annamaria Simonazzi [1988] “Fenomenti di isteresi nella spiegazione
degli alti tassi di interesse reale”, pp. 44

Antonietta Bassetti [1989] “Analisi dell’andamento ¢ della casualita
della borsa valori”, pp. 12

Giovanna Procacei [1989] “State coercion and worker solidarity in
Italy (19135-1918): the moral and political content of social unrest”, pp.
41

Carlo Alberto Magni [1989] ‘Reputazione e credibilitd di una
minaccia in un gioco bargaining”, pp. 56

Giovanni Mottura [1989]  “Agricoltura familiare ¢ sistema
agroalimentare in Italia”, pp. 84

Mario Fomni [1989] “Trend, Cycle and “Fortuitous cancellation™: a
Note on a Paper by Nelson and Plosser”, pp. 4

Paolo Bosi , Roberto Golinelli , Anna Stagni  [1989] “Le origini del
debito pubblico ¢ il costo della stabilizzazione”, pp.26

Roberto Golinelli [1989] “Note sulla struttura ¢ sull’impiego dei
modelli macroeconometrici”, pp. 21

Marco Lippi  [1989] “A Shorte Note on Cointegration and
Aggregation”, pp. 11

Gian Paolo Casclli ¢ Gabricle Pastrello [1989] “The Linkage between
Tertiary and Industrial Sector in the Italian Economy: 1951-1988. From
an External Dependence to an Intemational One™, pp. 40

Gabriele Pastreilo [1989] “Francois quesnay: dal Tableau Zig-zag al
Tableau Formule: una ricostruzione”, pp. 48

Paolo Silvestri [1989] *1I bilancio dello stato”, pp. 34

Tim Mason [1990] “Tre seminari di storia sociale contemporanea”,
pp- 26

Michele Lalla [1990] “The Aggregate Escape Rate Analysed throught
the Queueing Model”, pp. 23

Piolo Silvestri [1990] “Sull’autonomia finanziaria dell’universita”,
pp. 11

Paola Bertolini, Enrico Giovannetti [1990] “Uno studio di ‘filiera’
nell’agroindustria. 11 caso del Parmigiano Reggiano™, pp. 164

Paolo Bosi, Roberto Golinelli, Amma Stagni  [1990] “Effetti
macroeconcmici, settoriali e  distributivi  dell’armonizzazione
dell'IVA”, pp. 24

Michele Lalla [1990] “Modelling Employment Spells from Emilia
Labour Force Data”, pp. 18



59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

78.

77.

79.

80.

81.

82.

83.

85.

86.

87.

Andrea Ginzburg  [1990]  ‘Politica Nazionale ¢ commercio

internazionale™, pp. 22

Andrea Giommi [1990] “La probabilits individuale di risposta nel
dei dati i, pp. 13

Gian Paolo Caselli ¢ Gabriele Pastrello [1990] “The service sector in
planned economies. Past experiences and future prospectives”, pp. 32

Giovanni Solinas [1990] “Competenze, grandi industrie ¢ distretti
industriali,. It caso Magneti Marelli”, pp. 23

Andrea Ginzburg {1990] “Debito pubblico, teoric monetarie e
tradizione civica nell’Inghilterra del Seitecento™, pp. 30

Mario Fomi [1990] “Incertezza, informazione e mercati assicurativi:
una rassegna”, pp. 37

Mario Forni [1990] “Misspecification in Dynamic Models™, pp. 19

Gian Paolo Caselli ¢ Gabricle Pastrello [1990] “Service Sector Growth
in CPE’s: An Unsolved Dilemma”, pp. 28

Paola Bertolini [1990] “La situazione agro-alimentare nei paesi ad
economia avanzata®, pp. 20

Paola Bertolini [1990] “Sist agro-alimentare in Emilia R
ed occupazione”, pp. 65

Earico Giovannetti [1990] “Efficienza ed innovazione: il modello
“fondi ¢ flussi” applicato ad una filiera agro-industriale”, pp. 38

Margherita Russo  [1990]  “Cambiamento tecnico ¢ distretio
industriale: una verifica empirica”, pp. 115

Margherita Russo [1990] “Distretti industriali in teoria e in pratica:
una raccolta di saggi”, pp. 119

Paolo Silvestri [1990] “La Legge Finanziaria. Voce dell’enciclopedia
Europea Garzanti”, pp. 8

Rita Paltrinieri [1990] “La popolazione italiana: problemi di oggi ¢ di
domani”, pp. 57

Enrico Giovannetti [1990] “Illusioni ottiche negli andamenti delle
Grandezze distributive: la scala mobile e 1appiattimento’ delle
retribuzioni in una ricerca”, pp. 120

Enrico Giovannetti [1990] “Crisi e mercato del lavoro in un distretto
industriale: il bacino delle ceramiche. Sez I”, pp. 150

Enrico Giovannetti [1990] “ Crisi e mercato del lavoro in un distretto
industriale: il bacino delle ceramiche. Sez. IT”, pp. 145

Antonietta Bassetti ¢ Costanza Torricelli [1990] “Una riqualificazione
dell’approccio bargaining alla selezioni di portafoglio™, pp. 4

Antonietta Bassetti ¢ Costanza Torricelli [1990] “I1 portafoglio ottimo
come soluzione di un gioco bargaining”, pp. 15

Mario Forni [1990] “Una nota sull’errore di aggregazione™, pp. 6
Francesca Bergamini [1991} “Alcune considerazioni sulle soluzioni di
un gioco bargaining”, pp. 21

Michele Grillo ¢ Michele Polo [1991] ‘Political Exchange and the
allocation of surplus: a Model of Two-party competition™, pp. 34

Gian Paolo Caselli ¢ Gabriele Pastrello [1991] “The 1990 Polish
Recession: a Case of Truncated Multiplier Process”, pp. 26

Gian Paolo Caselli ¢ Gabriele Pastrello [1991] “Polish firms: Pricate
Vices Pubblis Virtues”, pp. 20

Sebastiano Brusco e Sergio Paba [1991] “Connessioni, competenze e
capacitd concorrenziale nell’industria della Sardegna™, pp. 25

Claudio Grimaldi, Rony Hamaui, Nicola Rossi [1991] “Nen
Marketable assets and hauseholds’ Portfolio Choice: a Case of Study of
Italy”, pp. 38

Giulio Righi, Massimo Baldini, Alessandra Brambilla [1991] “Le
misure degli effetti redistributivi delle imposte indirette: confronto tra
modelli alternativi”, pp. 47

Roberto Fanfani, Luca Lanini [1991] “Innovazione e servizi nello
sviluppo della meccanizzazione agricola in Italia”, pp. 35

88.

89.

90.

91

93.

95.

96.

97.

98.

99.

100.

101.

102,

103.

104,

105.

106.

107.

108.

109.

111

112.

113.

114.

Antonella Caiumi ¢ Roberto Golinelli [1992] “Stima e applicazioni di
un sistema di domanda Almost Ideal per I'economia italiana™, pp. 34

Maria Cristina Marcuzzo [1992] “La relazione salari-occupazione tra
rigidita reali e rigidita nominali”, pp. 30

Mario Biagioli [1992] “Employee financial participation in enterprise
results in Italy”, pp. 50

Mario Biagioli  [1992] “Wage structure, relative prices and
intemational competitiveness”, pp. 50

Paolo Silvestri e Giovanni Solinas [1993] “Abbandoni, esiti e carriera
scolastica. Uno studio sugli studenti iscritti alla Facolta di Economia e
Commercio dell’Universitd di Modena nell’anmno  accademico
1990/1991”, pp. 30

Gian Paole Caselli e Luca Martinelli [1993] “Italian GPN growth
1890-1992: a unit root or segir d trend rep in?”, pp. 30

Angela Politi [1993] “La rivoluzione fraintesa. I partigiani emiliani tra
liberazione e guerra fredda, 1945-1955”, pp. 53

Alberto Rinaldi [1993] “Lo sviluppo dell’industria metalmeccanica in
provincia di Modena: 1945-1990”, pp. 70

Paolo Emilio Mistrulli [1993] “Debito pubblico, intermediari
finanziari ¢ tassi d’interesse: il caso italiano™, pp. 30

Barbara Pistoresi [1993] “Modelling disaggregate and aggregaie labour
demand equations. Cointegration analysis of a labour demand function
for the Main Sectors of the Italian Economy: 1950-1990”, pp. 45

Giovanni Bonifati [1993] “Progresso tecnico ¢ accumulazione di
conoscenza nella teoria neoclassica della crescita endogena. Una analisi
critica del modello di Romer”, pp. 50

Marcelle D’Amato ¢ Barbara Pistoresi  {1994] “The relationship(s)
among Wages, Prices, Unemployment and Productivity in Italy”, pp.
30

Mario Forni [1994] “Consumption Volatility and Income Persistence
in the Permanent Income Model”, pp. 30

Barbara Pistoresi [1994] “Using a VECM to characterise the relative
importance of per t and transitority comp ”, pp. 28

Gian Paolo Caselli and Gabriele Pastrelo {1994] “Polish recovery
form the slump to an old dilemma”, pp. 20

al mercato ¢

Sergio Paba [1994] “Tmp visibili,
organizzazione della produzione™, pp. 20

Giovanni Bonifati [1994] “Progresso tecnico, investimenti e capacitd
produttiva”, pp. 30

Giuseppe Maroita [1994] “Credit view and trade credit: evidence from
Italy”, pp. 20

Margherita Russo [1994] “Unit of investigation for local economic
development policies”, pp. 25

icity and the d d theory of the weak

Luigi Brighi [1995] “M
axioms”, pp. 20

Mario Fomi ¢ Lucrezia Reichlin [1995] ‘“Modelling the impact of
technological change across sectors and over time in manufactoring™,

pp. 25

Marcello D’Amato and Barbara Pistoresi [1995] ‘“Modelling wage
growth dynamics in ltaly: 1960-1990”, pp. 38

Massimo  Baldini [1995}] “INDIMOD. Un modello  di
microsimulazione per lo studio delle imposte indirette”, pp. 37

Paolo Bosi [1995] ‘Regionalismo fiscale e autonomia tributaria:
I’emersione di un modello di consenso”, pp. 38

Massimo Baldini [1995] “Aggregation Factors and Aggregation Bias in
Consumer Demand”, pp. 33

Costanza Torricelli [1995] “The information in the term structure of
interest rates. Can stocastic models help in resolving the puzzle?” pp.
25

Margherita Russo [1995] “Industrial complex, pble de développement,
distretto  industriale. Alcune questioni sulle unitd di indagine
nell’analisi dello sviluppo.” pp. 45



115.

116.

117.

118.

119.

120.

121.

122.

123,

124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Angelika Moryson [1995] “50 Jahre Deutschland. 1945 - 19957 pp. 21

Paclo Bosi [1995] “Un punto di vista macroeconomico sulle
caratteristiche di lungo periodo del nuovo sistema pensionistico
italiano.” pp. 32

Gian Paolo Caselli ¢ Salvatore Curatolo [1995] “Esistono relazioni
stimabili fra dimensione ed efficienza delle istituzioni e crescita
produttiva? Un esercizio nello spirito di D.C. North.” pp. 11

Mario Forni ¢ Marco Lippi [1995] “Permanent income, heterogeneity
and the error correction mechanism.” pp. 21

Barbara Pistoresi [1995] “Co-m ts and converg in
international output. A Dynamic Principal Components Analysis™ pp.
14

Mario Forni ¢ Lucrezia Reichlin [1995] “Dynamic common factors in
large cross-section” pp. 17

Giuseppe Marotta [1995] “I1 credito commerciale in Italia: una nota su
alcuni aspetti strutturali e sulle implicazioni di politica monetaria™ pp.
20

Giovanni Bonifati [1995] “Progresso tecnico, concorrenza e decisioni di
investimento: una analisi delle determinanti di lungo periodo degli
investimenti” pp. 25

Giovanni Bonifati [1995] “Cambiamento tecnico e crescita endogena:
una valutazione critica delle ipotesi del modello di Romer™ pp. 21

Barbara Pistoresi ¢ Marcello D’Amato [1995] “La riservatezza del
banchiere centrale ¢ un bene o un male? JEffetti dell’informazione
incompleta sul benessere in un modello di politica monetaria.” pp. 32

Barbara Pistoresi [1995] “Radici unitarie e persistenza: 1'analisi
univariata delle fluttuazioni economiche.” pp. 33

Barbara Pistoresi ¢ Marcello D’Amato {1995] “Co-movements in
European real outputs™ pp. 20

Antonio Ribba [1996] “Ciclo economico, modello lineare-stocastico,
forma dello spettro delle variabili macroeconomiche™ pp. 31

Carlo Alberto Magni [1996] “Repeatable and una tantum real options a
dynamic programming approach” pp. 23

Carlo Albertc Magni [1996] “Opzioni reali d'investimento ¢
interazione competitiva: programmazione dinamica stocastica in
optimal stopping™ pp. 26

Carlo Alberto Magni [1996] “Vaghezza e logica fuzzy nella valutazione
di un’opzione reale™ pp. 20

Giuseppe Marotta [1996] “Does trade credit redistribution thwart
monetary policy? Evidence from Italy” pp. 20

Mauro Dell’Amico ¢ Marco Trubian [1996] “Almost-optimal solution
of large weighted equicut problems” pp. 30

Carlo Alberto Magni [1996] “Un esempio di investimento industriale
con interazione competitiva e avversione al rischio” pp. 20

Margherita Russe, Peter Borkey, Emilio Cubel, Frangois Lévéque,
Francisco Mas [1996] “Local sustainability and competitiveness: the
case of the ceramic tile industry” pp. 66

Margherita Russo [1996] “Camionetto tecnico e relazioni tra imprese”
pp. 190

David Avra Lane, Irene Poli, Michele Lalla, Alberto Roverato [1996]
“Lezioni di probabilitd ¢ inferenza statistica™ pp. 288

David Avra Lane, Irene Poli, Michele Lalla, Alberto Roverato [1996]
“Lezioni di probabilita e inferenza statistica - Esercizi svolti - “ pp. 302

Barbara Pistoresi [1996] “Is an Aggregate Error Correction Model
Representative of Disaggregate Behaviours? An example™ pp. 24






