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Abstract
This paper proposes a measure of dynamic comovement between (possibly many)
time series and names it cohesion. The measure is computed on the basis of the
estimation of the cospectrum and it is appropriate for processes which are costationary
in first differences. In the bivariate case, the measure is a function of the correlation,
the drifts and the variances and it is defined at each frequency. The multivariate
measure is a corresponding weighted average. We show that it relates in a simple way
to cointegration.
Cohesion is useful to study problems of business cycle synchronization, to investigate long-run dynamic properties of multiple time series such as convergence of output
per-capita, to identify dynamic clusters.
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sectors in the USA. The second is on comovement of output growth between US states
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Introd uction

1

There are few empirica! relations which have the status of "stylized facts" in economics.
One of them is that macroeconomic aggregates comove. This observation has been the
source of speculation of economie theory since its birth. In modern theories of the business
cycle people have asked whether comovements can be explained by large aggregate shocks,
monetary or real, or whether an explanation should be found in non-linear propagation
mechanisms. Every macroeconomic textbook starts by a statement on comovements between
aggregates. However, paradoxically, this is one of the facts that is least well documented
and on what there is more confusion of meaning and terminology.

"Comovement" is a

lose term, possibly describing different phenomena and, consequently, with many different
interpretations. What are really the stylized facts an d what should macroeconomics be trying
to explain? Appropriate measures of comovement between t ime seri es processes should be
developed to provide a meaningful answer to this question.
Such measure should also be useful for the study of the pattern of comovements between
different disaggregate economie variables, such as sectoral and regional output or individuai consumption since the analysis of disaggregate behavior can be informative about the
aggregate. In recent literature, for example, the conjecture has been made that persistent
aggregate fluctuations can be explained by micro shocks propagating locally through inputoutput relations, spillovers and local interaction (e.g. Long an d Plosser, 1983, Cooper and
Haltiwanger, 1990, Shea, 1994, Horvath, 1995 ). If this is the case, observed aggregate persistence may be caused by local rather than aggregate shocks. In generai, any story based
on local spillovers and complementarities should produce dynamic clusters in the relevant
cross-section, defined by higher degree of comovements within clusters than between clusters.
To test for this characteristics we should once again define a measure of comovement.
The informai discussion on comovements usually refers to something close to a notion of
correlation. However, the traditional way with which the time series literature has dealt with
measurement of comovements is based on a notion of rank reduction (see Ahn and Reinsel,
1988) which has a different meaning. In this category belongs the idea of cointegration (Engle and Granger, 1987): two processes are cointegrated if the spectral density at frequency
zero has rank one, codependence (Gourieroux and Peaucelle, 1992), which refers to linear
1 This
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combinations of correlateci processes which are of lower autoregressive arder than others,
common features (Engle and Kozicki, 1993), which are linear combinations which are unpredictable with respect to past information and common cycles (Vahid and Engle 1993) which
are defined as common features in first differences for processes which are cointegrated. This
class of measures presents several problems. First, high cross-correlation neither implies nor
it is implied by cointegration, common cycles or common features and identica! dynamics
neither implies nor is implied by them (Quah, 1993 and Forni and Reichlin, 1997). Second,
these measures are binary. For example, two processes are either cointegrated or not, but we
can't establish different degrees of association. Finally, in arder to establish rank reduction,
we need to estimate the parameters of a VAR which may be problematic when the number
of time series is large. For ali these reasons, while the notion of rank reduction is certainly
interesting to characterize some aspects of the dynamic properties of multi variate time series,
it is not the appropriate one for the study of comovements.
In this paper we develop a measure of comovement which is closer to the notion of
correlation and is based on the estimation of cross-spectra. Our measure, however, unlike
correlation, takes also in consideration the drifts and the variances. This is because variables
in levels may comove weakly even if their first differences are strongly correlateci, owing to
large differences in both deterministic and stochastic trends. The comovement index can be
decomposed by frequency and frequency band and can then be used to study business cycle
as well as long-run questions. Moreover, it can be generalized in such a way as to provide a
summary measure of the degree of comovement within a group of variables or between two
groups of variables. The latter index, named "cohesion", can be used for instance to see how
strongly the outputs of a set of sectors or regions comove, both in the long-run and at the
cyclical frequencies, and compare results with other sets of sectors or regions.
To illustrate our proposed measure and to provide further motivation we implement two
empirica! applications.

In the first one, the objective is to study the "local interaction

hypothesis". We study the pattern of cohesion of sectoral output far 450 manufacturing
sectors in the USA sin ce 1958 (4-digit disaggregati an leve l) an d we show how the size an d
shape of cohesion between different groups of sectors convey information on the nature of
shocks and propagation mechanisms.
In the second, we study output per capita of US states and European nations. We first
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evaluate differences in overall cohesion of countries within Europe and of states within the
US. Then we evaluate the dynamic shape of cohesion to establish convergence and business
cycle synchronization.
The paper is organized as follows. We first describe the properties of our comovement
and cohesion indeces. We then compare it with other comovement measures used in the
literature. In Section five we estimate it for the two empirica! examples, compute bootstrap
confidence intervals and illustrate its use in dynamic clustering. We end with summary and
conclusions.
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Contemporaneous comovement

Let us consider two stochastic processes, say xlt and

X2t·

We are looking for an index c

measuring how strongly xlt and x 2t "move together". Our task will be greatly simplified by
assuming that the first differences

~xlt

and

~x 2 t

are jointly covariance-stationary, an as-

sumption which seems reasonable for many economie variables. In this way we can construct
our measure as a function of the first and the second moments of

~X 1 t

and

~X 2 t,

i.e. their

covariance a 12 , their standard deviations a 1 and a 2 , and means f.-li and f.-l 2 .
A quite natural requirement is that c is a positive function of the correlation coefficient
p =

a 12 / a 1 a 2 an d is normalized so that its maximum value is l. Indeed, one could be

tempted to set simply c= p. This choice however entails a concept of comovement which is
weaker than that we have in mind.
To clarify this point, assume that

~xlt

f3 + {~X 2 t. Integrating both sides we get

and

~X 2t

X1t =

are perfectly correlateci, so that

a+ f3t +

{X 2t,

~xlt =

where a is some constant.

Note that, owing to the deterministic trend j3t, the two variables are not cointegrated. This
case is illustrateci in Figure la for f3 = l and 1 = 4: it is clear that the behaviour of xlt and
x 2t does not correspond to the intuitive meaning of comovement.

A stronger requirement, implying cointegration, would be

(l)
But even this appears unsatisfactory in many cases, depending on the nature of the variables
x 1 t and x 2t. For instance, think of xlt and x 2t as being the per-capita incomes of two different

countries. Equation (1) implies that the difference xlt- x 2t is equal to (r- l)x 2t (up to a
3

constant term). Hence if the variables are I(l) then

XIt- X2t

is also I(l), unless ry =l. This

entails that the probability of x 1t and x 2t being closer than any given distance goes to zero
as t goes to infinity, even if they are equal in t = O. Clearly this is not what we mean when
saying that the per-capita incomes of two countries move perfectly together. If we do not
want

XIt-

x 2t to be I(l) we have to impose both (3 = O and ry = l, i.e.

XIt

= x 2t up to

a constant term. Put another way, we want a measure c such that c = l if and only if, in
addition to p= l, we have f-1 1 = f-1 2 and

0"1

=

0"2

(implying that Llxlt = Llx2t)·

Per-capita incomes of different countries is only a paradigm for a wide range of important
economie variables. For instance j

=

l, 2 may represent a region or a sector an d

Xjt

may

be the unemployment rate, the inflation rate, or the interest rate. Clearly if xlt and x 2t are
aggregate savings of, say, US and Belgium, not taken in logs, it would make little sense to
require

XIt =

x 2t up to a constant term. In this case condition (l) seems more appropriate.

But if savings are normalized by dividing by population or are taken in logs, as it is usually
done in empirica! work, this requirement is perfectly suitable. The same holds for variables
like consumption, investment, exports an d so on.
Summing up, we are looking for a statistic c which is an increasing function of p, but
depends also on
0"1

=

0"1 , 0"2 ,

f-1 1 and f-1 2 , and reaches its maximum when p

= l,

f-1 1

=

1-1 2 and

0"2.

Additional requirements are needed to consider the case of negative comovements, 1.e.
the case in which x 1t and x 2t move in apposite ways. To take account of this case, we allow
for negative values of c and take -l as the minimum value. Moreover, we require that c---> O
as lf-1 1
lf-1 1

-

-

f-1 2 1 ---> oo or

f-1 2 1 (or

O'j)

O'j

---> oo. This entails that, if we start from a negative c, a growing

will eventually raise c, rather than reducing it, reflecting the fact that

the negative relation becomes weaker. Our motivation is that the means and the variances
should affect only the size of c, not its sign, which is determined by p: a large difference
between f-1 1 and f-1 2 simply means that x 1t and x 2 t have very different drifts and hence comove
weakly, not that they comove negatively. The same holds if

O"j

approaches infinity while p,

the means and the other standard deviation are held constant. This is illustrateci in Figure
lb, where we show two series which are perfectly correlateci, but do not comove due to a
large difference in their variances.
In sum, we have that c is positive, negative or zero if and only if p is positive, negative
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or zero. Moreover, if the sign of p changes, the sign of c changes, but ici does not, so that
c(xlt, Xzt) = -c(xlt, -Xzt

+ 2!--lzt).

An irnplication is that c= -l if and only if p= -l, 17I = 172 and f--li = f--lz, i.e. if and only
if X1t- /--li t= -(x 2t - f--lzt) up to a constant terrn and /--li = f--lz; in words, if the average of
the two series equals their cornrnon deterrninistic trend. Figure le illustrates two variables
with perfect negative cornovernent.
Notice that, if f--li = f--lz and 17I = 172 , we are requiring c= p both in the case p= l and
in the case p = -l. We are requiring c= p also when p = O. Indeed, the only rnotivation
for our departure frorn the correlation coefficient p is that we want to take into account the
differences in the variances and the rneans. If /--li = f--lz and 17I = 172 , it seerns sensible to
assume that c= p for any value of p, not only in the cases p= l, p= -l and p= O.
The above discussion justifies the following list of properties for the rneasure of cornovernent c.

A. l

c= f(p, 17I, 172 , f--li, f--lz) where f is continuous and takes on values in [-1, l].

A.2 (a) cis increasing in p; (b) p> O irnplies c> O; (c) cis antisyrnrnetric in p, i.e.
f(p, 17I, 17z, /--li, f--lz) =- f( -p, 17I, 17z, /--li, f--lz).

A.3 ici is strictly decreasing in if--li - f--lzi ; (b) lirn!JJ-JI--->oo c= O, j = l, 2; lirnaj-+oo c= O,
j =l, 2; (c) if f--li = f--lz and 17I = 172 , then c= p.

Obvious additional requirernents are:

A.4 c cornrnutes with respect to X1t and Xzt, i.e. f(p, 17I, 17z, /--li, f--lz) = f(p, 17z, 17I, f--lz, f--li).
A.5 c is invariant with respect to rnultiplication of xlt and Xzt by a positive constant
a, i.e. f(p, 17I, 17z, f--li, f--lz) = f(p, a1711 al7z, af--li, af--lz).

We are now ready to introduce our rneasure of conternporaneous cornovernent. Our starting
point is the apposite of the squared distance between i}.xlt and i}.x 2t,

(2)
The above quantity increases when distances reduces (as we want) and has a rnaxirnal value of
zero. In order to norrnalize (2) we suppose fora rnornent that i}.xlt and i}.x 2 t are uncorrelated,
in which case E(L}.xlt - i}.x2 t) 2 would simplify to

(3)
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Figure 1: Examples of series with (a) perfect correlation, weak comovement (b) perfect correlation, weak comovement (c) perfect negative comovement (d) no (contemporaneous) correlation, strong comovement
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The fraction of (2) and (3) lies in the interval [-2, 0]. To satisfy properties Al-A2, we add
l to this fraction. The resulting index of contemporaneous comovement is then
2a12
c= ai + a~+ (fJl - fJ2) 2 = p ai +

2a1a2
a~+ (fJl - /-l2) 2

(4)

The reader can easily verify that the above function satisfies A.l-A.5, along with

A.6 c is not affected by the addition of equal deterministic trends to xlt and x 2t, i.e.
f(p, a1, a2, /-ll + b, fJ2 +b)= f(p, a1, a2, f-ll, fJ2)·
The above list of properties is not complete, i.e. A.l-A.6 do not identify uniquely the function

(4). To see this, noti ce that by multiplying the last term a t the denominator of (4) by a
positive w

i-

l, a different function is obtained which also satisfies A.l-A.6.

Up to now, we only discussed contemporaneous comovement and abstract from any
dynamic considerations. The importance of dynamics is illustrateci by Figure ld, where we
show the example: xlt = x 1,t-l +

Ut

and

X2t =

x 1,t-l with

Ut

white noise. Although the

contemporaneous correlation (and also the measure c) between the two series is zero, they
clearly comove. The next Section discusses the extension to the dynamic case.

3

Comovement decomposed by frequency and frequency
bands

Let us now substitute in formula (4) the static second moments with their dynamic counterparts, that is the spectral densities aJ(>.),

-1r .::;

À .::;

1r,

for the variances and the co-spectrum

a 12 (>.), i.e. the real part of the cross-spectrum, for the covariance. We get the comovement
in dex

(5)
which measures the comovement of xlt and x 2 t at frequency À. 2
We introduce also a measure of comovement relative to the frequency band A= [->. 2, -À 1]U
[>.1, À2] with O .::; À1 < À2 .::;

1r.

The latter is given by

A
2 fA a12(À) dÀ
c( ) = fA[ai(>.) +a§(>.)] dÀ+ (fJl- fJ2) 2(À2- À1)/1r ·
2

Note that, if

f-tl =

j-t 2 ,

(6)

the denominator can vanish. However, this is not really a problem, since, if

tlxlt and tlx 2 t are ARMA processes, as we assumed, the denominator can vanish only in a finite number of
isolated points, where c(,\) can be defined by continuity.
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Contemporaneous comovement c is obtained by setting À1 = O and .\ 2 = 1r, so that A is
equal to the whole interval [-1r, 1r].
Notice that c(A)- and as a special case c([-1r, 1r]) =c

can be considered as a weighted

average of the values taken on by c(.\) over A, since, denoting by d(.\) the denominator of
(5), c(A) is the integrai of c(.\)d(.\) divided by the integrai of the weight d(.\). In this sense,
c( À) decomposes c by frequency. As a consequence, we h ave c = l (or c = -l) if an d only
if c(.\)= l (or c(.\)= -1) almost everywhere on [-1r,1r]. Similarly, c(A) decomposes c by
frequency bands. Let us consider a partition of [0, 1r] into m intervals 11 , .•• , Im and set

Ak = -h

U

h, k = l, ... , m. The reader can easily verify that cis a weighted average of

c(AI), ... , c(Am)·
An immediate consequence of definition (5) is
B.l c(.\) =O for every À E [-1r, 1r] if and only if Llxlt and .6.x 2t are uncorrelated at all

leads and lags.
Evaluating c(.\) at frequency zero we get an index of long-run comovement between xlt
and x 2 t, which is related to cointegration in the following way.
B.2

If x 1t and Xzt are difference-stationary, i.e. o}(O)

cointegrated with cointegrating vector (l

f O,

j = l, 2, then they are

-l) if and only if c(O) = l.

To see this, call g(.\) the spectral density of Ll(xit- Xzt); xlt- Xzt is stationary if and

+ ai(O) Since ar(O) + ai(O) f

+ ai(O)

only if g(O) = ai(O)

2aiz(O) = O and f.LI = J.Lz, i.e. 2aiz(O) = ai(O)

!LI = J.Lz.

O the above conditions are equivalent to c(O) = l.

and

Figure le plots the comovement index of the two series showed in Fig ld, which have
zero contemporaneous correlation, but are cointegrated with cointegrating vector (l

- 1).

On average, the index equals zero; however, inspection of all frequency bands reveals that
this is the result of large long-run positive comovements canceling out with large short-run
negative comovements.
Remark: We can say that two series are cointegrated with arbitrary cointegration vec-

tor when the comovement index at frequency zero computed from the standardized series

x1t/a1(0) and XIt/az(O) equals one.
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Cohesion and cross-cohesion

Let us now consider a vector of n 2: 2 variables

Xt

= ( xlt

attach non-normalized positive weights w = ( w 1

Wn )'

proposed measure for the internai cohesion of the variables in

Xnt )'.

Moreover, le t us

to the variables in
Xt

Xt.

Our

is motivated in the same

manner as in the bivariate case and equals the fraction of the weighted averages formed by
the numerator and denominator of the comovement index defined in (4). Contemporaneous
cohesion is defined as

(7)
where for notational simplicity we do not explicit the dependence on w. Note that coh can be
seen as a weighted aver age of the comovement indeces
of

Cij

and setting

Vij

= wiwjdij,

we have coh =

Cij:

denoting by

dij

the denominator

'2:ioiJ CijVij/ '2:iioj Vij·

At frequency À, we have

(8)
while the measure of cohesion within the frequency band A =
by

9

[->. 2 , ->. 1 ] U [>.1, >. 2 ]

is given

A very simple choice for the weights is

l for all i. While equal weights may work

Wi =

well in many cases, they appear unsuited when we deal with sectors or regions with very
different importance. For instance, if we want to measure the cohesion of the per-capita
incomes of the European countries, it is reasonable to give Germany a greater weight than
Luxembourg. A natural choice for

wi

in this case would be the level of income or population

of country i at some t.
We exclude the diagonal terms in the weighted averages (7) and (8) for two reasons.
First, it seems reasonable to require that, if the entries in !::.xt are pairwise uncorrelated,
then contemporaneous cohesion is zero, and if they are pairwise uncorrelated at all leads
and lags, cohesion is zero at all frequencies. These properties hold with the above definition,
whereas they would be violated when including the diagonal terms. Second, the inclusion of
the diagonal terms would render cohesion dependent of n. As an example, assume !Li
O"i = O"
Cij =

for ali i and

Pii = p

for i i- j, and set for simplicity

p for i i- j. According to definition (7) we get coh

Wi = l

=

= f.-l,

for ali i. In this case

p, while the inclusion of the

diagonal terms would give [p(n- l)+ 1]/n, so that a group with two uncorrelated variables
would have cohesion 0.5 while a group with ten pairwise uncorrelated variables would have
cohesion 0.1.
Clearly coh(.\) :S l and coh(.\) = l if and only if all of the variables in
perfectly at frequency

À.

In particular, coh(O)

=

Xt

comove

l if and only if the variables in

pairwise cointegrated with cointegrating vector (l

Xt

- 1), i.e. they have a common trend

representation and equallong run responses to the permanent shock. Moreover, coh(.\)
at each frequency, i.e. coh

=

are

l, if and only if all of the

Xit's

=

l

differ from each other only by a

constant term.
The lower bound of the cohesion index is -l for n = 2, since, if n = 2, the cohesion of
Xt

coincides with the comovement index of X1t and x 2t (in dependently of w). For n > 2 the

lower bound is greater, since of course we cannot have perfect pairwise negative correlation
within a group of three variables or more. To illustrate this point, let us consider that
contemporaneous cohesion is minimized when
Cij =Pii

and coh =

(w'Rw- w'w)ILif.iwiwj,

expression cannot be less than

l

=

f.Li

f.-l and O"i

where

-v/w Lif.i wiwj,

R

=

O"

for all i. In this case

is the correlation matrix. This

which value depends on the particular

choice of the weights. An example is the case of equal weights, with the minimum l l (n - l)

lO

tending t o zero as n gets larger.
Here is a list of properties for the index of cohesion. Properties C.l and C.2 are trivial;
Property C.3 is an immediate consequence of A.5 and A.6; Property C.4 has been discussed
above.
C. l coh(,\) is independent of the arder of the variables in

Xt

(provided that the weights

are reordered in the same way).
C.2 coh(,\) is homogeneous of degree zero in the weight vector w.
C.3 The cohesion indices of

Xt

and

axt

+ btLn,

&n being the vector of ones, is the same

for any pair of scalars a and b.

C.4 (a) -l:::; coh(,\):::; l; (b) coh(,\) =l if and only if cij(,\) =l for all pairs i,j; (c)
if

Cij(À)

=O for all pairs i, j, then coh(,\) =O.

Note that, while pairwise correlation implies zero cohesion, the converse is not true:
when observing a small cohesion index we cannot distinguish whether it originates from
small pairwise comovements or large negative and positive covariances canceling out each
others. This problem could be avoided by using the alternative measure
*_
22::ihWiWjiO"ijl
co h - l::ih WiWj [O"i2 + O"j2 + (/-li

-

/-lj

)2].

On the other han d, co h* has the disadvantage that it does no t distinguish between negative and positive comovements. If we want to retain both informations we can do this by
comparing coh and coh*.
The cohesion index can be easily generalized to an index measuring the cross-cohesion
between the n-vector
the moment that
Wx

and

wy.

Xt

Xt

an d

and the m-vector
Yt

Yt· Far

the sake of simplicity, let us assume for

have no common elements. Let us specify two vectors of weights

Contemporaneous cross-cohesion of

Xt

and

Yt

is given by

The definition of the corresponding dynamic measures is trivial. Note that if both

Xt

and

Yt

are scalars, cross-cohesion reduces to comovement.
In some cases it could be interesting to evaluate the cross-cohesion of two overlapping sets
of variables. In this case we should eliminate from the average the self-comovements of the
11

variables in the intersection, as we have don e in defining the cohesion index (7). Hence the
above definition of cross-cohesion should be generalized in the following way. For notational
simplicity, let us reorder the variables in

Xt

and

Yt

in such a way that, if

Xt

and

Yt

have k

variables in common, the latter variables occur in the first k places. The generalized index
of cross-cohesion is then

(9)
According to this definition, the cross-cohesion of

5

Xt

with

Xt

is equal to the cohesion of

Xt.

Empirica} illustration

5.1

Real output in US manufacturing

This section uses the cohesion measure to show how to proceed empirically to answer one of
the most classic questions in macroeconomics. Are the features of aggregate business cycle
explained by aggregate shocks or by sectoral shocks with strong "local" linkages? Recent
studies (eg Forni and Reichlin, 1996, 1998) have found that aggregate manufacturing output
in the US has a pronounced business cycle measured as a peak in the spectral density
corresponding to a period of around six years. The question we ask is whether this peak can
be explained by sectoral shocks which are not purely idiosyncratic, but that have propagation
mechanisms which affect some neighboring sectors.
Whether aggregate business cycle is explained by aggregate or sectoral disturbances is a
long-standing question (Lilian, 1982 is one of the earliest and most infiuential papers). The
observation of sectoral comovements, however, is not sufficient to support the sectoral view
since sectoral comovements may be generated by macro-shocks. Moreover, since the effect
of purely idiosyncratic sectoral shocks should cancel out in the aggregate, for the sectoral
explanation to be valid, we should find that the sectoral shocks are not purely idiosyncratic
and produce fiuctuations in the output of their own sector as well as in that of neighboring
sectors
3

3

Several mechanisms have been suggested; we can broadly classify them in two categories: input-output

linkages (e.g. Long and Plosser, 1983, Horvath, 1995) and linkages through demand for fina! goods or other
complementarities (e.g. Cooper and Haltiwanger, 1990, Shea, 1994).
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Our cohesion measure can be used easily to detect whether these "local" effects are
present in the data.
Although we are aware that other relevant criteria can be chosen, here we will follow the
SIC classification to define distance between sectors. We consider 450 manufacturing sectors
(four-digit classification) for the USA over the 1958-86 time period. We then aggregate to
obtain the twenty sectors ofthe two-digit classification. We ask two questions. First, whether
output of sectors that belong to the same two-digit classification is more cohesive (within
cohesion) than that of randomly selected groups of sectors. Second, whether cohesion is
particularly pronounced at business cycle frequencies.
Our empirical strategy starts from the following observations. If sectoral four-digit shocks
were purely idiosyncratic, by aggregating from the four-digit to the two-digit level, their effect
would disappear owing to the law of large number and observed aggregate behaviour should
reftect the effect of aggregate shocks only. If there are strong comovements within the twodigit groups, measured by relatively (with respect to random groups) high cohesion, the
law of large number works slowly and the behaviour of the aggregate should then partially
reftect the effect of micro shocks.

This implies that if (i) the aggregate has a peak at

business cycle frequency, (ii) within two-digit cohesion peaks at business cycle frequency
and (iii) cohesion within two-digit groups is high relatively to cohesion within randomly
selected groups, aggregate business cycle in manufacturing is explained by micro shocks
with strong local effects. On the other hand, if (i) holds but cohesion within two-digit is
large but ftat, then the explanation for the aggregate shape should be based on the effect of
aggregate shocks. In this case we should observe that the spectral density of 4-digit sectoral
output has a peak at business cycle frequency.
Figure 2 and 3 show the spectrum of the aggregate and the average of the 450 sectoral
spectra. By comparing Figure 2 and 3 we can see that the spectral shape of the aggregate
is not reproduced by the shape of the within 2-digit cohesion. While the aggregate shows
a pronounced peak corresponding to a cycle of about six years, cohesion seems to be either
stronger at low frequencies or constant. These results indicate that the peak in the aggregate
spectral shape is produced by aggregate shocks common to all sectors rather than sectoral
shocks with local linkages. In the latter case, we should have observed a peak of cohesion
corresponding to a six year cycle. This conclusion is reinforced by the comparison between
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Figure 2: Spectrum of the aggregate output aver the 450 manufacturing sectors

Figure 3 and Figure 4: cohesion within two digit does not seem to be significantly higher
than cohesion within randomly selected groups.

5.2

Per-capita incarne: US states and European nations

Here we consider cohesion ofper-capita incarne of 49 US states (within cohesion) from 1962 to
1994 and compare it with cohesion within two groups of European countries: sixteen WestEuropean nations (UK exduded) and the European core composed by France, Germany
and the Benelux. We have also computed the cohesion between the European groups and
the US. Figure 5 shows that the 16 European countries are less cohesive than US states,
especially at business cyde frequency. Moreover, their interna! cohesion is very dose to
the cohesion between the US as a whole and Europe as a whole. In Figure 6 we have
also computed bootstrap confidence bands so that we can make more precise statements on
whether observed differences are statistically significant. It is interesting to note that, in the
long-run, the interna! cohesion of Europe is not significantly different from that of the US.
Moreover, from Figure 7, we can see that when the European core is considered, European
cohesion is very dose to US cohesion and much higher than between cohesion, especially at
14
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business cycle frequency.
The proposed measure of cohesion can be used as a measure of distance in computing
clusters thereby providing a methodology for dynamic clustering. We will illustrate this by
grou ping 17 European countries (cfr. Appendix l) according t o the way that their in come
per capita comove together.
To this purpose, we first need to compute the 17 by 17 matrix of (positive) "dissimilarities", with elements

(lO)
fora given frequency band A. We say that countries which strongly comove within the given
frequency band, have small "dissimilarities".
To distinguish between short-run and long-run dynamics, we performed calculations for
two different frequency ranges, corresponding to cycles of period of ten years or longer (longrun dynamics) an d cycles of peri od less t han ten years, representing short-run fluctuations
and business cycle dynamics. Of course, this is an arbitrary partition of the spectrum, and
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other partitions of [-n, 1r] can be chosen, depending on the em pirical application.

4

Once the dissimilarity matrix has been computed, standard clustering techniques can be
applied. We chose to apply the metrical multidimensional scaling 5 technique (Cox an d Cox,
1994) which represents the 17 countries in a 2 dimensiona! plane. The Euclidean distances
between the points in the plane are now supposed to mimic the dissimilarities computed by
(10). Countries which have big dissimilarities, have representations in the plane which are far
away from each other. Looking at the objects in the two-dimensional plane, makes it possible
to detect possible clusters and outliers. In Figure 8 we illustrate results of the application of
multidimensional scaling based on the cohesion indices for long run comovements (Figure Sa),
and for business cycle and short run comovements (Figure 8b ). No clear grouping emerges
and countries seem to have fairly homogenous dynamic behaviour. Not surprisingly, an
outlier for both long-run and short-run is Switzerland; the UK, on the other hand, while
belonging to the main group in the long-run, has low cohesion with the rest of Europe for
cycles of ten years or shorter. This confirms results found in the literature on the basis of
different techniques (e.g. Forni an d Reichlin, 1997).

6

Summary and conclusion

This paper has proposed a measure of dynamic comovement between (possibly many) t ime
series an d named it cohesion. The measure is computed on the basis of the estimation of the
cospectrum and it is appropriate for processes which are costationary in first differences. In
the bivariate case, the measure is a function of the correlation, the drifts and the variances
and it is defined at each frequency. The multivariate measure is the corresponding weighted
average. We show that it relates in a simple way to cointegration.
Cohesion is useful to study problems of business cycle synchronization, to investigate
long-run dynamic properties of multiple time series such as convergence of output per-capita,
to identify dynamic clusters.
We have fully described the theoretical properties of the measure and provided two
empirical illustrations. The first is on comovement of the output growth of 450 manufacturing
4

In practice, the integrai appearing in the definition of coh(A)ij was computed by the simple trapezium

rule for numerical integration.
5
The procedure cmdscale of the statistical software package Splus was used for this.
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sectors in the USA. The second is on comovement of output growth between US states and
European regions.
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APPENDIX 1:
Data sources and data treatment
A. US Manufacturing output: The data set used is the Annual Survey of Manufacturers
(ASM) which is a survey of manufacturing establishments sampled from those responding
to the comprehensive Census of Manufacturers. This database contains information for 4digit manufacturing industries from 1958 through 1986. We have used value added data for
output and deftated them by the value of shipments.
Logs of sectoral data on output and productivity were subject to unit root tests. For all
data we were not able to reject the null of a unit root (results available on request) at the
5 % level. We then took the differences and removed the mean. The electronic computer
sector (SIC 357) was found to have a unit root after being detrended by a segmented trend
with change in drift in 1972.
B. US states income per-capita: The data are "Per capita personal incarne (USD)" from
REIS, database provided by the Bureau of Economie Analysis, Economics and Statistics
Administration of the US department of Commerce.
C. European nations income per-capita: The data are GDP at 1990 market prices deftated by
the GDP deftator (Mrd USD 1990) and divided by the population. The source is Eurostat.
Countries considered in the large group: Belgium (Be), Denmark (Dk), West Germany
(WG), Greece (Gr), Spain (E), France (Fr), Ireland (Ir), Italy (It), Luxembourg (Lx), Netherlands (Nl), Portugal (Po), Switzerland (Ch), Austria (Au), Norway (No), Sweden (Sw), Finland (Fi). Countries considered in the European core: Belgium, West Germany, France,
Luxembourg, the Netherlands. For the cluster analysis, the United Kingdom (UK) was
added to the large group.
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APPENDIX 2:
Bootstrapping technique
Confidence lirnits around the estimateci cohesion coefficients were cornputed using bootstrap
techniques. An overview of rnethods for bootstrapping tirne series is given in Berkowitz and
Kilian (1996). We applied a standard block bootstrap for the cohesion of per capita incarne
within US and Western-Europe, respectively (cfr. Section 5.2). The nurnber of replicates
was 200 and the length of the blocks was chosen to be equal to 8, large enough to retain the
cyclical inforrnation in the series. The distribution of the bootstrap replicates was relatively
dose to a norrnal one, and therefore the confidence lirnits were cornputed by the 2 O"-rule.
Alternatively, one could bootstrap the tanh - l transforrn of cohesion (which can takes values
over the whole realline), which rnade the distribution of the bootstrap replicates closer to a
norrnal, but the obtained confidence lirnits rernained alrnost the sarne.
Since cohesion is defined in the frequency dornain, it is very appealing to use the spectral
approach of Berkowitz and Diebold (1996). By bootstrapping the (rnultivariate) spectrurn
instead of the tirne series itself, we can save cornputation tirne, since the spectrurn does
not need to be recornputed for each bootstrap replicate. Prelirninary experirnents in this
direction were not so successful, probably due to the fact that the tirne span in the treated
exarnples is rather srnall. Research on this topic is ongoing.

23

29.

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

30.

Paolo Basi (1988] "MICROMOD. Un modello dell'economia
italiana per la didattica della politica fiscale", pp. 34

31.

Paolo Bosi ( 1988] "Indicatori della politica fiscale. Una rassegna e
un confronto cori l'aiuto di MICROMOD", pp. 25

32.

Giovanna Procacci [ 1988] "Protesta popolare e agitazioni operaie in
Italia 1915-1918", pp. 45

33.

Paolo Basi e Paolo Silvestri [1986] "La distribuzione per aree
disciplinari dei fondi destinati ai Dipartimenti, Istituti e Centn'
dell'Università di Modena: una proposta di riforma", pp. 25

Margherita Russo [1988] "Distretto Industriale e servizi. Uno studio
dei trasporti nella produzione e nella vendita delle piastrelle", pp.
157

34.

6.

Marco Lippi [1986] "Aggregations and Dynamic in One-Equation
Econometrie Models", pp. 64

Margherita Russo (1988] "Tbe effect of technical change on skill
requirements: an empirica! analysis", pp. 28

35.

Paolo Silvestri [ 1986] "Le tasse scolastiche e universitarie nella
Legge Finanziaria 1986", pp. 41

Carlo Grillenzoni (1988] "Identification, estimations ofmultivariate
transfer functions", pp. 33

7.

36.

Nerio Naldi (1988] '"Keynes' concept ofcapital", pp. 40

37.

Andrea Ginzburg (1988] "locomotiva Italia?", pp. 30

38.

Giovanni Mottura (1988] "La 'persistenza' secolare. Appunti su
agricoltura contadina ed agricoltura familiare nelle società
industriali", pp. 40

39.

Giovanni Mottura (1988] "L'anticamera dell'esodo. I contadini
italiani della 'restaurazione contrattuale' fascista alla riforma
fondiaria", pp. 40

40.

Leonardo Paggi
(1988]
"Americanismo e riformismo La
socialdemocrazia europea nell'economia mondiale aperta", pp. 120

41.

Annamaria Simonazzi
[1988]
"Fenomeni di
spiegazione degli alti tassi di interesse reale", pp. 44

42.

Antonietta Bassetti [1989] "Analisi dell'andamento e della casualità
della borsa valori", pp. 12

43.

Giovanna Procacci [ 1989] "State coercion and worker solidarity in
Italy (1915-1918): the mora! and politica! content of social unrest",
pp. 41

44.

Carlo Alberto Magni [1989] "Reputazione e credibilità di una
minaccia in un gioco bargaining", pp. 56

45.

Giovanni Mottura
[19~9]
"Agricoltura familiare e sistema
agroalimentare in Italia", pp. 84

46.

Mario Forni (1989] "Trend, Cycle and 'Fortuitous cancellation'· a
Note on a Paper by Nelson and Plosser", pp. 4

47.

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

48.

Roberto Golinelli [ 1989] "Note sulla struttura e sull'impiego dei
modelli macroeconometrici", pp. 21

49.

Marco Lippi
(1989]
Aggregation", pp. Il

50.

Gian Paolo Caselli e Gabriele Pastrello (1989] "The Linkage
between Tertiary and Industriai Sector in the !tali an Economy: 19511988. From an External Dependence to an Intemational One", pp.
40

51.

Gabriele Pastrello [ 1989] "Francois quesnay: dal Tableau Zrg-zag
al Tableau Formule: una ricostruzione", pp. 48

52.

Paolo Silvestri [1989] "Il bilancio dello stato", pp. 34

53.

Tim Mason [1990] "Tre seminari di storia sociale contemporanea",
pp. 26

54.

Michele Lalla [1990] "The Aggregate Escape Rate AnalyseJ
throught the Queueing Mode!", pp. 23

55.

Paolo Silvestri [1990] "Sull'autonomia fmanziaria dell'università",
pp. Il

56.

Paola Bettolini, Enrico Giovannetti (1990] "Uno studio di 'filiera'
nell'agroindustria. !l caso del Parmigiano Reggiano", pp. 164

l.

Maria Cristina Marcuzzo
1983)", pp. 134

2.

Sergio Lugaresi [1986] "Le imposte nelle teorie del sovrappiù", pp.
26

3.

Massimo D'Angelillo e Leonardo Paggi
[1986]
socia!democrazie europee. Quale riformismo?", pp. 158

4.

Gian Paolo Caselli e Gabriele Pastrello [ 1986] "Un suggerimento
hobsoniano su terziario ed occupazione: il caso degh Stati Umtl
1960/1983", pp. 52

5.

[ 1985]

"Yoan Violet Robinson (1903-

"PC! e

8.

Mario Forni [ 1986] "Storie familiari e storie di proprietà. Itinerari
sociali nel!' agricoltura italiana del dopoguerra", pp. 165

9.

Sergio Paba
[ 1986 ]
"Gruppi strategici e concentrazione
nell'industria europea degli elettrodomestici bianchi", pp. 56

IO.

Nerio Naldi [1986] "L'efficienza marginale del capitale nel breve
periodo", pp. 54

l l.

Fernando Vianello [1986] "Labour Theory of Value", pp. 31

12.

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

13

Maria Cristina Marcuzzo e Annalisa Rosselli [1986] "The Theory
ofthe Gol d Standard and Ricardo's Standard Comodity", pp. 30

14.

Giovanni Solinas [1986] "Mercati del lavoro locali e carriere di
lavoro giovanili", pp. 66

15.

Giovanni Bonifati
[1986]
"Saggio dell'interesse e domanda
effettiva. Osservazioni sul cap. 17 della Genera! Theory", pp. 42

16.

Marina Murat
[ 1986]
"Betwin old and new classica!
macroeconomics: notes on Lejonhufvud's notion of full information
equilibrium", pp. 20

17.

Sebastiano Brusco e Giovanni Solinas
[1986]
"Mobilità
occupazionale e disoccupazione in Emilia Romagna", pp. 48

18

Mario Forni [1986] "Aggregazione ed esogeneità", pp. 13

19

Sergio Lugaresi [ 1987]
occupazione", pp. 17

20

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

21

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

22.

Leonardo Paggi
[1987]
"Contemporary Europe and Modem
America: Tbeories of Modemity in Comparative Perspective", pp.
38

23.

Fernando Vianello [1987]
'Critique ofSraffa"', pp. 12

24.

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

25.

Anna Maria Sala (1987] "Banche e territorio. Approccio ad un tema
geografico-economico", pp. 40

26

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

27

Giovanna Procacci [1988] "The State and Social Contro! in Italy
During the First World War", pp. 18

28.

Massimo Matteuzzi e Annamaria
pubblico", pp. 62

"Redistribuzione del reddito, consumi e

"A Critique of Professar Goodwin's

Simonazzi

[ 1988]

"Il debito

isteresi nella

"A Shorte Note on Cointegration and

57.

Paolo Basi, Roberto Golinelli, Anna Stagni
macroeconomicì,

settori ali

distributivi

[!990l

"Effetti

85.

dell'armonizzazione

dell'IV A", pp. 24
58.

Michele Lalla [19901 "Modelling Employment Spells from Emilia
Labour Force Data", pp. 18

59.

Andrea Ginzburg
[!990l
internazionale", pp. 22

60.

61.

86.

"Politica Nazionale e commercio

Claudio Grimaldi, Rony Hamaui, Nicola Rossi [1991] "Non
Marketable assets and hauseholds' Portfolio Chmce· a Case ofStudy
ofltaly", pp. 38
Giulio Righi, Massimo Baldini, Alessandra Brambilla [ 1991 l "Le
misure degli effetti redistributivi delle imposte indirette: confronto
tra modelli alternativi", pp. 47

87.

Roberto Fanfani, Luca Lanini [ 19911 "Innovazione e servizi nello
sviluppo della meccanizzazione agricola in Italia", pp. 35

Andrea Giommi [19901 "La probabilità individuale di risposta nel
trattamento dei dati mancanti", pp. 13

88.

Gian Paolo Caselli e Gabriele Pastrello [19901 "The service sector
in planned economies. Past experiences and future prospectivesn,
pp. 32

Antonella Caiumi e Roberto Golinelli [19921 "Stima e applicazioni
di un sistema di domanda Almost Ideai per l'economia italiana", pp.
34

89.

Maria Cristina Marcuzzo [ 19921 "La relazione salari-occupazione
tra rigidità reali e rigidità nominali", pp. 30

62.

Giovanni Solinas [19901 "Competenze, grandi industrie e distretti
industriali,. Il caso Magneti Marel!i", pp. 23
.

90.

Mario Biagioli
[19921 "Employee fmancial participation in
enterprise results in Italy", pp. 50

63.

Andrea Ginzburg [19901 "Debito pubblico, teorie monetarie e
tradizione civica nell'Inghilterra del Settecento", pp. 30

91.

Mario Biagioli [19921 "Wage structure, relative prices and
international competitiveness", pp. 50

Mario Forni
[19901
"Incertezza, informazione e mercati
assicurativi: una rassegna", pp. 37

92.

Paolo Silvestri e Giovanni Solinas [19931 "Abbandoni, esiti e
carriera scolastica. Uno studio sugli studenti iscritti alla Facoltà di
Economia e Commercio dell'Università di Modena nell'anno
accademico 199011991 ", pp. 30

93.

Gian Paolo Caselli e Luca Martinelli [19931 "Italian GPN growth
1890-1992: a unit root or segmented trend representatin?", pp. 30

economia avanzata", pp. 20

94.

Angela Po1iti [19931 "La rivoluzione fraintesa. I partigiani emiliani
tra liberazione e guerra fredda, 1945-1955", pp. 55

Paola Bertolini
[ 1990 l
"Sistema agro-alimentare in Emilia
Romagna ed occupazione", pp. 65

95.

Alberto Rinaldi [19931 "Lo sviluppo dell'industria metalmeccanica
in provincia di Modena: 1945-1990", pp. 70

Enrico Giovannetti [19901 "Efficienza ed innovazione: il modello
"fondi e flussi" applicato ad una filiera agro-industriale", pp. 38

96.

Paolo Emilio Mistrulli

64.

'~Misspecification

65.

Mario Forni [19901

66.

Gian Paolo Caselli e Gabriele Pastrello [19901
Growth in CPE's: An Unsolved Dilemma", pp. 28

67

68.

69.

in Dynarnic Models", pp. 19
"Service Sector

Paola Bertolini [ 1990 l "La situazione agro-alimentare nei paesi ad

[ l993l

"Debito pubblico, intermediarr

finanziari e tassi d'interesse: il caso italiano", pp. 30

70

Margherita Russo
[ !990l "Cambiamento tecnico e distretto
industriale: una verifica empirica", pp. 115

97.

Barbara Pistoresi [19931 "Modelling disaggregate and aggregate
labour demand equations. Cointegration analysis of a labour
demand function for the Mai n Sectors of the Itali an Economy: 19501990", pp. 45

71

Margherita Russo [!990l "Distretti industriali in teoria e in pratica:
una raccolta di saggi", pp. 119

72.

Paolo Silvestri
[!990l
" La Legge Finanziaria.
dell'enciclopedia Europea Garzanti", pp. 8

Voce

98.

Giovanni Bonifati [19931 "Progresso tecnico e accumulazione di
conoscenza nella teoria neoclassica della crescita endogena. Una
analisi critica del modello di Romer", pp. 50

73.

Rita Paltrinieri [19901 "La popolazione italiana: problemi di oggi e
di domani", pp. 57

99.

Marcello D'Amato e Barbara Pistoresi [19941 "The relationship(s)
among Wages, Prices, Unemployment and Productivity in Jtaly'', pp.
30

retribuzioni in una ricerca", pp. 120

100.

Mario Forni
[19941
"Consumption Volatility and lncome
Persistence in the Permanent Income Mode l'', pp. 30

Emico Giovannetti [19901 "Crisi e mercato del lavoro in un
distretto industriale: il bacino delle ceramiche. Sez I", pp. !50

101.

Barbara Pistoresi [19941 "Using a VECM to characterise the
relative importance of permanent and transitority components". pp.
28

74.

75

Enrico Giovannetti [19901 "Illusioni ottiche negli andamenti delle
Grandezze distributive: la scala mobile e !"appiattimento' delle

76

Enrico Giovannetti [ 19901 " Crisi e mercato del lavoro in un
distretto industriale: il bacino delle ceramiche. Sez. II",. pp. 145
102.

78.

Antonietta Bassetti e Costanza Torricelli
[19901
"Una
riqualificazione dell'approccio bargaining alla selezioni di
portafoglio", pp. 4

Gian Paolo Caselli and Gabriele Pastrello [ 19941 "Polish recovery
form the slump toano! d dilemma", pp. 20

103.

Sergio Paba [ 1994] "Imprese visrbili, accesso al mercato e
organizzazione della produzione", pp. 20

Antonietta Bassetti e Costanza Torricelli [19901 "Il portafoglio
ottimo come soluzione di un gioco bargaining", pp. 15

104.

Giovanni Bonifati [19941
capacità produttiva", pp. 30

105.

Giuseppe Marotta [1994] "Credit view and trade credit: evidence
from Italy", pp. 20

106.

Margherita Russo [ 1994] "'"Unit of mvestigatwn for !oca! economJc

77

79

Mario Forni [19901 "Una nota sull'errore di aggregazione", pp. 6

80.

Francesca Bergamini
[19911
"Alcune considerazioni
soluzioni di un gioco bargaining", pp. 2 l

81

Michele Grillo e Michele Polo [ 1991 l "Polittcal Exchange and the
allocation ofsurplus: a Mode! of Two-party competition", pp. 34

82

Gian Paolo Caselli e Gabriele Pastrello [19911 "The 1990 Polish
Recession: a Case ofTruncated Multiplier Process", pp. 26

83

Gian Paolo Caselli e Gabriele Pastrello
Pricate Vices Pubblis Virtues", pp. 20

84.

[19911

sulle

development policies", pp. 25
107.

Luigi Brighi [ 19951 "Monotoni city an d the Jemand theory of the
weak axioms", pp. 20

108.

Mario Forni e Lucrezia Reichlin [19951 "Modelling the impact of
technological change across sectors an d over ti me in manufaclonng",

"Polish firms:

Sebastiano Brusco e Sergio P aba [ 1991 l "Connessioni, competenze
e capacità concorrenziale nell'industria della Sardegna", pp. 25

"Progresso tecnico, mvestimenti e

pp. 25
109.

Marcello D'Amato and Barbara Pistoresi [19951 "Modelling wage
growth dynamics in Jtaly: 1960-1990", pp. 38

Il O.

Massimo Baldini
[ 19951
"INDIMOD. Un modello
microsimulazione per lo studio delle imposte indirette", pp. 37

di

137.

David Avra Lane, !rene Poli, Michele Lalla, Alberto Roverato
[1996] "Lezioni di probabilità e inferenza statistica- Esercizi svolti"pp. 302

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

138.

Barbara Pistoresi [1996] "Is an Aggregate Errar Correction Mode!
Representative ofDisaggregate Behaviours? An example" pp. 24

113.

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

139.

Luisa Malaguti e Costanza Torricelli [ 1996) "Monetary policy and
the term structure of interest rates" , pp. 30

114.

Margherita Russo
[1995] "Industriai complex, pille de
développement, distretto industriale. Alcune questioni sulle unità di
indagine nell'analisi dello sviluppo." pp. 45

140.

Mauro Dell'Amico, Martine Labbé, Francesco Maffioli [1996]
"Exact solution ofthe SONET Ring Loading Problem", pp. 20

141.
115.

Angelika Moryson [1995] "50 Jahre Deutschland. 1945 - 1995" PP-21

Mauro Dell'Amico, R.J.M. Vaessens [1996] "Flow and open shop
scheduling 6n two machines with transportation times and machineindependent processing times in NP-hard, pp. l O

116.

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

142.

M. Dell'Amico, F. Maffioli, A Sciomechen [1996] "A Lagrangean
Heuristic far the Pirze Collecting Travelling Salesman Problem", pp.
14

117.

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

143.

Massimo Baldini [1996] "Inequality Decomposition by Incarne
Source in ltaly - 1987 - 1993", pp. 20

144.

118.

Mario Forni e Marco Lippi [1995] "Permanent
heterogeneity and the errar correction mechanism." pp. 21

Graziella Bertocchi [1996] "Trade, Wages, and the Persistence of
Underdevelopment" pp. 20

145.
119.

Barbara Pistoresi [ 1995] "Co-movements an d convergence in
international output. A Dynamic Principal Components Analysis"
pp. 14

Graziella Bertocchi and Fabio Canova [1996] "Did Colonizatton
matter far Growth? An Empirica! Exploration into the Historical
Causes of Africa's Underdevelopment" pp. 32

146.
120

Mario Forni e Lucrezia Reichlin [1995] "Dynamic common factors
in large cross-section" pp. 17

Paola Bertolini [1996] "La modemization de l'agricolture italietme et
le cas de l'Emilie Romagne" pp. 20

147.
12!.

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

Enrico
Giovatmetti
[1996]
"Organisation industrielle
et
développement local: le cas de l'agroindutrie in Emilie Romagne"
pp. 18

148.
122

Giovatmi Bonifati [ 1995] "Progresso tecnico, concorrenza e
decisioni di investimento: una analisi delle detenninanti di IW1go
periodo degli investimenti" pp. 25

Maria Elena Bontempi e Roberto Golinelli [ 1996] "Le detem1inanti
del leverage delle imprese: una applicazione empirica at selton
industriali dell'economia italiana" pp. 31

149.
123.

Giovatmi Bonifati [ 1995] "Cambiamento tecnico e crescita
endogena: una valutazione critica delle ipotesi del modello di
Romer'' pp. 21

Paola Bertolini [1996) "L'agriculture et la politique agricole
italienne face aux recents scenari es", pp. 20

150.

Barbara Pistoresi e Marcello D'Amato [1995] "La riservatezza del
banchiere centrale è un bene o un male? ,Effetti dell'informazione
incompleta sul benessere in un modello di politica monetaria." pp. 32

Enrico Giovannetti [ 1996] "Il grado di utilizzo della capacità
produttiva come misura dei costi di transazione: una rilettma di
'Nature ofthe Firm' di R. Coase", pp. 75

151.

Enrico Giovannetti [ 1996] "Il !0 ciclo del Diploma Universitario
Economia e Amministrazione delle Imprese", pp. 25

Barbara Pistoresi [1995] "Radici unitarie e persistenza: l'analisi
uni variata delle fluttuazioni economiche." pp. 33

152.

Paola Bertolini, Enrico Giovannetti, Giulia Santacaterina fi 996] "Il
Settore del Verde Pubblico. Analisi della domanda e valutazione
economica dei benefici", pp. 35

153.

Giovatmi Solinas [1996] "Sistemi produttivi del Centro-Nord c del
Mezzogiorno. L'industria delle calzature", pp. 55

!54.

Tindara Addabbo [1996] "Married Women's Labour Supply in ltaly
in a Regional Perspective", pp. 85

155.

Paolo Silvestri, Giuseppe Catalano, Cristina Bevilacqua [ 1996] "Le
tasse universitarie e gli interventi per il diritto allo studio: la prima
fase di applicazione di una nuova nom1ativa" pp. !59

156.

Sebastiano Brusco, Paolo Bettossi, Margherita Russo
"L'industria dei rifiuti urbani in Italia", pp. 25

157.

Paolo Silvestri, Giuseppe Catalano [ 1996] "Le risorse del sistema
universitario italiano: finanziamento e governo" pp. 400

!58.

Carlo Alberto Magni [ 1996] "Un semplice modello di opzione di
differimento e di vendita in ambito discreto", pp. IO

159.

Tito Pietra, Paolo Siconolfi [ 1996] "Fully Revealing Equilibri a m
Sequential Economi es with Asset Markets" pp. 17

11!.

Paolo Basi [ 1995] "Regionalismo fiscale e autonomia tributaria:
l'emersione di un modello di consenso", pp. 38

112.

124.

125

income,

126.

Barbara Pistoresi e Marcello D'Amato [ 1995] "Co-movements in
European rea! outputs" pp. 20

127.

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

128

Carlo Alberto Magni [1996] "Repeatable and una tantum rea! oplions
a dynamic programming approach" pp. 23

129.

Carlo Alberto Magni [1996] "Opzioni reali d'investimento e
interazione competitiva: programmazione dinamica stocastica in
optimal stopping" pp. 26

130.

Carlo Alberto Magni [1996] "Vaghezza e logica fuzzy nella
valutazione di un'opzione reale" pp. 20

131

GiLL,eppe Marotta [1996] ''Does trade credit redistribution thwart
monetary policy? Evidence from ltaly'' pp. 20

132.

Mauro Dcll' Amico e Marco Trubian [ 1996] "Almost-optimal
solution oflarge weighted equicut problems" pp. 30

133

Carlo Alberto Magni [ 1996] "Un esemp10 di investimento industriale
con ìnterazione competitiva e avversione al rischio" pp. 20
160.

134

Margherita Russo, Peter Borkey, Emilio Cube!, François Lévèque,
Francisco Mas [1996] "Local sustainability and competitiveness: the
case ofthe cerami c tile industry" pp. 66

Tito Pietra, Paolo Siconolfi [1996] "Extrinsic Uncertainty and tbc
Informational Role ofPrices" pp. 42

161.

Paolo Bertella Farnetti [1996] "Il negro e il rosso. Un precedente non
esplorato dell'integrazione afroamericana negli Stati Uniti" pp. 26

Margherita Russo [1996] "Camionetta tecnico e relazioni tra
imprese" pp. 190

162.

Davi d Lane [ 1996] "ls what is go od for each best for all? Learning
from others in the information contagi an mode!" pp. 18

135.

136

David Avra Lane, !rene Poli, Michele Lalla, Nberto Roverato
[1996] "Lezioni di probabilità e inferenza statistica" pp. 288

[ 1996]

163

Antonio Ribba [1996] "A note on the equivalence of long-run and
short-run identifying restrictions in cointegrated systerns" pp. IO

164.

Antonio Ribba [1996] "Scomposizioni permanenti-transitorie in
sistemi cointegrati con una applicazione a dati italiani" pp. 23

165.

Mario Forni, Sergio P aba [ 1996] "Economie Growth, Soci al
Cohesion and Crime" pp. 20

166.

Mario Forni, Lucrezia Reichlin [1996] "Let's get rea!: a factor
analytical approch to disaggregated business cycle dynarnics" pp. 25

167.

Marcello D'Amato e Barbara Pistoresi [1996] "So many Italies:
Statistica! Evidence on Regional Cohesion" pp. 31

168

Elena Bonfiglioli, Paolo Bosi, Stefano Toso [ 1996] "L 'equità del
contributo straordinario per l'Europa" pp. 20

169.

Graziella Bertocchi, Michael Spagat [1996] "Il ruolo dei licei e delle
scuole tecnico-professionali tra progresso tecnologico. conflitto
sociale e sviluppo economico" pp. 37

170.

Gianna Boero, Costanza Torricelli [1997] ''The Expectations
Hypothesis of the Term Structure of Interest Rates: Evidence for
Germany'' pp. 15

171.

Mario Forni, Lucrezia Reichlin [1997] "National Policies and Local
Economies: Europe and the US" pp. 22

172.

Carlo Alberto Magni [ 1997] "La trappola del Roe
tridimensionalità del Van in un approccio sistemi co", pp. 16

173

Mauro Dell'Amico [1997] "A Linear Time Algorithm far
Scheduling Outforests with Communicatwn Delays on Two or Three
Processor"pp. 18

e

189.

Fabio Canova [1997] "Does Detrending Matter for the
Determinati an of the Reference Cycle and the Selectwn of Tummg
Points?" pp. 35

190.

Fabio Canova e Gianni De Nicolò [1997] "The Equity Premium and
the Risk Free Rate: A Cross Country, Cross Maturity Examination"
pp. 41

191.

Fabio Canova e Angel J. Ubide (1997] "International Business
Cycles, Financial Market and HotL>ehold Production" pp. 32

192.

Fabio Canova e Gianni De Nicolò [1997] "Stock Returns, Term
Structure, Inflation and Rea! Activity: An International Perspective"
pp. 33

193.

Fabio Canova e Morten Ravn [ 1997] "The Macroeconomi c E!Tects
of German Unificati an: Rea! Adjustrnentsand the Welfare State" pp.
34

194.

Fabio Canova [1997] "Detrending and Business Cycle Facts" pp 40

195.

Fabio Canova e Morten O. Ravn [1997] "Crossing the Rio Grande
Migrations, Business Cycle and the Welfare State" pp. 37

196.

Fabio Canova e Jane Marrinan [ 1997] "Sources and Propagation of
International Output Cycles: Common Shocks or Transmission?" pp.
41

197.

Fabio Canova e Alberi Marcel [ 1997] "The P o or Stay Poor: NonConvergence Across Countrìes and Regions" pp. 44

198.

Carlo Alberto Magni (1997] "Un Criterio Strutturalista per la
Valutazione di Investimenti" pp 17

199.

Stefano Bordoni (1997] "Elaborazione Automatica dei Dati" pp. 60

200.

Paolo Bertella Farnetti [1997] "The United States an d the Origins of
European Integrati an" pp. !9

201.

Paolo Bosi [1997] "Sul Controllo Dinamico Ji un
Pensionistico a Ripartizione di Tipo Contributivo" pp 17

la

174

Paolo Bosi [1997] "Aumentare l'età pensionabile fa diminuire la
spesa pensionistica? Ancora sulle caratteristiche dì lungo periodo
della riforma Dini" pp. 13

175

Paolo Basi e Massimo Matteuzzi [ !997] "Nuovi strumenti per
l'assistenza sociale" pp 31
202.

176

Mauro Dell'Amico, Francesco Maffioli e Marco Trubian [1997]
''New bounds for optium traffic assignment m satellite
communication" pp. 21

Paola Bertolini [ 1997] "European Uni o n Agricultural Policy
Problems and Perspectives" pp 18

203.

Stefano Bordoni [1997] "Supporti Informatici per la Ricerca delle
soluzioni di Problemi Decisionali" pp30

Carlo Alberto Magni [1997] "Paradossi, inverosimiglianze e
contraddizioni del V an: operazioni certe" pp. 9

204.

Carlo Alberto Magni [ 1997] "Paradossi, Inverosimiglianze e
Contraddizioni del Van: Operazioni Aleatorie" pp!O

Barbara Pistoresi e Marcello D'Amato [1997] "Persistence of
relative unemployment rates across italian regions" pp. 25

205.

Carlo Alberto Magni [ 1997] "Tir, Roe e V an: Distorsiom
linguistiche e Cognitive nella Valutazione degli Investimenti" pp 17

Margherita Russo, Franco Cavedani e Riccardo Pianesani [1997] "Le
spese ambientali cle1 Comun1 in provincia di Modena, 1993-1995"
pp 23

206.

Gisella Facchinetti, Roberto Ghiselli Ricci e Silvia Muzzioli [l ~97]
"New Methods For Ranking Triangular Fuzzy Numbers An
Investment Choice" pp 9

Gabriele Pastrello [ 1997] "T ime and Equilibrium, Two Elisive
Guesl> in the Keynes-Hawtrey-Robertson Debate in the Thirties" pp.
25

207.

Mauro Dell'Amico e Silvano Martello [1997] "Reduction of the
Three-Partition Problem" pp 16

208.

Carlo Alberto Magni [l Y97] "IRR, ROE an d NPV: a Systcmic
Approach" pp. 20

209.

Mauro Dell'Amico, Andrea Lodi e Francesco Matriolr [ l9Y7]
"Solution of the cumulative assignment problem with a well~
structured tabu search method" pp. 25

210

Carlo Alberto Magni [1997] "La deflmz1on~ di 1nve::;timcnto e
criterio del Tir ovvero: la rt:altà inventata" pp.16

211.

Carlo Albero Magni [ 1997] "Critica alla cle!inizrone classica dr
investimento: un approccio sistemi co" pp 17

22

212.

Alberto Roverato r 1997] '"Asymptotic pnor tn postènor analysJS rnr
graphical gaussian models" pp.8

Gian Paolo Caselli e Maurizio Battini [1997] "Following the tracks
of atkinson and micklewrighl the changing distribution of incarne
and earmngs in poland !rom 1989 to 1995".pp 21

2!3.

Tindara Addabbo [1997] "Povertà nel l9Y5 analiSI stalica e dmanuca
sui redditi familiari" pp 64

177

178.

179

180

l ~l.

Lursa Malaguti e Costanza Torricelli [ 1997] "The Interaction
Between Monetary Policy and the Expectation Hypothesis of the
Term Structure of Interesl rates in a N-Period Rational Expectation
Mode!" pp. 27

182

Mauro Dell'Amico [1997] "On the Continuous Relaxation of
Packing Problems- Technical Note" pp.

183

Stefano Bordoni [ 1997] "'Prova di Idoneità di Informatica Dispensa
Esercizi Excel 5" pp 49

l ~4

Francesca Bergamini c Stelàno Bordoni [ 1997] "Una verifica
emp1rica di un nuovo 1netodo di selezione ottima di portafoglio" pp.

185

Sistema

186.

Mauro Dell'Amico e Francesco Maf!ìoli [1997] "Combining Linear
and Non-Linear Objectives in Spanning Tree Problems" pp. 21

214.

Gian Paolo Caselli e Franca Manghi [ 1997] "La transizione da piano
a mercato e il modello di Ising" pp !5

187.

Gianni Ricci e Vanessa Debbia [ 1997] "Una soluzione evolutiva in
un gioco differenziale di lotta di classe" pp.l4

215.

Tindara Addabbo [ 1998 J "Lavoro non pagato e reddito esteso
un'applicazione alle famiglie Italiane in cui entrambi i conJUgJ sono
lavoratori dipendenti" pp 54

188

Fabio Canova e Eva Ortega [ 1997] "Testing Calibrated Generai
Equrlibrium Mode!" p p 34

216.

Tindara Addabbo [1998] "Probabilità di occupazione e aspettative
mdividuali" pp 36

217.

Lara Magnani [ 1998] "Transazioni, contratti e organizzazioni: una
chiave di lettura della teoria economica dell'organizzazione pp 39

218.

Michele Lalla, Rosella Molinari e Maria Grazia Modena [1998] "La
progressione delle carriere: i percorsi in cardiologia" pp 46

219.

Lara Magnani [1998] "L'organizzazione delle transazioni
subfomitura nel distretto industriale" pp 40

220

Antonio Ribba [1998] "Recursive V AR orderings and identification
of perrnanent and transitory shocks" pp 12

221.

Antonio Ribba [1998] "Granger-causality and exogeneity in
cointegrated Var models" pp 5

222

Luigi Brighi e Marcello D'Amato [1998] "Optimal Procurement in
Multiproduct Monopoly" pp 25

223.

Paolo Bosi, Maria Cecilia Guerra e Paolo Silvestri [1998] "La spesa
sociale nel comune Modena" Rapporto intermedio pp 37

224.

Mario Forni e Marco Lippi [1998] "On the Microfoundations of
Dynamic Macroeconomics" pp22

225.

Roberto Ghiselli Ricci [ 1998] "Nuove Proposte di Ordinamento di
Numeri Fuzzy.Una Applicazione ad un Problema di Finanziamento
pp 7

226.

Tommaso Minerva [1998] "Internet Domande e Risposte" pp 183

227

Tommaso Minerva [1998] "Elementi di Statistica Computazione.
Parte Prima: .Il Sistema Operativo Unix ed il Linguaggio C" pp. 57

228.

Tommaso Minerva and !rene Poli [1998] "A Gennetic Algorithms
Sclection Method for Predictive Neural Nets and Linear Modenls"
pp. 60

229

Tommaso Minerva and !rene Poli [1998] "Building an ARMA
Mode] by using a Genetic Algorithm" pp. 60

130

Mauro Dell'Amico e Paolo Toth [1998] "Algorithms and Codes for
Dense Assignmcnt Problems: the State of Ù1e Art" p p 35

231

Ennio Cavazzuti e Nicoletta Pacchiarotti [1998] "How to play an
hotell ing game in a square town" p p 12

232.

Alberto Rovcrato e !rene Poli [ 1998] "Un algoritmo genetico per la
selezione di modelli gra!ici" pp Il

233.

Marcello D'Amato e Barbara Pistoresi [ 1998] "Delegation of

di

Monctary Policy to a Centrai Banker w1th Private Infonnation" pp

15
234.

Graziella Bertocchi e Michael Spagat [1998] "The Evolution of
Modem Educational Systcms. Technical vs. Generai Education,
Distributional Conf!ict, and Growth" pp 31

235

Andrè Dw11as [1998] "Le systcme monctaire Europeen" pp 24

236

Gianna Boero, Gianluca Di Lorenzo e Costanza Torricelli [ 1998]
"The in!luence of sbort rate predictability and monetary policy on
test.':ì ofthe cxpectations bypothesis: some comparative evidence" pp

30
237

Carlo Alberto Magni [1998] ''A systemic rule for investment
decisions: generalizations of the traditional DCF criteria and new
conceptions" pp 30

238

Marcello D'Amato e Barbara Pistoresi [ 1998] "lnterest Rate Spreads
Bctween ltaly and Germany: 1995-1997'' pp 16

239

Paola [krtolini e Albc1t0 Bertacchmi [ 199~] "Il distretto di
lavorazwni carni suine in provincia di Modena" pp 29

240

Costanza Torncelli e Gianluca Di Lorenzo [1998] "Una nota sui
fondamenti matt:matico.fìnanziari della teoria delle aspettative della
struttura della scadenza" pp. 15

