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ABSTRACT 

This paper establishes stylized facts an regional output ftuctuations in Europe and 
the US. Moreover, i t proposes a measure of the potential output target of the future 
European centrai bank, estimates the potential variance stabilization of a fiscal 
federation and constructs a regional map of the potential beneficiaries of monetary 
;.·tnd fiscal federai policies. · 

The econometrie mode l is an extention of the dynamic factor mode! a' la 
Sargent and Sims (1977) where we introduce :tn intermediate~level shock, which is 
common to all regions (counties) in each country (state), but it is not common to 
Europe (US) as a whole. \Ve build on Forni nd Reichlin (1996, 1998a) to propose 
an estimation method which exploits the large cross~sectional dimension of our data 
set. 

Our analysis shows that (i) Europe hos a ievel of integration simìlar to that of 
the US and that national shocks are not a sizeable source of fluctuations: around 
75 % of output variance is explained by global and purely local dynamics; (ii) 
Europe, unlike the US, has no traditional business cycle; (iii) the core of the most 
integrated regions in Europe does not have :-:tational boundaries; (iv) the future 
European Centrai Bank has a potential stabi lization target of about 18% of total 
output fiuctuations; (v) a fiscal federation, if implemented, could have a smoothing 
effect on output in addition to what dane by national fiscal policy, which accounts 
also for about 18% of total output ftuctuations. 

JEL Classification: C51, E32, 030. 
Keywords: dynamic factor mode!, business cycle, European integration. 
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l. Introduction 

The European centra! bank will soon start functioning and establish targets for 
Europe as a whole. Although output targets are not officially discussed, it is 
known that national centrai banks react to output gap indicators in order to 
stabilize income fluctuations (e.g., Clarida, GaJi and Gertler, 1998 and Gerlach 
and Schnabel, 1998). It is then reasonable to assume that the European centra! 
bank will target some average of the cyclical output variances of the different 
nations belonging to the union. How much each nation an d each regio n in Europe 
will be affected will depend o n the structure of correlation of the regional business 
cycles with this average. The first task of this paper is to estimate, for each 
region, the degree of "commonality" with the aggregate cycle. These estimates 
will provide numbers for the potential output stabilization role of the centra.! 
bank. 

Once, with the establishment of a centra! bank, the first step towards poliey 
integra.tion has been accomplished, i t is natural to ask whether to ma.ke a further 
step and join a fiscal federa.tion. This question has already been the object of 
a sUJ_all but growing acadewic)iterat.ure (e.g., Sa.la~i-Niartin and Sachs, 1992, 
von Hagen. 1992, Bayoumi and ?viasson, 1995. Asdrubali, Sorensen and Yosha.~ 
1996. Fatas, 1998, Forni an d Reichlin. 199Sb ). Our second question is then on the 
potential sta.bilization role of su eh fcderation. Unlike monetary policy, which can 
only stabilìze common flnctuations over time. fiscal policy has an additional role 
as a provicler of insurance, since taxes ancl transfers a.ct as a.utomatic stabilizers 
\vhich realloca.te income a.cross regions. In a separate pa.per (Forni a.nd Reichlin, 
1998b) we ha ve arguecl that the potential insurance role of a European fiscal 
fcclera.tion is large. Here, ana.lyzing regional as opposed to na.tional data., we can 
ask the question of whether such fecleration woulcl be more effec.tive than a nation 
in providing insurance. National fiscal systems can insure against region specific 
shocks, but a Europea n \vide fecleration can ha.ve an a.dditional insura.nce role in 
smoothing fluctua.tions indnced by national shocks. How la.rge is this component 
of outpnt. volatility? 

Our estima.tes of potcntial regional targets of common Europea.n monetary 
policy a.ncl fisca.l insura.nce \vili gìve., as a byprocluct, the geographica.l distribution 
of potentia.l \Vinners from these policies \vhich will allow us to a.sk the aclditiona.l 
politica! economy question of whether policy ma.kers in the future are likely 
to face nationa.l constituendes or coalitions of regions belonging to different 
countries. 

The moclel \Ve propose is an extension of the traditiona.l dynamic fa.ctor 
mode! à la Sargent and Sims. We build on Forni and Reichlin (1996, 1998a) to 
propose a simple method of estimation which is based o n Law of Large N umbers 
results a.nd exploits the large cross~sectional climension of our da.ta. set. In each 
region, tota.l output growth is seen as generateci by shocks which are purely 
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specific to that local economy, shocks a.ffecting a.ll a.rea.s in the sa.me nation and 
Europe-wide shocks. Correspondingly, GDP growth is decomposed into a local, 
a national, and a European component. 

The ma.in a.dvantage of our method with respect to the econometrie strate
gies proposed elsewhere, as for example panel VAR, is that we can analyze a 
data. set with high geographical disaggregation while retaining both sophisti
cated dyna.mic modeling ancl parameter heterogeneity. We are not relying on 
arbitrary averaging either over time or across cross-sectional units, and we can 
do this without sacrifying simplicity. 

The dynamic aspect of the analysis is relevant beca.use targets are implicitly 
or explicitly defined at some time horizon. By estimating the varia.nce at different 
frequency bands, we are able to extra.ct information about volatility of cycles of 
clifferent lenght. This is useful in arder to establish some stylized facts about 
Europe and the US, and to estimate the potential stabilization target of the 
European monetary policy. 

The regional geographic disaggrega.tion is relevant because we can study 
heterogeneity. This, besides being intersting per se, is important for the analysis 
of the politica! economy aspects of stabilizat.ion policies. What is the regional 
clistribution of the potential winners ancl losers of federai polieies? 

This paper focus on the role of policy for variance stabilization. \ìVe do 
not discnss the role of policy for convergence of the levels or growth rates of 
regional income per capita. Both income Je,·els and a.verage growth can poten
tially be affectecl by structura.l policies, but not by the traditiona.l sta.biliza.tion 
tools discussed in this paper. 

The paper is organized as follows. We first describe the moclel, the estima
tion procedure and the data. \Ve then report empirica! results ancl cliscuss policy 
implications. :N"ext come a methoclological section a.nd summa.ry and conclusions. 

2. The mode! 

Let. us denote with y~j the growth tate of output for the i-th region of na.tion j, 
expressed in deviation from the time-series rnean. \Ve assume 

(1) 

for j = ·1 ~ ..•• J ancl i = 1 ~ .•• ~ fJ .. E? .. .v;J ~~nel L~j are the Europea.n component, 
tJ:e natio.nal compon~.nt and the local component respectively. The functions 
a'1 (L), b'1 (L) ancl c'1 (L) are rational ftmctions in the lag operator L. The 
European shock et, the na.t.iona.l shocks n{ a nel the loca.l shocks l~j are unobserved 
unit-varia.nce white noises, mutua.lly uncorrela.ted a.t alllea.ds a.nclla.gs. 

The difference of this mode! with respect to the traditional clynamic fa.ctor 
mode! or index mode! (see Sargent and Sims 1977, Geweke 1977) is that the 
factor n~ is neither common nor idiosyncratic. It is an intermedia.te-level fac
tor, common for regions belonging to the sa.me country but orthogona.l a.cross 
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countries. 1 

Some comments ma.y be useful in order to a:void possible misunderstandings 
about the mode!. 

First, the local shock of a region canna t affect other regions an d the national 
shock of a nation cannot affect other nations. Therefore, if a shock originated 
in a large country, e.g. a large policy shock in Germany, has non-negligible 
effects on other countries, it must be considered a.s a European shock, not a.s a 
German national shock. Similarly, a shock should be labeled as national or local 
depending on its effects rather than on its origin. 

Second, the European components E; i, as well a.s the national components 
of regions belonging to the same country, though driven by the same shock, 
ha.ve heterogeneous response functions to a.llow for possible heterogeneity of local 
economie structures. Different regions may be affected by the same shock with 
different time delays or even with opposi te signs. In such ca.ses, the correla.tion 
a.cross regions of the European components may be low, or even negative. In 
the same way, we do not assume restrictions on the long-run effects a'i(l), bii(l) 
and c'i(!), so that a.ll shocks are permanent in generai, but ma.y be transitory 
for pa.rticula.r regions. 

Finally, since the three components are mutua.lly orthogonal, the va.riance 
of y;J can be decomposed into the sum of the variances. The percentage of 
the"'total output varia.nce e~pl8:i;ed by the European component measures the 
extent to which income ftuctuations of region ij are affected by Europe-wide 
events. 11oreover, we can distinguish betwee.n long-run and cyclical ftuctuations 
by looking at the spectral density function. Simila.r considerations hold for the 
na.tional a.nd the local components. 

The a.verage across regions of the varia.nce expla.ined by the Europea.n com
ponent can thus be considered as a synthetic index of the importance of Europe
wide comovements in loca.l incomes. Such an index cannot be interpreted im
meclia.tely as measuring the clegree of synchronization between regional GDP 
fluctuations, because of the heterogeneity of the response functions; in order to 
get a. complete picture about synchronization of cycles we ha.ve to look a.t the 
c.ross-correlations bet1.veen the Europecm components of different areas. 

3. Estimation procedure 

To estimate the model we use an adapted version of the procedure proposecl in 
Porni ancl Reichlin (!996, 1998a). which is based an the implications of the Law 
of Large Numbers. To get an intuition of the basic idea, consicler only regions 
belonging to the same country <:md assume tha.t the Europea.n component is 
zero. A_ssume also for simplicity only contemporaneous responses to the shocks. 
Dropping the inclex for the nation, mode.! (l) becomes 

i -:\TÌ + r i bi . izi Yt = J.vt Lt = llt +C t' -i= l, ... . I. 

1 Note that (l) can be interpreted us u, J +l common factors mode\ with the regional 
responses restricted in such a way that regions in nation j react only to the j-th factor. 
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Now consicler tbe average !]t = bn, +L cillj I. If I is large, tbe local component 
L c'Il/ I sbould be small in variance as comparecl witb tbe common one, owing 
to tbe ortbogonality of tbe local sbocks. Hence fù is alrnost collinear to tbe 
national shock. But this means that the unobserved common factor becomes 
observable, so tbat we can simply substitute y, for n, ancl estimate tbe mode! by 
applying OLS equation by equa ti o n ( clearly we bave an estirnation bias, w bi cb 
will be smaller tbe srnaller is tbe percentage of tbe variance of Yt explainecl by 
the local idiosyncratic component). 

The same argument holds when considering for instance a weighted average 
ofregions, ratber tban tbe simple average y1. Hence we bave different candida.tes 
to use a.s regressors in OLS estirnation. Obviously some of tbem will be better 
than others, depending on the percentage of idiosyncratic variance surviving 
a.ggregation. Are there optimal weights~ i.e. weights minimizing the variance 
explained by t be l oca.! components? T be problem of finding tbe optimal regressor 
is particula.rly relevant when the number of cross-sectional observations is not 
very la.rge, as is the case witb the European pa.rt of our data set (see Section 4). 

In Appendix 1 we show that the optimal regressor, within the class of a.ll 
linear combina.tions of the y~ )s, is obtained by using as coefficients the entri eS of 
the eigenvector corresponding to the la.rger eigenva.lue of the matrix E-1 f 1 where 
:E is the cova.rianee ma.trix of the loea.l components ..C~ and r is the eovarianee, 
matrix of the va.riables Y1· :i'vioreover1 the reciproca! of the larger eigenva.lue is an 
estimate of the percentage of the idiosyncratic variance in this linear combina.tion 
and can therefore be used for dia.gnostie cheeking.2 

Since the matrix L; cannot be estimateci clirectly from the data, we followecl 
a t\vo-stage procedure. In the first stage we assumecl proportionality of E and 
t h e cliagona.l matrix having the sa.me ma.in dia.gonal as f. The weights obta.inecl 
under this hypothesis were then used for a prelimina.ry estimate of the model 
and the diagona.l entries of :E (the non-diagonal entries were set equa.l to zero 
accorcling to the orthogonality assurnption). Tn the second stage this estimate 
of E was used to get the final rcgressor. 

Now Jet us come back to the genera! case of the three-level factor mode\ (1). 
A fully cletailed description of our estimation procedure is reported in Appendix 
2. Here \Ve give the main lìnes. First, by m·eraging across regions belonging to 
the same country we obtainecl J national ;:ìggregates with no local component. 
Seconcl, by a.veraging across these national aggrega.tes we obtained a European 
aggregate \vith neither national nor local component. Fina.lly, the model was 
estimateci by regressing region ij on bot h the European ancl the j-th na.tiona.l 
aggregate. 

\Vith this procedure we estimate, for cach region: the three eomponents
European, national ancllocal. All the variances ancl spectral clensities describecl 
in Se_ction 5 are computecl from the estimateci components. 

2 VVe do not treat here the case of q> l common factors. However, note that in this case 
we should take q averages instead of only one in arder to capture the common factor space, 
and this could be dane by taking as weìghts the first q eigenvectors of r;-l r. 
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4. The Data 

Tbe qua.lity of data on regional output is poorer in Europe tba.n in the US: 
the sa.mple period is sborter a.nd tbe leve! of geogra.phical disa.ggregation not 
as fine; moreover, the leve! of disaggregation at whicb data are a.vailable is not 
homogenous across different European countries. YVe tried to cope with this 
problem by constructing two different data sets. 

For the first one we aimed a.t the longest possible series, by reducing the 
number of countries and local disa.ggregation a.nd merging heterogeneous data. 
The sources are Regio Eurostat and Eurostat, regional yearbook, 1983. We 
selected from the Regio data set observations on GDP in national currency 
from 1977 to 1993, for 82 regions. 3 Then we cleflated by the national consurner 
price indexes publisbed by the Eurosta.t. For tbe period 1973-77 and for the 
same regions 1 we used data on gross value a.dded at ma.rket prices in national 
currency publisbed in the Regiona.l Yea.rbook of 1983 and defla.ted in tbe sa.me 
way. Groningen (Netherlands) experiencec\ an exceptiona.lly large (idiosyncratic) 
incarne va.riation during the eigthies; we excluded this outlier from the data set 
when computing a.verage varianees and spectra. 

In the seeond data set, we tried to include as rnany na.tions a.s possible. Data. 
on GDP in national currency are availa.ble from Regio for 138 regions (inclucling 
Grè'ece, Spain and Portuga1) J'ro~ 1980 to 1993.4 To compute rea! GDP we 
cleflated by the nationa.l consumption price index as before. 

The source of US data is BEA 1 R.egional Economie Information System. 
Total personal income by èounty, from 1969 to 1993, was deflated by tbe US 
implicit GDP deflator. .Alaska a.nd Hawaii were excluded beca.use of missing 
data, tbe District of Columbia because it contains one region only. In the fina! 
data set we have 48 states ancl 3075 c.ounties. Notice that the geogra.phical 
clisaggregation here is much finer tha.n European NUTS2; a better eomparison 
woulcl bave required NUTS3 data, which unfortunately are not ava.ilable. To 
eope with this, we distinguishecl between large, medium a.nd small a.rea.s. Large 
areas are clefinecl as t.hose having inc.ome greater than 30 billion of US dollars in 
1993; meclium areas have more tha.n one bil\ion but less than 30 billion dolla.rs; 
srnall areas ha.ve less than one billion dollars. Small areas, while being the 
majority of US areas, are absent in Europe. 

3 These are the 1.l :\UTSl regions for \\'est Germany (the \vest landers); the LL NUTSl 
CK regions; 21 NUTS2 Franch regions (Corsica and the colonies are excluded); the 20 NUTS2 
Italian regions; the 9 NUTS2 Belgi an regìons; the l O Duch regìons obtained by taking NUTSl 
far Est-Netherlands and NUTS2 far other areas. \\'est Berlin was estimateci far 1992 ancl 1993 
by app\ying the ratio West Berlin/Berlìn of 1991 to the Berlìn data. 

4 In thìs data set the disaggregation leve! is :\l'TS2 far all nations but the UK and Est
:\'ederland. VVest Germany: 31 regions; UK: l l regions; France: 21 regions (Corsica and the 
colonìes are excluded); Italy: 20 regions; Belgium: 9 regions; Netherland: lO regions; Greece: 
l3 regions; Spaìn: 18 regions; Portugal: 5 regions (.-\cores and Madeira are excluded). West 
Berlin was estimateci as explaìned in the prevìous note. 
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5. Empirica! Results Table 2. Average variance explained by the US-wide component, the state com-
ponent and the local component 

5 .l The basic facts 
o:[J s /a~ aJJa~ a~Jcr0 "' no. of 

\, State xlOO xlOO x100 Total x18oo Counties 
Table l shows national averages across regions of the percentage of variance + Connecticut 47.3 44 .. 2 8.5 100 0.86 8 explained by the three components for the two European data sets. •• Maine 45.4 22.9 31.7 100 1.63 16 

~ Massachusetts 38.0 47.4 14.6 100 1.05 14 
New Hampshire 54.8 36.5 8.7 100 1.53 10 Table l. Average variance explained by the European component, the national 
Rhode Island 50.3 35.4 14.3 100 1.21 5 component and the !oca! component 
Vermont 62.9 19.7 17.5 100 1.14 14 
Delaware 54.9 26.2 18.8 100 1.11 3 

(T~/ O"~ a'.Jv /O"~ a_Z:jo:~ a~ no. of optimal Moxyland 53.6 18.7 27.8 100 1.43 24 Country x100 x100 xl.OO T o tal x1000 Regions weights New Jersey 57.0 25.3 17.8 100 0.79 21 
New York 4.5. 7 29.2 25.1 100 0.64 62 1973-1993 

65.5 9.8 24.7 100 0.85 67 Germany 65.8 21.7 12.5 100 0.83 11 0.21 Pennsylvania 
25.0 100 3.43 102 Illinois 29.4 45.6 United Kingdom 13.5 59.2 28.3 100 1.23 11 0.01 

50.8 30.0 19.2 100 2.83 92 Indiana France 50.0 12.9 37.1 100 1.15 21 0.23 
60.8 11.2 27.3 100 1.63 83 Italy 33.5 27.2 39.3 100 1.19 20 0.13 i\fichigan 

11.6 25.1 100 1.36 88 Belgium 51.7 24.9 23.5 100 1.04 10 0.14 Ohi o 63.3 
57.1 15.7 27.3 100 1.30 71 Netherlands1 61.<1 6.3 32.3 100 1.77 9 0.29 \Visconsìn 
43.4 39.6 17.0 100 7.52 99 Large Regions 44.0 29.9 26.1 100 1.02 47 lo w a .. 
19.2 25.:2 55.6 100 15.62 1_05 Iviediurn Regions 44.6 17.6 37.8 100 1.41 34 Kansas 

Large EMU Regions2 
:\Iinnesota 44.3 28.1 27.6 100 10.81 87 52.9 20.3 26.7 100 0.99 37 

36.3 22.5 100 4.94 115 lVIediurn EMU Regions2 :\[issouri 41.2 46.5 16.3 37.2 100 1.38 33 
36.l 35.9 100 18.48 93 l 980-1993 :";-",.'•,, :\e~raska 27.<\. .. 

-12.99 53 ?\orth Dakota 25.2 55.0 19.8 100 Germa.ny 59 .. 5 30.5 IO. O 100 0.85 31 0.17 
South Dakota 30.3 -1-1.3 25.4 100 18.33 66 Unitecl Kingdom 17.5 74.3 8.2 100 0.99 11 0.02 
Alabama 54.3 9.1 36.0 100 2.12 67 France ·19.9 2<1.5 :25.6 100 1.67 21 0.27 
Arkansas ·16.7 13.3 ·~0.0 100 5.19 75 Ttaly -12.l 3·1. 7 23.3 100 l. 57 20 0.16 ~ 
Florida ·10.0 23.1 36.9 100 2.01 67 Belgium 5-1.5 34.9 10.6 100 1.08 10 0.11 J 

38.2 18.5 ·~3.3 100 3.38 159 Georgia Xetherlands 1 -50.8 2'-1.0 25.2 100 2.49 9 0.19 
Kentucky 33.9 31.2 34.8 100 2.84 120 Greece 1·L8 62.1 23..1 100 7.12 13 0.00 
Louisiana 22.7 29.8 47.5 100 3.46 6·1 Spain -17.9 24.8 27.3 100 2.57 18 0.08 
:\-f.ississippi 39.1 20.9 40.0 100 4.74 82 Portugal 34.7 51.3 14.0 100 9.80 5 0.01 
:\'orth Carolina 55.2 10.6 34.2 100 2.47 100 Large Regions 46.8 36.2 16.9 100 1.42 69 
South Carolina 51.0 13.4 35.6 100 1.83 46 Iviediurn Regions 31.9 45.6 22.5 100 3.32 68 
Tennessee 59.3 10.6 30.0 100 2.35 95 Large EMU Regions3 52.9 29.0 18.1 100 1.18 56 
\.'irginia 51.7 9.9 38.4 100 1.84 105 l\!Iediurn EMU Regions3 47.9 27.2 25.0 100 2.02 52 
West Virginia 3!..6 32.3 36.1 100 1.83 55 

1 
Arizona -~4.2 L.S.O 40.8 100 3.68 14 Groningen is excluded. 

2 CK is excluded. -:\ew ?\·fexico 28.3 16.0 55.7 100 5.57 32 
Oklahoma 15.-l- 29.3 55.3 100 6.31 77 3 l'K. Creece and Portugnl are excluded. 
TexLIS 20.5 10.1 68.8 100 16.55 254 

Colorado 21.3 1_~1. -~ 6.5.4 100 10.64 63 

Idaho Hl.G .lQ.I 39.8 100 5.81 4<1 
For most countries, for both data. sets ancl for the two classes of climension 

\fontana 22.-5 -H.l 35.8 100 15.56 56 
consiclerecl, the common European componcnt expla.ins the bulk of output vari- C: t ah 27.7 1.8.1 54.2 100 3.55 29 

17.3 35.9 46.8 100 5.78 23 ance. Exceptions are Greece, Portuga.l ancl the UK which show a large na.tion- \\'yoming 
s.s 46.2 100 2.40 58 Californin 45.1 specific clynamics~ well above 50%. 5 lf \\'e exclude the UK, in the first da. t a X evada 21.8 31.0 47.2 100 5.18 17 

set the Europea-n component is 52.9% for ]arge regions ancl 46.5% for medium Oregon 34.9 21.3 43.9 100 7.57 36 
1 ---L :3 56.9 100 4.28 39 sized regions. Similar figures are obtainecl for the seconcl data. set when Greece

1 
Washington 28.8 

Large Counties 51.3 27.1 21.5 100 0.93 26 
Iviediurn Counties 54.0 20.0 26.0 100 1.25 732 5 Por the 1973-93 period, ltaly shO\vs an idiosyncratic component which is larger than 
Srnall Counties 28.6 28.4 42.9 100 8.62 2312 

the European. However, when only data from 1980 are considered, Ituly is aligned with the 
continental moclel. 
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Portugal and the UK are excluded. Note also the enormous variance of Greece 
and Portugal in the fifth column of Table l. 

In the last column of Table l we report the optimal weights computed 
by our estimation procedure and placed on the national aggregates in arder 
to compute the European common factor. Surprisingly, in both data sets the 
German aggregate" does not ha.ve the larger weight, but only the third, coming 
after both France and the Netherlands. Note also that Greece, Portugal and the 
UK have very small weights. 

Table 2 shows the variance decomposition for the US. The comparison with 
Europe is striking: the average size of the US-wide component is similar to that 
of the European component of Table l when the UK is excluded (first data 
set) and when Greece, Portugal and the UK are excluded (second data set). 
ÌVIoreover, the US state component seems to be of the same arder of magnitude 
tha.n the national component in Europe. 

Overall, these results indicate that pre-monetary union Europe is already 
very much ((integratedn 1 with a small component of output volatility explained 
by nationa.I shocks. 

A more accurate picture can be given by analyzing the dynamic profile of 
the clifferent components. The problem can be analyzed through the frequency 
domain representation. Figure l shows the average spectra of the three compo
nents for Europe (first data set, UK exclucled) and the US (medium ancl large 
counties). Although, as we ha.ve seen, the \·ariances of the output components 
are similar, the clynamic profiles are very different. There are two ma.in dif
ferences bebveen Europe an d the US. First. the European common component 
is very persistent, whereas the US-wìde component exhibits a typica.l business 
cycle sha.pe, which peaks at a period of around six years. By looking at low 
frequencies we see that the tota.llong-run variance is similar in Europe and the 
US, so that the uncertainty about the future incarne level at, say, ten or twenty 
years is nearly the same. However-ancl this is the second difference-while in 
the US the mai n bulk of long-run .fluctuations is state specific or local, in Europe 
the long-run variance is mainly common. This implies that European regions 
h ave a larger long-nm covariance, i.e. larger cospectra near the vertical axis. In 
other \VOrds. European regions bave a ;.common destin:~/' in the long-run, much 
more than US counties. 

The la.tter statement needs an import81ìt qualLfication. \\'e are not claiming 
that European countries bave similar income levels, or that they are converging 
to the same income level. \Ye only obsetYe that permanent changes are strongly 
correlateci across countries. Still, both clrift ancl initial levels, which are not 
analyzed here, could be rather different. leacling to persistent gaps, convergence 
or even divergence. 7 

6 VVe recall that the German aggregate is not the German GDP, but the optimally 
weighted average of the GDP's of the German regions. 

7 Note also that we are analyzing total incarne. as opposed to per-capita incarne. Different 
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Figure l. The spectral shape of the three components for Europe and the US 
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Horizontal axis: frequency; vè'rtical axis: spectral clensity. Common component: solid line; 
?\ational (state) component: dotted and da.shed line; local component: dotted line. Europe 
(first duta set, CK excluded) is on the left; US (Jarge and medium counties) is on the right. 

The analysis disaggregateci by country (Figure 2) shows that the UK is the 
only European natìon whic.h, like the US, has a typical business cycle. The other 
countries confirm the aggregate result of a large European wide component with 
most of the variance concentratecl a t lmv frequency (although Ttaly has a lot of 
high frequency variati o n in t h e icliosyncra tic). 

Before we can interpret these results on va.ria.nce decomposition in terms of 
clegree of integration, we must study the clcgree of synchronicìty and symmetry 
of the propaga.tion mechanisms of the common shock. If the response functions 
of the common shock hacl clifferent signs. the interpretation of a large common 
component at low frequenc.y woulcl imply t ha t regions are cliverging, exactly the 
opposi te of \vhat condudecl so far. 

}'\ rough measure of symmetry a nel s~·nchronization is given by the regional 
clistribution of the correlation coefficients. In Figure 3 we report the frequency 
clensity distribution of a. grid of correlation interva.ls for European regions (first 
data set) and US medium and la.rge coumies. In both cases. we ca.n see that 

dynamics of total incarne in the US and Europe could be compensateci by migrations, leading 
to similar dynamics of per-capita incarne. 
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Figure 2. The spectral shape of the three components for six European countries 
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J-foriwntal axis: frequency; vertical axis: spectral density. Common component: salici line; 
:\'ational (state) component: dotted and dashed line; !oca! component: dotted \ine. From 
the le[t to thc right: Germany, UK, France; Itrtly, Belgium, Nederland (Groningen excluded). 
:'\ederland have a different scale on the vertical axis. 

most correlation coefficients are positive a.nd la.rge.8 This confirms the interpre
tation of variance clecomposition results given above, even if we can notice that 
European regional dynamics is slightly more a.symmetric than in the US case. 

Finally1 to complete the picture on European integration, we want to ask the 
question of whether regions which are :'more European:' (larger relative variance 
ofthe European component) belong to a particular geogra.phical area. In order to 
answer this question \Ve shift to the seconcl data set, which is the most complete 
in terms of number of countries. Figure -~ reports the geographical distribution 
of variance ratios bet\veen European-wicle components and total variance. Light 
g;rt~y indicates a small European componem while dark gray indicates a la.rge 
European component. 

The Figure shows tba.t, unlike what found by stuclies basecl on nationa.l data 
(see e.g. Bayoumi and Eichengreen, 1993. Helg et al, 1995), a core macle by the 
key countries France, Germany and the Bcnelux does not exist. Dark and light 
spots are sparse, indicating tha.t almost ali countries are partly in and partly out. 
The only exceptions are Greece and the l'K, which are clearly less integrated 

8 The negative values are accounted for by Sicily, Sardinia, some UK regions and Gronin
gen, the Dutch outlier. 

lO 

\, 
j. 

•• 
' 

Figure 3. Density distribution of correlations among the common components 
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with the rest of Europe. In generai: heterogeneity within nations is at least as 
large as heterogeneity a.cross nations. 

In summary, European regions are already highly integrated and are ex
pected to :~move together)' in the long-run more tha.n US counties. The common 
shock exhibits high persistence in Europe and a typical business-cycle sha.pe in 
the US. If we exclude Greece and the UK, Europe a.ppears a continent of regions 
rather than na.tions, as far as output fluctuations are concerned. 

Our estimates on the clegree of European integration based on output data 
are in line with what found by Fatas (1997) for unemployment, Fuss (1997) 
for income per capita and by Viùals ancl Jimeno (1996) for employment. They 
contrast. however, with the earlier literature on the optimality of Europe as 
1:1 curret;cy area (e.g. Bayoumi ancl Eichengreen, :1993) whìch obtained lower 
cstimates. Given the varie tv of methods usecl in the literature, results are difficult 
to compare. One likely e;plana.tion for the discrepancy of results 1 however, is 
the higher level of aggregation a t which those studies were conducted. 

5.2 The potential output target of the European centra! bank 

Na.tional centrai banks can ta.rget that component of the output va.riance which 
is common to all regions in a na.tion but are unable to smooth idiosyncra.tic 

L l 



Figure 4. Percentage of output variance explained by the European component 

Dark regions hnve a large European component. Limits for color changes are 0.23, 0.42, 0.58, 
0.70. 

regiona.l output cha.nges. Similarly, the futnre European centrai bank will only 
be able to ta.rget tha.t component of output volatility which is common to a.ll 
regions of Europe, buti t is unable to targer na.tion-specific varia.nce. Nforeover, 
t be typical ta.rget of monetary policy is the cyc.le, not long-run vola.tility. This is 
no t beca.use long-run income stabiliza.tion is unclesirable, but because moneta.rv 
policy shocks, having mainly temporary eifects on output, ca.nnot be usecl a~s 
a long-run stabiliza.tion clevice. Studies on the reaction functions of monetary 
policy indicate that centrai banks react to output gap inclicators (Clarida, Gali 
and Gcrtler, 1998 ancl Gerlach ancl Schnabcl. 1998) ancl this implies smoothing 
output vola.tility a.t cyclical frequencies. Hence a measure of the potential target 
of the common moneta.ry policy should be defined a.s the short-run component 
of the output varia.nce which is neither regiona.l nor na.tion specifìc. 

In Ta.ble 3 we report varia.nce decornpositions at different frequencies for 
Euro p e ( excluding the UK which is no t going to pa.rticipate to the first pha.se 
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Table 3. Average long-run, medium-run and short-run variance of in Europe 

and the US 

Comma n National Lo c al Tot. var. 

Period Com p. Comp. Comp. Total x1000 

European Regions - UK excluded (70 regions) 

> 10 years 17.6 4.5 4.3 26.4 0.31 

5- 10 years 13.5 3.9 5.8 23.2 0.33 

< 5 years 18.3 9.7 22.4 50.4 0.54 

T o tal 49.5 18.1 32.5 100.0 1.19 

US medium and small counties (758 counties} 

> 10 years 12.0 8.4 5.8 26.3 0.29 

5- lO years 17.7 4.8 5.4 27.9 0.26 

< 5 years 24.0 7.2 14.7 45.9 0.56 

Total 53.7 20.3 26.0 100.0 l.l2 

of the EMU) and the US. We report average variances for both cycles between 
five and ten years and cycles of less than five years. Assuming a realistic target 
to be a cycle of less than five years, we estimate the potential smoothing effect 
of the common monetary policy to be a variance accounting for 18.3% of the 
total. Notice that this is less than 50% of the total common component, which 
is not surprising, since the latter is very persistent. Notice also that this number 
is len:ver than in the us. It rs intetesting to note tha.t, notwithstanding the anti
cyclical monetary policy of the Federai R.eserve~ the US cyclìcal variance remains 
larger than the European one. A counterfactual exercise woulcl be interesting, 
but i t is beyond the scope of this paper. 

5.3 The potential insurance role of a fiscal federation 

Fiscal policy, lìke monetary policy, can be use.d to stabilize aggregate output over 
t ime. In a.cldition, however, i t ha.s the role of stabilizing loca.l output by acting as 
an a.ntoma.tic insura.nce mechanism. R.egions which are performing pa.rticula.rly 
well pay more t.axes than regions experiencing tempora.ry slowdowns a.nd receive 

\css benefits. 
A bstracting from politica! economy type of considerations (for a discussi 

mora! hazarcl problems relatecl to the institution of a fiscal federation, see Persson 
ancl Tabellini, 1996), a. European-wicle insurance mechanism would be more 
effective than a nationa.l one, simply because of size; a fisca.l federation ca.n 
potentially insure both nation specific and purely regiona.l volatility, while a 
na.tion ca.n onlv insnre regional varia.tions. Only in the case in which the na.tiona.l 
component ofv va.ria.nce is negligible, a fiscal fecleration will not have a higher 
insura.ble potentia.l tha.n a nationa.l insurance system. The size of the na.tional 
component of output vola.tility will then tell us how much scope there is for a 

tiscaJ federation. 
But should we look ma.inly at long-run fl.uctua.tions or short-run ftuctua.

tions? VVhile tra.ditiona.l a.nti cyclical policies, being ba.sed on intertempora.l 
income transfers, can only address short-run vola.tility, a fisca.l federa.tion, by 
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acting through cross-sectional transfers, can in principle reduce both short-run 
and long-run variance. From Table 3 we can see that national fluctuations ac
count for about 18% of total variance. Hence the scope for a fiscal federation as 
an insurance mechanism is not negligible. 9 

5.4 Politica! economy 

From the discussion, we can say that the map of potentiallosers and winners of 
a federai fiscal policy is given by the geographical distribution of the variance of 
the nation-specific component aver total variance. Were the heterogeneity to be 
found within nations and not between nations 1 we may infer that the degree of 
consensus against a common fiscal policy will not be different than the consensus 
towards a national fisca.l policy. Figure 5 reports the ma.p of the nation-specific 
variance aver total variance. 

The map shows clearly that Greece and the UK would benefit more than 
other countries from fiscal integration. However, once again, if we ex elude Greece 
and the UK, the map of potentially insurable risk is regional, not national. The 
lighter areas, which represent very low relative national variance, correspond 
roughly to the dark areas of Figure 3 of regions with the highest relative com
m an variance (the more integrated regions). These regions belong to Northern 
Italy, part of Germany a.ncl Fra.nce--the c.orridor of commerciai and productive 
ac.tivities of post-:\'fiddle Age Europe. The ma p suggests that potential opposi
tion to a federation will not be la.rger than existing regional opposition aga.inst 
national federations. 

If \ve construct the same map for cyclica.l frequencies only, we obtain a 
picture of the regions which \Vill suffer most in terms of output stabilization 
from federai monetary policy. This map differs only slightly from Figure 5 a.nd 
therefore we do not report it. The condusion is that, as expected, the more 
integrated regions willlose less from the establishment of Europe-wide targets. 
These regions, on the other hand 1 bave less to gain from the establishment of a 
fiscal federation. 

5.5 Diagnostic checking 

At- this point~ some \Vorcls should be spent about cliagnostic checking. As we 
ha ve alredy seen. our two Enropean data sets are no t very la.rge both in the time 
and the c.ross-sectional dimension. Since rhe estimation procedure is ba.sed on 

9 T n Porni and Reichlin (l998b), by analyzing a simple consumption model, we argue 
that welfare is related to long-run volatility, rather t han volatility per .se. The basic intuition 
is that consumers may do a lot by themselves, through saving decisions, in arder to smooth 
short-run ftuctuations, but are impotent >Vith respect to permanent shocks. As a consequence, 
policy should concentrate on long-run stabilization rather than short cycles. If this argument 
is correct, we have to focus mainly on the fraction of long-run volatility (rather than total 
volatility) accounted for by the national component. This fraction however is very similar to 
the 18% mentioned before (4.5/26.4, see Table 3, fìrst line), so that the main conclusion does 
not change. 
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Figure 5. Va.riance ratios: national component aver tota.l varia.nce 

f 

.,.,_. 
·_ :~~:.·.f) 

...... J 

Darker regions have brger variance. Limits far color changes are O.lG, 0.27, 0.37 and 0.56. 

the assumption of a large cross-section, one may wander whether in the present 
case the cross-sectional dimension is large enough to get relia.ble results. 

As shown in Section 3 an d Appendi x l, the reciproca! of the larger eigenvalue 
of the matrix E- 1 r is an estimate of the percentage of idiosyncra.tic va.ria.nce 
which is still present in the optimal weighted average that we use a.s an a.pprox
imation to the common factors. The numbers \Ve obtainecl from estimation are 
qui te comforting. For the first data set the la.rger percenta.ge of loca.l varia.nce in 
the national a.verages is 2.4% 1

10 wbile the percenta.ge of non-European va.ria.nce 
in the European avera.ge is 6.1%. In the second data set, where more countries 
are present, the latter figure reduces to -L l%. The percentage of local va.ria.nce 
in the national averages is less tha.n 2% for a.ll na.tions except Portuga.l, which 
has 7.8%. 

l O Curiously the ]arger figure is no t for the Netherlands, which have only nine regions, 
but far Italy, which has twenty regions. The smaller percentage is far Germany (0.8%). 
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6. Methodological notes 

The questions studied here, as well as several interesting economie problems, 
cannot be suitably addressed without modeling a large number of time series. 
An important feature of the dynamic factor mode! is that i t provides a repre
sentation of the dynamic relations among many cross-sectional units which is 
both flexible and parsimonious. Forni and Reichlin (1996, 1998a) show that, 
contrary to the common wisdom, estimation of the factor model is quite sim
ple when large cross-sections are involved. By contrast, more popular models 
such as VARs or pane! data models fai! either in parsimony or in flexibility. In 
VAR. models the number of parameters to estimate is typically too large with 
respect to the number of available observa.tions aver time. On the other band, 
panel data techniques, besides requiring a clearcut a priori distinction between 
'dependent' and 'independent' variables, entail homogeneity assumptions on the 
response functions of different units which are severely restrictive when only a 
few observable explanatory variables are available. 

The Pane! VARs which have been usecl lo study dynamics for many regions 
and nations (Blanchard and Katz, 1992, Decressin and Fatas, 1995, Obstfeld and 
Peri, ] 997) while representing an interesting attempt to sol ve the trade-off, are 
less flcxible than the mode! employed bere. fndeed, the pane! VAR. mode! can be 
seen as a pa.rticular case of (1 ), w bere the restriction is that regions belonging to 
t.he same country bave the same propagation mechanism, up to multiplication 
by a scalar, \vhich must be the same for the national and the European shocks. 
\[ore precisely, by setting in mode! (l) a'i(L) = a'JaJ(L), b'J(L) = a'JbJ(L), 
and c'1 (L) = c'icJ(L) we gel 

wbere Ji = ai(L)e, +!J.i(L)nl. By averaging a cross regions belonging to couutry 
j the local components wash out, so that the nationa.l average is vl = ai Jl, 
w bere ai = L:i a, ii/ Ji. Hence 

where n ii = a ii fai. The Panel VAR strategy consists in first regressing vi1 

on Yl and tben performing a restricted Y.-\R on the resicluals, separately for 
eacb nation j. \Vhile homogeneity of the response functions, at least to the 
European shock, is ronghly in line with our empirica.l findings, the assumption 
t. ha. t the coefficient a lj is the same for the national an d the European shocks 
seems ra.ther restrictive. f-..'Iore genera.lly, the panel VAR model above fails to 
distinguish properly between the national and the European component. 

The dynamic fa.ctor framework provi cles a notion of comovements which is 
very na.tura.l. As expla.ined in Section 2, the percentage of vari ance a.ccounted for 
by the common component is a measure of comovement which emerges naturally 
from the common-idiosyncratic representation of factor models. This notion 
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of comovement is differeut from what has been proposed by tbe literature on 
common trends (Stock and Watsou, 1988), common features (Engle and KozJCky, 
1993) and common cycles (Vahid and Engle, 1993). The example below may help 
to clarify this point. Consider the following very simple dyuam1c speclfìcatwn 
of mode! (1), with only two regions and zero natwnal component: 

6.yj =ae, + (l - bL )lj 

6.y; =ae, + (l - bL )l;. 

The two regions do not have either common tren:ds or common cycles, since the 
fi.rst difference of the linear combina.tion Zt = Vi - avi is 

6.z, =(l- a)ae, +(l- bL)(lj- al;), 

h. h do no t ha ve a uni t root in the vVolcl representation ( unless b = l an d 
w lC l h t ·r · 1 a= l) and is not serially uncorrelated (unl:ss b =O . Nevert e ess, 1 ·a rs arge, 
the two processes comove strongly accordmg to the r_neasure proposed abqye. 
Tndeed, their correlation ma.y be arbitrarily dose to umty (both at long-run a.nd 
cvclica.l frequencies), depencling o n the size of a. 

u ... The example also shmVs tt:Jtft the concepts of common trends and common 
cvcles are no t particularly useful in order t o get a measure of com~vement b~-

t ,. the GDP oTowth rates of a set of regions or nations. The mam reason rs 
w~n o ·d 

that cointegration tests, as well as tests on common features, ca~1 only prov~ e 
a binary result: eìther the regions comove perfectly or not. For mstance: com
tegra.tion gives a unambiguous result on the str~ngth o.f .lon~-run comovemo~n:s 

l ·1· ll reo·ions are j)a.irwise cointegrated. Thrs condrtwn IS rather stron0 , m on y 1 a o . 
1 

· · h 
Practice i t will be never satisfied by a large set of regwns, eavmg us wrt no 

, l] 
useful inclications about the releva.nt problem. 

7. Summary and Conclusion 

This paper proposes a metho~l to study syn~hroni~a.tion of ou~put fìuctt~a:~ons 
a t different tevels of aggrega.twn and compm es estrmates for European I80 10l:s 
a nel US counties. For all regions we estimate the relative varianc.e of a dynamrc 
component generateci by a Europesn-wicle shock, its dynamic profile a.nd the 
psttern of its cross-regional correlations. . . 

\Ve find that Europe is as much integrated as the US. Tntegratron 1s m~a.
sured bv the relative variance of a Europcan-wide (US-wide) componen.t w1th 
respect .... to the total varianc.e of output growth. The clisa.ggregated ~nalysiS con-
5rms this fact for a.ll countries except far the UK and Greece. VVe a.lso 5nd a 
European core formed by regions with a large common corr:ponent. The b?m:d
aries of the core, however, are not na.tional so that aU natwns are partly ms1de 

11 Far a more detailed discussion on cointegro.tion and long-run comovement see Croux, 
Forni and Reichlin (1998). 

17 



and partly outside the core. In genera!, we find that the national dimension in 
Europe is not very important: what matters is the Europea.n component and a 
purely local component. 

We propose a measure of the potential output stabiliza.tion target of the 
future European centrai bank as the percentage of total variance accounted for 
by short-run Europe-wide fluctuations. We find the potential target to be about 
18% of total variance against a 24% in the US case. The smaller scope for federa! 
monetary policy in Europe is explained by the higher leve! of persistence of the 
European common shocks with respect to US wide shocks. 

Further, we measure the variance stabilization role of a European fiscal fed
era.tion (in addition to wha._t is a.lrea.dy stabilized by existing national systems) a.s 
the percentage of total vari ance accounted for by national short-run fluctuations. 
This is estimateci to be around 18% of total variance. Therefore, the ensemble of 
federa! policies for stabilization bave a non-negligible potential target of about 
-±0%. 

18 

•• 
' 

R.EFERENCES 

Asdrubali, P. E. S0rensen and O. Yosha (1996) "Channels of interstate risk shar
ing: United States 1963-1990, Quarlerly Journal of Economics ll1, 1081-1ll0. 

Bayoumi, T. and P.R. Masson (1995) "Fiscal flows in the United States a.nd 
Canada: lessons for Monetary Union in Europe", European Economie Review 
39, 253-274. 

Bayoumi, T. and Eichengreen, B. (1993), "Socking aspects of European mone
tary integration", in F. Torres a.nd F. Giavazzi (eds.) Adjustment ad growth in 
the European Monetary Union, Cambridge University Press, Cambridge MA: 
Cambridge University Press, 193-229. 

Blanchard, O.J. and Katz, L.F.(1992) "Regional evolutions", Brookings Papers 
an Economie Activity. 

Clarida, R.., J. Gali and M. Gertler (1998), "Monetary policy rules in practice: 
some international evidence'', European Economie Review, 42, 1033-68. 

Croux, C., Forni, M. and L. Reichlin (1998) "A Nleasure of Comovement for Eco
nomie Tndicators: Theory and Empirics," VVorking Paper Institut de Statis
tique et de R.echerche Opérationellc, ULB, Bruxelles. 

Decressin~ .J. ancl FatS..s, A. (199.5) ~:Regionalla.bor ma.rket dynamics in Europe'', 
""European Economie R.evÌe1U3'!l, '1627-.55. 

Engle, R.F. ancl Kozicki, S. (1993). '·Testing for common features", Journal of 
Business an d Economie Statistics, Il, 369-95. 

Fatàs, A. (1997) "E?v!U: countries or regions? Lessons frorn the EMS experi
cnce:', CEPR cliscussion pape.r no. ! 558. 

Fatas, A. (1998) "Do es EMU need a fisca.l federation?". Economie Policy, no. 
26. 

Forni, NI. and R.eichlin, L. (1996) ''Dynamic common fa.ctors in la.rge cross
sections", Long-R.un Economie Grou:th, special issue of Empirical Economics, 
21, 27-42. 

Forni, M. and Reichlin, L. (1998a) ''Let's get rea.!: a dynamic factor analytic 
approach to disaggregateci business cyclen, R.eview of Economie Studies, July. 

Forni, M. ancl Reichlin, L. (1998b) "Risk and potentia.l insurance in Europe", 
European Economie R.eview, forthcoming. 

Fuss, C. CI 997) ::Europe of regions or Europe of nations?", ULB mimeo, Febru
ary. 

Gerlach, S. and G. Schnabel (1998), "The Taylor rule and average interest rates 
in the ENrU-11 area: a note''. unlmblishecl manuscript, BIS. 

Geweke, J. (! 977) ::The cl:ynamic factor analysis of economie t ime seri es moclels" 
in D.J. Aigner a.nd A.S. Goldberger (ecls.) Latent variables in socio-economie 
models, New York: North Holland. 

Helg, R., Manasse, P.,. Monacelli, T. and R.ovelli, R. (1995) "How much 
(a)symmetry in Europe? Evidence from inclustrial sectorsll, European Eco
nomie R.eview 39, 1017-41. 

19 



Obstfeld, M. and G. Peri (1998) "Regional nonadjustment ancl fìscal policy", 
Economie Policy no. 26. 

Persson, T. and G. Tabellini (19??), "Federa! fìscal constitutions: risk sharing 
a.nd moral hazard'', Econometrica 64, 623-46. 

Sala-i-Martin, X. and J. Sachs (1992) "Fiscal federaJism and optimum currency 
areas: evidence for Europe from the Unitecl States", in Canzoneri, Nl. Ma.sson, 
P. and V. Grilli (eds.), Establishing a centrai bank: issues in Europe and lessons 
from the US, Cambridge University Press. 

Sargent, T.J. and Sims, C. A. (1977) "Business cycle modelling without pre
tending to have too much a priori economie theory" in Sims, C.A. (ed.) New 
M ethods in Business Research, Minnea.polis: Federai R.eserve Bank of Min
neapolis. 

Stock, J.H. and Watson, lvi. W. (1988), "Testing for common trends", Journal of 
the American Statistica/ Association, 83, 1097-107. 

Va.hid, F. and Engle, R.. F. (1993), "Common trends and common cycles", Jour
nal of Applied Econometrics, 8, 341-60. 

Vii'ials, J. and Jimeno, J.F. (1996), "Monetary Union and European unemploy
ment", CEPR discussion pa.per no. 1485. 

von Hagen, J. (1992) HFiscal arrangements in a monetary union: eviclence from 
the US", in Fair, D. a.nd C. de Bossieu (ecls.) Fiscal policy. taxation and the 
financial system 'in an increasingly ·integrated E~lmpe, Kluwer, Boston. 

•• l 

APPENDIX l 

The optimal weighting procedure 

Let us focus the attention on a single nation, so that, dropping the index j, 
mode! (l) becomes 

where the common component Cf is orthogonal to the local idiosyncratic com
ponent .C~. Now let us indicate with ~ the covariance matrix of the vector of 
the idiosyncratic components L, = (L/ L[ ) and with r the covariance 
matrix of the vector of the variables Y, = ( yj y{ ). We are looking for 
the I -dimensiona! vector w minimizing the ratio var( w' L,) jvar( w'Yi), or, equiv
alently, the function 

log ( w'fw) ~ log ( w'I;w). 

This function is homogeneous of degree zero in w, so that i t reaches an interior 
maximum in RI ~O (O being the null vector) on a ray through the origin satisfying 
the fìrst order condition 

2fw 22;u· ~ 
0 w'rw - w'Lw - · . ~ 

A_ssuming the invertibility of :E. this is equivalent to 

lmposing the la.tter condit.ion. in turn, is equiva.lent to imposing 

E-'rw =.\w (2) 

for some scalar À and some w 'l O. This is beca.use a. couple À, w sa.tisfying (2) 
must. fulfìll .\ = w'fw/w'Ew. 

1-Ience the first arder condition is satisfied by, a.nd only by, the eigenvectors 
of z:;- 1 f; moreover, the eigenvalues À are the reciprocals of the objective function 
\·ar(w'.Cdjva.r(w'Yt) eva.luated a t the corresponding eigenvectors. It follows that 
the solution of the above programming problem must be given by the eigenvector 
corresponding to the ma.ximum latent root of :E- 1r. fvToreover, the reciproca! of 
the maximurn latent- root is an estimate of the percenta.ge of the icliosyncra.tic 
variance in the optima.l linear combination w'Yt and can be used for dia.gnostic 
checking. 

ff :B is clia.gona.l, as it is a.ssumed herc. equa.tion (2) have a simple interpre
tation. Since 

fw = (cov(y(. w'yt)) ' 

cov(y{. w'y,) 
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equation (2) reduces to 

cov(yi, w'y1 ) 

var(.Ci) 
i= 1, ... ,I 

i. e. the weight of regio n i must be larger, the larger is the covariance of re
gian i with the aggregate and the smaller is the variance of the idiosyncratic 
component. 

Note also that in the particular case of perfectly correlated common com
ponents,_ 1.e. CJ = atCt, w is proportional to ai /var(.C~), which clearly shows 
that 'weJghts' are not necessarily positive. 
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APPENDIX 2 

The estimation procedure 

The complete estimation procedure is in five steps. 

S'tep 1 We washed aut the local components by computing, far each nation j, 
the linea.r combination 

p 

yf =L, wiiyii, 
i= l 

where the coefficients w il are those minimising the ratio of the variance of the 
local component aver the total, as explained above. Hence 

I :i . . . . . J:i .... 
where aJ(L) = :St~l w'1 a'1 (L) and ò'(L) = :St~l w'1b''(L). 
Step 2 vVe eliminateci the national components by computing the linea.r cambi-

nation 
l 

Yt = Lwiy{, 
.. .:o. j=l 

w h ere the wi's are chosen again to minimize the ratio bet\veen the non-common 
variance to the va.riance of Yt· Then 

Yt "'a(L)e,, 

l .. 
where a( L)= Lj~l w'a1 (L). 
Step 3 Assuming equality in the above rdation, a.long with invertibility of a( L), 
we can \Vrite et, a nel t.herefore Ei, RS a linear combination of the present and 
the past of y1, so that. 

yf = a'(L)Yt + Nf. 

\\"e estimateci tbe above equations by OLS, with o.J(L) specified as a second 
orcle.r polynomial. 12 These auxiliary rcgressions a.re neeclecl in Step 5 in orcler to 
clisentangle the nationa.l and the Europcan component. 

S'tep 4 A similar reasoning leads to the relation 

12 In principlc a(L) cnn be non-invertible toward the past. In arder to allow for roots 
smaller than unity in modulus we have to specify cxi (L) as a bilatera! operator (far a discussion 
on this point see Forni and Reichlin 1996). 'vVe tried different specifications far the ai(L), 
including both leads and lags of Yt. but \Ve found that a two~lags specification could not be 
rejected by the F-test. 
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W e estimateci the above regression equations by OLS. Also in this case we found 
that a second~orcler specification for bot h oh (L) an d (3'i (L) was go od. In this 
way we go t an estimate for the local components .c~ i. 

Step 5 By substituting for y{ in the above relations we see that 

E;i =oh(L)y, + (3'i(L)ai(L)y, 

N;i =(3'i(L)Nf = y;i- E;i- .c;i. 

This provi cles estimates far E; i an d iVfi. 

A complete estimation of the parameters of (l) is beyond our aims. However, 
estima.tes for a'i(L) and b'i(L) could in principle be obtained by estimating a( L) 
(by uni variate ARMA modelling of Yt) a nel bi (L) (by uni variate modelling of the 
Nf's) and using the relations 

a'i(L) = (a'i(L) + B'i(L)ai(L)) a(L) 

b'i(L) =8''(L)bi(L). 
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