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1. INTRODUCTION

We pres ent in this ar ti cle a meth od ol ogy that aims to es ti mate in real-time rel e vant mac ro eco nomic

sig nals. The meth od ol ogy is il lus trated for the case of two mea sures of eco nomic ac tiv ity in the euro

area: busi ness cy cle fluc tu a tions and smooth com po nent of out put growth. In line with Baxter and King

(1999), busi ness cy cle fluc tu a tions are de fined as those os cil la tions with pe riod be tween 6 and 32

quar ters in out put. This def i ni tion re flects the knowl edge of the typ i cal du ra tion of the phases of ex pan -

sion and re ces sion in de vel oped econ o mies. The busi ness cy cle fluc tu a tions as de fined can be in ter -

preted as fluc tu a tions in real Gross Do mes tic Prod uct (GDP) not at trib ut able ei ther to long-run growth,

or to mea sure ment er rors or to other short-run fluc tu a tions usu ally not re lated to the busi ness cy cle

phe nom ena. Thus, are just de vi a tions (not er ratic) of GDP on a long-run trend (sta tis ti cally well de -

fined). This def i ni tion has been ex ten sively used in lit er a ture (see, e.g., Stock and Watson 1999).

The smooth growth com po nent of out put (hence forth smooth growth) is de fined as out put growth ex -

clud ing fluc tu a tions with pe riod less than one year. The smooth growth is a mea sure of GDP growth

cleaned of er ratic or short-run os cil la tions that make dif fi cult to as sess the ag gre gate eco nomic sit u a -

tion. This sig nal was ap prox i mated by Al tis si mo et al. (2007) in the con struc tion of a co in ci dent in di ca -

tor for the euro area, the EuroCoin (de noted as the me dium to long run component of output growth).

The sig nals just de fined can be ap prox i mated with ar bi trary pre ci sion by ap ply ing in fi nite mov ing av er -

ages (or fil ters) to the se ries of in ter est, but this re quires the knowl edge of all past and fu ture val ues of

that se ries. Ex trac tion in real-time is there fore re stricted by the avail abil ity of data and is thus a dif fi cult

task. Chart 1 pres ents ap prox i ma tions to the sig nals of in ter est for the euro area, ob tained with the fil ter 

de vel oped by Baxter and King (1999) (BK fil ter) in the mid dle of the sam ple. Ad di tional (past and fu -

ture) data would lead to neg li gi ble dif fer ences be tween these es ti mates and the de sired sig nal. Us ing

the BK fil ter im plies, how ever, loosing rel e vant es ti mates at the be gin ning and end of the sam ple,

whereas our in ter est is in ob tain ing es ti mates of these sig nals in real-time (e.g., ob tain es ti mates of the

sig nals for the first quarter of 2009 using only the available data up to that moment).

We will show that the meth od ol ogy here pre sented has clear ad van tages in re la tion to other al ter na -

tives, de liv er ing real ac tiv ity in di ca tors that have sev eral de sir able properties:

i) They are timely, since our approach is flexible enough so as to take into account the release

delays of all the variables used in the exercise; both that of GDP, which typically arrives three

months after the end of the quarter to which it refers, and also of all the other series included in

our panel of predictors;
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ii) They display little short-run oscillations, thereby giving a clear picture of current cyclical and

growth prospects;

iii) Unlike to what usually happens, they are based on a large and comprehensive panel of

predictors, whose idiosyncratic and short-run components are eliminated through factor

analysis;

iv) They have a remarkable forecasting performance at short horizons (less than one year). To be

specific, we view forecasts of the smooth growth indicator as being useful to forecast GDP

itself. We highlight and important insight: for forecasting purposes, targeting a smooth version

of time series may be more useful than targeting the original series. We offer a possible

justification: with conventional models, short-run fluctuations are being approximated despite

being possibly unpredictable or idiosyncratic.

Fol low ing Stock and Wat son (1989), model-based meth ods as sum ing a fac tor struc ture have also

been used to con struct growth in di ca tors. There have also been at tempts to ex tract sig nals sim i lar to

those we tar get in a para met ric set ting. For in stance, Valle e Azevedo, Koopman and Rua (2006) con -

structed a busi ness cy cle in di ca tor which can be seen has a multivariate fil ter (that elim i nates un de sir -

able fluc tu a tions). Al though a com mon fac tor struc ture is as sumed to de scribe a small set of time

se ries, the rep re sen ta tion is far from gen eral and the method is not aimed at ap prox i mat ing a pre de -

fined set of fluc tu a tions. Such is the aim of this pa per. The ap proach clos est to ours is that of Al tis si mo

et al. (2007) that re sulted in the New EuroCoin in di ca tor. This in di ca tor is ob tained by pro ject ing es ti -

mated fac tors on the smooth com po nent of out put growth, dis re gard ing the in for ma tion con tained in

past observations of GDP. We will later contrast in more detail our approach to theirs.
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Chart 1

BUSINESS CYCLE FLUCTUATIONS OF EURO

AREA GDP, OBTAINED WITH THE BK FILTER

SMOOTH GROWTH OF EURO AREA GDP,

OBTAINED WITH THE BK FILTER

Source: Au thors’ cal cu la tions.
Note: Grey ar eas rep re sent the re ces sion dat ing of CEPR.



2. APPROXIMATIONS TO THE SIGNALS OF INTEREST

2.1. How to approximate the signals of interest

Our vari able of in ter est through out the pa per will be (log a rithm of) real quar terly GDP, the best avail -

able proxy of ag gre gate eco nomic ac tiv ity. De fine x t  as the log a rithm of real GDP and 

Dx x xt t t= - -1  as its growth rate. To be gen eral, sup pose that we are in ter ested in iso lat ing the sig -

nal y t  that de fines a sig nal in x xt t( )D . Un like al most all of the lit er a ture (see Sec tion 4.3.1 for an

ex cep tion and crit i cisms), we will ex plore in for ma tion con tained in an ar bi trary num ber of ad di tional se -

ries to ap prox i mate the sig nals of in ter est. Sup pose that are avail able c se ries of covariates z z c1 ,..., .

The es ti mate $y t  of the sig nal y t  (for ex am ple, busi ness cy cle fluc tu a tions) will be a weighted sum of

el e ments of x x( )or D  and el e ments of z z c1 ,..., : 
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or, in the case we are in ter ested in y t  de fined in Dx t  (as smooth growth): 
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where p de notes the num ber of ob ser va tions in the past that are con sid ered and f  the num ber of ob ser -

va tions in the fu ture that are con sid ered. To ob tain the es ti mate of y t , we choose the weights 

{ }$ , $ ,..., $
, , ,... ,

B R Rj j c j j f p1 =-
 as so ci ated with the se ries of in ter est and the avail able covariates that

min i mize the mean squared er ror be tween the es ti mates $y t  and y t .

Note f  is al lowed to be neg a tive, which is of par tic u lar in ter est if at time T (say, the cur rent quar ter) the

se ries of in ter est  x xt t( )or D  is not avail able. Thus, is straight for ward to ex tract the sig nal y T k+  for 

k > 0. One just needs to set f k= -  in the so lu tion, so that only the avail able in for ma tion (that is, up to

pe riod T in this case) is taken into consideration.

In the re main der of the pa per, we will set p = 50 (larger val ues of p lead to neg li gi ble dif fer ences in the

ap prox i ma tions). To ap prox i mate the sig nals of in ter est in real-time we set ei ther f = -2 (in a first or

sec ond month of a given quar ter) or f = -1 (in the third month of a given quar ter), tak ing thus into ac -

count the re lease de lays of the fi nal es ti mate of GDP for the euro area.

The sig nals that we ap prox i mate (smooth growth and busi ness cy cle fluc tu a tions) have a quar terly fre -

quency (as GDP), but we will seek in each month an es ti mate of the cur rent quar ter.1 Thus, within each

quar ter, new monthly in for ma tion will be used to up date the es ti mates. It turns out that this ad di tional

in fra-quar terly in for ma tion is use ful in that it pro vides more pre cise es ti mates of the sig nals of in ter est.

As a by-prod uct, we will seek in each month an es ti mate of cur rent year GDP growth based on the most 

up-to-date ap prox i ma tions to smooth growth and its relevant forecasts.
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(1) So, e.g., in January we will target the signals regarding the first quarter, in April those of the second quarter and in September those of the third quarter. It
would be trivial to target in each month any other quarter.



3. COVARIATES

3.1. Factor Model

In the real-time ap prox i ma tions to the mac ro eco nomic sig nals pre sented in this pa per, the quar terly

covariates, z z c1 ,..., , will be se ries de rived from (es ti mated) com mon fac tors, that sum ma rize the in -

for ma tion con tained in a large panel of monthly time se ries.2 Con sider the fol low ing panel of monthly

variables:

{ }W = = = *w i n t Tit 1 1,..., ; ,..., ,

We stress that all the se ries in the panel are or ga nized in such a way that for month t they are in fact

avail able. So, if an In dus trial Pro duc tion in dex re fers to a month but it is only and al ways re leased one

month af ter, we use the one-pe riod lagged se ries as an w it . Thus, we ef fec tively take into ac count the

re lease de lays of all the indicators.

As sume that each vari able in the panel can be de com posed into a com mon com po nent, c it , driven by

a small num ber (say q ) of or thogo nal shocks (the so-called dy namic fac tors), and an id io syn cratic

com po nent x it , or thogo nal to c it i n, , ,...,= 1 2 , at all leads and lags. Specifically:

w it it it= +c x (3)

where:

c l l lit i t i t ir rtF F F= + + +1 1 2 2 ... (4)

Thus, a po ten tially (and usu ally) re duced set of F jt ‘s, sum ma rizes an im por tant part of the move ment

of all the vari ables (the com po nent c it ), re sult ing in a pos si bil ity of par si mo ni ously in cor po rate the in -

for ma tion con tained in W  in the ap prox i ma tions to the signals of interest.

3.2. Covariates (quarterly)

The com mon fac tors F F Ft t rt1 2, ,...,  and their num ber (r) can be ap prox i mated in a num ber of ways.

For more de tails on the es ti ma tion of the fac tors, see Valle e Azevedo and Pereira (2008). We will re -

port only the re sults ob tained with the first two es ti mated static fac tors (that will be split into 6 quar terly

se ries). Such al ways de liv ered the best ap prox i ma tions. In month  t *  (of quar ter t), the set of

covariates to be used in the ap prox i ma tions con tains 2 es ti mated static fac tors as de scribed above

(de nom i nated $
,

F
l t * ), each split into three quar terly se ries. We have thus the set of covariates up dated

with the el e ments of Z
t * , where:

Z F F F F F F
t t t t t t t* = ( $ $ , $ , $ , $ , $ )

, , , , , ,
'

1
1

1
2

1
3

2
1

2
2

2
3

and:

Ban co de Por tu gal | Economic Bulletin

Winter 2008 | Articles

76

(2) We thank Giovanni Veronese for providing us with a transformed and realigned version of the dataset used to compute the New EuroCoin Indicator of
Altissimo et al. (2007). The dataset encompasses 144 monthly economic variables of national and euro area aggregate economies from May of 1987
through August of 2005 ( )T * = 220 . 22222222
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As a re main der, our tar gets are de fined on the GDP of the cur rent quar ter, but we com pute (or up date)

the ap prox i ma tions ev ery month.

4. PERFORMANCE OF THE INDICATORS

4.1. Evaluation of the indicators in a pseudo real-time exercise

The pro posed in di ca tors of busi ness cy cle fluc tu a tions and smooth growth will be as sessed by ana lys -

ing their real-time per for mance. Spe cif i cally, and in line with Orphanides and Van Norden (2002), we

will look at the ap prox i ma tion er rors ob served by us ing our method in real-time. These ap prox i ma tion

er rors can be es ti mated com par ing these es ti mates with those ob tained by con sid er ing fu ture data of

the se ries of in ter est. Ob vi ously, once new data is avail able, the ap prox i ma tions that ex plore new in for -

ma tion vary near the end of the sam ple. This vari a tion is due to re vi sions in the data it self, which we do

not ana lyse here, and re vi sions due to the na ture of the one-sided fil ters used in the end of the sam ple

(and in our case, along with re-es ti ma tion of mo ments and fac tors). The mag ni tude of the re vi sions is

of ten large, even in a multivariate con text (Orphanides and Van Norden 2002). The fact that the fil ters’

per for mance de te ri o rates near the end of the sam ple is not con cep tu ally dif fer ent from the fact that

fore casts gen er ally de te ri o rate if the fore cast ho ri zon is larger. Any ap prox i ma tion to a sig nal (or yet

un ob served vari able) will suf fer re vi sions. Our ap proach is an at tempt to mit i gate re vi sions (or

approximation errors) in the estimates of signals that we believe are relevant for the policy-maker.

We now make ex plicit in what di men sions our ex er cise can be seen as a real-time ex er cise. We make

all the nec es sary trans for ma tions in the data, es ti mate fac tors, es ti mate the sec ond mo ments nec es -

sary to solve the pro jec tion prob lem and com pute the fil ter weights in real-time. Fur ther, we take into

ac count all the data re lease de lays.3

Sev eral sta tis tics will be com puted to com pare the real-time es ti mates with the es ti mates ob tained in

the “mid dle” of the sam ple, that we will de note as “fi nal” es ti mates. These fi nal es ti mates are again ob -

tained by ap prox i mat ing the sig nals us ing the whole sam ple and then dis re gard ing a suf fi cient num ber

of ob ser va tions, to en sure that only neg li gi ble re vi sions will oc cur once more data be comes avail able.

The cri te ria used to eval u ate the real-time per for mance of the indicators were the following:

a) [ ]Corr y yt t t, $ , where $y t  is the optimal approximation to the signal y t  and, as it can be

proved, is a good measure of the variance of the approximation error. We compute the sample

counterpart of this statistic, using the estimated signal (say $y t
* ) as $y t  and approximating y t  by 

the “final” estimates, denoted by y
t
F ;

b) Noise to Signal Ratio, computed as ( $ ) ( )y y y yt
t

t
F

t
F

t

F*å å- -2 2 ;
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(3) As an example, euro area GDP of a given quarter is only available in the third month of the next quarter. So, in the first two months of that quarter, we only
use data until the latest observation of GDP, which refers to two quarters before.



c) For the approximations to business cycle fluctuations, the percentage of times $y t
*  and y

t
F

share the same sign (which gives an indication on whether $y t
*  indicates correctly if GDP is

below or above the long-run trend).

The bench mark will be the univariate fil ter of Christiano and Fitz ger ald (2003). Ad di tion ally, we stress

that the es ti ma tion of sec ond or der mo ments and fac tors will take into ac count only in for ma tion avail -

able at each point (real-time ap prox i ma tion) or, al ter na tively, it uses the whole sam ple (to day on wards

ap prox i ma tion), while still set ting in the fil ter f = -1 in the third month of each quar ter and f = -2 in the

first and sec ond months. With this ex er cise, we hope to un der stand the re vi sions stem ming from sec -

ond mo ments and fac tor space un cer tainty. We ex pect these re vi sions to be less se vere as the sam ple 

size grows, whereas the real-time ap prox i ma tions in clude poorly es ti mated objects at least in the

beginning of the evaluation period.

4.2. Business cycle fluctuations

First, we re port the real-time eval u a tion of our ap prox i ma tions to busi ness cy cle fluc tu a tions in the euro 

area. Ta ble 1 con tains the eval u a tion sta tis tics, just men tioned, for ap prox i ma tions done in a third

month of the quar ter and the vari a tions con sid ered. Ad di tion ally, Ta ble 2 con tains the eval u a tion of the

ap prox i ma tions done in the first and sec ond month of the quar ter for a se lec tion of the best per form ing

ap prox i ma tions (in real-time and to day on wards) of Table 1.

The main con clu sions are:

- Both the univariate and multivariate filters perform very well in the (nonetheless short)

evaluation period;

- The fit of the today onwards approximations is similar to that of real-time approximations;

- The results obtained with factors estimated by principal components (PC) are very similar to

those obtained with generalized principal components (GPC);

- The quality of the approximations is very similar across the months of the quarter, but the

multivariate filter performs superiorly in the first two months.

Chart 2 dis plays the best per form ing real-time and to day on wards ap prox i ma tions (multivariate fil ter

with 2 fac tors, MBPF PC KERNEL) in a third month of the quar ter as well as the fi nal es ti mates of busi -

ness cy cle fluc tu a tions for the euro area. Ad di tion ally, Chart 3 com pares the fi nal es ti mates to the best

multivariate ap prox i ma tions in the third month of the quar ter when 4, 3, ..., 0 quar terly ob ser va tions of

GDP as well as the cor re spond ing monthly se ries of the panel are miss ing, and also when 1, 2, ..., 5 ad -

di tional quar ters of in for ma tion are avail able. All the mea sures im prove as more data be comes avail -

able and in all cases the multivariate fil ter has by far the best per for mance. The dif fer ences across

meth ods tend to dis ap pear af ter 5 ad di tional quar ters of data are con sid ered. We no tice again that the

per for mance of the univariate fil ter is very good and sim i lar to that of the multivariate fil ters, with the lat -

ter per form ing su pe ri orly when ad di tional data be comes avail able. These ap prox i ma tions with ad di -

tional data are in prac tice rel e vant given the fact that one is in ter ested in detecting a signal that has

(persistent) fluctuations with period between 6 and 32 quarters.
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Table 1

EVALUATION STATISTICS FOR THE APPROXIMATIONS TO BUSINESS CYCLE FLUCTUATIONS IN THE EURO

AREA IN THE THIRD MONTH OF THE QUARTER

Evaluation period: 1999(2) - 2004(3)

Performance with respect to Business Cycle fluctuations (3rd month of the quarter) (a)

Correlation Noise to Signal Sign Concordance

Real

Time

Today

Onwards

Real

Time

Today

Onwards

Real

Time

Today

Onwards

Benchmark Filters

BPF AR 0.87 0.89 0.41 0.38 0.91 0.91

BPF KERNEL 0.87 0.88 0.43 0.40 0.91 0.91

with 2 factors

MBPF PC KERNEL 0.86 0.89 0.46 0.48 0.77 0.82

MBPF GPC KERNEL 0.85 0.88 0.48 0.48 0.82 0.86

Source: Au thors’ cal cu la tions.
Note: (a) BPF AR - univariate fil ter with sec ond mo ments es ti mated by AR model (BIC cri te rion for lag length); BPF KERNEL - univariate fil ter with sec ond mo ments es ti mated
non-parametrically ; MBPF - multivariate band-pas s fil ter; PC - fac tor space es ti mated by prin ci pal com po nents; GPC - fac tor space es ti mated by gen er al ized prin ci pal com po nents;
KERNEL - non-para met ric estimation of second moments.

Table 2

EVALUATION STATISTICS IN EVERY MONTH OF THE QUARTER, FOR THE APPROXIMATIONS TO BUSINESS 

FLUCTUATIONS IN THE EURO AREA

Evaluation period: 1999(2) - 2004(3)

Performance with respect to Business Cycle fluctuations (a)

Correlation Noise to Signal Sign Concordance

Real

Time

Today

Onwards

Real

Time

Today

Onwards

Real

Time

Today

Onwards

BPF AR

1st/2nd month 0.85 0.88 0.46 0.38 0.77 0.91

3rd month 0.87 0.89 0.41 0.38 0.91 0.91

MBPF PC KERNEL

(2 factors)

1st month 0.88 0.89 0.41 0.42 0.86 0.86

2nd month 0.87 0.88 0.42 0.41 0.86 0.86

3rd month 0.86 0.89 0.46 0.48 0.77 0.82

Source: Au thors’ cal cu la tions.
Note: (a) BPF AR - univariate fil ter with sec ond mo ments es ti mated by AR model (BIC cri te rion for lag length); MBPF PC KERNEL - multivariate band-pas s fil ter, fac tor space es ti mated by 
prin ci pal com po nents and non-para met ric es ti ma tion of sec ond order moments.



4.3. Smooth growth

This sub sec tion fo cus on the real-time eval u a tion of the ap prox i ma tions to smooth growth in the euro

area. Ta ble 3 con tains the eval u a tion sta tis tics for the ap prox i ma tions done in a third month of the

quar ter and con sid er ing all the vari a tions un der anal y sis. Ad di tion ally, Ta ble 4 con tains the eval u a tion

of the ap prox i ma tions done in the first and sec ond month of the quar ter for a se lec tion of the best per -

form ing ap prox i ma tions (in real-time and to day on wards) of Table 3.

Ban co de Por tu gal | Economic Bulletin

Winter 2008 | Articles

80

Chart 2

EURO AREA BUSINESS CYCLE FLUCTUATIONS:

FINAL ESTIMATES AND REAL-TIME (MBPF PC

KERNEL, 2 MONTHLY FACTORS) AND TODAY

ONWARDS (MBPF PC KERNEL, 2 MONTHLY

FACTORS)

Evaluation period: 1999(2)-2004(3)

Source: Au thors’ cal cu la tions.

Chart 3

EVALUATION OF EURO AREA REAL-TIME APPROXIMATIONS TO BUSINESS CYCLE FLUCTUATIONS.

CORRELATION WITH FINAL ESTIMATES, NOISE TO SIGNAL RATIO AND SIGN CONCORDANCE WHEN f

FUTURE QUARTERS OF DATA ARE CONSIDERED (MBPF PC KERNEL WITH 2 MONTHLY FACTORS)

Evaluation period: 1999(2)-2003(1)

Source: Au thors’ cal cu la tions.
Note: In the hor i zon tal axis, -1 rep re sents the real-time es ti mate (re call, in the fil ter f = -1 in a third month of a quar ter since the lat est avail able GDP is from the pre vi ous quar ter, re sults
are al ready in Ta ble 2), 1 rep re sents the es ti mate ob tained when one fu ture data point is avail able and so forth.



The main con clu sions are:

- The multivariate filter clearly outperforms the univariate filters in all the dimensions under

consideration. Loosing one observation of GDP, as in a first or second month of the quarter,

completely deteriorates the performance of the univariate filter but not so much that of the

multivariate filter;
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Table 3

EVALUATION STATISTICS IN A THIRD MONTH OF THE QUARTER, FOR THE APPROXIMATION TO SMOOTH

GROWTH IN THE EURO AREA

Evaluation period: 1996(4) - 2004(3)

Performance with respect to Smooth Growth  (3rd month of the quarter) (a)

Correlation Noise to Signal

Real Time Today Onwards Real Time Today Onwards

Benchmark Filters

BPF AR 0.77 0.78 0.52 0.51

BPF KERNEL 0.77 0.78 0.53 0.51

with 2 factors

MBPF PC KERNEL 0.81 0.86 0.47 0.41

MBPF GPC KERNEL 0.79 0.87 0.50 0.41

Source: Au thors’ cal cu la tions.
Note: (a) BPF AR - univariate fil ter with sec ond mo ments es ti mated by AR model (BIC cri te rion for lag length); MBPF - multivariate band-pas s fil ter; PC - fac tor space es ti mated by prin ci -
pal com po nents; GPC - fac tor space es ti mated by gen er al ized prin ci pal com po nents; KERNEL  - non-para met ric es ti ma tion of second moments.

Table 4

EVALUATION STATISTICS IN EVERY MONTH OF THE QUARTER, FOR THE APPROXIMATION TO SMOOTH

GROWTH IN THE EURO AREA

Evaluation period: 1996(4) - 2004(3)

Performance with respect to Smooth Growth (a)

Correlation Noise to Signal

Real Time Today Onwards Real Time Today Onwards

BPF AR

1st/2nd month 0.38 0.42 0.74 0.73

3rd month 0.77 0.78 0.53 0.51

MBPF PC KERNEL

(2 factors)

1st month 0.60 0.75 0.65 0.56

2nd month 0.70 0.78 0.59 0.52

3rd month 0.81 0.86 0.47 0.41

Source: Au thors’ cal cu la tions.
Note: (a) BPF AR - univariate fil ter with sec ond mo ments es ti mated by AR model (BIC cri te rion for lag length); MBPF PC KERNEL - multivariate band-pas s fil ter, fac tor space es ti mated by 
prin ci pal com po nents and non-para met ric es ti ma tion of second moments.



- As referred, the multivariate approximations are more accurate in the third month of the

quarter, followed by the second month and then the first. In contrast to the case of business

cycle fluctuations, there are now considerable gains if factors are used in the approximations,

in particular in the first two months of the quarter;

- The fit of the today onwards approximations is very high for the multivariate filters. We found

that using exactly 2 monthly factors, split into 6 quarterly series, produced always the best

results in real-time. Perhaps a larger time dimension would be needed to usefully incorporate a 

larger number of factors, given the clearly distinct performance of the in-sample (today

onwards) and out-of-sample (real-time) approximations, as documented in Valle e Azevedo

and Pereira (2008);

- As before, the results obtained with principal components (PC) are very similar to those

obtained with generalized principal components (GPC).

To fur ther in spect the qual ity of the ap prox i ma tions, Chart 4 dis plays the fi nal es ti mates of euro area

smooth growth as well as the best per form ing real-time and to day on wards ap prox i ma tions in a third

month of each quar ter. As is clear, the multivariate in di ca tor tracks very ac cu rately the sig nal. Ad di tion -

ally, in Chart 5 is ana lysed the be hav iour of the best in di ca tors in a third month of the quar ter when  4, 3,

..., 0 quar terly ob ser va tions of GDP as well as from the covariates are miss ing (so we are also ana lys -

ing the fore cast ing per for mance of the ap prox i ma tions to the tar get), and also when 1, 2, ..., 5 ad di -

tional quar ters of in for ma tion are avail able. The main con clu sion is that the multivariate

ap prox i ma tions still clearly out per form the univariate fil ter, while giv ing an in for ma tive sig nal (noise to

sig nal ra tio be low 1) even when 3 4 quarters of data are missing.
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Chart 4

SMOOTH GROWTH OF EURO AREA GDP FINAL

ESTIMATES AND REAL-TIME AND TODAY

ONWARDS APPROXIMATIONS (MBPF PC KERNEL, 

k = 2 MONTHLY FACTORS)

Evaluation period: 1996(4)-2004(3)

Source: Au thors’ cal cu la tions.



4.3.1. Comparison with EuroCoin indicator

The New EuroCoin in di ca tor of Al tis si mo et al. (2007) tar gets a monthly mea sure of quar terly GDP

growth free of fluc tu a tions with pe riod less than one year (de noted there as the me dium to long run

com po nent of out put growth). This monthly mea sure of quar terly GDP is ob tained through lin ear in ter -

po la tion of quar terly fig ures, which we view as un de sir able for sta tis ti cal and aes thetic rea sons. We tar -

get in stead quar terly GDP growth short of fluc tu a tions with pe riod less than one year in the three

months of each quarter.

The New EuroCoin is ob tained by pro ject ing smooth monthly fac tors on the me dium to long run com -

po nent of out put growth. These smooth monthly fac tors do not con tain fluc tu a tions with pe riod less

than 12 months. The ob jec tive is to have an in di ca tor free of short-run os cil la tions, just as the tar get. In

our ap proach this step is not needed and would be un de sir able since ev ery vin tage of our in di ca tor

(that uses all the avail able in for ma tion) is by def i ni tion smooth, al though sub ject to re vi sions. The

multivariate fil ter used op ti mally mit i gates those re vi sions. Fur ther more, we can ex plore the in fra-quar -

terly dy nam ics that arises from the par ti tion of the monthly fac tors, in stru men tal to up date ef fi ciently the 

in di ca tor in the three months of each quar ter. The se ries ob tained from split ting smooth fac tors would

be al most col lin ear. But more im por tantly, we are able to in cor po rate the avail able ob ser va tions of GDP 

in our so lu tion. It turns out that these are the sin gle most im por tant ob ser va tions in the approximations

(as is easily seen by analysing the performance of the univariate filter).
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Chart 5

EVALUATION OF EURO AREA REAL-TIME APPROXIMATIONS TO SMOOTH GROWTH. CORRELATION WITH

FINAL ESTIMATES AND NOISE TO SIGNAL RATIO WHEN f  FUTURE QUARTERS OF DATA ARE CONSIDERED

(MBPF PC KERNEL WITH 2 MONTHLY FACTORS)

Evaluation period: 1996(4)-2004(3)

Source: Au thors’ cal cu la tions.
Note: In the hor i zon tal axis -1 rep re sents the real-time es ti mate (re call, in the fil ter f = -1 in a third month of a quar ter since the lat est avail able GDP is from the pre vi ous quar ter, re sults
are al ready in Ta ble 4), 1 rep re sents the es ti mate ob tained when one fu ture data point is avail able and so forth.



5. FORECASTING PERFORMANCE

5.1. Quarterly growth

In this sec tion we re port re sults con cern ing the ca pa bil ity that real-time ap prox i ma tions to smooth

growth have in fore cast ing quar terly GDP growth. To be clear, we will ap prox i mate smooth growth at

var i ous ho ri zons (quar ters ahead) and com pare its es ti mates with the actual ob ser va tions of quar terly

GDP growth. Al though our main ob jec tive is to ap prox i mate a spe cific sig nal, we can jus tify the use of

the method for fore cast ing if we as sume from the on set the im pos si bil ity of fore cast ing the high fre -

quen cies of GDP growth (those with pe riod less than one year) given a set of covariates. In the ory, if

the noisy (or for this mat ter any other) fluc tu a tions of a time se ries are un pre dict able given a set of

covariates, it is not ideal to de velop mod els aimed at ap prox i mat ing them as well. Fo cus ing on ap prox i -

ma tions to the pre dict able com po nent of the se ries may lead to a su pe rior fore cast ing per for mance if

the as sumed re stric tion (un pre dict abil ity at some fre quen cies) in fact holds. This idea is still far from

de vel oped but we be lieve that im por tant in sights are given by our ex er cise. The ex er cise fo cuses on

fore casts made in the third month of the quarter, from 1992(1) to 2004(4), considering as competing

methods the following:

- Univariate approximation to smooth growth with non-parametric estimation of second

moments, denoted BPF KERNEL;

- Univariate approximation to smooth growth with second moments derived from an

autoregressive model (BIC criterion for lag length), denoted BPF AR;

- Multivariate approximation to smooth growth with second moments estimated

non-parametrically and 2 split monthly factors (estimated by principal components) as

covariates, denoted MBPF PC KERNEL;

- The linear projection of 2 split monthly factors (estimated by principal components) on GDP

growth, obtained with second moments estimated as in MBPF PC KERNEL, denoted PC

KERNEL;

- Regression of GDP on (a maximum of 2) split factors estimated by principal components and

past GDP, with lag length determined by the BIC criterion, exactly as in Stock and Watson

(2002), denoted DI - AR SW. More factors did not lead to a better performance.

The re sults are pre sented in Ta ble 5. The main con clu sions are as fol lows:

- The multivariate approximation to smooth growth ranks very well at one and two steps ahead,

dominating overall the no-smoothing comparable approximation, PC KERNEL. That is, using

exactly the same estimated second moments while targeting smooth growth instead of GDP

growth leads to a superior forecasting performance. This is also generally true for the

univariate approximations to smooth growth, but in this case the gains are only relevant at one

quarter ahead;

- The regression with factors (DI AR - SW) performs poorly in the euro area;
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- In the case of 3 quarters ahead (or more, results not reported), all methods perform rather

poorly, confirming the well-known difficulty of forecasting quarterly GDP growth at long

horizons (for recent overviews, see Runstler et al. 2008, and Angelini et al., 2008). In fact, at 3

quarters ahead the root mean squared error (RMSE) of the autoregressive (AR) forecast is

basically the standard deviation of GDP growth, informing us that we are as better off with the

mean growth rate as forecast.

Over all, the re sults sug gest that our multivariate ap prox i ma tion to smooth growth, while de signed for a

dif fer ent pur pose, is use ful for short-term fore cast ing of GDP quar terly growth. Ad di tion ally, this ap -

prox i ma tion can have a much more strik ing role in the fore cast ing of yearly GDP growth. First, the re -

sults in Chart 5 re veal that our ap prox i ma tion to smooth growth at lon ger ho ri zons (up to 4 quar ters)

still re veals some of the sig nal, whereas the fore casts of quar terly growth in Ta ble 5 re veal the use less -

ness of all the meth ods at more than (at most) 3 quar ters ahead. Sec ond, the yearly growth rate im -

plied by the quar terly smooth growth rates is in dis tin guish able from the yearly growth rate im plied by

the quar ter on quar ter GDP growth rates (see Chart 6). Thus, by ap prox i mat ing ac cu rately smooth

growth at var i ous ho ri zons, we will ap prox i mate ac cu rately yearly growth. If we use in stead use less

fore casts of quar terly growth to fore cast yearly GDP growth, the re sults are not likely to be prom is ing.

The next sub sec tion anal y ses this is sue in more de tail, pre sent ing the eval u a tion of fore casts of yearly

GDP growth made throughout the months of the year by various methods.

5.2. Yearly growth

In this sub sec tion we eval u ate fore casts of yearly GDP growth at var i ous points through out the year

us ing var i ous meth ods. We do so by fore cast ing the miss ing quar terly GDP growth rates and then de -

riv ing the im plied yearly growth. When us ing our ap prox i ma tions to smooth growth, we de rive yearly

growth from the most up-to-date ap prox i ma tions to smooth growth of the rel e vant quar ters (Chart 6

jus ti fies this ap proach). For the meth ods that do not tar get smooth growth, yearly growth rates are de -
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Table 5

RATIO OF THE MEAN SQUARED ERROR OF THE FORECASTS WITH EACH METHOD TO THE MEAN

SQUARED ERROR OF A UNIVARIATE REGRESSION FORECAST (BIC FOR LAG LENGTH)

Evaluation period: 1992(1) - 2004(4)

Simulated Out-of-Sample Forecasting Results: Euro area GDP growth rate

Relative MSE

Method One step ahead

(current quarter)

2 steps ahead

(1 quarter ahead)

3 steps ahead

(2quarters ahead)

PC KERNEL 1.03 0.82 0.8

BPF AR 0.93 0.99 1

BPF KERNEL 0.93 1.03 1.02

MBPF PC KERNEL 0.78 0.84 0.81

DI AR - SW 1.71 1.77 0.79

RMSE, AR 0.00297 0.0035 0.0039

Source: Au thors’ cal cu la tions.



rived from known quar terly rates as well as from the rel e vant fore casts of quar terly growth. In or der to

be fair in the com par i sons, we sub sti tuted the use less (worse than the mean in the eval u a tion pe riod)

quar terly growth fore casts by real-time es ti mates of the mean growth rate of quar terly GDP. Ta ble 6

dis plays the re sults for fore casts made in the end of each quar ter. In the end of the first quar ter

(March), no in for ma tion on quar terly GDP of the cur rent year is avail able, so that fore casts for the four

quar ters are nec es sary. In the end of the fourth quar ter (De cem ber) we have information on GDP

growth from the first three quarters.

Ta ble 7 anal y ses the fore cast ing per for mance of our ap prox i ma tion in the 12 months of the year and

Chart 7 shows the fore casts made in March, June, Sep tem ber and De cem ber with the actual ob ser va -

tions of yearly GDP growth. The re sults can be sum ma rized as follows:
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Table 6

RATIO OF THE MEAN SQUARED ERROR OF THE FORECASTS WITH EACH METHOD TO THE MEAN

SQUARED ERROR OF A UNIVARIATE REGRESSION FORECAST (BIC FOR LAG LENGTH)

Evaluation period: 1993(1) - 2004(4)

Simulated out-of-sample forecasting results: Euro area  yearly GDP growth rate

Relative MSE of forecasts made at the end of:

Methods 1st quarter 2nd quarter 3rd quarter 4th quarter

BPF AR 1.00 0.98 1.12 0.72

MBPF PC KERNEL 1.02 0.83 0.99 0.81

DI AR - SW 2.08 1.76 2.23 3.56

RMSE, AR 0.0069 0.0046 0.0018 0.0007

Source: Au thors’ cal cu la tions.

Chart 6

YEARLY GDP GROWTH RATE: ACTUAL AND

IMPLICIT IN SMOOTH GROWTH OF EURO AREA

QUARTERLY REAL GDP

Source: Au thors’ cal cu la tions.



- The results obtained with factor regression (DI AR - SW) are rather poor. There are significant

gains if the multivariate filter (MBPF PC KERNEL) is used to forecast yearly growth while the

univariate filter (BPF AR) also performs well;

- Table 7 reveals that the quality of the forecasts improves mainly due to the release of GDP

quarterly figures, as evidenced by the significant decrease in the RMSE of the approximations

done in the end of each quarter, exactly when GDP from the previous quarter becomes

available. Still, within each quarter new monthly information generally improves the forecasts.

We note that only in a multivariate context can we explore this information;

- In the period under analysis, only after June can we have a clear and accurate picture of

current year growth. Nonetheless, the 1993 recession is clearly well predicted by the end of

March.

6. CONCLUSIONS

We have shown how to use fully in te grate the re cent de vel op ments in the anal y sis of dy namic fac tor

mod els in the ap prox i ma tion to rel e vant mac ro eco nomic sig nals. The re sult ing multivariate fil ter, fu -

elled with fac tors ex tracted from a large panel of time se ries, is re li able and clearly out per forms in var i -

ous di men sions the op ti mal univariate ap prox i ma tion. Fur ther, it pos sesses sev eral ad van tages over

sim i lar (multivariate) at tempts to track macroeconomic signals in real-time.

We have ana lysed in de tail the ap prox i ma tions to two rel e vant mac ro eco nomic sig nals re lated to real

ac tiv ity in the euro area: busi ness cy cle fluc tu a tions and the smooth growth of real GDP. Our ex er cise

pro vided real-time ap prox i ma tions that take fully into ac count the data re lease de lays of all the vari -

ables in volved. In the anal y sis of the fore cast ing per for mance of smooth growth, we have high lighted
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Table 7

ROOT MEAN SQUARED ERROR OF THE

FORECASTS OF YEARLY GROWTH MADE AT THE

END OF EACH MONTH

Evaluation period: 1993(1) - 2004(4)

Simulated out-of-sample forecasting results:

yearly GDP growth rate

RMSE of forecasts

Forecast moment MBPF PC KERNEL

January 0.0108

February 0.0108

March 0.0070

April 0.0062

May 0.0058

June 0.0042

July 0.0035

August 0.0029

September 0.0018

October 0.0020

November 0.0018

December 0.0006

Source: Au thors’ cal cu la tions.

Chart 7

YEARLY GDP GROWTH RATE AND REAL-TIME

FORECASTS MADE AT THE END OF MARCH,

JUNE, SEPTEMBER AND DECEMBER

Source: Au thors’ cal cu la tions.



an im por tant in sight: tar get ing a smooth ver sion of a time se ries may be more use ful than tar get ing the

some times er ratic (or un pre dict able at high fre quen cies) orig i nal se ries. The con ven tional fore cast ing

mod els fit the vari ables of in ter est at ev ery fre quency, re gard less of the pre dic tive con tent of the avail -

able covariates at each frequency. In the future, we plan to further explore this idea.
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