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SUMMARY

Criteria for the design of 13 terms Henderson asymmetric end-weight
are described. One of these criteria can reproduce exactly the Henderson
asymmetric weights of the X-11 seasonal adjustwment method. The theoretical
bias, variance, expected revision and revision variance of the trend-cycle
estimators constructed with the criteria are analyzed. Also, an empirical
comparison is done with seven time series. Finally, conclusions are drawn

about the choice of a design criteria.

RESUME

-~

Des c¢ritéres pour la conception de wmoyenne-mobiles & poids
asymmétriques de type Henderson 3 treize termes sont décrits. Un de ces
critéres permet la reproduction des poids asymmétriques de type Henderson
tels qu'on les retrouve dans la méthode de désaisonnalisation X-li. Sont
analysds théoriquement, le biais, la variance, la révision espérée et la
variance de la révision produit par les estimateurs de tendance-cycle
construits 4 l'aide des critéres. Aussi, on compare empiriquement les
estimateurs cyclo-tendanciels avec sept séries chronologiques. Finalement,
des conclusions sont tirés quant au choix d'un critére de conception de

moyenne-mobiles.



1. Introduction

In the X-11 (Shiskin, Youny and Musgrave, 1967) and X-11-ARIMA
procedures (Dagum, 1980) for seasonal adjustment, the 9 terms, 13 terms and
23 terms Henderson moving averages (Henderson, 1916) are used for the
estimation of the trend-cyclical movements in monthly time series. For
these m.a., symmetric and asymmetric set of weights are available.
Preliminary estimates of the smoothed seasonally adjusted series, at its
ends, are provided by the asymmetric weights while elsewhere final
estimates are given by the symmetric weights. Consequently, as more
information becomes available, the smoothed values at the right end of the

series are revised until symmetric weights can be applied.

Ideally, the asymmetric set of welghts should provide an estimate
consistent with the one given by the symmetric weights and minimizing the
amplitude of the revisions. The purpose of this study is to compare some
design criteria for 13 terms Henderson end weights to see how well the two

properties stated are satisfied.

The design criteria compared are described in the next section. A
theoretical comparison of the criteria is presented in the third section.
An empirical comparison is done in section 4. Ffinally, section 5

concludes.



2. The Criteria

The criteria described here are for the design of asymmetric set of
weights for the 13 terms Henderson moving averages, but they can easily be

modified for 2m+1 terms moving averages.

Before going to the criteria themselves, some notation will be
introduced. Let y{ be the seasonally adjusted monthly series, x; its
trend-cycle component and ny the noise or irregular component. It is
assumed that

yt S Xp 4+ Nt (2.1)
. A
with E[ngd = 0.

A final estimate of xg, it(m), is obtained by application of the

symmetric filter hy(B)

4

m
it\m) = hg(B)yt :j=§m hm,J Yt-j (2.2)

where B is the lag operator and hg j (= hm,-j) are the weignts of the filter.
This filter is a moving average of 2m+1 terms (m=6 for 13 terms).
Preliminary estimates for points near the end of the series are given by
asymmetric filters

» m
()= hi@)ye = 5=Ei hi,jove-je B

where i is the number of values future to yt entering the moving average.
At times t+i and t+k, GO<i<k<m, two smoothed values of y; can be

calculated and thus the revision is defined as

ey (1,k) = g, (k) - g (1), (2.4)
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Wallis (1981) has shown, using the approach of Hannan (1970, pp. 186~
187), that the Henderson symmetric and some asymmetric filters can be
obtained by a generalized least squares polynomial regression subject to an
error structure, which gives the best linear unbiased estimator. In that

context, the trend-cycle is assumed to follow, locally, a cubic

3
t (2.5)

and,the noise,the moving average process

2 .
nt = (1—8)3at’ at ~NI(0’O’a )- kz-é)
The fittad values Jiven by the B3.L.U.F. are
. . o 15 B i
s hy y =z @Y BN A 't

where h; js a column vector containing the coefficients of hi(B) with the

casfficients of the less repent ddgd EmEeTimg Firsty y.'s (ytfn""’4 yesoy

Yt+i)' 1s a column vector containing m+1+1i seasonally adjusted values;
!

zp= (1,t,t2,t3); Z is an (m+1+i)x4 matrix whose jth column comprises the (j-
1)th powers of the integers 1,...,m+l+i; V is the variance-covariance
matrix of the error (noise) process and is a symmetric band matrix with

elements on the main diagonal and first three sub-diagonals equal to 20,

-15,6 and -1 respectively, all other elements being zero.

By setting m=6 and t=m+1=7 and considering in turn 1i=0,1,...,6
equation (2.7) gives a set of six asymmetric and one symmetric filters

minimizing the criterion of Henderson (1916). The coefficients are in



table A-1 and it can be verified that the symmetric ones correspond to the

published values for the 13 terms Henderson moving average.

2.2 The MMSR Criterion

The second and new criterion to design asymmetric end weights consists
in minimizing the mean squared revision between the final estimate and a
preliminary estimate when the trend-cycle is a cubic and the noise is given
by (2.6). Which can be expressed by

min £ [(rt(i,m))zj (2.8)

subject to hj(1) = feu hi,j =

As is, expression (2.8) can lead to an algebraic solution for the
hi, j expressed in terms of the coefficients of the cubic and the variance
of the noise. In order to obtain a solution, one must develop a more

explicit form for the mean squared revision. By definition one obtains

EKrt(i,mbz] = Ez[rt(ivm)J + var [rt(iam)],

where rt(i’m) = (hp(B) = hi(B))(xg+nt)-

Since E[nt 1=0, only xt contributes to the mean of the revision.
Using that hp(B) reproduces exactly a cubic and hi(B) a constant, one is
lead to

3

. - m |
E[rc(l,m)] =2§1CRLCQ -j§ i .(t-j)zj. s

The trend-cycle x¢ 1s considered to be deterministic, this implies

that only ny contributes to the variance of the revision. Thus the
variance can be expressed as

-+
var [r (1,m] = 6 © L 8" (2.10)



where gj is the coefficient of BJ in the polynomial operator

g(B) = (hy(B) - hyi(B))(1-B)>.

From equations (2.9) and (2.10), it is clear that the mean squared
revision can only be expressed as a function of the parameters cq, c2, c¢3
and oaz. This 1is undesirable in the sense that the purpose of this
exercise is to find asymmetric set of weights which can be used with any
time series (e.q. for any values of the parameters). A way to partially
get around this difficulty is to approximate (2.8) by minimizing the total
MSR of three particular cases of (2.8). These are the cases where x; is a
pure straight line, where x; is a pure quadratic and where x¢ 1s a pure

cubic. For each of these cases, the parameter c_ (coefficient of tl) may

[
be expressed as a function of gaz in evaluating the I/C ratios as defined

m- Shiskin et sL {1957).

The [/C ratlo is the average of the absolute values of tne first
differenced irrequlars (noise) divided by the average of the absolute
values of the trend-cycle first differences. Let us first consider the

numerator of the ratio, it can be expressed as
m-1 ' | ()
= 2ol ,
I %ﬁ' et 'Ant-j~
Ssince the stochastic process n; is stationary, ergedic and gaussian, the

Nnew process ]Ant[ has the same properties, which means that the above

expression can be evaluated using

(*) Only 2m+1 time periods appear in the sum, since the hypothesis of MA(3)
noise and cubic trend-cycle are valid only for the length of the 2m+1 terms
Henderson moving average (e.g. 2m+1 time periods).



) 1/2

e E{:lAnt‘]= E% ¢ Ant}
2 _ 2 e anil 27 _ 2
where 0, . = E[(Anf) 1 = EL((1-B)%) ] =70 o,
LY
thus L= (ﬁgc b (B31)
T ~a

Let us now consider the denominator for the three cases of xt

menti1oned earlier.

i) If x¢ = cy+cqt the denominator becomes

m-1 I
- i =
" j=m  t “e3m) |

bl IF . o Co+°2t2 the denominator is

m-1 '
L |e,l.l2(t-3)-1 | :

1
C:m e

at t=o (time point for which the estimation is done) C=m|c2|,
1340 If e = c0+c3t3 the denominator is expressed by
| 1 . 2 o
eql - 13(e-3)" - 3(t-j)+1]
at t=o (time point For which the estimation is done) C=mZ|c3],

With the expressions for I and C above one can derive a formula to

approximate (2.8) by a function of I/C. This formula, for t=o and m=6, is

5 9
' y 2
E[(ro[l’6))2] L 340 z=c3ed1| § hy (=) A j;_6g2j (2.12)
0= 3 = 4
H IOV y==1

Integrating aver I/C on the domain [1.0,3.5), values for which the 13
terms Henderson m.a. 1is appliea in the X-11 method, one obtains the

following integrated criterion



3
2-1 e, 5

SR = A0 I (36) b MY+ S
T R=1 j==i T4 j

' o

9; (2.13)
which can be minimized to obtain end weights.

End weights has been derived from the minimization of the criterion
(2.13) above subject to the constraint that the weights sum to 1. They are

presented 1n table A-2.

2.3 The X-11 Criterion

The criterion that will be derived here is a particular case of the
MMSR. [ts minimization gives the asymmetric weights of the 13-term
Henderson moving average as published. This is not necessarily the one
used by Shiskin et al (1967), but it is not possible to verify the
statement since nothing has been written on such a criterion. The
derivation is based on two hypothesis. 0One is that the trend-cycle is a
straight line and the other that the noise is white (a seriss of normal
independent random variables identically distributed). In this particular
case the MSR is expressed by (using expressions similar to (2.9) and
(2. 101 ¢

9 2 Z 2

Brcrp "W =t = F Ty =0 ek B .=t )
t 1 =i Lod a j=-m M (2.14)

x
~here hi,j é 0 for j=-m,..,-i-1, ¢cq is the slope of the line and Oa is

the variance of the noise.
As in section 2.2 the ratio I/C can be calculated and one obtains

1/2 ,

/C = (4ca2/w) /|cl|.

10



Thus, setting t=0 the following criterion is obtained for m=6:

'12.153
(1,6)52 g 2 \
EC(r ] 4 I PR |l Sl - 2
g = ('=—i Hed j=-6(h6 J =i uh
CH m(1/cy ? ]
Minimizing this expression with [/C=3.5 (the most noisy situation where the
6

13 terms Henderson is applied) and subject to the constraint that JZ ihf J:
i g
the X-11 Henderson asymmetric end weights are obtained. They appear in

Table A.3 with 7 decimals.

2.4 Other design criteria

Two design criteria found empirically are outlined in the present
section. The first one is a suggestion of Kenny and Durbin (1981) about
how X-11 13-terms Henderson asymmetric filters may have ?een constructed.
They suggested that the asymmetric weights may have been calculated by
assuming that the series to be smoothed by the symmetric weights can be
extended by a straignt line fitted by ordinary least squares. Following

this the weights presented in Table A-4 are obtained.

The second criterion is a modified version of the suggestion of Kenny
and Durbin. Cholette (1983) suggested that the straight line should be

fitted by generalized least squares, where the errcr structure is given by

model (2.6). He obtained the weights presented in Table A-5.

11



3. Theoretical Comparison

The criteria described 1in section 2 lead to different estimators for
the trend-cycle of a seasonally adjusted series at its last time periods.
In this section the bilas, variance, expected revision and revision variance
of these estimators are analyzed theoretically, under the hypothesis that xi

isa cubic and ng follows model (2.6). Frequency response functions (gain

and phase-shift) are also presented for the last period filters.

3.1 The Measures of Comparison

The bias of it(i), since Eln¢ =0, is given by

e ) spe T s & B
t t 22170 A2

h, (e=p ¥ —ehy. e 1)
!

As the c,'s are unknown, three bias ratios have been used. They are

%
calculated in setting t=0 in (3.1) and in considering in turn that Xt is a

pure straight line, a pure quadratic or a pure cubic. 3Jne obtains

3 i 2 -
ECx "' = x ] i i hy G007, 9= 2.

»

c Jj==i

The variance of x

t(l) , Since Var [XtJ = 0, is given by

Var[xt(i)] = E[(hi(B)nt)z].
The variance of the ai's in model (2.6) is unknown, thus a variance

ratio is used to do the comparison which is

-~ m+3
Variux (1)1 ) pz,
b P S
-————z_‘ = -
)
a

where pj is the coefficient of BJ in the polynomial operator

p(B) = h;(B)(1-8)3.

12



The expected total revision is given by equation (2.9) which allows to

calculate three mean revision ratios

3 m
E[ro(|’m)] £ b oy L= 1,2,3.
o (0, TN o — J':-i 4

C/Q,-

These are exactly the bias ratios multiplied by minus one.

The total revision variance is expressed by (2.10) from this

expression a revision variance 1s obtained as:

m+3 >

Vart;t(i’m)] 'é—i g ;

g 4

a .
where 9 is the coefficient of BJ in the polynomial operator

g(8) = (hy(B)-h;(B))(1-B)3.

The other measure used to compare the different estimators is.the
frequency response function of the h;(B) filters, this is computed by
Hi(f) = jg-ihi,j exp (-z2wfj), 0<f<1/2
where f 1s the frequency in cycle per month and z = v 21. This function is
complex and thus can be expressed by two functions called the gain and the

phase-shift, these are respectively given by

:

G.(f) = [[H () ]| = (Re(H (£))7 + Im (Hi(f))z)l/z
and 9;(f) = arctan lm(H;(f))].
RS, ()]

¢,(f) has its units in radians but it can be expressed in months by the

transformation
¢i(f) = ¢i(f)/2nf " O<f§;/2.

i



3.2+ Discussion of results

The bias ratios and variance ratios, calculated assuming that the
trend-cycle follows equations (2.5) and (2.6), are shown in tables B-1 and
B-2 respectively. It can be observed that BLUE weights are unbiased;
Kenny-Durbin and Cholette weights are unbiased if the trend-cycle is
straight line but they have large bias ratios otherwise; MMSR and X-11
weights are always biased but the first set of weights less than the

second.

For the far end-point filter (i=0), the different estimators can be
ranked as follows according to their variance (beginning with the lowest
variance): Cholette, MMSR, X-11, Kenny-Durbin and BLUE. For the filter
corresponding to i=1, X-11 and Kenny-Durbin weights have larger variance
ratios than BLUE, MMSR and Cholette weights. Finally for the filters
corresponding to i=2,3,4 and 5, MMSR, X-11, Kenny-Durbin and Cholette
weights have small variance ratios while BLUE has a large one in

comparison.

As stated in subsection 3.1 the expected revisions gives the same
results (except for the sign) as the bias ratios. Thus the conclusions

about the estimators are the same for this measure.

The revision variance ratios are presented in table B-3. With this
measure, one can draw the same conclusions as with the variance ratios

since the values tabulated are almost the same except a bit smaller.

In figures B-l.a and B-1l.b to B-6.a and B-6.b, the gain and phase
shift functions are shown respectively for the symmetric filter, the BLUE,

MMSR, X-11, Kenny-Durbin and Cholette asymmetric end-paint filters (i=0).

14



As one can observe, the gain and phase-shift functions respectively reflect

the variance and bias properties of the trend-cycle estimators.

In table B-4 the main characteristics of the frequency responses are
summarized. These are the value of the gain at low frequencies (trend-
cyclical frequencies), the peak value of the gain with its corresponding
frequency, the cut-off frequency of the gain (the frequency where it equals
/372), the smallest value of the gain at high frequencies (noise

frequencies) and the value of the phase-shift at low frequencies.

The small variances of X-11, Kenny-Durbin and Cholette end weights are
reflected in their low cut-off frequencies. The small variance of MMSR is
mainly due to its very small gain value at hign frequencies. The large
variance of BLUE is certainly caused by its high peak value of its gain,
its high cut-off frequency and its large gain at higﬁ frequencies. The
unbiasness of the symmetric and BLUE end-point filters is shown by their
zero phase-shift at low frequencies. The unbiasness or Kenny-Durbin and
Cholette filters if the trend-cycle is a straight line is reflected in
the zero phase-shift at very low frequencies. Their bias for quadratic
or a cubic is shown by the increase in phase-shift with frequency. The
phase-shift of X-11 end weights is larger than the one of MMSR which

reflects its larger bias.

4. Empirical Comparison

In this section, the proportional revisions (defined below) obtained
by the application of the BLUE, MMSR, X-11, Kenny-Durbin and Cholette
asymmetric Henderson weights to seven time series, described in table C.l,

are analysed.

15



These series have been additively seasonally adjusted with the X-11
method and their I/C ratio lie in the interval [1.0,3.5). When a series
had a multiplicative seasonal component a natural logarithmic transformation

was done before running X-11.

4.1 The Measures of Comparison

Given a series of length N, the proportional total revision has been

calculated as

Gy o (6D 5. (8L g 3 O
‘ = = it
pr‘t W x 'O = (6) 1600
X N

for t=7,8,...,N-6 and i=0,1,...,5 (six asymmetric filters).

For all series, the mean, standard deviation and root mean square

value of Prt(i) have been computed as

o o AP (1)
pr 1)_ N=12 27 Pry for i=0,1,...,5
t=
. N-6 et 1/2
s(prlid)= L (prt(i) JE SR 4T for 1=0,1,...,5
N-12 t=7 _[
. o =8| W
and ms (pr’?y = (GrP)? 4 % Py for Lm0, 18s 0

4.2 The Results

The statistics described above are presented in tables C-2 to C-8. The
following discussion is based on the results for the filters corresponding

to i=0 and 1, since the revisions are generally much bigger for those.

Comparing the results for the different estimators; it is seen that 5
times over 7 X-ll has the smallest rms values closely followed by Kenny-
Durbin which has smallest rms for 2 series. This is due to the fact that

X-11 has the smallest standard deviation for the seven series again closely

16



followed by Kenny-Durbin which has much smaller bias than X-11 causing its
two smallest rms. The three other estimators BLUE, MMSR and Cholette have
larger rms due to their large standard deviations, with BLUE always having
the largest rms.

A possible explanation for the disagreements between the empirical and
theoretical comparisons could be that a straight line plus white noise is a
very good approximation to a 13 months series of seasonally adjusted
values. The two best estimators according to rms use a straight line and

white noise as design hypothesis.

5. Conclusions

This study has shown that BLUE and MMSR asymmetric weignts are fully
consistent estimators in the sense that they are designed using the-same
model for seasonally adjusted data as used for symmetric Henderson weights.
X-11, Kenny-Durbin and Cholette asymmetric weights are only partially
consistent since they use the hypothesis that the trend-cycle is a straight

line apart from using the symmetric weights in their design.

It has been seen that X-11 asymmetric weights are very good or the
best ones to minimize revisions while the BLUE weights (suggested by Wallis
(1981) ) are the worst. The Kenny-Durbin weights did also very well for
revisions. This suggests that it could be worth trying to estimate the

trend-cycle by symmetric weights designed to reproduce a straight line in

white noise.

The actual asymmetric weights for the 13 terms Henderson found in X-11

should be kept since they minimize revisions very well.

1



In designing asymmetric sets of weights for other length of Henderson
moving averages, it is expected that the X-11 approach or the one of Kenny-

Curbin will produce weights with very good properties.

18
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APPENDIX 'A’

Asymmetric set of weights by design criterion




TABLE A.1 BLUE Weights

i, ]

173 -5 -4 » -2 # 0 1 2 3 4 5 6
Q45 = o FouE T 0.0 0.8181820 0.4895100 -.2447600 -.2797200 0.1398600 0.1818180 -.1049000
1] o0 0.0 0.0 0.0 0.0 0.2159610 0.4078570 0.3743320 0.1511720 -.0637600 -.1120900 -.0197400 0. 0462770
2 1o.0 0.0 0.0 0.0 0.0131980 0.1967640 0.3929800 0.3867290 0.1727680 -.0637600 ~.1288900 - .0264600 0.0546760
3 ]o.0 0.0 0.0 --0416800 0.0583470 0.2561220 0.3784560 0.3205310 0.1329860 -.0372400 -.0802700 -.0176200 0.0303640
4 |o.o 0.0 70448900 -.0071400 0.1274110 0.2686790 0.3203790 0.2546060 0.1219990 0.0067120 -.0363200 - 0176200 0.0061920
5 lo.0 ~-0330200 -.0283800 0.0436610 0.1528140 0.2421210 0.2678420 0.2222750 0.1329680 0.04364610 -.0109200 -.0227000 -.0103200
6 | -.0193498 -.0278638 0.0 0.0654918 0.1473565 0.2143367 0.2400572 0.2143367 0.1473565 0.0654918 0.0 -.0278638 -.0193498

TABLE A.2 - MMSR Weights
hi,j
a/j -6 -5 -4 <M 2 -] i T b I TR P = B
0.0 0.0 0.0 0.0 0.0 0.0 0.4115136 0.5713122 0.2906449 -.0912048 -.2070245 —.0507960 0 0755546

1{o0.0 0.0 0.0 0.0 0.0 0.2191137 0.3940269 0.3521102 0.1496015 -.0370256 -.0848398 -.0210131 0.0280262
2]o.0 0.0 0.0 0.0 0.0712708 0.2163722 0.3221137 0.2957977 0.1552890 0.0061985 -.0550283 ~.0250967 ©.0130831
3lo.0 0.0 0.0 -.0170224 0.0741652 0.2343751 0.3335118 0.2921578 0.1450520 0.0007170 -.0535296 -.0224588 0.0130319
4]o.0 0.0 -.0393794 -.0023531 0.1242629 0.2582646 0.3103770 0.2525647 0.1289391 0.0165007 -.0314513 -.0198943 0.0022169
5 0.0 -.0322002 -.0275117 0.0434329 0.1512870 0.2402059 0.2668006 0.2227619 0.1345667 0.0452194 -.0103863 -.0232214 -.0109548
6 | -.0193498 -.v278638 0.0 0.0654518 0.1473565 0.2143367 0.2400572 0.2143367 0.1473565 0.0654918 0.0 -.0278638 -.0193498




O W N =

TABLE A.3 - X-11 Weights

hi,j -
\\i_‘,ﬁ = SN NS, g e N s 4 3 4 Al g -
0.0 0.0 0.0 0.0 0.0 0.0 0.4211310 0.3531464 0.2439022 0.1197734% (.0120176 -.0581103 -.0918604
0.0 0.0 0.0 0.0 0.0 0.2791025 0.2922340 0.2539245 0.1743553 0.0799016 0.0018209 ~.0386319 -.0427069
0.0 0.0 0.0 0.0 0.1481012 0.2154030 0.2414450 0.2160461 0.1@93874 0.0678443 0.0026740 -.0248683 -.0160327
0.0 0.0 0.0 0.0448341 0.1302402 0.2007618 0.2300237 0.2078446 0.1444058 0.0660825 0.0041322 -.0201902 -.0081348
0.0 0.0 ~.0169417 0.0510800 0.1354746 0.2049847 0.2332351 0.21004%6 0.1455943 0.0662595 0.0032976 ~-.0220363 -.0109924
5 0.0 -.0340088 -.0053209 0.0609950 0.1436838 0.2114881 0.2380327 0.2131363 0.1469802 0.0659395 0.0012718 -.0257679 ~-.0164298
-.0193498 ~-.0278638 0.0 0.0654918 0.1473565 0.2143367 0.2400572 0.2143367 0.1473565 0.0654918 0.0 =-.0278638 -.0193498
TABLE A.4 Kenny- Durbin Weights
hi,j X
;{_-6 =5 -4 .3 -2 E 0 1 ot I WU SR .
0.0 0.0 0.0 0.0 0.0 0.0 0.4646983 0.3821913 0.2584246 0.1197734 -.0025049 -.0871551 -.1354276
6.0 0.0 0.0 0.0 0.0 0.2891958 0.2994435 0.2582502 0.1757972 0.0784597 -.0025049 -.0458414 ~-.0528002
0.0 0.0 0.0 0.0 0.1478950 0.2152483 0.2413419 0.2159945 0.1493874 0.0678958 0.0027771 -.0247136 -.0158265
0.0 0.0 0.0 0.0429756 0.1287947 0.1997293 0.2294042 0.2076381 0.1446123 0.0667020 0.0051646 -.0187448 -.0062763
0.0 0.0 -.0180481 0.0501949 0.1348108 0.2045422 0.2330139 0.2100446 0.1458155 0.0667020 0.0039614 -.0211512 -.0098860
0.0 -.0343137 -.0055704 0.0608009 0.1435452 0.2114049 0.2380049 0.2131640 0.1470633 0.0660782 0.0014659 -.0255184 -.0161248
-.0193498 -.0278638 0.0 0.0654918 0.1473565 0.2143367 0.2400572 0.2143367 0.1473565 0.0654918 0.0 -.0278638 -.0193498




TABLE A.5 Cholette Weights

iy

-\L_ﬁ 5 -4 -3 _2 -1 m N3 2 3 4 5 6

O v.0 0.0 0.0 0.0 0.0 0.0 0.3587286 0.6618412 0.3638444 0.1540632 ~-.0614879 -.1561683 -.1008211
] Q 0.0 0.0 0.0 0.0 0.2473949 0.3108066 0.2950968 0.2038621 0.0765528 -.0275068 -.0661813% -.0408252
2 0 0.0 0.0 0.0 0.1671794% 0.2142912 0.2407996 0.2164222 0.1508360 0.0697689 0.0040297 -.0250914 -.0182354
3 0 0.0 0.0 0.05794610 0.1291326 0.1892544 0.21462146 0.1996719 0.1458432 0.075467% 0.0151776 -.0150876 -.0136149
4 .0 0.0 -.0051448 0.0524004 0.1279454 0.1935717 0.2237699 0.2067235S 0.1493690 0.0746040 0.0113998 -.0190452 ~.0155937
5 .0 -.0294480 -.0042001 0.0589123 0.1397338 0.2074943 0.2355959 0.2130777 0.1490916 0.0691015 0.0039042 -.,0250548 -.0182083
6 .0193498 -.0278638 0.0 0.0654918 0.1473565 0.2143367 0.2400572 0.21?3367 0.1473565 0.065%4918 0.0 -,0278638 -.0193498




APPENDIX B

Theoretical results



TABLE B.1 Bias Ratios
s [ 3 I .
- Filter's  Straight Nuadratic Cubic
Criterion  index line
+
o .00003999999999998 -8.0002 0.00112
f -0.000037 0.000173 -0.000799
2 -0.000021 0.020113 -06.000561
BLUE 7 l -0.000011 -0.000311 -0.000245
? .00000899999939999 0.03C125 -.0000869999999995
;" 0.000018 0.0001019999997998 0.000294
. § 0 0.0001860000000001 0
i
? ; -0.2502372 -0.9492778 2.8453326
i -0.0448552 -0.0374216 1.6726082
2 i 0.0010407 0.4373169 2.9140185
MMSR 33 -0.0045535 0.3078579 2.3165131
4 i -0.00575626 0.10012576 0.95977426
- ~0.0021417 0.0179725 .2508321
6 | 0 .00000219999999998 2.22044604925E-16
0 } -8.407 -2.161 20.809
i | -0.123 -0.517 10.383
X-11 3 : 0.003 1.079 4.545
I 0.053 1. 717 3.779
g 0.018 1.406 3.246
‘ 0.007 0.565 1.939
6 } 0 0.0001860000000001 0
ENNY 0 2.08166817117E-16 -4.60064992 34.6235928
K = & , -9.99999939751€-08 -1.1301485 13.8014879
DURBIN 2.00000030034E-07 1.0882742 4.4841176
3 1.99999999997E-07 1.8761606 2.593184
g 9.00000000017E-07 1.4791009 2.8314363
; -9.99999999890E-08 0.5865475 1.7608301
6 ! 0 .00000219939999998 2.2206446049525E-16
4
0 1.00000000294E-07 -5.2337859 37.7213179
1 %.00000006025E-07 -1.5166332 15.1050166
2. -3.0C000000C09E-07 1.0314109 %.9022265
T 8 -1.00000000003E-07 2.0650171 3.0360997
CHOLETTE g 1.38777878078E-17 1.7151692 3.905997
i 1.38777878078E-17 0.7051946 2.5066134
6 0 .00000219999999998 2,22044604925E-16




TABLE B.2 Variance Ratios
ilter's BLUE MMSR X-11 Kenny-Durbin Cholette
ndex |
0 7.83222965124 1.098
. .098282179915 »
] 0.273549509918 0.2289945562666 é'fliffg L 2 422 g 1ol e ekl
2 0.256753111044 0.06200366414974 s ARl 19042353 0.2726048607578
P (5 0 e 0.07918 0.0795680524
3 0.146251750402 0.0746777426644 0.00999 . 5240074 0.0789391440391¢4
4 0.055206405154 0.04570762453596 0.021584 P - o 0.00935220834408
g 0.018257541456 0.01767643063646 0.017082 9-QGT Whk Bl 9016 0.01154315498952
0.008335025628 0.00833531269388 0.008335025628 0.01742424066658 0.0143554400793
0.00833531269388 0.00833531269388
TABLE B.3 - Revision Variance Ratios
Filter's
Index BLUE MMSR X-11 Kenny-Durbin Cholette
> ’
0 7-5?3§86°“*935 1.087685750295 1.25877411%628 1.620595029769 0.5995159682066
0-20271“65757? 0.2205700429531 0.424020051628 0.465382502652 0.2606578147575
0124 SUOBAEWTS 0.05470979167016 0.073415293628 0.07352449000572 0.0730¢016309026
0-13f9152235*3 0.06707557140924% 0.005724503528 0.005192534%6404 0.0059334776-1372
g 0.0%6€5703592 0.03760999281218 0.01¢593921628 0.016€3904513529¢ 0.00729255755444%
0

0.0099232¢422

6.00938387€31212

0.010094927628

-010485680545032

0.00769950692672




TABLE B.4 FREQUENCY RESPONSES CHARACTERISTICS

Criterion Gain Phase Shift
at low peak cut-aoff smallest in monthsat
freque- freque- freque- at bigh low freguencies
ncles peak ncy ncy frequencies

Symmetric 1.0 n/a n/a 0.1 0.0 0.0

BLUE 1. 30 1l.676 0.228 0.328 0.217 a.0

MMSR had 1.287 U0.144 0.244 0.062 = -0.25

X-11 1.0 Iml0% OE072 155 0.170 = -0.50

Kenny-

Durbin 1.0 1.237 0,083 0.163 0.170 0.0 to -0.25

Cholette 1.0 1.323  0.092 0.183 0.121 0.0 to -0.25
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APPENDIX C

Empirical results



TABLE C.1 DESCRIPTION OF THE TIME SERIES

Identifier Title Period Length

D500002 Slaughtering and Meat Jan.71 to Dec.84 168
Processors (log.)

D3100uUU Shipments - Canada Total Jan.71 to Dec.84 168
(log.)

D144336 Gross Domestic Product Jan.71 to Dec.84 168
(log.)

ATRLNSAD International airline Jan.49 to' Dec. 60 144
passengers - Box-Jenkins,
Series G. (log.)

D655161 Total stocks all departments- Jan.71 to Dec.84 168
Department stores (log.)

D2437 Total generation - Hydraulic Jan.71 to Dec.84 168
Power - Electric Power (log.)

D5300 Total revenue cars loaded - Jan.71 to Dec.84 168

On Canadian railways




TABLE C.2 - Revisions Statistics for

Series D500002 (I/C - 1.0)

Criterion

Filter's
Index

pr

BLUE

MISR

Kenny-
Durbin

Cholette

BN — O

DB W=D NPHWN—O ODNHRWY—O0 UWmRwhh—O

-0.00449843
-0.00160879
-0.00195434
-0.00275820
-0.0010C427
-0.00104C42

-0.03484016
-0.00738128
-0.00072533
-0.00156916
-0.00153045
-0.000618497

-0.05589646

-0.01804053

-0.00056551
0.006372679
0.00163574
0.0000622

-0.00233492
-0.00122011
-0.00008177
0.00026014
0.00020636
0.00004%464

-0.0023¢6529

-0.00139670

-0.00007232
0.00047370
0.00053403
0.00008801

ooo0o00C0O

oOoooOo o0

o000 O0O

oL OOO

o000 OoOO0 O

. 37449968
.19002669
.19318397
.15542367
.09609953
.03997441

. 32929452
.16997750
.10191351
.10501587
.08411151
.038019¢86

. 30151500

13169554
.04715523
05439224

.04407778

.01729189

.32673%940
.13407026
.04746845
.05908388
.04645327
01794257

.38173921

.15975689
.04842999
.07256868
.06128604%
.02459211

o000 00 o000 C0CO0O oo O0O00

000000

o000 ©

Yhs

.37452670
.19003350
.19319395
. 15544814
.09610478
.03998600

-33113247
.17013770
.10191609
-10502745
.08412543
.03802489

. 30665243
-13292545
.047158%2
.05470930
.04410812
.01729200

.32674010
-13407581
.047406852
.05908455
-04645373
.01794263

. 38174654

.15976499
.04843004
.07257039
-06138695
.02459226

1ADLE L. J

= RevIisSions statblstlies Hur

Series D310000 (I/C = 1.31)

Criterion

Filter's
Index

BLUE

MHMSR

Kenny-

‘Durbin

Cholette

OLBWNI—O ODWNI—O ORwWwN—~—0 O RWwPN—0O

o B=o N—O

pr

-0.00193138
0.00011255
-0.00031319
-0.00106681
0.00016262
~0.00055112

-0.02618624
-0.004536583

0.0001%799
-0.0003154%7
-0.00032047
-0.00003008

-0.04261744
-0.0131832%
~0.00060371
0.00437570
0.000783691
-0.00020%00

0.00215120
0.00090%61
-90.0000w852
-0.00040078
-0.00023040
-0.000C6106

0.00234509
0.00099590
-0.00000381
-0.00043378
-0.00030665
-0.00006369

s(pr)

0.14814416
0.06205457
0.06301016
0.05024036
0.03080°n1
0.01272060

0.10730311
0.05523802
0.03319921
0.03593264
0.02708281
0.012129¢E8

0.08924028
0.03960763
0.01459458
0.01507177
0.01245596
0.00512177

0.09602476
0.04034640
0.01466239
0.01621229
0.01304777
0.00528715

0.11018360
0.06686163
0.01480655
0.01955459
0.01661678
0.00679623

0.14815675
0.06205469
0.0630109%
0.05025169
0.030£06541
0.0127324%3

0.11045214
0.05542399
0.03319581
0.03%4340%
0.02708471
0.012123015

0.06889425
0.04174401
0.01460706
0.01565411
0.01248079
0.00512604%

0.09504885
0.Q4035465
0.014662497
0.01621724
0.013039:50
0.00528751

0.11020856
0.04687221
0.01480695
0.01955%40
0.01¢61961
0.00679653



TABLE C.4 - Revisions Statistics for
Series D144336 (I/C = 1.50)

Filter's

Criterion - =T ° pr s{pr) _ rms
0 TTC0.00206460 0.13841316 0.13642656
] 0.0003%4640 0.04975532 0.04975660
) -0.00005308 0.05027991 0.05027994
BLUE 3 -0.00060963 0.03898744% 0.03399221
0.00065069 0.02314212 0.02315132
é -0.00032232 0.00934419 0.00934975
0 -0.01312113 0.08826258 0.08923255
1 -0.00207350 0.04415538 0.04420404
2 0.00004745 0.02562795 0.02562914
MMSR 0.00013793 0.02727996 0.027268031
é 0.000329504% 0.020c5705 0.02025974
0.00024397 0.00868101 0.00888437
0 -0.02219582 0.06998395 0.07341940
] -0.00697596 0.03148494 0.03224849
2 -0.00076782 0.01142409 0.01144986
X-11 0.00137860 0.01175992 0.01184045
i -0.00032411 0.00984415 0.00934948
5 -0.00063536 0.00411794 0.00416667
? 0.00156368 0.07469139 0.07470776
Kenny- 0.00078469 0.03205970 0.03206930
Duilin 2 -0.00005664 0.01146317 0.01146332
3 -0.00065368 0.01289410 0.01291067
1 ~0.00041621 0.01038881 0.01039715
5 -0.00012612 0.00426607 0.00426794
0 0.00182470 0.08273265 0.08275277
1 0.00087618 0.03513464 0.03514556
Cholette 2 -0.00002266 0.01150083 0.01150085
-0.00080840 0.01537163 0.01539287
2 -0.00061854 0.01295518 0.01296994%
5 -0.00017676 0.00531597 0.00531891

TABLE C.5 - Revisions Statistics for Series

ATRLNSAD (1/C = 1.87)

b

i . NkEeRTS T
Criterion Index . __pr. ) rms
0 -0.00104238 0.36983409 0.36988556
-0.00088225 0.166449420 0.16444657
% -0.00142852 0.16631939 0.1663255%3
BLUE -0.00185491 0.1319706% - 0.131553¢8
g | -0.00030659 0.07937689 0.079377.8
-0.000713£0 0.03202918 0.03203713
0 -0.04853277 0.27360971 0.27768074
1 -0.0090589)} 0.14579001 0.14607118
MHSR % -0.00029704 0.08783979 0.08784014
-0.00124048 0.09362066 0.073522¢
é -0.00122320 0.07011164 0.07012232
~0.00092043 0.03062124 0.03062413
? -0.07320446 0.17°011927 0.20557547
-0.02427657 0.09144513 0.09461271
X-11 2 -0.00017550 0.03306207 0.03306253
3 0.00627317 0.02703537 0.02355151
4 0.002728¢9 0.023430% 0.02382.77
5 0.00052620 0.010240G2 0.01026013
? -0.00403601 0.21125826 0.21129681
-0.00115328 0.09450802 0.09451502
Kenny- 2 0.0C315171 0.03312510 0.03312645
Durbin 3 0.00051235 0.02901548 0.02902400
4 0.0003744% 0.02416151 0.0241¢6441
5 0.00014969 0.01039426 0.01039534
0 -0.0269727%0 0.246297%59 0.246374907
; -:.gg;iggéé 0.1081¢+19 0.10811630
4 0.03151362 0.03351379
Cholette 2 0.00064455 0.03535817 0.03507410
0.00854528 0.0304%9%2 0.03C50268
5 0.00017013 0.01286814 0.01286927




TABLE C.6 - Revisions Statistics for
Series D655161 (I/C = 2.07)

TABLE C.7 - Revisions Statistics for

Series D2437(1/C = 2.33)

Criterion Filter's .
Index pr s(pr)
0 ~0.00399200 0.12222501
il -0.0007752: 0.05136192
2 -0.00116342 0.05193969
-0.00156%6% 0.04143215
BLUE 2 -0.00051%62 0.02531940
5 -0.00089203 0.01042006
-0.01733211 0.08682913
? -0.0035%356 0.04571067
-0.000353%5 0.02766851
ISR % -0.00076253 0.02947597
4 -0.00073917 0.02237937
5 -0.00032803 0.00996714
-0.02744679 0.06726092
? -0.00897976 0.03146078
2 -0.00086193 0.0119627%
X-1 0.00232315 0.01127204
3 0.0000660% 0.00%64325
5 -0.00054234 0.004203%%
0 0.0014254%5 0.07166820
1 0.00031435 0.03192131
-0.00019058 0.01200518
Kenny- % -0.00035143 0.01207561
Durbin 4 -0.00025010 0.01002361
5 -0.0001222 0.00431436
0 0.00187324 0.08112460
] 0.00040973 0.03566500
2 -0.00014533 0.01201408
-0.00028175 0.01408565
Cholette 3 -0.00022951 0.01209677
g -0.00010219 0.00514205

ocoocoo

oo oo0oO

00000 CoOoOoOCOoOO

coo0oo0o0coo0 o

rins

.12229019
.05136782
.05195227
.04147914
.02532473
.01045817

.06854208
.0495£55¢46
.02767084
.02948584
.022397158
.00997254

.07264542
Q3271722
01199376
.0115:2121
00564348
.00423878

.07168237
.03192286
.01200669
.01210072
.01002673
.00431609

.08114622
.03567136
-0120199¢6
.01408846
.012093%4
.00514367

Criterion I
Index pr s(pr) rms
0 ~0.00388069 0.16892803 0.16897259
0 -0.00121589 0.06181656 0.06162851
-0.00164502 0.06264282 0.06266452
§ -0.00207464 0.04942777 0.04%47129
BLUE 4 -0.00035083 0.0300655% 0.03006759
5 -0.00073103 0.01238199 0.01240355
0 -0.01169804 0.10973658 0.11035833
-0.00281813 0.05519687 0.05526877
} -0.00059751 0.03273415 0.03273%61
HIMSR 3 -0.00076538 0.03491745 0.03452591
A -0.000457050 0.02647843 0.026432¢2
5 -0.00012143 0.01181653 0.01181715
-0.01800903 0.05168704 0.0934389%
g -0.00620781 0.0%226327 0.c.o711¢8)
-0.00078169 0.01659515 0.01661355
X-11 3 0.00111483 0.01717262 0.01720577
4 -0.00021329 0.01441910 0.01442068
5 -0.00063824 0.00537978 0.00591432
0 -0.00233446 0.09908146 0.09910895
-0.000£0359 0.04288379 0.04269141
Kenny - % -0.00001995 0.01666216 0.01666218
Durbi 0.0000C059 0.01879598 0.01879899
urbin 0.00002856 0.01515199 0.01515202
-0.00000252 0.00608466 0.00608466
? -0.00249654 0.11117815 0.11120618
-0.00105630 0.04777067 0.04778235
-0.00001369% 0.01679072 0.01675072
Cholette % 0.00009339 0.02225379 0.02225398
4 0.00002091 0.01899320 0.01699321
5 -0.00000414 9.00781760 0.00781760




TABLE C.8 Revijsio SBaE]StiCS fo
Series B§3 I'/ 2728
e E—————————————— e —————
) ) Filter's S iins
Criterion Lk p i T
s v = e -0.01013198 4.09116194
1 -0.00368116 1.66656770
BLUE 2 -0.00389259 1.68402992
3 -0.00391341 1.33404090
4 -0.00204458 0.80132626
b -0.00238730 0.32282611
? 0.00035125 2.80385575
~-0.001340804% 1.47814140
y 2 0.00171878 0.83425653
MMSR 3 0.00050708 0.94361676
g -0.00063%10 0.70683825
-0.00137594 0.30842804
0 0.00429661 1.96764260
1 0.00325374 0.94225506
D 0.00687750 0.34103509
‘ 0.00829224 0.27147672
X-11 ; 0.00727213 0.23852020
5 0.00175223 0.10532495
|
? -0.01958057 2.15880604
-0.00276365 0.98143088
Kenny- 2 0.00708778 0.34135308
Durbin 3 0.01163577 0.29368440
4 0.00917117 0.24629073
5 0.00295%66 0.10743780
0 -0.02065073 2.50497726
1 -0.00514664 1.09835510
0.00775002 0.34389896
Cholette % 0.01323598 0.35495720
0.01125700 0.30694041
g 0.00409860 0.13002288

1)

rms

4.09117448
1.66657177
1.68403442
1.33404664
0.80135387
0.32283494

2.80385577
1.47814202
0.88425821
0.94361720
0.70683854
0.30843111

1.96764729
0.945230C48
0.34110444
0.27160333
0.23363104
0.10533953

2.19889322
0.98143477
0.34144420
0.29391498
0.24646143
0.10747856

2.50506271
1.05836716
0.3439E627
0.35520389
0.30715476
0.13008746
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