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Abstract

The aim of this paper 18- to Ret out crileria for defining
trend and seascnal components in a time series.

The criteria are fot up primarily in Lerms of properiies
tnvolving pradiction.

. Because a structyral time series medel is Set up N Lerma of
components of Ltnterest, the reiavant tnformatien an thepe
COMPONGnta s guven, directly,

It 19 ahown that Lthe Basic Stuctural Modael has statistical
properiies, wvhich are not diasumilar Lo the ARIMA model ueed by
other authoro, but tha B, 8. M, e anly one rnodal within a range of

models all of vhich satisly our proposed criteria.
This maethodalogy ia appliod to tvo
Industrial Production in Brazil.
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prediction. Box, Plerce and Newbold C1887) alsc regard trend as
being defined in terms of prediction but they are primarily
concerned with ARMA models and the way in which such models can
be broken down into separate components., They employ the notion of
canocnical decomposition, and this leads to one of our criteria,

the continuity criterion. not being satisfied.

Because a structural time series model is set up in terms of
components of interest, the relevant {nformation on these
components 1= glven directly by the Kalman fillter and the
associated zmoothing and prediction algerithms. This includes not
only estimates of the components, but also their MSE's. For many
practical purposes the appropriate model for monthly and quarterly
data will be the basic structural model CBSM). This model was
adopted in Harvey and Todd ¢1883), and is also used, with a minor
variation. by Kitagawa and Gersch (1084> and Gersch and Kitagawa
C1983>. As Maravall ¢1985Y has shown, its statistical”prcperties
are not dissimilar to those of the airl}ne model. which iz the
ARIMA model used by Box, Pierce and Newboid (1987). However, the
BSM is only one model within a range of models all of which
satisfy our proposed criteria for modelling components. These
criteria are also satisfied when structural models are set up in

continuous time as in Harvey C1983) and Kitagawa (1984,
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1. TREND

1.1 What is a Trend ?

The question of defining a trend is one which has exercised

the minds of econoemists and statisticians for many year. Most

one, but few would be able to go beyond the rather vague
definition in the Concaise Oxford Dictionary which is that a trend
is a “general direction and tendency"”. Indeed there is a strong
temptation to echo the sentiments expressed by Cairneross 1971,

P. 139: “ A trend is a trend is a trend ...,".

Actually the Oxford Dietionary's definition is not a bad one,
in that {{ defines the trend in terms of prediction. This iz the
view taken here. In much of the statistical literature, however,
trend is conceived of as that part of .2 <=eries which changes
relatively slowly over time. In other words, smoothness propertiies
play a key role in the definition. There is no fundamental reazon,
though, why a trend cshould be smooth, except that {t is somewhat
easier on the eye, Suppose, for example, bLhat a serie=z, such as a
stock market price, follows a random walk. The general direction
of suech a*series at the curreﬁt Point in time is a horizontal line
passing through the last observation. The last Gbservation
therefore is the trena. There is no difference between the trend
and the observations and so the trend, like the series itself, is

not smoot.h.
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Yhat iz a trend? Viewed in terms of prediction, the estimoted
trend i1s that part of the sertes wvhich when extrapolated gives the
clearest indication o©of the future long-term i movements 1n the
series. Note that a trend does not necessarlly have to show an
upward or downward movement and in faet a series will always
contain a trend unless the long-run forecasts are equal to zero.
The definition makes no mention of smoothness and it l= consistent

with the idea of indicating a “general direction".

Having defined the trend in terms of its propertiesz when
extrapolated, we need a mechanism for making this extrapsolation,
Just as we need a mechanism_ for making predictions of future
values of the series itself. A mechanism for making predictions of
the series is provided by a statistical model and Such a model is
fitted In the hope that 1t will provide the best poscsible
predictions. A statistical model for the trend component can also
be set up as part of the overall model , for Y. Thi= sub-model
should be such that the optimal estimatoer of the trend at the end
of the series gives rise to a forecast function, satisfying the
criterion of the previous paragraph. The optimal estimator of the
trend component within the series is then defined automatically.
The properties of the estimated trend within the =series therefore

emerge as a consequence of the required properties of the trend

forecast fucntion and the characteristics of the data.

The trend components in strustural time series models are

always set up in such as way that their fereecast funetions
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indicate the long term movements in the series. Indeed, the
motivation underlying the formulation of structural models is in
terms of the predictions they yield. Thus, In the absence of
seasonal and daily effects, the forecast function for the trend
component tends towards the forecast function for the series zas a
whole, that i=s

lim ¢ y - =0 CT1>

m D
TH+LAT T+L/T
L +00

Since the trend component in a structural model is usually set up
S0 as to provide a local approximation to a continuous function of
time, its forecast function can also be regarded as a continuocus
function of time and written as mCr+i 1D for 120. This continuocus
forecast function is anchored at the estimated trend at the end of

the series, that 1is
mET+L T = mT at 1=0. CTS2)

we call this the continuity criterion.

Example 1.1 Consider the model

yL = H, + Dt. + £, Ci.1a>
,uL = ,u'._1 + nt Ci.1b>
oo op vt x, lel<l Cl.1ed
where, no *, and £ ~are mutually independent white noise

disturbances. On taking conditional expectations it can be seen
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that the forecast fuention for future values of the series 13

Yesor “ M T v =0, 1, 2, ... C1.2ad

where GT is the optimal estimator of Yo at time T. The forecast

funcition for the trend is

Mot - Mo Ci.2bd
and since | p | < 1 it is easily zeen that Lt converges to the
forecast function for the series as a whole as the lead time
inereases, 1. e. CT1) is matisfied. However, because it is simpler
than C1.2a), it gives a cl;arer indication of the long-run
direction of the series. Indeed the continucus trend forecast
function, mCT+ 1), is simply a borizontal line at a height of m

and so (T2) is satisfied in both the discrete and ccntinucus form.

Example 1.2 The local linear trend model is

= 2
YL Ht + st sl - NIDCO, Os D C1.3D
— 2
o Hiey * B, + o, n, » NIDXO, oF > C1.4ad
2
B = . 1.4b
) 8, * e ¢, . NIDXO op ¢ p)

where H, s the level at time t, BL iz the slope and the three

disturbancesg SRERIN and KL are mutually 1independent.

INPES, 154/88



The continuous trend forecast function is a straight line,

starting off from LT = m . and having a slope of ﬁ} = br' that iz

m =m_ + b | L 20 C1.5>
T+L-T T T

Example 1.3 In the damped trend model, equation C¢1.4b) is

replaced by

B = p 8 + L ¢1.6

The trend forecast function ig

L N
= + - - =0, v Sy, .. .
m'rﬂ/'r m { C1 =2 g G | 233 b'r 1=0, 1, 2 c1.7>
The right hand side eof 1.7 can also be regarded as a continuous
forecast function, mCr+l T for | 2 O, All three properties C(T1D

amd (T2) are clearly satisfied.

Finally let us return to the question of smoothness, Other
things being equal, 1t 1is nice to have a smooth trend if only
because it is more appealing to policy makers. However, the view
which has been put forward here is that once a suitable structural
model has been selected and estimated, the properties of the
estimated trend are fixed. Unless the variable is a flow and the
model i3 formulated in continuous time or at a finer timing

interval than the observation timing interval, a matter taken up
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in sub-section 1.3, there are no degrees of freedom left with

which to impose smoothness. Smoothness can only be imposed on the

trend by bringing in some restrictions. In the local linear trend

model ., the smoothness of the trend depends on the relative
2 z 2 2

arameters = o / o and = ¢, v o, but is constrained

P 9y n & I L £ Tn

to be zero, as in Kitagawa C1981), Gersch and Kitagawa (1983) and

Theil and Wage (1964), the trend component becomes
A M= 4 ci1.82

and the resulting estimated trend within the series is relatively
smooth. The argument 1is given by Akaike (18800 in terms of
smoothness priors. Since the @pdel i= still a structiural one, the
properties (T1) and C(T2) are satisfied. The argument against
setting cnz equal to zero is that suech a model may give relatively
poor predictions compared to a model where onzis allowed to be
positive. An obvious examplé would be 1 the data were generated
by a random walk. It is interesting to note that the rationale for
the smoothness induced by €1.8) was originally given by Whittaker
C1923>. However he was working with actuarial life tables where
the case for imposing smoothneszs is muech stronger than any
conditions pertaining to predictions outside the range of tLhe
sample. The same is true when the corresponding continuous time
version of the local linear trend model is used for fltting a
spline function to cross-section data as in Weeker and Ansley

Ciz83),
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1.2 Canonical and Other Decompositions

The approach to trend estimation favoured by somne
statisticlians is to first fit an unrestricted reduced form ARIMA
model to the data and then to decompose this model into
components. If the decomposition is to be into a trend and an
irregular, one criterion which has been adopted is to maximize the
variance of the irregular component, thereby making the trend as
Smooth as possible. Box, Hillmer and Tlac €1978) call this the

canonteal decomposition while Pierce 19782 refers to it as the

principle of minimum extraction. Although Box, Pierce and Newbold
€1987> show that the trend emerging from the canonical
decomposition can be regarded as being defined in terms of
prediction, its forecast function is not anchored at the trend

estimate at the end of the series,

The way in which the canoenical dec'cmpcsiticm works can be

illustrated by an ARIMACO,1,1> process:

= 0 " C1.9ad>
Yy Hy 1 i
AT s C1.9bd
Hy = B n L )
L ]
where | 6] < 1 angd s: and 77’: are serially independent zerc mean

disturbances, with wvariances c':: and o;. which are distributed
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i ndependently of each other.

The model can be reduced to stationarity by taking first

differences, L. e,
A Yy, =n + 8 n e - & C1L.10D>

The right hand side is equivalent to an MACL1D medel since the
autocorrelations are zero beyond lag one. The first order

autocorrelation is

8" q - 1
LY = €1.11)
cL+e g + 2

where q = a; e az : An immediate problem now arises with C1.102
since it contains three parameters, a; . a: and 6‘. rather then

two parameters associated with an MACLY process. This iz reflected
in the two parameters, 5" and g , in the expressioﬁ for 012,
There is an infinite number of combinations of values of & and q
gliving the same value of g{1>. Hence, as 1t stands, model (1.10D
is not identifiable. Restrictions must therefore be placed on it
The standard structural model has B* equal to zero, which reduces
€1.95 to a random walk plus noise. In the canonical decomposition,
the idea is to minimize g for a given value of 1D in (1.11D,
thereby determining the value of 6", It is not difficult to see
that in the special case when the reduced form is a2 random walk,

that is pC1l) = O, the canonical decomposition hasz 8* = 1 and g =

L 2
1. In fact it can be shown that the cancnical decomposition has &
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=1 for any value of K12, see Box, Hillmer and Tiao €19v8d.,

If ﬁr* denotes the estimator of n: » the forecast function
for the trend, which in this case 13 Just the level of the
process, i1sg

~

M

R ,‘_}T’" N =1, 2, ... C1.12>
This 15 alsoc the forecast function for the observations, =zo CT1)
of the previous Sub-zection 1=z satisried. The trend forecast
function can bé regarded as a continuouzs hoerizontal line for L =z
1. However, this lipe cannot be extended back to paz=s through the
estimator of the current level, u: s Unless n: happens to pe
ldentically equal to zero. This compares with the model in Example
1.1 which reduces to the random walk plus noise when e is zero,
and has as its continuous trend forecast function a horizontal
straight line starting at L = 0. The implications of this faillure
to yvield a continuous forecast funetion anchored at the estimated
trend at the end of the series , ConditiAn C(T2), are brought home
most clearly in the special case where the reduced form is a

random walk. It can be shown that at the end of Lthe series

_— 9 1
oo Byt Yo {1.13
4 } 4

see DBox, Hillmer and Tiao Cl978., p.319). Of course the final

forecast function ts Just

~ W ~o.

Yrelor ° Hrstor = Vo t=t, &, ... Cr.14o

denoting the tact that the optimal forecast of future values of a
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random walk is the current wvalue. It is difficult to see what ﬁT*
represents since it cannot be regarded as an estimator of the
current level of the process. Similarly the estimates of the trend

within the sample, given by

.~ 1 1 1
- o + 221 2T -1
Hirr Yi-e 4 ™
4 2 4

reflect an attempt to smooth a preocess which is inherently

unsmeothable.

The paper by Beveridge and HNelson C(1881) proposes a
definition of a trend which iz based primarily on prediction. The
underlying phileosophy is therefore very close to that expounded in
the previous sub-section. As with the structural approach, the
Beveridge-Nelszon methodelogy indicates that the trend in a random
walk process coincides with the observations themselves. Indeed

they cite this as a check on the reascnableness of their results.

Beveridge and Nelson focus attention on fitted ARIMACP,1 .90
models which contain a constant term.For such models the final
forecast function is linear, and the Beveridge-Nelson definition
of the trend at the end of the series ls the value obtained when
the rfinal forecast function is extrapoclated back to the end of the
Series. The decomposition of the series is then expressed in terms
of the ARIMA disturbance term. In the ARIMACO,1,1> case the

decomposition is:

y = “ + SL Cl.is)
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where

»
u’:=C1+eJE_’1/A and £l=-9€‘t

The model is therefore of the form of a2 random walk plus noise in

which the components are correlated and we may write
-

n
Y, = —_ s: CL.16
A
where VarCntD = C1 + &% &% and Var(st) = 8% o7 . with &7 being

L]
the variance of {t. As can be seen, Hy does indeed become equal to

Y, vhen € is equal to zero.

In the corresponding structural random walk plus noise model,
the filtered estimate of the trend component iz equal to the
long~run prediciion of the observations made at that point in
time. This is equal, by definition, to the trend component in the
Beveridge-Nel son decomposition. Thus in. terms of (1.1>, u: is
estimated with zero MSE and there is no need to even contemplate
smocthing; =see, for example, Watson (1986, p.6S). However, in the
structural model, a better estimator of the underlying trend, “U
can be obtained by smoothing and, except when 6 iz equal to zero
or minus one, it will generally be different to the filtered
estimator. Hence |t will algo ke different to the trend, u: .
given by the Beveridge-Nelson decomposition. The ract that
observations beyend time . are ignored in constructing the
Beveridge-Nelson trend within the serjies must surely lessen {ts

appeal.
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The Beveridge-Nelson definitien of trend will not always
correspond to the filtered estimate of trend in analogous
struectural model. Thus in the damped trend model, the trend
forecast function, C1.7), only goes towards its final form, which

is a horizontal straight line, as 1 goes to infinity. Hence

L]
Moo= m o+ bl s Cl=pd

In the special case when o; = o; = O in the damped trend model,

the trend i=s given by the observations themsel ves, The

Beveridge-Nelson decompositien, on the other hand, yields the

trend

Hy =Y, * P Ay s/ Cl-pd = s CCl-pldad

This trend is a random walk in whieh the variance of Lthe
disturbance term is 0? /Cl-p)z. This suggests that, for @0, it
will be more erratic than the actual observations which are driven
by a disturbanece term with variance o2

4

1.3 Smoothness and the Model Timing Interval

As was indicated in the introductory paragraphs, the criteria
for trend- and seasonal componentz= are satizfied by models
formulated in continuous time. They are also satizsfied in discrete
models which are formulated at a finer timing interval than the
observation timing interval. One interesting aspect of such models

is that for flow data they can lead to a somewhat smoother trend
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than would be obtained if the madel were formulated at the same

timing interval as the observations.

Consider a randem walk plus noise structural model in which

observations are made every & time perieds. This may be written as

Y o= g o+ g e~ NIDXO, cr;) Ci.17a)

n, ~ NIDXO, cr;D C1.17bd

with the abservations defined by

Y. =L ¥ T =1, .., , T C1.17ed

The reduced form of the above model is the ARIMACO,1,15

process

Ay =¥r_+ 6o f ci.18d
with ~1 £ 8 5 0. 27 i see Tiaoc C1872). When & = 1, 8 cannot be
Positive, and so formulating the model at a finer timing interval
effectively extends it, even though the parameter Epace of the

orliginal struetural parameters is unaltered.
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The temporal aggregation in model ((1.17) can be handled
within a state space framework by using the methods developed in
Harvey and Stock €1988). The first step iz to define the cumulator

variable

f
y =
ST=11+r o

v' T, .. ,T r=l,....5 C1,18@D

r
=1 ST ~1)v0

Substituting from C1.17> gives

f
Y =YY

- r
=V Y., tH

+‘ut+sl

ty toE

t-1 1

with the indicater variable, Ve defined as

v = ¢1.20)

{0 L = &Cr=1> + 1 r=1,...T
t

1 otherwise

The cumulator variable y{. is used to augment the state vector to

give the transition equation

= + Cl.21a2

Y. = ¢ 0 1) u t= &7 T =1,...7T Ci.21bo

f
No starting values are posed by the introduction of Y, into the

state vector as }i = 0 and the model can be handled by the Kalman
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filter and smoothing algerithms.

Figure 1 shows ten observations Yp » T = 1,....,10 generated
by a random walk. The broken line is the trend obtained from
fitting C1.17> with 6 = 4 and setting the ratio cr; /o-: to 0.4. It
is this ratie of variances which gives a random walk at the
observation timing interval. The forecast functien is a horizontal
straight line Passing through the last obgervation. Thus all the
criteria of section C1.1) are satisfied, but the trend is smoother
than the series itselr, which, of course, is the same az the trend

in the randem walk model ,

2. SEASONAUITY

2.1 Definition of Seasonality

As with a trend, a seazonal component is defined ;n terms of
predictions it vields. The estimated seaéonal s that pert of the
series vhich, wvhen extrapolated, repeats itself over any one year
time period and averages out to zZero over such a time periocd. More
formally, 4t Erﬂ/? denotes the estimated Seasonal component at

time T4, the\seasonal forecast function satisfies the condition:

8=41

~

pes = o L=1, 2 ... C2.1)
T+L/T J_E,‘ CT+I.-J/T *

Hence the foreeast function depends colely on the current
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estimates of the seasonal effects over the last s-1 periods, that

.

is » J = oa....w-2. This ls somewhat akin to Property

c_ .
TejoT

C(T2> which was defined for a trend.

The seasonal forecast function contains ne infermation on the
general direction of the series, either in the long run or the
short run. It is therefore often sensible to focus attention on
the seasonally adjusted forecast function for the series which is

MG ~~d

=y - = 1,2, ... ca.2d
y‘!‘+|./'!‘ yT-rl/T c"l‘+|./'l‘ L 1.2

by v.°

in Property (T1) cof sub-section 1.1
T+L/T T+l T

Replacing y

allows the definition of a trend to be extended Lo a =easonal

series,

The seasonal component 1Iin a structural model is usually
modelled in terms of stochastic dummy variables or stochastic

trigonometric components. The dummy variable model is

B=-1 2-1
= = + .32
j}_:o ?/L-j wl or v, ,E yt-j wt c2

where w NIDC0.0; 2. The bigger the value of the variance oz
relative to o: + the more are past observations discounted in
constructing a seasonal pattern for the forecast function. The
forecastswéatisfy the recursion in (2.1 where the starting values
are given by the estimated seasonal effects at time T. Thuzs the
seasonal pattern projected into the future is fixed, and its

components sumn to zero over any period of s consecutive monthsz.

The same is true of the trigonometric seasonal model which is
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formulated as

{sr2)
= C2. dad
r, R Y1
J=1
with
= by + . AN+ j=1 lar2)
r,j.l yj,l.-l coa j ?j.t L o j w,]l. J=1,. ..,
" » »
= - i -+ + C2. 4bd
rj,l ?’j’t_‘ ain )\j ?j,t.-t coa )\J w}.l

» ,
were wt and w are zero mean white noise processe=s which are
J iy
2
uncorrelated with each other with a commen wvariance o for § =1,

-+ [821, and [s.23 is -2 when s is even and Cs-10/2 when s iz

odd. Whem £ 1is even the equation for :-': . is redundant The
2
forecast funection isg
. iar2; " - "
y'r+|./T= L C}’J'TeonJ\Jl + ?’j'TnthJlD l=0.1.2,. . 2.8

1=

and from stancdard trigonometric identities CZ2.1) holds.

More generally, :if SCLD;rt ~ MACs~-2), the forecast function
satisfies c&.1>. The seasonal component in the canonical
decomposition of Hillmer and Tiao c1982) is Such that SCI..);Vt -
MACS-1> and in this case 2. 15 only holds for 1=2 onwards.

Similarly the seasonal components

SCLYy, = C1 + & L% @, C2.8)

and
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LYy, =<1 o+ e L+ 6, L 2w C2. 7D

t
wher e w, is white noise, satisfy (£.1) from 1=3 onwards and l=s+3
onwards respectively. The raticnale behind C2.8) and C2.7) 1is
discussed in Cleveland and Tiao (1978) and Burridge and Wallis

1984,
The model
yo= ¥ + oW ca. 8

wher e w, is white nolse is =sometimes used for modelling
seasonality. It is not suitable for this purpose. The forecast
function repeats itself every year, but the sum of the terms over
a year will not, in general, be zero. Thus the predictions of the
seasonal component are confounded with the predictions of the
trend. For similar reasons, it is not possible to sgparate out

the trend and seasonal components in the sample; see Plerce

1979,

Introducing a parameter ¢ into C2.8) yields the stationary

model
R R % + W le] < 1 ca.8>

This model has a forecast function which damps down to zero
as l— o There nay be occasions where a component of this kind is

useful for picking up certain seasonal effects, but these effects
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are transient and do not constitute a seasonal component as such.
As Bell and Hillmer argue C1984, p.3042, it would be inappropriate

to attempt to remove them as part of a process of seasonal

adjustment.

We now consider briefly how the notion of seasonality may be
generalized. The crucial feature of a seasonal component. 1s that
it should be based on the seasonal summation operator, =CL2>. Thus
the notion of a seasonal component might be generalized by
defining 1t such that SzCL.)rt follows a MA Process. In the dummy
variable seasonal model, the seasonal effects could be allowed to
increase over time by adding_a slope term to (2.3). If this slope

term is denoted by ﬁ?ﬁ the model becomes

- §

= {8)
j?o ? - ﬁtq oW c2.10ad
a=-1 T
L B = @ C2.10b>

j=o b= t

where Cm}‘is a white noise disturbance term. Using the ceasonal
L g

summation operater the model can be rewritten as

(8)

sy, = (2

+ SCLDwL ca. 11>
which shows that S?CLDrL ~ MACs-1>. Trigonometric seasonality

can also be extended by the introduction of an additional

component in a 2 x 1 vector, (E;B: » at each seasonal frequency.
Thus if C2.4) is written as
Pl = T, ¥ + =1, . . a2l ca.1a
~ J't‘ J ~ J't-1 ~ .I't

it becomes

INPES, 154/88



22

(8>
= + cz. 2
. T e TP ! 132

t
(3.

H

(=) (=) ()

S . C2.13bd
n J-" J ~ J.b=1 ~ J't

where CTZ contains two unceorrelated white noise disturbances

with common variance. Whether models of this kind are a useful

extension of the notion of seasonlaity remains to be seen.

There is an example of the usze of a seasonal component. of the
form ¢2.10) in Kitagawa and Gersch €1984, p.3862. In fact, they
impose the constraint that o; is zero, =o that (2.10a) simply has

a white noise disturbance term on the right hand side.
2.2 Model Based Seasonal Adjustment

Seasonal adjustment entaills the removal of ; seasonal
component frem a series. In a structural model, the various
components are defined explicitly. Given a linear model with
normally distributed disturbances, the mechanies of seasonal
adjustment are straighforward. Once the parameters have been
estimated, the geasonal component can be obtained by a =moothing

algerithm and subtracted frem the original s=series to yield the

seasonally adjusted series

a
Yo=Y, ST t=1,. .. T c2.145
The estimated RMSE opf Euw » and hence y? , are also given by the

smoother. As Hausman and Watson (198%5) note, as early az 1962, the
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President‘'s Committee to Appraise Employment and Unempl oyment
Statistics in the U.S. recommended "“that estimates of the standarg
errors of seasocnally ad justed data be prepared and published as

Soon as the technical problems have been solved*.

The seasonally adjusted figures at the end of Lthe series will
be subject to revisions as new observations become available. The
hature and extend of thesge revisions may be investigated by
setting up a fixed pelint smoother. It should be noted that =sueh
revisions are inevitable, Bbut that they are minimized for a
correctly specified model. The question of revising arising from
the fact that the latest observations are often preliminary iz a
Separate one. Suffice to Say that such revisions can be handle by

the Kalman filter UsSing a suitable extension of the model,

Seasonal adjustment can be carried out for any structural
model containlig a seasonal component. The usual choice . will be the

bazic structural model CBSMD
Y = + ¥ + £ C2.15D

wheré pl is the steochastie trend, (1.4>, and ¥, iz dummy vartable
or trigonometric Seasonal component defined earlier. The model may
pcssibl)r_écntain a cycle or; as Hausman and Watson C18858), an
irregular component which reflects the sampling scheme. Because y?
is constructed by fitting a medel to the series, the procedure iz

known as model based seasonal adjustment,
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The notion of model based seasonal adjustment could be
extended further by intreducing explanatery variables inte the

model. The seasonal component then becomes
;y = ?/ -+ y > CE..:LS.‘)

where yt ls the standard dummy +variable or trigonometric
seasonality model, xlis an observable explanatory variable and r*
is a unknown coefficient. The most likely candidates for * are
weather variables such as temperature or rainfall. If the st are
measured in terms of deviations from the average for each

particular season, the yT’s will =still satisfy the condition

C2.1) as the value of X, entering ilnto the forecast function will

all be zero.

Calendar effect can alsoc be handle by introducing explanatory
variables into the model.For instance, if the y%'s are'measured in
terms of deviations from the average for each year, as for working
days, the yr’s will still satisfy the condition (2.1) for every
year as the value of X, entering into the forecast function will
sum zero in erevy year,

A final aspect of model based seasonal adjustment is that the
state space form enables data irregularities, such as missing
observations, to be handle.: It also provides a framework for

dealing with outliers.

Model based seasonal adustment can alse be carried out by

ritting a seasonal ARIMA model to the series and then decomposing
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it into trend, seasonal and irregular components. This iz the
approach adopted by Burman (1980 and Hillmer and Tiao (1@82>.
Hillmer and Tiao C1982) examine three models whiech give rise to
what they call "an acceptable decomposition”. The most important

of' these is the airline model.

y €1 + 6 L)1 +0eL% Z, C2.17>

where the decomposition is such that

a2 B, o~ MACED

SCLDVL ~ MAC=-1> cz.18>

while the irregular component is white noise. Without further
restrictions the components would not be identifiable. This
problem is solved by means of the canonical decompesition whereby
the variance of the irregular component ig maxiﬁized. The
mechanics of the canonical deccmpositién were described for a
Simple case in sub-section 1.2; for a seasonal model the {Lechnical

details are considerably more complex.

The decomposition obtained from the airline model iz very
similar to the UCARIMA form of the BSM. The difference f{s that in
the BSM, the orders of the MA components in Aﬂﬁ and S:CI..D.Vt are
one less than in Carleb. that 1is they are one and s-2
respectively. Maravall C(1985) shows that the BSM and airline
models can be applied to much the same kind ol series. If both

models are fitted to such a series it follows from the discussion
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in sub-section 1.2 that the trend extracted by the canonical
decomposition will be smoother than the trend estimated for the
BSM. The same is true for the seasonal component. A corollary
to this is that the s=seasonally adjusted =seriec will he
correspondingly less smooth when the seasonal component s

estimated by the canonical decomposition.

The objections to the canonical decomposition as a method of
trend extraction were set out in sub-section 1.2. These objections
apply with equal force in the context of seasonal adjustment. It
is aisc important to puint out that very few seasonal ARIMA models
are capable of producing an acceptable decomposition, and that
even Iin the case of the airl{ge model, it is necessary to impose
the restriction that the seasonal MA parameter ® iz less than or
equal to zero. By contrast, a structural model can always be
decomposed into components since it is explicitly set up in that

way in the first place,

2.3 X=11 and Model Based Seasanal Adjustment

The U.S. Bureau of the Census X-11 procedure has been widely
used for the seasonal adjustment of official time series. It is
based on a series of filters. These filters are two-sided, but it
iz clearly not possible to apply a two-sided filter at the end of
the series. Instead a one-sided filter must be applied. The result
is that the latest adjusted figures must be revised as new
observations become available and 1% becomes possible to apply a

two-sided filter. Dagum (1975) cuggested that a more satizfactery
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aprroach would be to fit an ARIMA model to the series, forecast
future values of the series and then Seasonally adjust the whole
series, actual and predicted, by X-11. In this way the latest
observations are actually adjusted by a two-sided filter.
Revisions are gstil} necessary as actual observations come in to
replace the predicted values., but they should be smaller than

before. Thisg modified version of X-11 is known as X-11-ARIMA.

The basic drawback to X-11 {=s its inflexibility. Al though
there is some scope for adjustment, the same procedure =z
essentially applied irrespective of the properties of the series,
This ecan lead to the adjusted series having very undesirable
properties, something which - has now been well documented; cee

Plerce C1978> and Hausman and Watson ci1e8s).

A model based seasonal adjustment procedure is tallor made to
a particular series. As noted in the previous section, the model
specification may not be the same for all series. Futhermore, rfor
a particular Specification, such as the BSM, there iz the
additional flexibility deriving from the estimation of the model
hyperparameters. Once these parameters have been estimated the
Kalman filter and smoother produce the optimal estimates of the
trend and seasonal components. There is no need to consider some
mndificagion based on forécasting future observations as in
X-11-ARIMA. Revisions will still be needed as new observations
become available, but, as pointed out in the pPrevious sub-section,
i the model ig correctly specified, the size of these revisions

will be mninized,
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The theoretical argument in faveur of model based seasonal
adjustment is very strong. However, since X-11 has been found to
perform reascnably well for many series, 1t 1s important to
determine whether the BSM is applicable to such series. This
question iz addressed in Maravall (1985): If Y, denotes the
unobzerved components model for a monthly series for which X-11
yields the optimal estimates of the components, the a.e.f. of
AAuyt may be derived. All the constraints on the a.c.f. of the

dummy variable BSM are Satisfied by ihis a.e.f. In particular,

setting

q = 0.133 qc = 0.1867 and q, = C.087 (2.1
where 9, = o; e o; makes the two a.c.f.’'s practically identical.
CThere is a misprint in Maravall's paper in eqgquation (3.1) where
O.OSO;Vo should read O.lEOyO.D Thus the BSM can certainly pe fitted
to series for which X-11 is appropriate. On the other hand, an
examination of the estimated parameters in many BSM's shows them
to be some way removed from the values in CZ.182. For real series,
o; is usually dominated by o; while o; is often of a similar size,
or larger, than oz . The seasonal variance oz ¢+ I3 often close to
Zerc;, see Plerce (1978). The trend and seasonal components
extracted from a BSM with hyperparameters set as in (2.18) will

therefore typically be smoother than if the parameters had been

estimated.

A second issue considered by Maravall C19885) is the nature of
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the X-11 and BgM decompositions for series in whiceh X-11 isg
appropriate, Following Cleveland 19722, the X-11 decomposition

explicitly corresponds to  the following unobserved component,

model :
1 +0.28L + 0.30L2 - o.32L.2 N 1+ o0.38L*? .
Y, = {r“_ * fzt * Eat
a® SCLd
C2. 20>
where E:t. {‘:1 and f;t are independent white noise disturbances
with
" K - »
VarCt,‘“D/VarC:m) = 0.088 and \LarCEth/VarC?ij = 0,030 cz2.21>

It follows that Varcaa y> = 6.067 VarC{':LD. In the case of the
BSM with relative hyperparameters given by <2.1@), VarCAAﬂyl) =
6. 667 o':: - The net result is that the variance of the X-11
trregular component is approximately 10% greater than t‘hat, of the
BSM. The impiicit model underlying X-11 i’l.-'.' therefore quite similar
to the UCARIMA form of the BSM. The only difference is the
additional MA terms in C2.20> which result in szome additional
smoothing for the trend and Seasonal components and a
corresponding inecrease in the variance of the irregular.

For most series, therefore, X-11 will tend to produce g
smoother trend component than the BSM. This arises both because of
the implied parameter values in the underlying reduced form and

because of the decomposition given by X+-11 for suech =a reduced
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form. Neverthelessg, there are occasions when the BSM will give a
Smoother trend and {t follows from the discuzssien at the end of

stb-=section 1.1, that one such case is when a; ls found to be

small relative to az

r

2. 4 Why Seasonally Adjust Anyway?

Although the pattern of seascnal effectz may change slowly
over time, seasonality is basically a repetitive feature of = time
gseries. This emerges explicitly in the =easocnal forecast funetion
and there is an obvious rationale for looking at a forecast
function for the geries wiih the seasonal effect= removed as in
C2.8). By a similar token, it could be argued that it is useful to
look at a series in order to gain some idea of its history and
that if this is to be done 1t 15 helpful to abstract from its

seasonal movemenis; hence tLhe need for seasonal adjustment.

Why would one want to look at & seazsonally adjusted szeries
apart from historical interest? One reason iz the desire Lo
exXtrapolate. However, if a series haz been seasconally adjusted by
fitting a model to it, this becomes pointless since optimal
predictions can be made directly from the model. Indeed, in a
structural model all the information needed to make predictions is
explicitly available in the final estimated state vector. Thus the
ability +to carry out the model baged seasonal adjustment
effectively removes one of the main reasons for wishing to

seazsonally adjust in the first placel
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There ig perhaps some case to be made for working with a
seasonally adjusted series at the model formulation stage. The use
of a relatively robust procedure, such as X-11, may be Eelpful in
enabling one to identify non-seasonal movements. For example, the
Seasonally adjusted series may give a clearer indication as to
whether a trend is subject to a saturation level, in which case a
damped trend might be fitted in preference to the usual local
linear trend. It may also make it easier to detect breaks and

structural changes.

The production of seasonally adjusted series is standard
practice for government agencies. While adjusted series may be
marginally easier for the causal user to interpret, it has to be
receognized that the original series has been distorted in what iz
often a rather arbitrary way., There are usually better and more
direct ways of providing the information which the user actually
requires, Certainly the idea that 2 seasonally adjusted series
sould be published instead of the crigingl series is open to very

serious criticism.

3. APPLICATIONS

The applications below illustrate some of the points made
above. The caleoulations were all carried out on an IBM AT using
the preogram STAMP CStructural Time serjies Analyser Meodeller and

Predictor), deveioped by £, Peter=.
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The estimates given are maximum likelihood estimates computed
in the fregquency domain by the method of scoring., for the first
two examples and for the last example they are computed in the

time domain.
3.1 Cycle in US Investment
The additive cyele takes the form

= .10
yl “I. + wL -+ .::L 3.1
where H, is the stochastiec trend model of (1.40 and v, iz a

stationary stochastic cyele defined by

"% cos A ein A 7] Y]
= p < e L=t | - €3.2>
“ L] »

-8in A cos A 2
e e wl-—i L

where N and x: are mutually uncorrelated normally distributed

white noise processes with mean zZeroc and common variance a; ' Ac
is the eyeslical frequency and p is a damping factor such that O =

£ =1, see Harvey (1985,

Fitiing €3.1) to data on the logarithms of US investment Cin
seasonally adjsuted form!) over the periocd 1851 Q1 to 1985 Q4 gave
the following results:

s2=0 &%= 11 x 107" o2 =p21.8 x 10 52 =0

n { €O.07 x 10™% * 2.9 x 107%
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o = 0.90 X = 0O.200
CO. 03> ¢ €. 04

The model satisfies the standard diagnostic=s, with the
Box-L jung Q-statisties based on the first 12 residuals
autoecorrelations being C12) = 12.38. The period of the stochastic

cyele is 8ns .299 = 20.9, which i= Just over five years.

The main features of the estimated model are that the
irregular component disappears, and the estimate of the level
variance o; iz =zero, This second feature of the model ic
responsible for the trend being relatively smooth as shown iIn
Figure 2. Note that the extrapolation of the trend follows on
continuously from the estimated trend within the sample. Figure 3
shows the estimated cycle within the series, while Flgure 4 shows
the forecast function for the series as a whole. This consists of
the trend forecast function of Figure 2 plus the transitory
forecast function for the cyclical component. If ﬁT and @T‘dencte
the expected values of Yo and w: at time 7T, the lL-step ahead

predictions of the cyelical component is
v =0 C AL+ 3 ™ anAtLd = €3.3
w’l‘*l./'l‘ e w_r coe R !,UT sun c l=,2,. .. .

and the forecast fuention is a damped sine, or cosine, wave.

3.2 Industrial Production in Brazil

Data on industrial preduction in Brazil is published by the
IBGE ¢ Brazilian Institute of Geography and Statisties). The

series considered here is the Total Industrial Production, which
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is the aggregation of Consumer GCood=, Capital Goods and
Intermediate Goods series. In order to model this series, the M
is supplemented by a dummy variable, X, yrecording the discrepanc’
between the working days in each particular month and the averag.

of working days in a year; see equation (2.18D.

Srn"‘ = 4.287 p = O.88 A = 0.243
ca. 763 €0. 08> ¢ C0.143
e ?=0.0 g% = 0.03 &% =0.334 x 107%
" 0. 025> “®  co.251 x 1075
2‘78" = 2,220
€1.58 O
Working Days(88M4> = 1,784
¢.301)

The model satisfies the standard diagnostics, with Box-L jung
Q~statistiecs based on the first 24 residuals autocorrelations
being QX240 = 15,854. The period of the stochastic ecyele ls Zm ~

.243 = 25.8, which is just over two years.

Figures 8, 6, 7, 8, and 9 show the trend, cyelical, seasocnal
and irregular components together with the part of the =series
which is explained by the exogenous variable representing the
working days effect. Adding the seascnal effects picked up by the
working days variable to the seasonal component in Figure 7 would
give the compeo=zite seasonal effect yr. It 1Is interesting to see
the way in which the seasonal component cahngeg in response to the
working days effect of March 1988. The effectiveness of the model

is brought home in Figure 10 which shows the extrapolations made
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over the 1988 year, If the working days effects were not present
in the model, the effect of Mareh 1988 would disterce the

extrapolations.

REFERENCES

Akaike, H. C1980>, Seasonal Adjustment by a Bayesian Model ing,

Journal of Time Series Analysis, 1, 1-13,

Bell, W.R. and S.C. Hillmer (1984), Issues Involved with the

Seasonal Adjustment of Economics Time Series, Cwith

discussion). Journal of Business and Economic
Statisties, 2, 202-340.

Beveridge, 3. and (C.R. Nelson (C18981>, A New Approach to
Decomposition of Economic Time Series into Permanent and
Transitory Components with Particular Attention to
Measurement of the ‘Business Cyele’, Journal of Monetary
Economies, 7 , 151-174.

Box, G.E.P., g.cC. Hillmer and G.C. Tiao C19783, Analysis and
Modelling of Seasonal Time Series, in A. Zellner Ced)

Seasonal Analysiz of Eronomic Time Series, 309-334,

N
—

Washington, D.cC.. us Department of Commerce. Commerce.

INPES, 154/88



36

Box, G.E.P., D.A. Pierce and P. Newbold (188B7), Estimating Trend

Burman, J.

Burridge,

Cairncross,

Cleveland,

Clevel and,

Dagum,.E. B,

and CGrowth Rates in Seasonal Time Series, Journal of the

American Statistical Asseciation, 82 , 278-282.

P. C1980), Seasonal Adjustment by Signal Extraction,
Journal of the Roval Statistical Society, ESeries A, 143

» 321 -~337.

P. and K.F. Walli=s (18842, Unovbserved Componentsz Models
for Seasonal Adjustment Filters, Journal of Business and
Eronomic Statistiecs, 2 , 350-3853. 350-359.

A. C1971>, Esgsays n Economic Management, Londen:

Allen and Uwin.

W.PF. C18722, Analysisz and Forecasting of'Seascnal Ti me
Series, unpublished Fh.D dizsertation., Univergity of

Wisconsin-Madison, Department of Statistices.

W.P. and G.C. Tiac (19782, Decomposition of Seasonal
Time Series: A Model for the X-11 Program, Journal of

the American ZStatistical Agsociation, 71 , SB1-~-587,

(1a7%), ECeazmonal Factor Forecasts from ARIMA Models,

Bulletin of the Inhternational Statistical Institute, 48

,» 203-216.

INPES, 154/88



37

Gersch, W. and G. Kitagawa (1983>, The Prediction of Time Series

Har vey,

Harvey,

Harvey,

Harvey,

Hausman,

with Trends and Seasonalities, Journal of Buziness and

Economt o Statistiez, 1 , 253-284.

A. C. C1883), The Formulation of Structural Time Serijes

Models in Discrete and Continuous Time, Invited paper at
First Catalan Internatienal Symposium on Statistics,

Barcelona, Questiic', 7 , 563-875,

A.C. (198%), Trends and Cyeles in Macroeconomic Time

Series, Joyrnal of Business and Econemic Statistics, 3 ,

21 8-227.

A. C, and J.H. Stock 188>, Estimation, Smoothing,

Interpolation and Distribution feor Structural Time
Series Models in Discrete and Continuous Time, Londen
School of Economies DEMEIC Econometrics"Prcgramme.

Discussion Paper A.82.

A.C. and P.H.J. Todd ci19B3d, Forecasting Economic Time

Series with Structural and Box~Jenkins Modelz, Cwith

discussion), Journal of Business and Economi ¢
_Statisties, 1 , 200-315.

J.A. and M. W. watson €1985>, Errors in Variables and
Seasonal Adjustment Procedures, Journal of the American

Statistical ASzociation, BO . D41 -582,

INPES, 154/88



Hillmer,

38

S.C. and G.C. Tiao C1982), An ARIMA Model -based Approach

Kitagawa,

Kitagawa,

Kitagawa,

Maravall,

Pierce,

Pierce,

INPES,

D.

D.

to Seazonal Adjustment, Journal of the American

Statistical Association, 77, B3-70.

G. (18813, A Nonstationary Time Series Model and its
Fitting by a Recursive Filter, Journal of Time Series

Analvgis, 2 , 103-116.

G. (1884>, State Space Modelling of MNonstationary Time
Series and SEmoothing of Unequally Spaced Data, in £,
Parzen Cedd Time Sgries Analysis of Irreqularly Observed
Data , 189—250. New York: Springer-Verlag.

G. and W. Gersch C18B4), A Smoothness Priers-State Space
Modeling of Time Series with Trend and Seasonality,

Journal of the American Statistical Azsoriation, 79 ,

378-383,

A. (18850 O©On Structural Time Series Models and the
Characterization of Components, Journal of Businpness and

Economie Statisticz, 3 , 350-35E.

(18783, Seasonal Adjustment when both Deterministic and
Stochastic Seasonality are Present, in A. Zellner Cedd
Seasonal Analysis of Economic Time ESeries, Z42-269 ,

Washington, D.C.: US Department of Commerce.Commerce.

€1979>, Signal Extraction Errer in Nonstationary Time

154/88



39

Series, Annals of Statisties, 7 , 1303-1320.

Thell, H. and s. Yage (19864>, Some Obzervations on Adaptive

Forecasting, Management Science, 10 + 1B8-2086.

Tiao, G.C. c1a7ad, Asymptotic Behaviour of Temporal Aggregates of

Time Serieg, Biometrika, S0 , B525-~-531.

Watson, M.w. C1e88), Univarjate Detrending Methods with Stochastic

Trends., Journal of Monetary Economics, 18 , 49-7%.

-

Wecker, W.E. and C.F. Ansley (1883>, The Signal Extraction

Approach to Nonlinear Regression and Spline Smoothing,

Journal of the American Statistical Association, 78 ,

Bl -BD.

Whittaker, E.T. €C1823), On a New Method of Graduation.'Proceedings

of the Edi nborough Mathematical~Societx. 41 , B3-75,

——

INPES, 154/88



‘SEANI

B8/%ST

Actual Values and Trend Component

)

1
! y
ol

0.8 )
2.0 £

2.1 L

84

XION3ddYy

13.3 .,-5"{" A "'*-..;_-.-. . ._,;..5'
.‘r . !
15 ' 4 l‘.l:‘-‘.\ '
| £ e, l"
AN
l.l 1 5 ',I; ¢ ".\.:" ) ;.I,
‘;n 'w,: ‘¢
T . ;oo
‘.6"' . I:I."'; f /

36351/ v

o v

' ::I“ I'..". . ' .Ii.!

! 2 3 5§ 7 3 1

Ac tual Trend

FIGURE 1 - SMOOTHED ESTIMATES FROM A RANDOM WALK




88/¥S1T ‘SHANI

-3, 9344
-6, 08197
-6.1649%
-6, 1962
-6.2739
-6, 3668
-6.4461

-6,3313}

-6, 6166
-6, 7019
-6, 1872

i)

Actual Ualues and Trend Egppnnent

M

| ..-.......-....-.-.
|
|

r
!
|

1.

i’ '-..1
|
|
|
|
|
|
|
|
|
|
|
{
!
]
i
|
I
|
|
i
|

fctual

g e 53 elug

-------------------------------

FIGURE 2 - TREND IN US INVESTMENT

8801

9401

v



88/%ST ‘SHANI

Cyclical Component

1291
6862
6433

. Beag

-, 5443
- 6834
-,1283
- 1712
-.oldl
- 2370

984

10

Cucle

5601

6101

FIGURE 3

6304

7604

7504

- ESTIMATED CYCLE IN US INVESTMENT

]
8004

2503



88/FST ‘SHANI

-3.3975

Extrapolations

-3, 3363
-3.6754
-3, 6144
-3.9334
-6, 8943
-6.2313
-6'3?83ﬂ

ﬁ
-6.3092

~6.6482
-6.7872

1. f H ! ;
S i )
™ f |‘ l..‘| | || “

tﬂl £ |
VM '

ahl

fctual

6903 7503 glod

tRUSE

6302

Forecast

FIGURE 4 - PREDICTIONS FOR US INVESTMENT

----------------

9401

144



88/¥S1T ‘SHANI

Actual Yalues and Trend Component

M1

BdM12 B6M8

lllllllllllllllllllllllllllllll

FIGURE 5 - TREND FOR BRAZILIAN INDUSTRIAL PRODUCTION

BaH

Sy



88/¥ST ‘SHANI

Cyclical Component ]
f

5,5473 ] f
4,160 [ /
2,774 - | \ )
| i

1.38791 ,f | RNV
|., \ | “ \\_ L\ ] Il | |

. 1 |

|

Ly T ﬁ
S 1 |0 Y
s Y

27114 - M
-4, 1578 L
-5,5443 u |
I
!

-6,9307 1f
861 a1 1M BNL N A

Cucle

FIGURE 6 - ESTIMATED CYCLE FOR BRAZILTAN INDUSTRIAL PRODUCTION

14



88/PCT ‘SHEANI

§. 3642

6.2148
4,1237
2, 6334

. 660
-2, 147

-4.2314

Seasanal Component

Co |
” | "1,- I
|

! | ! |

l'||
4
[
}

/ ! j |

f‘ I"‘Il I' I’i r“ |
sa 0] L
) | | ¥
-8,4179 " A | |t ol A
| ’a', ",'I 'J 'lil ‘.J J ~.} «.Il
4 SuN1 81K g3M4 BdM12 B6M8 88H
Seasonal

FIGURE 7 - SEASONAL FOR BRAZILIAN INDUSTRIAL PRODUCTION

Ly



8B8/%ST ‘SEANI

Ippegular Componant

1.9650
14898
9151

| | ) It'a
Al . N %, AT /
EEEB L ﬂ E !1 R h.jt A « ! g /1*’%
' I I'.*'-jl \ Fa 7 o f ! |I"l|l | v
1 | LI l |I § L
ﬂ PV | i |

e e

i —

-.5832 |
-1, 6015 L
-1,4998 |
-1,9988
-2,4963

4 e 81Ho §3M4 gaM12 §5H8 281

Ippegulap

FIGURE 8 - IRREGULAR FOR BRAZILIAN INDUSTRIAL PRODUCTION

8¥



88/¥S1T ‘SIEANI

Exogenous Component

| L
2. 4586 ﬁ | | ﬂ ] / | |

r——e

! | f a

1.2478 /V’ ff / y ﬂ ¥ \ &! |
, 666d fi e i

11762 |

-2.9878 f' ‘f l f I:
3,59%4]!| |
ol / t
-6, 8225 V [ 4 |
-7,2341

P e e
_——j

[ ———
[ e i,

[P s
e St

T —— ] E_____
——
re—
S
b —

S
—
—
[ Sl
p—
s
———— ]
——
——]
———
r——
—
——i
——— |

\ o] 8149 33Md BaM12 36H8 BN

Exogenous

FIGURE 9 - WORKING DAYS EFFECT FOR BRAZILIAN INDUSTRIAL PRODUCTION

67



88/%ST 'SIANI

147,6714

EXTRAPOLATIONS

1232376 [

182,843 L\

80,4300

TR

l"|"". ‘ I"i‘
'l‘l' I\‘If \ * l’Ill
] ||,
1'.’ \ {.'
L
|
i
i
l.!‘ '
.‘J

Ii
‘”I
\ i ;':['«
Ill\ / \ _}i II ‘!'lu"'
| b ‘ |
-"""'1| 1 |'I | I I| j
AL T
AV
| ' l_.’fltl,lillll ,.'l y"lil 'Il," ".I_JI ".
| I'll'l / I\ | Ii ¥
\ Wy !
ol %1“'
\ | i l|

IENNEESASENENENN !1]1_!41'“

0§

[NDF

ct Lttt ll

T BaL2

|||||||||||||||||||||

--------------------

SUPL

FIGURE 10 - PREDICTIONS FOR BRAZILIAN INDUSTRIAL PRODUCTION



NQ

N

NQ

NQ

NQ

NQ

NQ

NQ

NQ

104

105

106

107

108

109

110

111

112

TEXTOS PARA DISCUSSAO INTERNA

EDITADOS A PARTIR DE 1987

"Estudos para a Reforma Tributiria - Tomo 1: Proposta
de Reforma do Sistema Tributario Brasileiro", Fernan-~-
do A. Rezende da Silva, Margo 1987, 63 p.

"Estudos para a Reforma Tributdria - Tomo 2: Tributa-
¢do de Renda e do Patrimdnio", Francisco de Paulo Cor
rejia Carneiro Giffoni e Luiz A. Villela, Fevereiro
1987, 67 p.

"Estudos para a Reforma Tributiria - Tomo 3: Tributa-
¢80 de Mercadorias e Servigas", Ricardo Varsano, Feve
reiro 1987, 165 p.

"Estudos para a Reforma Tributdria - Tomo 4: Contri-
bui¢des Sociais", Fernando A. Rezende da Silva e Bea-
triz A. Silva, Fevereiro 1987, 94 p.

"Estudos para a Reforma Tributdria - Tomo 5: Federa~-
lismo Fiscal", José Roberto Afonso e Thereza Lobo ,
Margo, 153 p.

"A Aritmética da Escala MAvel: Uma Andlise do Compor-
tamento do Saldrio Real num Regime de Reajustes, com
Periodicidade Enddgena”, Fabio Giambiagi, Marco 1987,
30 p.

"Inflagdo, Precos Minimos e Comercializag¢do Agricola:
A Experiéncia dos Anos Oitenta", Gervasio Castro de
Rezende, Abril 1987, 39 p.

"A Politica Salarial e a Crise Economica", Fernando
A. Rezende da Silva, Maio 1987, 32 P-.

"Surplus Labor and Industrialization", Kevin M. Mur-~
phy, Andrei Shleifer e Robert W. Vishny, Maio 1987
19 p.



N

NQ

NQ

NQ

NQ

NQ

No

N@

NQ

No

NQ

113

114

115

116

117

118

119

120

121

122

123

"Um Modelo de Consisténcia Multissetorial para a Eco
nomia Brasileira", Marcio Gomes Pinto Garcia, Maio
1987, 42 p.

"Endividamento Municipal: O Estado Atual das Dividas
das Capitais Estaduais", Thompson Almeida Andrade ,
Agosto 1987, 26 p.

"Modelo de Equilibrio Geral para o Brasil com Fluxos
Reais e Financeiros Integrados”, Marco Antonio Cesar
Bonomo, Outubro 1987, 43 p.

"Elasticidades de Engel no Brasil usando um Sistema
de EquagOes com Especificagdo LOGIT", José W. Rossi e
Cesar das Neves, Outubro 1987, 15 p.

"Proje¢oes do IPCA", Pedro L. Valls Pereira e Sergio S§.
Portugal, Outubro 1987, 36 p.

"A Carteira de Trabalho e as Condig¢des de Trabalho e
Remunera¢do dos Chefes de Familia no Brasil”, Ricardo
Paes de Barros e Simone Varandas, OCutubro 1987, 28 P.

"Perspectivas e Necessidades Educacionais da Mio-de-0
bra”™, Manoel Augusto Costa,Outubro 1987, 16 P.

"Modelo Multissetorial CEPAL/IPEA para o Brasil", F
bio Giambiagi, Guilherme Gomes Dias, Juan José Pere
ra e Marcio Gomes Pinto Garcia, Outubro 1987, 124 p.

a
i

"A Reforma Fiscal no Processo de Elaboragcao da Nova
Constituigdo", Fernando A. Rezende da Silva e José Ro
berto R. Afonso, Novembro 1987, 53 p.

"Avaliagao do Sistema Tributdrioc Proposto no Projeto
de Constituicdo", Ricardo Varsano, Novembroc 1987 35 e.

"O Orgamento Brasileiro: seu Processo Atual e as Re
formulagdes Propostas no Projeto Constitucional", Ma
ria da Conceigdo Silva, Novembro 1987, 30 p.



NQ

NQ

NQ

NQ

N@

NQ

NQ

No

N

NQ

124

125

126

127

128

129

130

131

132

133

"As Contribui¢des Sociais no Projeto de Constitui
¢do", Beatriz Azeredo, Novembro 1987, 55 p.

"Endividamento Municipal: Andlise da Situacio Finan
ceira de Quatro Capitais Estaduais (Sao Paulo, Rio de
Janeiro, Belo Horizonte e Salvador)", Thompson A. An
drade, Novembro 1987, 33 p.

"Ajuste Externo e Agricultura no Brasil: 1981/86" '
Gervdsio Castro de Rezende, Dezembro 1987, 46 p.

"Consideracgdes sobre a Relagao entre a Divida Piblica
e a Inflacao"”, José W. Rossi, Dezembro 1987, 09 p.

"Estratégias de Desenvolvimento: América Latina vs.
Leste Asidtico", Armando Castelar Pinheiro, Dezembro
1987, 35 p.

“Industrial Policies and Multinational Enterprises in
Latin America", Helson C. Braga e Virene Matesco, De
zembro 1987, 30 p.

"A Sensibilidade das Medidas de Desigualdade a Padro
nizagido da Jornada de Trabalho", Ricardo Paes de Bar
ros, Janeiro 1988, 28 p.

"Influéncia das Paridades Cambiais sobre a Divida Ex

terna: O Caso Brasileiro - 1983/86", Fabio Giambiagi,
Janeiro 1988, 23 p.

"O (Des) controle do Endividamento de Estados e Muni
cipios - Andlise Critica das Normas Vigentes e Propos
_tas de Reforma", Fernando Rezende e José R. Afonso ,
Janeiro 1988, 75 p.i

"0 Efeito-Tanzi" e o Imposto de Renda da Pessoa Fisi
ca: Um Caso de Indexacio Imperfeita”, Fabio Giambia
gi, Marco 1988, 17 p.



NQ

NQ

NQ

No

NQ

NQ

NQ

N©

Ne

134

135

136

137

138

139

140

141

142

143

[

1

"Estimacdo e Resultados do MOPSE - Modelo para Proje
¢oes do Setor Externo", Sandra M. Poldnia Rios, Regis
Bonelli, Eustaquio J. Reis, Margo 1988, 86 p.
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