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A b s t r a c t

This paper describes two tests which are able to distinguish deterministic 

forms of seasonality from non-stationary seasonal fluctuations. The first one 

tests for time variations in the deviations of seasonal dummies from an overall 

mean. The second for time variations in the seasonal dummies at each sea

sonal frequency. The asymptotic distribution of the tests is derived under weak 

assumptions which allow for a wide variety of weakly dependent non-explosive 

processes. The tests are applied to three data sets with different seasonal char

acteristics.
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1  I n t r o d u c t i o n

T h er e  h a s  b een  a renew ed in te res t in m a cro eco n o m ics  for th e  s tu d y  o f  se a so n a l f lu c tu a t io n s in  eco n o m ic  

a ct iv ity . T ra d itio n a lly , sea so n a l f lu c tu a tio n s h a v e  b een  co n sid er ed  a  n u isa n ce  w h ich  o b sc u re  th e  m ore 

im p o r ta n t  co m p o n e n ts  o f  th e  se r ies  (p r esu m a b ly  th e  g ro w th  a nd  cy c lica l  co m p o n e n ts , se e  e .g . B urns 

a nd  M itch e ll (1 9 4 6 ))  and  sea so n a l  a d ju s tm en t p ro ced u res h a v e  been  d ev ise d  and  im p lem en te d  to  

e lim in a te  th e m  (se c  e .g  S h isk in , Y o u n g a n d  M u sg rav c (1 9 6 5 )) .

W ith  th e  w ork o f  H a nsen  and  S a rg en t (1 9 9 0 ) , G h y se ls  (1 9 8 8 ) , B a rsk y  a nd  M iro n (1 9 8 9 )  sea so n a l 

flu c tu a t io n s  h a v e  co m e back to  th e  m a in stre a m  o f  m a cro ec o n o m ic  research  a nd  recen t w ork b y B ra un  

a nd  E v a n s (1 9 9 0 ) , C h a tta r je e  a nd  R av ik u m a r (1 9 9 0 ) h a s sta r te d  to  d o c u m e n t  th e ir  p r o p er ties  in 

re la t io n  to  b u sin es s  cy c les  and  to  th e  m ain  b o d y  o f  n eo c la s sica l g ro w th  th eo ry .

In a n a ly z in g  th e  eco n o m ic  p ro p ert ies  o f  se a s o n a l  flu c tu a tio n s th e  ex is tin g  lite ra tu re  h a s p ro ceed  

in tw o  w ay s. O n e  branch h a s a ssu m ed  th a t  th e  m o s t  im p o r ta n t c o m p o n e n t  o f  th e se  flu c tu a t io n s is 

d eter m in is tic  or p er io d ic  w ith  u n ch a n g ed  p er io d ic ity  (se e  e .g . B a rsk y  and  M iro n (1 9 8 9 )  or M iron  

(1 9 9 0 ))  a n d  h a s derived  im p lic a t io n s b a sed  o n  th is  u nverified  a ssu m p tio n . A n o th e r  h a s p ro ceed ed  

u n d er th e  a ss u m p tio n  o f  sea so n a l u n it ro o ts  and  has te sted  th is  a ss u m p tio n  a g a in st th e  s ta t io n a r y  

a lter n a tiv e  a lo n g  th e  lin es  o f  D ickey , H a sz a  a nd  Fuller (1 9 8 4 ) , H y lleb erg , G ra n g er , E n g le  a nd  Y o o  

(1 9 9 0 )  o r O sb o rn  (1 9 9 0 ).

W e find b o th  a p p ro a ch es u n sa tisfa cto r y  for d ifferent rea so n s. F ir st , a lth o u g h  p lo ts  o f  th e  d a ta  

in d ic a te  th e  p resen ce  o f  sta b le  sea so n a l  f lu c tu a t io n s in m any  m a cr o ec o n o m ic  v ar ia b les  (C h r istm a s h as 

b een  th e  m a jo r  re ta il sea so n  for m a ny  y ea rs ), th e ir  in te n s ity  h a s ch a n ged  ov er  tim e . T h er efo re  th e  

a ss u m p tio n  o f  c o n sta n t  d eterm in is tic  sea so n a l  p a ttern s is p ro b le m a tic  a nd  m a y  in d u ce  se r io u s sp ec ifi 

c a t io n  b ia ses . It a p p ea rs u n w ise  to  p ro ceed  u nd er  th e  a ss u m p tio n  o f  d e ter m in is tic  se a so n a lity  w ith o u t  

te s t in g  th is  a s su m p tio n . O n th e  o th er  h a n d , sea so n a l u n it  ro o ts  are hard  to  ju s t ify  b eca u se  in th e  

very  lo n g  run th e y  im p ly  th a t  su m m er b ec o m es  w inter a nd  v ice v ers a , and a p a rt  fro m  few  ca ses  (see  

th e  en erg y  co n su m p tio n  se r ie s  ex a m in ed  b y G ra n g er , E n g le  a nd  H a llm a n  (1 9 8 9 ) , th e  J a p a n e se  co n 

su m p tio n  a nd  in co m es ser ies  ex a m in ed  by E n g le , G ran g er , H y lleb erg  and  Lee (1 9 9 1 )  or th e  in d u str ia l 

p ro d u ct io n  se r ies  ex a m in ed  b y C a n o v a  (1 9 9 1 )  and  som e o f  th e  G D P  ser ies  a n a ly zed  b y H y lleb erg ,
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J o r g en sen  a nd  S o re n se n  (1 9 9 1 ))  ch a n g es in th e  fea tu r es  a nd  in th e  lo ca tio n  o f  sea so n a l p ea k s and  

tro u g h s are rare e v e n ts  for a g g re g a te  m a cro eco n o m ic  v a r ia b les . U n it  ro o t t e s t s  a lso  h ave low  p o w er  in 

sm a ll sa m p les  a n d  th e  fa ilure t o  re ject a  sea so n a l  u n it ro o t d o es  n o t  im p ly  th a t  th e  u n it ro o t  ap proach  

is co rrect.

W c b e liev e  t h a t  th e re  is a  la rg er  ec o n o m ic  sc o p e  in t e s t in g  d eter m in is tic  v s .  s lo w ly  cha n g in g  

se a so n a l p a tte r n s w h ere  ch a n g es  o ccu r  p rim a rily  in th e  in te n s ity  o f  th e  flu c tu a t io n s . H ow ever, the  

s ta b ility  o f  s e a so n a l flu c tu a t io n s  is an  issu e  th a t  h a s n o t  b e en  a d dressed  s o  far in  th e  lite ra tu re . T o  

th e  b e s t  o f  o u r  k n o w led g e  o n ly  l la n se n  a nd  S a rg en t (1 9 9 0 )  ex a m in e  th e  c lo se ly  rela ted  q u est io n  o f  

w h eth er  d ete r m in is tic  p er io d ic  m o d e ls  rep resen t real d a ta  b et te r  th a n  s to c h a s t ic a lly  d riven  sea son a l 

p ro cesses .

T h e  ta sk  o f  t h is  p a p er  is to  p ro p o se  t e s t s  w h ich  are a b le  to  d ist in g u ish  c o n s ta n t  d eter m in is tic  form s 

o f  s e a so n a lity  fro m  n o n -s ta t io n  ary  se a s o n a l  flu c tu a t io n s . T h e  t e s t  b u ild s on  th e  w ork  o f  N y b lo m  (1 9 8 9 )  

a n d  H a n sen  (1 9 9 0 a )  o n  th e  str u c tu r a l s ta b il i ty  o f  reg ression  co e ffic ien ts  a n d  is  re la ted  to  th e  work  

o f  K w ia tk o w s k i a n d  S ch m id t  (1 9 9 0 )  w h ich  te s t s  sta t io n a r ity  v s . n o n sta tio n a r ity  o f  a  sc r ie s  and  to  

th e  w ork  o f  S a ik k o n en  a nd  L uu k k o n cn  (1 9 8 9 )  a n d  T a n a k a  (1 9 9 0 )  w h o  ex a m in e  th e  n u ll h y p o th es is  

o f  a  m o v in g  a v era g e  u n it  ro o t  in  a  t im e  ser ies . It is  a lso  co m p lem en ta ry  to  th e  w ork o f  G h y se ls  

(1 9 9 1 )  w h ich  s h o w s  th e  e x is te n c e  o f  d ep en d en cies  b etw e en  s ta g e s  o f  th e  b u sin ess  cy c le  a nd  sea son a l 

f lu c tu a t io n s .

T w o  te s t  s t a t i s t i c s  a re d e r iv ed . T h e  first t e s t s  th e  n u ll h y p o th e s is  o f  c o n sta n t  d eter m in is tic  sea- 

so n a ls  (a s  d e v ia t io n s  fro m  an  o v erall m ea n )  a g a in st th e  a lte rn a t iv e  o f  se a so n a l d u m m ies  w h ich  sh ift 

o v er  t im e  a s a  m a r tin g a le . T h e  se co n d  t e s t s  th e  null h y p o th es is  o f  c o n sta n t  d eter m in is tic  sea so n a ls  

a g a in st  th e  a lte r n a t iv e  o f  se a so n a l d u m m ie s w h ich  sh if t  as a  m a r tin g a le  a t o n e  p a rticu la r  sea so n a l 

freq uen cy. T h e s e  a lte r n a tiv e s  are fa ir ly  g en era l, a llo w in g  th e  te s t  to  b e  p o w erfu l a g a in st sev era l form s 

o f  n o n -s ta t io n a r y  se a so n a lity , in c lu d in g  sea so n a l  u n it  ro o ts  as w ell as s im p le  str u ctu ra l b rea k s. O ur 

s ta t is t ic  is ro b u st  t o  th e  p r esen ce  o f  h eter o sk ed a s tic ity  a n d  ser ia l co rre la tio n  in th e  res id u a ls  o f  the  

reg ressio n . T h e  a s y m p to t ic  d istr ib u tio n  o f  th e  te s t  is d er ived  u nd er  m ild  a ss u m p tio n s w h ich  a llow  for 

a w id e  v a r ie ty  o f  w ea k ly  d e p en d en t  n o n -ex p lo siv e  p ro cesses .
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We apply the tests to three different d a ta  sets. The first is a  now standard  one originally examined 

by Barsky and Miron (1989). We are interested in establishing if their m aintained hypothesis th a t 

quarterly seasonal fluctuations in US macro variables are well approximated by determ inistic patterns 

is appropriate or not. The second d a ta  set used is the set of quarterly industrial production indices 

for eight industrialized countries used in Canova (1991). The third is a da ta  set on stock returns on 

value weighted indices for seven industrialized countries. This last da ta  set deserves special attention 

because “January  effects” and other abnormal periodic patterns in stock returns have been repeatedly 

documented and known for a long tim e (see Thaler (1987) for a  survey of these anomalies). It is 

therefore of interest to examine whether the knowledge of these patterns has changed their properties, 

or, in other words, if information about the existence of periodic patterns has ied to  structural changes 

due to  profit taking activities.

The results indicate th a t for 16 of the 25 series examined by Barsky and Miron the assumption 

of unchanged seasonality is problematic. We also show th a t is some cases the economic significance 

of these changes is substantial. Similarly the seasonal patterns of the European industrial production 

indices have im portant stochastic seasonal components. On the other hand, we find th a t the seasonal 

pattern of stock returns has substantially changed only in Japan  and in the UK.

The rest of the paper is organized as follows: the next section describes the model and its relation 

with the existing literature. Section 3 presents the test statistics for the null hypothesis of constant 

determ inistic seasonals as deviations from an overall mean. Section 4 derives the test sta tistics for 

deviations from constant deterministic seasonals a t each seasonal frequency. Applications to economic 

da ta  appear in section 5. Conclusions are summarized in section 6.

2  T h e  M o d e l

Our is a  linear time series model with seasonality. Seasonality will be represented bv intercepts 

which are season-dependent, while we assume th a t the regression slope param eters are constant across 

seasons. An easy way to  represent such a  model is to write it as a  m ultivariate regression. Suppose 

there are s  >  1 “seasons” in a year (in a  model with quarterly d a ta  s=4). Define yt to  be the s x l

3
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vector containing the dependent variable for each season in year t. Similarly define x t to be the 

k x  s m atrix whose columns are the regressors for each season in year t. This gives the m ultivariate 

regression model

yt =  a  +  x't/3 +  et < =  1 ,2 , . . .  ,n  (1)

The error et is an s x 1 vector, representing the regression errors for each season. The assumption 

th a t seasonality is incorporated only through the intercept is represented in ( 1) by the s x  i  vector 

a  whose elements represent the intercept in each season, while the k x  1 vector (3 is common across 

seasons. The number of years is n so th a t there are n s  total observations. The regressors x t in (1) may 

include lagged dependent variables, subject to  the qualifications given in section 3.4. Model (1) can 

be easily extended to cover the case of multivariate time series regressions by taking y t to be a p s x  1 

vector. This extension is straightforward and will not be pursued here as it unnecessarily complicates 

the notation .

Equation (1) is estim ated by ordinary least squares (OLS). In many applications, there are no 

independent variables (only the intercepts a )  so OLS on (1) is equivalent to taking the average of the 

dependent variable by season.

We want to test model (1) to discover if the seasonal intercepts a  have changed over time. It 

may seem reasonable at a  first glance to test constant seasonals against time-varying seasonals of a 

stationary form, such as an AR(1) process, in the spirit of Watson and Engle (1985). Notice, however, 

that stochastic fluctuations in a  are indistinguishable from stochastic fluctuations in the error et . Thus 

testing for stochastic variations in a  of an AR(1) form is equivalent to  testing for serial correlation in 

the regression error a t the seasonal frequency. Tests of this form are well understood and do not need 

further elaboration in this paper.

Instead, we can test in the direction of long run changes in the seasonal patterns. As mentioned 

above, stochastic fluctuations in the error are equivalent to stochastic fluctuations in the intercept. 

Therefore we can construct our test focusing equivalently either on the seasonal intercepts or on the 

regression error.

The statistical theory for testing constant coefficients against param eter instability is well devel

4

©
 T

h
e
 A

u
th

o
r(

s
).

 E
u
ro

p
e
a
n
 U

n
iv

e
rs

it
y
 I

n
s
ti
tu

te
. 

D
ig

it
is

e
d
 v

e
rs

io
n
 p

ro
d
u
c
e
d
 b

y
 t
h
e
 E

U
I 
L
ib

ra
ry

 i
n
 2

0
2
0
. 

A
v
a
ila

b
le

 O
p
e
n
 A

c
c
e
s
s
 o

n
 C

a
d
m

u
s
, 

E
u
ro

p
e
a
n
 U

n
iv

e
rs

it
y
 I

n
s
ti
tu

te
 R

e
s
e
a
rc

h
 R

e
p
o
s
it
o
ry

.



oped, so we will discuss the test in th a t framework. To test the assumption of constant seasonality, 

we decompose the intercept a  into an overall mean and deviations from this mean. We can write this 

as:

a  =  P fi +  Lhf (2 )

where P is an s  x 1 vector of ones, /i =  is the overall mean, 7 is the ( s ~  1) x 1 vector of deviations 

from ii for the first *• — i  seasons, and D is a  s  x (s  — 1) matrix:

Note th a t although the left and the right side of (2) are equivalent param etrizations of the model, the 

decomposition of the right hand side is useful for 7 captures all of the seasonal fluctuations and it is 

distinct from /1 which represents a level effect.

Since we are interested in testing for the presence of nonconstant seasonality, we will m aintain the 

assumption th a t the overall mean fi is constant and test for nonstationarity in the seasonal param eters 

7 . We can represent the null and the alternative hypotheses by writing the coefficients process as

I t  ~  7  +  t

Zt =  s < - l+ * t  (3)

H u : T  =  0 H i : r  >  0

where the error et is a martingale difference sequence. Under the null hypothesis, deviations of the 

seasonal intercepts from an overall mean are constant at the value 7 . For r  > 0. deviations of the 

seasonal intercepts from an overall mean will change in the long-run, although the changes may be 

either slow and gradual, or swift (a structural break). Since for some variables of interest the changes 

may be modest in scope, we desire a  test which is powerful especially for small values o f r. In section 

3.6 we provide the locally m ost powerful test of Ho against I I The finding th a t - is tim e varying 

does not necessarily conflict with the observation that “'Christmas" does not migrate from December. 

A small value of r  does not induce m ajor changes in the rough features of the seasonal fluctuations, 

but will allow the m agnitude of the seasonal cycles to  change over time. On the other hand, a large 

value of t  may induce changes in the magnitude, location and features of the seasonal cycles.

5

©
 T

h
e

 A
u

th
o

r(
s
).

 E
u

ro
p

e
a

n
 U

n
iv

e
rs

it
y
 I

n
s
ti
tu

te
. 

D
ig

it
is

e
d

 v
e

rs
io

n
 p

ro
d

u
c
e

d
 b

y
 t

h
e

 E
U

I 
L

ib
ra

ry
 i
n

 2
0

2
0

. 
A

v
a

ila
b

le
 O

p
e

n
 A

c
c
e

s
s
 o

n
 C

a
d

m
u

s
, 

E
u

ro
p

e
a

n
 U

n
iv

e
rs

it
y
 I

n
s
ti
tu

te
 R

e
s
e

a
rc

h
 R

e
p

o
s
it
o

ry
.



The specification for seasonal change given in (3) implies th a t the original intercepts a  in (1) are 

not independent. In fact, when r  >  0, a t least two elements of a  are 1(1) processes, and they are 

cointegrated. W ithout this restriction, non constancy in the mean would be included in the alternative 

hypothesis, and our tests would not be able to distinguish unit roots a t zero frequency from unit roots 

a t seasonal frequencies.

As mentioned above, the null of constant deterministic seasonality against, the alternative of time 

varying seasonals may be thought of in several different ways, each producing exactly the same sta tis 

tics.

The first interpretation is th a t the null is param eter constancy (the seasonal intercepts 7  are the 

parameters) and the alternative is random walk parameters. This test in a  more general form has 

been discussed at length in the statistics literature. For recent treatm ents, see Nyblom (1989) and 

Hansen (1990a).

The second interpretation is that the null is that et is stationarity. and the alternative is th a t 

et has a  seasonal unit root. Kwiatkowski and Schmidt (1990) have proposed a  test of this form of 

stationarity  vs. a unit root. Our model differs from Kwiatkowski and Schmidt by testing stationarity  

vs. a  seasonal unit root.

The th ird  interpretation is tha t the null is a  um t moving average root. Denote by i  the standard 

lag operator and let the operator A s =  (1 +  t  +  £2 +  . . .  +  ^,_1 ) =  •*. Applying this operator to

equation (1) we find

A ,y ( =  A ,*',/? +  A set (4)

Thus the assumption of no unit roots a t seasonal frequencies corresponds to s — 1 unit moving average 

seasonal roots in the differenced equation. This test is examined in Saikkonen and Luukkonen (1989) 

and Tanaka (1990). Our model differs from these treatm ents in th a t we are testing the assumption of 

a  moving average seasonal roots.
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3  T e s t  S t a t i s t i c s

3 .1  G e n e r a l  C a s e

Nyblom (1989) has shown how to derive the statistic  for the test of Hq against H \.  The criterion 

function for estim ation of (l)-(3) by OLS is

where

t  =  l

T-0) =  -(y>  -  P i i - D y -  x't0 ) ‘(y, - P \ i - D y -  x',0).

Take the derivative of qt with respect to the param eters to be tested, evaluated a t the OLS estimates:

à q À n r h p )

d j M u0

=  D '{yt — Pfi — D y — x'tj3) 

-  -  a -  x',0)

= on,

In a  maximum likelihood context, these are known as the “scores” . In the present context, note that 

these derivatives are simply the residuals from regression (1) multiplied by the constant m atrix  D. 

Construct cumulative scores:
»

^ é>- w
:=l

and let S* =  D 'S i. The test statistic  is then given by

n
L =

1=1

n

= n~2 S'O(D'QO) - 1 D'5 I (6)
1=1

where Û is a  consistent estim ate of

(l =  lim -£ [S „ 5 ^ ]  S„ =  V  e; (7)
n —»oo T l —

1=1

This test sta tistic  is quite simple to calculate. The null of constant seasonality is rejected in favor 

of non-constant seasonality for large values of L. In section 3.6 we develop a large sample distribution 

theory for this test statistic. The only context-dependent issue is how to form Q. We examine several 

special cases.
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3 .2  N o  s e r i a l  c o r r e l a t i o n

If the error et in (1) is not serially correlated, then

1=  lim — Y '' E (e t e't ) 
n-*oo n  L—'

giving a natural estim ate

Of course, if et is serial uncorrelated, it stands to reason th a t E (e te't ) should be a diagonal matrix, 

since the elements of e* are simply regression errors in different seasons in any year. Thus Q. =  

diag(<7i , . . . ,  <r2), where s is the number of seasons per year, and the natural estim ator of Q is

Q =  diag(ffj!, . . . , 6f ) ,
1 t=  1

This construction allows the error to  be heteroskedastic across seasons (tha t is, for the variance of the 

regression error to be season-dependent).

It may be reasonable to make the more stringent assumption th a t the regression are homoskedastic 

across seasons, in which case

1 n
l = IS(T2, cr2 =  lim — Y ' Efe '.e t),

n —>co n s  ^— '

and the natural estim ator is

Q =  I s fr2, &2 =  —  Y ^ e le t) .  

In this case the test statistic  simplifies to

L  = ~ ' t s ' i D (D 'D r > D 'S i .

3 .3  S e r ia l  C o r r e la t i o n

In many cases, there is no reason to believe th a t the error et is not serially correlated. In applications 

which simply measure the role of seasonality in univariate time series, there may be no regressors in 

the model other the seasonal intercepts (no x t in ( 1)), so all of the stochastic variation is absorbed
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in th e  error term . In th ese  ca ses , th e  covariance m a tr ix  estim a to r s o f  th e  p revio us sec tio n  w ill y ield  

biased  es tim a te s o f  th e  m a tr ix  ft.

A general p u rpo se  es tim a to r  o f  ft  as defined in (7 ) can  be o b ta in ed  n o n-pa ra m etr ica lly  u sing  a  

kernel. Take a  p o sit iv e  se m i-d efin ite  kernel w indow  w(.) su ch  a s th e  B a r tle tt or Parzen w ind ow  (th e  

B a rt le t t is w (x ) =  1 — |x |)  a nd  b a nd w id th  param eter  m  and co nstruct

k = - m  t = 1

w here th e  seco nd  su m m a tio n  is over a ll t such  th a t  1 <  t k <  n. T h is  es tim a to r  is  o f  th e  form  

reco m m en ded  b y N ew ey and  W est (1 9 8 7 ) . A  d em o n stra tio n  o f  th e  co n sisten cy  o f  ft under q u ite  w eak  

co n d itio n s is g iv en  in H a nsen  (1 9 9 0 b ). ft  is  a sy m p to tic a lly  ro bu st to  g enera l h e te ro sk ed a stic ity  and  

serial co rre la tio n . Its  n o n -pa ra m etr ic  form , how ever, induces a  s lo w  ra te o f  co n v ergence re la tiv e  to  

co rrectly  spec ified  p a ram etr ic  estim ators.

3 .4  L a g g e d  D e p e n d e n t  V a r ia b le s

T h e d istr ib u tio n  th eory under th e  null h y p o th esis  is not affec ted  i f  th e  regressors x t in c lu de  lagged  

d ep en d en t va riab les. B u t  i f  th e  la g ged  variab les are able to  cap ture  o n e  or  m ore sea son a l un it roots, 

the  te st  m a y ha v e n o  pow er. E ssen tia lly , w h at m ust be exc lu ded  are lags o f  the  d ep en d en t variab le 

w hich  m a y ca p tu re sea son a l p a tterns. T h is  m a y be easier to  see  if  w e rew rite  (1 )  in th e  ca se  o f  no  

regressors as:

y. = a 'd i + ei (8 )

w here y{ is n ow  a  scalar , d{ is  a  s x  1 sea so n al d um m y vector and  i =  1__ , n s. We co u ld  con sider

a d d ing  lag s o f  yt , i.e.

B (f.)yi =  a 'd i  +  ei (9)

w here B (l)  =  1 — 31 — . . .  — dm ?” . S o lon g as m  =  1, th e  a u to reg ressiv e p o ly n o m ia l B (i)  w ill n o t 

be a b le  to  ex tra c t sea son a l u n it ro ots. B ut if  m  >  2 , B(£) m a y absorb  a t lea st o n e  o f  th e  sea son a l 

u n it ro o ts  u nder th e  a lte rn a tiv e  h y po th esis . T h erefore th e  resid ua ls i t  m ay n o t d isp lay  s ig n ifica n t 

sto c h a s tic  trend , a nd  th e  te st  w ill not be co n sisten t (i.e . it  w ill n o t reject w ith  h ig h  p ro b a b ility  under 

th e  a lter n a tiv e ).
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This discussion should not be interpreted as suggesting th a t all lagged dependent variables should 

be excluded from (1) or (3). Indeed, exclusion of lagged dependent variables means th a t the non- 

param etric estim ator Q will have to capture all of the covariance structure of the process. These 

estim ators frequently perform better if prewhitening is done. In the present context, this can be 

achieved by inclusion of one lag of the dependent variable. This will soak up much of the covariance 

structure of the process, but should have no adverse effect upon the power of the test.

3 .5  I n d i v id u a l  S ig n i f i c a n c e  T e s t s

The statistic  L tests the joint hypothesis th a t none of the seasonal seasonal deviations from the overall 

mean have changed over the sample period. If the joint test rejects the null hypothesis, it may be of 

interest to know which season displays the non-constant behavior.

Individual stability tests are quite simple to  construct. Denote by S ji  the j-the element of the 

vector Si given in (5), and by Q*, the i-th diagonal element of Q. Then, the locally m ost powerful test 

for non-stationarity in the j- th  seasonal is:

( 10)

3 .6  D i s t r i b u t i o n  T h e o r y

Denote by [a] the greatest integer less or equal than  a.. We will require the following assumption. 

A ssum ption: For some p  >  2, # > 2 ,  <S>0

i. P fh,

ii. supt E \e t \p <  oc,

hi. supf E\x 'tx t <  oo

iv. sup0<,.s i  E (x ,  -  x) =  0 (1 ), where x  =  i  £ " = t x ,

v. (a:t , e<) is o-mixing with mixing coefficients a m such th a t Y?m=i a m C <  °°> where c =  m a x{q , | )

vi. Q Q

The conditions are quite weak, allowing for a wide of weakly dependent, non-explosive processes. 

Note th a t condition iv  is implied if E x t is constant.
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Denote by B (r)  a  vector Brownian motion with covariance m atrix fi, W (r)  a  vector Brownian 

motion with covariance / m , W *(r)  a  in  dimensional Brownian bridge, i.e. W*{r) =  IV(r) — r \V ( l)  

and by “=>” weak convergence. Define the distribution:

Lm =  [  W ( r ) 'W '( r ) d r  
Jo

which is parametrized solely by m, the dimensionality of the vector Brownian Bridge W *.

Theorem T. Under the null hypothesis, 

i. ^ S [nr]= > £ (r)  - r £ ( l ) ;  

r D tll. L  —► L ,_  i

(A proof of the theorem  appears in appendix A.)

P art i says th a t the cumulative sums of the residuals can be approxim ated in distribution by a 

vector Brownian bridge. P art ii gives the large sample distribution theory for the test statistic. The 

representation of the limit distribution is in term s of a  vector Brownian bridge.. The distribution is a 

m ultivariate generalization of the large sample distribution of the Von Mises goodness of fit statistic  

(see, for example Anderson and Darling (1952)). This distribution is non-standard, but depends only 

on the param eter s, the number of seasons. Critical values can be calculated by simulation or more 

direct means; see Nyblom (1989) or Hansen (1990a) for more discussion. We report critical values 

in Table 1. The first row of the table (seasons=T) gives the critical values for individual significance 

tests discussed in section 3.5. The other rows give critical values for the joint tests. For example, if 

quarterly d a ta  are used, the value of the statistic  L should be compared against the critical values 

given in the th ird  line.

Monte Carlo studies in Nyblom (1989) and Hansen (1990a) suggest th a t the asym ptotic distribution 

is an excellent approximation in small samples. These papers also give Monte Carlo evidence on the 

power of the test against random  walk and structural break alternatives. Tanaka (1990) discusses 

power using analytic methods.
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4  T e s t i n g  f o r  D e v i a t i o n s  a t  S e a s o n a l  F r e q u e n c i e s

4 .1  G e n e r a l  A p p r o a c h

The null hypothesis of unchanged stationary seasonality implies two testable implications: th a t the 

seasonal dummies are constant over time; and th a t there are no unit roots a t seasonal frequencies. 

The previous section developed tests of the null of constant seasonal dummies against the alternative 

of random  walk dummies. While there are many attractive features of this approach (for example, it 

allows for examination of stability by season), it has the disadvantage of not distinguishing at which 

seasonal frequency the unit root appears. In some applications, it maybe also be interesting to know 

which seasonal frequency accounts for the nonconstant behavior of the dummy. In this section we 

present a  test of the null of constant seasonality against the alternative of a unit root a t one seasonal 

frequency. The spirit of the test is similar to Hylleberg, Engle, Granger and Yoo (1990). The major 

difference is th a t they take the null hypothesis x>f stationary stochastic seasonality.

We find th a t it is easier to present these tests by re-writing equation (1) in the scalar form

Vi =  djo  +  x'ifi +  e,- * =  1 , . . .  ,T  (11)

where T  =  n s  is the to tal number of observations, di is an s x 1 dummy variable indicating the season 

and where e is N {Q ,Icr2).

We now present a  general method for testing for the presence of non-stationarity. To derive the 

test statistic, assume th a t (11) holds and let e =  ( e i , . . .  . e r Y  be given by:

e =  u  -{- t v  =  u +  r C »7 ( 12)

where u is «A/*(0, /tr^), rj is .V(0, /), and C  is a T  x T  constant m atrix. Then e is «V*(0, l a 2 +  t 2CC') 

The process {e*} is i.i.d. when t  — 0 which we take to be the null hypothesis

H0 : t  = 0 .

The GLS criterion function (in obvious notation) is

(y - G a  -  X 0)'(I< rl + T2C C ' ) - \ y  -  G a  -  X/3) . (13)
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where G is a  m atrix with dummy variables. The Lagrange multiplier statistic  is found by taking the 

derivative of (13) with respect to  r 2, and evaluating the answer a t r 2 ~  0 and the OLS estimates. 

T his is proportional to
T

e 'C C 'e  =  J 2  S-

i= 1

where C 'e  =  5 =  ( S i , St )'- The test statistics for deviations a t frequency u; can be written as:

L u :
T 2*

l T
(14)

In order to allow for general forms of weakly dependent serial correlation in the regression error e*. we 

need an estim ate of the “long-run’’ variance of the regression error {e,}, i . t .  an estim ate of the form

k =  — m  t

4 .2  T e s t i n g  fo r  D e v i a t i o n  f r o m  C o n s t a n c y  a t  F r e q u e n c y  ir

The LM test statistic  (14) is a  generalization of the test statistic (6) and is completely determined by 

the transform ation m atrix C. Testing for deviation from constancy at a  particular frequency means 

choosing C  so th a t the process Vi (and thus e; when r  ^  0) has a unit root at th a t frequency. For the 

sake of simplicity we will present the tests for s =  4 (so that ir and ^  are the seasonal frequencies). In 

appendix B we discuss the selection of C  for s =  12. We first explore a test for constant seasonality 

a t frequency ?r. i/, has a unit root a t ir if it has the representation

with €{ iid. In this case,

C  —

V i = — Vi -1 + c

(  1 0 0 ..
- 1 1 0 ..
1 - 1 1 ..

\

Set qi =  (—1)* ■ The process S t can be w ritten as

T / - i

s« =  ( - i ) ‘ £  «  =  ( - i ) ‘ £  #  =  ( - i ) '  o , - , .
i = t  » =i

where Q t = 'jT,i Qi- The second equality holds since YlJ= i Qi =  (—1)*«* =

of seasonal dummies in the regression (11). This allows us to form the LM

0 due to the presence 

test sta tistic  for the

13
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presence o f  a  u n it ro o t a t  frequency u  =  i t  :

L '  ~  x 2&2 2

A derivation similar to th a t of Theorem 1 yields

Theorem 2: Under the null hypothesis, L x —*■ L i

The test statistic for the presence of a unit root a t frequency ir has the same asym ptotic distribution 

as the test for a  unit root in a single dummy variable. Critical values can be found in the first row of 

table 1.

4 .3  T e s t i n g  fo r  D e v i a t i o n  f r o m  C o n s t a n c y  a t  F r e q u e n c y  |

Vi has a  pair of (complex conjugate) unit roots a t f  if it has the representation

with e, iid. In this case,

C  =

V{= —1/,-2 4- «Î

(  1 0 0 ... 0 \0 1 0 ... 0
-1 0 1 ... 0
0 -1 0 ... 0
1 0 -1 ... 0

V /
W ith a  little algebra, we find tha t

( T - o /2 t /2

s ,=  y .
j =0 ;=0

= sm( Y ^ sin(T ^ J' +cos* T ^ cos* y ^ j '
J=1J =1

And therefore

s ?  =  s i n ( y )2 ^ s i n ( y +c o s ( y )2 ^ cos( y ) éi J  •

The appropriate statistic for the test of H o against the alternative of a unit root a t uj =  ^  is then

T
4

T V 2 -
=  5?
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T h e  rea son  for th e  factor o f  4  in th e  num erator is for co nv en ien ce , s in ce  th en  th e  a sy m p to tic  

d istr ib u tio n  is  ta b u la ted . T o  find  th is  d istr ib u tio n , w e first n o te  th a t

^ = i l sin( ^ f ) ej  . = * W ( r )- ^ ( r ) )

where W \ and W i  are independent standard  Brownian motions. I t follows that:

Theorem 3. Under the null hypothesis, L± L 2 .

This is the same asym ptotic distribution as th a t which results from testing for param eter instability 

for the two param eters case. We may therefore think of this as a “two degree of freedom” test, which 

coincides with our intuition th a t we are testing for the presence of a  pair of conjugate unit roots. The 

appropriate critical values are given in the second row of Table 1.

Finally, by combining the results of these two subsections we see th a t 1/,• has unit roots a t both 

seasonal frequencies if it has a  representation:

Vi — —V i- 1 -  l/j_2 -  Vt - Z  +  €«

with €i iid. In this case the L sta tistic  for a joint test a t frequency ui =  tt and j  converges in 

distribution to  L3 .  The joint test for deviations from constancy a t all seasonal frequencies is the 

sum  of the two tests statistics L r and Lx and has the same asym ptotic distribution as our test for 

constancy of deviations from the overall mean described in section 3. Intuitively, this occur because, 

by taking deviations from an overall mean we essentially knock out the root a t j j  =  0 , leaving only 

s — 1 possible roots in the process. Note th a t although the asym ptotic distribution of the two tests is 

the same the value of the two statistics may be different.

5  S o m e  a p p l i c a t i o n s

We apply the test statistics described in the previous sections to three different d a ta  sets. The first 

one has been originally examined by Barsky and Miron (1989) in their study of the relationship
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between seasonal and cyclical fluctuations. The da ta  set includes 25 variables which covers practi 

cally all the m ajor nonseasonally adjusted US macroeconomic variables (to ta l fixed investment, fixed 

residential investments, fix nonresidential investments, fixed non residential structures, fixed non resi

dential producer durables, to ta l consumption, consumption of durables, consumption of nondurables, 

consumption of services, federal government expenditure, import and exports, final business sales, 

changes in business inventories, CPI, 1 month T-bill rates, M l, Unemployment, labor force, employ

ment, monetary base, money multiplier, hours and wage rates). The original sources are described 

in the appendix of Barsky and Miron. The sample covers d a ta  from 1946,1 to 1985,4 except for M l 

(starting date 1947,1), for unemployment and labor force (starting date 1948,1), employment (starting 

date 1951,1), the m onetary base and the money multiplier (starting date 1959,1) and hours and wage 

(starting date 1964,1).

The second d a ta  set used is the vector of quarterly industrial production indices for eight European 

countries (UK, Germany, France, Italy, Spain, Austria, Belgium and Netherland) for the sample 1960,3 

1989,2. Canova (1991) describes the original sources of the data.

The third da ta  we examine is a  set of monthly stock returns on value weighted indices for seven 

industrialized countries (US, Japan, Germany, France, UK, Italy, and Canada). This da ta  set is 

obtained from the Citibase Tape and covers the period 1950,3-1989,9.

In constructing an estim ate of the covariance m atrix we use the Newey and West procedure 

using B artlett windows with eight lags (i.e. two years of autocovariances). For the first two da ta  

sets we run the tests on the log differences because previous analyses have been undertaken using 

this transform ation. In addition, one lag of the dependent variable is included among the regressors. 

The results of testing the null hypothesis of no structural change in the deterministic dummies are 

reported in tables 2, 3 and 4. The tables report significant dummies, the value of the L sta tistic  

for testing the stability of each dummy coefficient separately and of the L statistics for testing the 

stability of the vector of coefficients of deviations from an overall mean. In tables 2 and 3 we also 

report the values of the LT and L i  statistics. In table 4 we report the value of the L i  statistics only 

since we are primarily interested in annual cycles. The L u statistics for monthly da ta  are computed
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as described in appendix B. For four of the variables belonging to  the first d a ta  set which display 

structural changes in their seasonal patterns (fixed investment, consumption, government expenditure 

and unemployment rate), we report in figure 1 plots recursive least square estim ates of the dummy 

coefficients in the spirit of Franses (1990). Under the assumption of unchanged seasonal patterns the 

plot should depict four almost parallel lines. If lines intersect (e.g. spring becomes summer) unit root 

behavior a t seasonal frequencies is likely to  occur. If changes in seasonal patterns changed primarily 

in the intensity of the fluctuations, the lines should tend to  converge or diverge.

The results indicate th a t for the first data  set 24 out of the 25 variables display significant seasonal 

patterns (the one month T-bill ra te  is the only exception) and th a t for 16 of these the seasonal 

pattern  has changed over time according to  the joint L  test. The nine variables which possess seasonal 

patterns which are well approxim ated by unchanged deterministic processes are fixed non residential 

investments, fixed nonresident ial producer durables, consumption o f durables, consumption of services, 

imports and exports, labor force and the wage rate. We find th a t changes occur in all of the four seasons 

but the most significant changes appear in the first quarter. We also find th a t for 12 variables the 

null of constant seasonality is rejected at both frequencies and th a t a t the biannual frequency the test 

rejects the null in 19 cases. These results indicate th a t the comparison of determ inistic seasonal and 

stochastic cyclical patterns as done in Barsky and Miron (1989) may not be appropriate since there are 

im portant tim e variations neglected in the analysis. They also agree with results recently obtained by 

Ghysels (1991) which shows th a t the seasonal pattern  displayed by this set of macroeconomic variables 

tend to  change with business cycle conditions with the major change occurring in the third quarter.

It is encouraging to  observe tha t the individual dummy stability tests give sim ilar conclusions as 

“eyeball” tests on the recursive estim ates displayed in figure 1. The first quarter fixed investm ent 

dummy trends toward zero and the test rejects its constancy. T he test also rejects the constancy of 

all government expenditure dummies, except for the third quarter dummy, a  result which conforms 

with the plot of the recursive estim ate. For the consumption series, the first and the fourth quarter 

dummies are the largest in absolute value, trend toward zero over time, and the test rejects their 

stability at the 1% level. A similar picture arises for the unemployment rate, except th a t it is the
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first and the second quarter dummies which are “large” in absolute value. In general, for all four 

variables considered in figure 1 there is a tendency for the overall mean to  be constant, for seasonals 

to become milder and for the intensity of the fluctuations to be reduced with some dummy coefficient 

turning insignificant in the last two decades. In addition, for the consumption and employment series, 

the coefficients of the dummies of two quarters change sign throughout the sample even though their 

value is always close to  zero. Despite these large changes, none of the variable examined display a 

significant change in the location of seasonal peaks and troughs over time. Since these pattern are 

very typical of those we found among all the variables in the sample, one conclusion th a t emerges is 

th a t the intensity of seasonal fluctuations has substantially subsided in the past two decades, but no 

seasonal inversion (summer becoming winter) has really occurred.

All variables in the second data set but the UK Industrial Production index clearly display seasonal 

patterns which are of a  stochastic nature and for which a seasonal unit root may not be a bad 

approximation (i.e. the value of r  in (2) is large). The first and the fourth quarter dummies are those 

who most significantly change throughout the sample. The unit root seem to appear primarily a t the 

biannual frequency. The estim ated coefficients of the dummies over three different decades and the 

recursive least square plots (not presented for reasons of space) indicate changes in intensity, pattern 

and location of seasonal peaks and troughs over time.

Finally, all stock returns display some form of seasonality. The most significant seasonal dummies 

are for January returns (except for Germany and UK). July and August returns have significant coef

ficients in four European countries. When we test for the structural stability of individual coefficients 

we find th a t significant (a t the 5% level) time variations have emerged only for returns on a value 

weighted index in Japan , UK and Italy. Jointly only the coefficients of the dummies in Japan  and UK 

have significantly changed over the sample. In these two variables the rejection of the null hypoth 

esis obtains a t the annual frequency. Therefore, knowledge of the presence of predictable returns in 

four of the seven countries did not imply changes in these patterns, possibly indicating an inefficient 

propagation of information.
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6  C o n c l u s i o n s

This paper proposes two tests to  examine the structural stability of seasonal patterns over time. The 

tests are built on the null hypothesis of deterministic seasonality and exploits the properties of the 

cumulative scores in deriving the sta tistics of interest. We derive the asym ptotic d istribution of the 

sta tistics under general conditions which accommodate weakly dependent non-explosive processes.

We apply the test to three different da ta  sets to examine whether deterministic dummies effectively 

capture the essence of existing seasonal variations. Wre find th a t in most cases of interest the quality of 

the approximation is poor and th a t significant time variations are present in the seasonal patterns of 

many tim e series. The presence of seasonal tim e variations partially invalidates some of the conclusions 

obtained by Barsky and Miron (1989), confirms recent findings of Ghysels (1991) and suggests the need 

for a more thorough and comprehensive exam ination of the statistical properties of macroeconomic 

variables.

Extension of the testing procedure presented in the paper to a  vector of time series is straightfor 

ward. In th a t framework one can examine, e.g., whether a t least one of the seasonal intercepts of the 

system has changed. The test can be carried out using the same asym ptotic distribution developed 

in section 3. T he only modification concerns the covariance m atrix of the scores which is now of the 

form Û =  lirr in^oo^E lSn  <g> Sn] where ® is a  Kroneker delta and the dimension of B (r)  is m (s — 1) 

where m is the number of time series included.
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A ppendix  A

Proo f o f  Theorem 1: We have

et =  et - ( a -  a 0) -  x't(P ~  Po) (A .l)

By the first order conditions, £  X^”= i =  0, so both the left and the right sides of (A .l)  sum to  zero.

Denoting e =  £  5Z”=1 et , this gives

0 =  é -  (à  -  a 0) -  x't (p  -  po).

S u b tra ctin g  (A .2 ) from  ( A . l )  w e have

êt =  (e< -  c) -  (x t -  x ) '(P  -  po)

T h is  g iv es  th e  fo llow in g  co nv en ient exp ressio n  for th e  cum ula tive  su m  o f  residuals:

Si =  êl = è ( e' -  ê) -  è (* *  -  -  A>)
t = l  t = l  t = 1

B y  th e  tr ia ng le in eq ua lity ,

sup0 < r <  1 V «  ~

j  lnrl j  M  , ["»■]

-  sup i- æ 5 Z (x' ~ Ex|) i +  sup 1—7= 5 Z — *)i +  sup i -? =y^ (£ î - i )i
0 < r < l  V ”  ^  0 < r < l  V n  0 < r < l  V "  J r f

j M  ,  M

sup i_7 = 5 Z (* i -  E x *)\ +  sup i - 7 = y ' ^ ( * i - * ) i
0 < r < l  V n  0 < r < l  V "  “

(A-2)

(-4-3)

(-4.4)

<  2

[nr]

< 2  sup |- )=  V V x , - £ * 0 1  +  0 (1),
0< r< 1 y/Tl

the final inequality being assumption (iv). This expression is bounded by the maximal inequality for 

a-m ixing processes (Hansen, 1991, Corollary 3). Thus (A.4) is stochastically bounded and 

1 l  ^  1 ^
sup[-/=-S[nr] -  ~  =  l SUP -7 = y ^ ( x i -  *)](£ -  Po) =  Op(l) (-4.5)

'  V ”  V " “  0 < r< l  v n  JTj

by assumption i. Finally, using the invariance principle for a-m ixing processes (Herrndorf, 1984),

1 [nrl 1 {nrJ r„..i 1 [orl
‘ r r , . H i v ei 

V S s  »
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= > B ( r ) - r B ( l ) . (.4.6)

(A.3) and (A.6) together give part i of the theorem. Part ii follows directly from the definition of L, 

assumption vi and the continuous mapping theorem.
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In this appendix we report two types of results. First, we show how to construct a  test for constancy 

against the presence of a  single unit root a t ^  in the quarterly case. Second, we outline the procedure 

for deriving the form of C  and S t for testing the constancy of the dummies a t each seasonal frequency 

in the monthly case.

vt has a single unit root a t f  if it has either one of the two representations

A ppendix  B

i/t =  - i v t - i  + « / 

Vx — i v X- \  +  €t

with €t iid. In this case, C has one of the two forms:

(  1 0
0 . . .  0 \

i 1 0 . . .  0

c  = - 1  i 1 . . .  0

- i  1 i . . .  0

. . .  ^

1 0 0 . . .  0 \
- i  1 0 . . .  0

c  = - 1  - i 1 . . .  0

i 1 —i . . .  0

V J

In the first case we set qx =  (—i)* i t  in which case the process S t can be written as

t

S t =  ( — +  * « t - 1  —  c < - 2  —  * C t - 3  +  et -4  +  . . . ]  =  (—i)t^ 3et - a-

3 =  0

In the second case we set qi =  (i)* e< in which case the process S t  can be w ritten as

t

S t  =  — 1 — fit- 2 +  l i t - 3  +  C i- 4  +  •••] =  ^ 2

3 = 0

Each of the two resulting statistics Lu= ± will then converge to  L \  in distribution.

( B . l )  

{B . 2 )

For monthly d a ta  there are 12 roots on the unit circle. They are located at where j  =  0 , . . . ,  11. 

and are given by ±1 , ^ ±  »V32, — \  ±  iy /32, £ ±  *V32, —|  ±  i\J 32. Because of the “aliasing ” problem 

roots a t (g7r, (^7r, | tt), ( |7 r, §7r), ( | tr, |7r) ( | t t , | tt), are associated with cycles corresponding to

22

©
 T

h
e

 A
u

th
o

r(
s
).

 E
u

ro
p

e
a

n
 U

n
iv

e
rs

it
y
 I

n
s
ti
tu

te
. 

D
ig

it
is

e
d

 v
e

rs
io

n
 p

ro
d

u
c
e

d
 b

y
 t

h
e

 E
U

I 
L

ib
ra

ry
 i
n

 2
0

2
0

. 
A

v
a

ila
b

le
 O

p
e

n
 A

c
c
e

s
s
 o

n
 C

a
d

m
u

s
, 

E
u

ro
p

e
a

n
 U

n
iv

e
rs

it
y
 I

n
s
ti
tu

te
 R

e
s
e

a
rc

h
 R

e
p

o
s
it
o

ry
.



12, 6 , 4, 3, 2.4 months respectively. Also, because one root is a t u> =  0 there are only 6 distinguishable 

seasonal frequencies.

has a  pair of (complex conjugate) unit roots a t ^  (annual frequency) if it has the representation

v t =  iu t - 1 +  ut- 2 +  et ( jB.3)

with €t iid. has a pair of (complex conjugate) unit roots a t ^  (semiannual frequency)if it has the 

representation

=  t ’l - l  -  f !-2  +  <!• (3 .4 )

v t has a pair of (complex conjugate) unit roots a t y (triannual frequency) if it has the representation

i/( = - t ' i -2  +  e,. (B  5)

vt has a pair of (complex conjugate) unit roots a t 4^ (quarterly frequency) if it has the representation

v t = - v t - i  — f i -2  +  C(. (3 .6 ;

vt has a pair of (complex conjugate) unit root a t if it has the representation

vt =  +  V t- t  + et ( 3  7)

rr. has a  unit root a t tt (bimonthly frequency) if it has the representation

vt =  - v , . . l +  ( , (3 .8 )

By repeated substitutions it is immediate to derive the form of C  and 5 , in each of the six cases.
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T a b le  1: A s y m p to t i c  C r i t i c a l  V a lu e s  f o r  L

Seasons 1% 2.5%

Significance Level 

5% 7.5% 10% 20%

1 0.748 0.593 0.470 0.398 0.353 0.243
2 1.070 0.898 0.749 0.670 0.610 0.469
3 1.350 1.160 1.010 0.913 0.846 0.679
4 1.600 1.390 1.240 1.140 1.070 0.883
6 2.120 1.890 1.680 1.580 1.490 1.280
11 3.270 2.990 2.750 2.600 2.490 2.220

12 3.510 3.180 2.960 2.810 2.690 2.410

Source: Hansen (1990a), Table 1.
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f ix e d  in v e st m e n t s g o v e r n m en t  e x p e n d it u r e

t o t a l  co n su m p t io n

FIGURE 1: PLOT OF RECURSIVE ESTIMATES

Quarter 2
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E U I

WORKING
PAPERS

E U I  W o r k in g  P a p e r s  a r e  p u b l i s h e d  a n d  d is t r ib u t e d  b y  th e  

E u r o p e a n  U n iv e r s i t y  I n s t i t u t e ,  F lo r e n c e

C o p i e s  c a n  b e  o b t a in e d  f r e e  o f  c h a r g e  -  d e p e n d in g  o n  t h e  a v a ila b il ity -

s t o c k s  -  fr o m :

T h e  P u b l i c a t io n s  O f f i c e r  

E u r o p e a n  U n iv e r s i t y  I n s t it u te  

B a d ia  F ie s o la n a

1 - 5 0 0 1 6  S a n  D o m e n i c o  d i  F i e s o l e  (F I )  

I ta ly

P le a s e  u s e  o r d e r  f o r m  o v e r l e a f
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P u b licatio n s o f  th e E uropean  U n iversity  In stitu te

E c o n o m ic s  D e p a r tm e n t W o r k in g  P a p e r  S e r ie s

T o  E c o n o m i c s  D e p a r t m e n t  W P
E u r o p e a n  U n iv e r s i t y  I n s t it u te  
B a d ia  F ie s o la n a

1 - 5 0 0 1 6  S a n  D o m e n i c o  d i  F i e s o l e  ( F I )  
• I t a ly

F r o m  N a m e ..............................................................

A d d r e s s ...........................................................

( P l e a s e  p r in t )

□  P l e a s e  e n t e r / c o n f i r m  m y  n a m e  o n  E U I  E c o n o m i c s  D e p t .  M a i l in g  L is t

□  P l e a s e  s e n d  m e  a  c o m p l e t e  l i s t  o f  E U I  W o r k in g  P a p e r s

□  P l e a s e  s e n d  m e  a  c o m p l e t e  l i s t  o f  E U I  b o o k  p u b l i c a t io n s

□  P l e a s e  s e n d  m e  th e  E U I  b r o c h u r e  A c a d e m ic  Y e a r  1 9 9 2 / 9 3

P le a s e  s e n d  m e  th e  f o l l o w i n g  E U I  E C O  W o r k in g  P a p e r ( s ) :

N o ,  A u t h o r  ..............................................................................

Title: ...............................................................
N o ,  A u t h o r  ..............................................................................

Title: ...............................................................
N o ,  A u t h o r  ..............................................................................

Title: ...............................................................
N o ,  A u t h o r  ..............................................................................

Title: ...............................................................

D a te S ig n a tu re
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W o r k in g  P a p e r s  o f  th e  D e p a r tm e n t  o f  E c o n o m ic s  
P u b lis h e d  s in c e  1 9 9 0

E C O  N o .  9 0 /1
T a m e r  B A S A R  and M a rk  S A L M O N  
C r e d ib ili ty  a n d  th e  V a lu e  o f  In fo rm a tio n  
T r a n sm iss io n  in  a  M o d e l o f  M o n eta ry  
P o lic y  a n d  In fla tio n

E C O  N o .  9 0 /2
H o r s t  U N G E R E R
T h e  E M S  -  T h e  F irst T e n  Y e a rs
P o l ic ie s  -  D e v e lo p m e n ts  -  E v o lu t io n

E C O  N o .  9 0 / 3  
P e te r  J. H A M M O N D  
In te r p e rso n a l  C o m p a r iso n s  o f  U tility :  
W h y  a n d  h o w  th e y  a re a n d  s h o u ld  be  
m a d e

E C O  N o .  9 0 /4  
P e te r  J. H A M M O N D  
A  R e v e la t io n  P r in c ip le  fo r  (B o u n d e d ly )  
B a y e s ia n  R a tio n a liza b le  S tr a te g ie s

E C O  N o .  9 0 /5
P e te r  L  H A M M O N D
In d e p e n d e n c e  o f  Irreleva n t In terp erso n a l
C o m p a r is o n s

E C O  N o .  9 0 /6  
H a l R . V A R I A N  
A  S o lu t io n  to  the  P ro b le m  o f  
E x te r n a li t ie s  a nd  P u b lic  G o o d s  w h en  
A g e n ts  are W e ll-In fo r m e d

E C O  N o .  9 0 /7  
H a l R . V A R I A N
S e q u e n t ia l  P r o v is io n  o f  P u b lic  G o o d s  

E C O  N o .  9 0 / 8
T . B R I A N Z A , L . P H L I P S  a n d  J .F . 
R I C H A R D
F u tu r e s M a rk ets ,  S p e c u la t io n  and  
M o n o p o ly  P r ic in g

E C O  N o .  9 0 / 9
A n th o n y  B .  A T K I N S O N /J o h n
M IC K L E W R 1 G H T
U n e m p lo y m e n t  C o m p e n sa tio n  and
L a b o u r  M a rk et T ra n sitio n : A  C ritical

R e v ie w

E C O  N o .  9 0 / 1 0

P e te r  J. H A M M O N D
T h e  R o le  o f  In fo rm a tio n  in  E c o n o m ic s

E C O  N o .  9 0 /1 1
N ic o s  M . C H R I S T O D O U L A K I S

D e b t  D y n a m ic s  in  a  S m a ll O p e n
E c o n o m y

E C O  N o .  9 0 / 1 2  
S te p h e n  C . S M IT H  
O n th e  E c o n o m ic  R a tio n a le  fo r  
C o d ete rm in a tio n  L a w

E C O  N o .  9 0 / 1 3  
E lettra  A G L IA R D I
L e a rn in g  b y  D o in g  a n d  M a rk e t S tructures

E C O  N o .  9 0 / 1 4  
P e te r  J. H A M M O N D  
In tertem p oral O b je c t iv e s

E C O  N o .  9 0 / 1 5  
A n d r e w  E V A N S /S te p h e n  M A R T I N  
S o c ia lly  A c c e p ta b le  D is to r tio n  o f  
C o m p etit io n :  E C  P o lic y  o n  S ta te  A id

E C O  N o .  9 0 / 1 6  
S te p h en  M A R T IN  
F r in g e  S iz e  and  C a rte l S ta b ility

E C O  N o .  9 0 / 1 7  
J o h n  M IC K L E W R I G H T  
W h y  D o  L e s s  T h a n  a Q uarter  o f  the  
U n e m p lo y e d  in  B r ita in  R e c e iv e  
U n e m p lo y m e n t  In su ra n ce?

E C O  N o .  9 0 / 1 8
M ru d u la  A . P A T E L  
O p tim a l L ife  C y c le  S a v in g  W ith  
B o r r o w in g  C o n str a in ts:
A  G r a p h ica l S o lu tio n

E C O  N o .  9 0 / 1 9  
P e te r  J. H A M M O N D  
M o n e y  M etr ic  M ea su r es  o f  In d iv id u a l 
and  S o c ia l  W e lfa r e  A l lo w in g  fo r  
E n v ir o n m en ta l E x te rn a lities

E C O  N o .  9 0 / 2 0  
L o u is  P H L I P S /
R o n a ld  M . H A R S T A D  
O lig o p o lis t ic  M a n ip u la tio n  o f  S p o t  
M a rk ets  and th e  T im in g  o f  F u tu res 
M a rk et S p ec u la t io n
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E C O  N o .  9 0 / 2 1  
C h ristia n  D U S T M A N N  
E a rn in g s A d ju s tm e n t  o f  T e m p o ra ry  
M ig r a n ts

E C O  N o .  9 0 / 2 2  
J o h n  M IC K L E W R I G H T  
T h e  R e fo r m  o f  U n e m p lo y m e n t  
C o m p en sa tio n :
C h o ic e s  fo r  E a s t  a n d  W e s t

E C O  N o .  9 0 / 2 3  
J o e rg  M A Y E R
U . S .  D o l la r  a n d  D e u ts c h m a r k  as 
R e s e r v e  A s s e t s

E C O  N o .  9 0 / 2 4  
S h e ila  M A R N I E
L a b o u r  M a rk et  R e fo rm  in  th e  U S S R :  
F a ct  o r  F ic t io n ?

E C O  N o .  9 0 / 2 5  
P e te r  J E N S E N /
N ie ls  W E S T E R G A R D -N I E L S E N  
T e m p o r a r y  L a y o f f s  and th e  D u ra tio n  o f  
U n e m p lo y m e n t:  A n  E m p ir ic a l  A n a ly s is

E C O  N o .  9 0 / 2 6  
S te p h a n  L . K A L B  
M a rk et-L e d  A p p r o a c h e s to  E u ro pea n  
M o n e ta r y  U n io n  in the  L ig h t  o f  a  L e g a l 
R e str ic t io n s  T h e o r y  o f  M o n e y

E C O  N o .  9 0 / 2 7  
R o b ert  J. W A L D M A N N  
Im p la u s ib le  R e su lt s  or  Im p la u s ib le  D a ta ?  
A n o m a lie s  in  th e  C o n str u ct io n  o f  V a lu e  
A d d e d  D a ta  a n d  Im p lic a t io n s fo r  E s t i 
m a te s  o f  P r ic e -C o s t  M a rk u p s

E C O  N o .  9 0 / 2 8  
S te p h en  M A R T I N

P er io d ic  M o d e l  C h a n g e s in  O lig o p o ly

E C O  N o .  9 0 / 2 9
N ic o s  C H R I S T O D O U L A K 1 S /
M artin  W H A L E

Im p er fect C o m p e tit io n  in an  O p e n  
E c o n o m y

*  *  *

E C O  N o .  9 1 / 3 0
S te v e  A L P E R N /D e n n is  J. S N O W E R  
U n e m p lo y m e n t  T h r o u g h  " L earn ing  F rom  
E x p e r ie n c e ’

E C O  N o .  9 1 / 3 1
D a v id  M . P R E S C O T T /T h a n a s is  
S T E N G O S
T e s t in g  fo r  F o r e c a s t ib le  N o n lin e a r  
D e p e n d e n c e  in  W e e k ly  G o ld  R a te s  o f  
R eturn

E C O  N o .  9 1 / 3 2  
P e te r  J. H A M M O N D  
H a r s a n y i’s  U ti lita r ia n  T h eo rem :
A  S im p le r  P r o o f  a n d  S o m e  E th ic a l 
C o n n o ta t io n s

E C O  N o .  9 1 / 3 3  
A n th o n y  B . A T K I N S O N /
J o h n  M IC K L E W R I G H T  
E c o n o m ic  T ra n sfo rm a tio n  in E a stern  
E u r o p e  a nd  the  D is tr ib u tio n  o f  In c o m e

E C O  N o .  9 1 / 3 4  
S v e n d  A L B A E K
O n  N a s h  and  S ta c k e lb e r g  E q u ilib r ia  
w h e n  C o s ts  are P r iv a te  In fo rm a t io n

E C O  N o .  9 1 / 3 5  
S te p h en  M A R T IN  
P riv a te  a nd  S o c ia l  I n c e n tiv e s  
to  F o rm  R  &  D  J o in t V en tu res

E C O  N o .  9 1 / 3 6  
L o u is  P H L IP S
M a n ip u la t io n  o f  C ru d e  O il F u tu r es  

E C O  N o .  9 1 / 3 7
X a v ie r  C A L S A M J G L IA /A la n  K I R M A N  
A  U n iq u e  In fo rm a tio n a lly  E ff ic ie n t  and  
D e ce n tr a l iz e d  M e c h a n is m  W ith  F air  
O u tc o m es

E C O  N o .  9 1 / 3 8  
G e o r g e  S . A L O G O S K O U F I S /

T h a n a s is  S T E N G O S
T e s t in g  fo r  N o n lin e a r  D y n a m ic s  in
H is to r ic a l U n e m p lo y m e n t  S e r ie s

E C O  N o .  9 1 / 3 9
P ete r  J. H A M M O N D
T h e  M o ra l S ta tu s o f  P ro f it s  and  O th er
R ew a rd s :
A  P e r sp e c t iv e  F ro m  M o d e m  W e lfa r e  
E c o n o m ic s
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E C O  N o .  9 1 / 4 0
V in c e n t  B R O U S S E A U /A la n  K IR M A N  
T h e  D y n a m ic s  o f  L ea rn in g  in  M is -  
S p e c if ie d  M o d e ls

E C O  N o .  9 1 /4 1
R o b ert J a m es W A L D M A N N  
A s s e s s in g  the  R e la t iv e  S iz e s  o f  Indu stry - 
a n d  N a tio n  S p e c if ic  S h o c k s  to  O utpu t

E C O  N o .  9 1 /4 2
T h o r ste n  H E N S /A la n  K IR M A N /L o u is  
P H L IP S
E x c h a n g e  R a tes  a nd  O lig o p o ly

E C O  N o .  9 1 / 4 3
P ete r  J. H A M M O N D  
C o n se q u en tia list  D e c is io n  T h e o r y  and  
U tilitar ia n  E th ics

E C O  N o .  9 1 /4 4
S tep h en  M A R T IN
E n d o g e n o u s  F irm  E ff ic ie n c y  in a  C o u rn o t 
P rin c ip a l-A g e n t M o d el

E C O  N o .  9 1 /4 5
S v e n d  A L B A E K
U p s tr e a m  o r  D o w n s t r e a m  In fo r m a t io n  
S h arin g ?

E C O  N o .  9 1 / 4 6
T h o m a s H . M c C U R D Y /
T h a n a sis  S T E N G O S  
A  C o m p a r iso n  o f  R isk -P re m iu m  
F o r e c a s ts  Im p lie d  b y  P aram etric  V e rsu s  
N o n pa ram etr ic  C o n d itio n a l M ean  
E stim a to rs

E C O  N o .  9 1 / 4 7
C h ristia n  D U S T M A N N
T em p o ra ry  M ig ra tio n  a nd  the In v estm en t
in to  H u m a n  C ap ital

E C O  N o .  9 1 / 4 8
J e a n -D a n ie l G U IG O U  
S h o u ld  B a n k ru p tc y  P r o c e e d in g s  b e  
In itiated  b y  a  M ix ed  
C red ito r/S h areh old er?

E C O  N o .  9 1 / 4 9
N ic k  V R IE N D
M a rk et-M a k in g  and D ece n tr a lize d  T rade  

E C O  N o .  9 1 / 5 0
J effre y  L . C O L E S /P ete r  J. H A M M O N D  
W alra sia n  E q u ilib r iu m  w ith o u t Su rviva l: 
E x is te n c e , E f f ic ie n c y ,  a nd  R e m ed ia l 
P o lic y

E C O  N o .  9 1 /5 1
Frank C R IT C H L E Y /P a u l M A R R IO T T / 
M ark S A L M O N
P referred P o in t  G eo m e try  a nd  S ta tistica l 
M a n ifo ld s

E C O  N o .  9 1 / 5 2
C osta n za  T O R R IC E L L I
T h e  I n f lu e n c e  o f  F u tu res o n  S p o t  P r ice
V o la t ili ty  in a  M o d e l fo r  a  S to rab le
C o m m o d ity

E C O  N o .  9 1 / 5 3
Frank C R IT C H L E Y /P a u l M A R R IO T T / 
M ark S A L M O N
P referred  P o in t G eo m e tr y  a nd  th e  L o c a l  
D iffere n tia l G eo m e tr y  o f  the K u llb a c k -  
L eib ler  D iv e r g e n c e

E C O  N o .  9 1 / 5 4
P eter M 0 L L G A A R D /
L o u is  P H L IP S
O il F utures and  S tra teg ic
S to c k s  at S e a

E C O  N o .  9 1 / 5 5
C hristian  D U S T M A N N /
John M IC K L E W R IG H T  
B e n e fit s ,  In c e n tiv e s  a n d  U n cer ta in ty

E C O  N o .  9 1 / 5 6  
John M IC K L E W R IG H T /
G ian n a G IA N N E L L I
W h y  d o  W o m e n  M arried to  U n e m p lo y e d
M en  h a v e  L o w  P a rticip atio n  R a te s?

E C O  N o .  9 1 / 5 7
John M IC K L E W R IG H T
In co m e  S u pp o rt fo r  th e U n e m p lo y e d  in
H u n g ary

E C O  N o .  9 1 / 5 8
F a b io C A N O V A
D etren d in g  a n d  B u s in e s s  C y c le  F a c ts

E C O  N o .  9 1 / 5 9
F a b io C A N O V A /
Jane M A R R IN A N  
R e c o n c ilin g  th e  T erm  Structure o f  
In terest R a tes  w ith  th e  C o n su m p tio n  
B a se d  IC A P  M o d e l

E C O  N o .  9 1 / 6 0
John  F IN G L E T O N
In v en to ry  H o ld in g s  b y  a  M o n o p o lis t
M idd lem a n
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E C O  N o .  9 2 /6 1
Sara C O N N O L L Y /J o h n  
M IC K L E W R I G H T /S tep h en  N I C K E L L  
T h e  O ccu p a tio n a l S u c c e s s  o f  Y o u n g  M en  
W h o  L e ft  S c h o o l at S ix te en

E C O  N o .  9 2 /6 2
P ier L u ig i S A C C O
N o is e  T ra ders P er m a n e n c e  in  S to c k
M arkets: A  T â to n n em en t A p pro ach .
I: In fo rm a tio n a l D y n a m ic s  fo r  th e  T w o -  
D im e n s io n a l C a se

E C O  N o .  9 2 /6 3  
R o b ert J. W A L D M A N N  
A s y m m etr ic  O lig o p o lie s
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