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Abstract

U.K. and U.S. data suggest that consumption seasonality is both stochas-
tic and characterized by permanent changes, that is there are seasonal unit
roots in consumption. This paper explains the changes in the seasonal pat-
tern of U.K. consumption and in doing so offers new insights into the much
studied business cycle characteristics of consumption. We find that changes in
consumption seasonality have zero or negative correlation with changes in the
income seasonal, an observation which casts doubt on liquidity constraints as
an important determinant of consumption fluctuations. Neither is consumption
seasonality driven by precautionary saving, rates of return or climatic variables.
Instead, seasonality in consumption is induced by the utility function, with the
evidence ruling out seasonal habits or periodic effects. The evidence is con-
sistent with seasonality changing due to preference shocks which we interpret,
based on econometric evidence and a historical survey, as changes in customs.
While these changes are slow moving they generate substantial variation in sea-
sonal fluctuations in the post-war period, with Christmas consumption gaining
in importance. Our results suggest that seasonal fluctuations may differ signifi-
cantly from business cycle fluctuations and suggest that preference shifts should
be considered as a possible source of non-seasonal fluctuations in consurnption.



L. Introduction

There exists a substantial consensus in macroeconomics that the prime determinant of
consumption is income. The main consumption puzzles concern the exact relationship between
these variables, and proposed resolutions involve drawing distinctions between different types
of income i.e. expected/unexpected, transient/permanent, idiosyncratic/aggregate, etc (see, inter

alia, Blinder and Deaton
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5), Quah {1551), Pisciike (1595)). However, seasonaily unadjusted
data reveals an additional problem of substantial autonomous seasonal fluctuations ("excess
seasonality") in consumptidn (a feature noted by Miron (1986), Ferson and Harvey (1992) and
Heaton (1993) on U.S data and by Osborn (1988) on UK data). Figs.1 and 2 plot the first
difference of UK total consumption and real personal disposable income. Visual inspection
reveals a strong seasonal in consumption, but not in income. Regressing the change in the
logarithm of consumption (less its sample average) on four seasonal dummies gives an R of
0.87 while the same regression for income gives an R of 0.48, suggesting consumption is far
more seasonal than income.

This paper seeks to establish some robust stylised facts about consumption seasonality
and to use these to find out why consumption is so seasonal. At a basic level the answer to this
question seems obvious. For instance, end year consumption is high because of Christmas - few
parents disappoint their children on December 25th by pointing out that it is utility maximising
to smooth consumption intertemporally. An implicit distinction is therefore drawn between the
seasonal component of consumption, a product of social and cultural factors, and the non-
seasonal component, determined by economic forces. This view is often coupled with the belief
that seasonality is a constant; because the timing of the seasons does not vary then neither will
the seasonal effects. If this is the case then ignoring seasonality in consumption is justified, aside
from econometric issues relating to seasonal adjustment (e.g. Sims (1974), Wallis (1974)).

However, do consumers respond to Christmas the same way each year? In section 2 we
provide econometric and historical evidence that the seasonality in U.K consumption has
changed significantly over time. A feature of this study is a focus on changes to the seasonal
pattern of consumption, in contrast to other studies (i.e Miron (1986), Paxson (1993)) which
assume constant seasonality. If consumption seasonality is stochastic a number of important
issues are raised: (i) how does seasonality evolve over time? does it change in a permanent or
a temporary way? does it change slowly or rapidly? (ii) is the changing seasonal related to

changes in the seasonal pattern of income/relative prices/climate? (iii) is it caused by changes



to the utility function, and how should we characterise these changes?

There are four reasons why these questions are important. Firstly, as seasonality accounts
for 90% of fluctuations in detrended consumption any theory which fails to account for
seasonality is incomplete. Secondly, given the size of seasonal fluctuations it is important to
assess their optimality. Whereas the claim that business cycles represent optimal responses to
technological shocks has caused considerable controversy i.e. Summers (1986) and Mankiw
(1989), the implicit conventional view is that seasonal fluctuations are welfare maximising (see
Miron (1994) for an exception). However if, for instance, consumption is seasonal because of
a combination of liquidity constraints and seasonal income this is not the case and non-seasonal
studies (e.g Imrohoroglu (1989)) will underestimate the welfare losses. Thirdly, seasonal
fluctuations may be informative regarding non-seasonal phenomena. Barsky and Miron (1989)
argue that seasonality is more easily identified than business cycles, and that examining seasonal
correlations between variables may help us understand business cycle phenomena. Similarly, any
finding that seasonal fluctuations are due to social influences or preference shifts is suggestive
that the same forces may operate at non-seasonal frequencies, see Hall (1986) and Scott (1994).
The final reason for understanding seasonal consumption relates to Sims' (1993) claim that
seasonally adjusted data may be the most appropriate way to analyze economic hypotheses.
Hansen and Sargent (1993) confirm that in some cases this conjecture is correct, but stress that
the model still has to correctly capture seasonal and non-seasonal variation. In other words, even
if an econometrician uses seasonally adjusted data the sources of seasonality need to be fully
understood.

Explaining why consumption is seasonal requires identifying the seasonal pattern. In
section 2 a number of different statistical models of seasonality are examined and tested. We find
strong evidence that seasonality is important in explaining a range of consumption measures and
that these seasonals are stochastic, evolving slowly over time in a non-stationary way, i.e.
changes to the seasonal pattern are permanent. These econometric results are given support by
historical examples relating to the English Christmas. Our study focuses only on U.K data as
many key U.S variables are not published seasonally unadjusted, although the empirical resuits
of Canova and Hansen (1995) confirm the international relevance of non-stationary seasonality
In consumption.

Section 3 examines whether changes in the consumption and income seasonals are

related. Using an unobserved components approach we focus on the relationship between



seasonal consumption and income, using a multivariate version of Harvey's (1989) Basic
Structural Model. The results suggest that while consumption is high in seasons when income
is high, changes in the consumption and income seasonal display either a zero or a negative
correlation. In other words, there is no evidence that stochastic fluctuations in seasonal
consumption are due to income. We discuss in detail the implications of this finding for liquidity
constraints as well as ruling out precautionary saving as an explanation for consumption
seasonality. Section 4 examines whether rates of return explain consumption seasonality, and
whether the seasonality in lrelative consumption shares is due to seasonality in relative prices.
While we find evidence of a seasonal pattern in interest rates this is unable to explain
consumption seasonality, although we do find a limited role for relative price variability. Section
5 focuses on climatic influences and finds no relationship between the weather and consumption.
All this evidence suggests consumption seasonality is intrinsic to consumption rather than the
product of exogenous factors, and Section 6 examines which of seasonal habits, periodic effects
or preference shocks is the most appropriate explanation. The evidence is overwhelmingly in
favour of the idea of non-stationary seasonal preference shocks which we argue, in the light of
our historical evidence, represents the effects of slowly changing customs. The final section

concludes by placing these results in a wider context.

2. Stochastic or Deterministic Seasonality?

(1) Deterministic Seasonality

Seasonality is usually modelled as being constant by the use of deterministic seasonal
dummies. Table 1 lists the result of regressing logarithmic changes' of different consumption
components and income (all constructed to have zero mean) on deterministic seasonal dummies.
The estimated seasonals are mostly plausible : energy consumption is highest in times of cold
weather; alcohol expenditure increases in the fourth (Christmas/ New Year's Eve) and second
quarter (pre-Budget); clothing has a strong seasonal pattern linked to the fashion seasons;
consumer durables rise strongly in the first (January sales) and third quarter (new car
registrations). The importance of seasonality is apparent with half the consumption components
having Rs above 90%. A large amount of income fluctuations are seasonal (fi=0.48), but

considerably less than for consumption. A number of regularities arise from Table 1 : most

* Unless otherwise stated, all empirical results in this paper are for data expressed in logarithmic form.
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categories experience a large first quarter decline, nearly all variables have a substantial fourth
quarter increase, and for most variables the second and third quarter seasonals are the smallest.
However, although the qualitative nature of the seasonals are similar, there is substantial
quantative variation: Quarter 1 seasonals vary between -0.385 and 0.094, while Quarter 4
estimates vary between -0.128 and 0.261.

Table 1 assumes that seasonal patterns never change. Figs.3-11 examine the plausibility
of this assumption by using Buys-Ballot plots in which each variable is separated into four time
series, one for each quarter. If seasonality is deterministic, each line should be distinct and vary
only due to non-seasonal randomness. If seasonality is stochastic each quarter will show
variation in its relative position. The plots for non-durable consumption reveal a variable
seasonal, with the fourth quarter effect becoming larger and the second and third quarter
seasonals moving together. Fig.4 plots the income quarters and reveals that the significant
seasonal pattern of Table 1 is a product of the early years of the sample. Fig.5 plots durable
consumption and is a good example of the inadequacy of deterministic seasonal dummies. Table
1 reports low seasonal content for durables, but Fig.5 suggests a strong seasonal pattern which
has changed markedly over time. The moét notable change is the fall in fourth quarter
consumption compared to the first quarter, reflecting the increased importance of January sales.
Also evident is the switch in 1967 to a larger third quarter effect when the new car registrations
month was changed from January to August. The remaining figures also reveal substantial
changes in seasonal structure. In many cases there are increased Christmas effects and larger first
quarter declines; there are several cases of seasonals changing in sign (i.e. durables, alcohol,
other goods) so that "spring becomes summer", as found in Japanese consumption by Engle,
Granger, Hylleberg and Lee (1993).

Simple statistical evidence confirms the impression given by the Buys-Ballot plots of
substantial changes in seasonals. In Table 1 we quote Box-Ljung tests for serial correlation at
seasonal lags. None of the equations had significant serial correlation at non-seasonal lags, but
there is a substantial problem at seasonal lags. This evidence strongly suggests that the simple
deterministic seasonal model does not adequately capture seasonality in consumption and
income. In the next sub-section we consider different ways of modelling stochastic seasonality
and test for whether consumption seasonality is stochastic or not.

(11) Stochastic Seasonality

There are two general approaches to modelling stochastic seasonality. The first is to



assume seasonality is non-stationary. Define the seasonal summation operator S(L) =
1+L+L*+ +L*" where s is the number of seasons, and let {D,} be a time series of deterministic
seasonal effects. With deterministic seasonality S(L)D=«a, where « is the annual trend growth
rate, so that seasonality cancels out over the year. The obvious way of making seasonality
stochastic while maintaining only intra-year effects (aside from trend considerations) is to
assume S(L)D=a+e, where €, is a disturbance with moving average order less than s-1 (see Bell
and Hillmer (1984)). In this case, A x, (=AS(L)x,) is at most an MA(s-1) process and so is not
predictable a year ahead, aside from any trend. For quarterly data S(L) = 1+L+L*L} =
(1+L)(1+L?), which has unit roots of -1, +i and -i corresponding to infinite peaks in the spectral
density at frequencies © and n/2 (two unit roots) respectively. As shown by Hylleberg, Engle,
Granger and Yoo (1990) (hereafter HEGY) these seasonal unit roots, like their non-seasonal
analogues, have shocks which are persistent and variances which increase over time. The
advantage of the S(L) operator is that while it allows for changing seasonality, it follows the
deterministic seasonal model in forecasting forward an unchanged seasonal pattern. However,
it is precisely this feature of the S(L) operator which introduces seasonal unit roots,

The alternative approach is to assume seasonality is stationary so that, for example, D,
=D, + nD,; + €, where [r|<1. Under this formulation seasonality changes only temporarily and
is eventually mean reverting, where seasonality in the mean relies upon D, being seasonal.
Unlike the non-stationary formulation, stationary seasonality forecasts forward a non-constant
seasonal pattern. As emphasised by Miron (1994), a stationary seasonal variable has spectral
power at all frequencies and is not qualitatively different from other stationary processes.

(iit) Testing Deterministic vs Non-stationary Seasonality

To examine whether U.K consumption and income seasonals are deterministic or non-
stationary we use the test statistic of Canova and Hansen (CH) (1995). This is a test for the
stability of the parameters associated with deterministic seasonal dummies, the alternative being
that they change in a non-stationary manner. Several versions exist, the most straightforward
being a joint test for the constancy of all s seasonals which can also be applied to each individual
quarter. Another version focuses not on individual seasons, but different parts of the spectral
density - testing for seasonal unit roots at the frequencies © and n/2. The exact form of the test
and its distribution is shown in Canova and Hansen (1995).

Table 2 shows the results of applying the CH test to our dataset. The evidence against

deterministic seasonality is overwhelming with every series rejecting the joint hypothesis that



all quarters are deterministic. In summary, the CH tests confirm our earlier graphical analysis
that seasonality is stochastic. Table 2 relates only to U.K consumption, but Table 7 of Canova
and Hansen (1995) suggests that seasonal unit roots are also present in U.S non-durable and
services consumption.

(iv) Testing Stationary vs Non-Stationary Seasonality

It may be that Table 2 reflects the inadequacies of deterministic seasonality rather than
the relevance of non-stationarity. Our other test is due to HEGY and focuses on the stochastic
nature of seasonality, the null being non-stationarity and the alternative is stationary seasonality.
Following the recommendations of Ghysels, Lee and Noh (1994) we only quote the HEGY test
for when the auxiliary equation contains an intercept and seasonal dummies, although the results
are largely unchanged with other specifications.

Table 3 shows the results of applying HEGY tests to our data. We report t-tests for
whether there are unit roots at the © frequency, t-tests and an F-test for the two unit roots at n/2
frequency and an overall F-test for seasonal unit roots at both the n and n/2 frequencies. The
vast majority of consumption seasonals are well described as non-stationary (as also found by
Osborn (1990) using a different test statistic), with only energy and other services (marginally)
showing any signs of seasonal unit roots. Given (a) the vast majority (92%) of tests do not reject
seasonal unit roots (b) those that do conflict with the CH test and (c) the results of Ghysels, Lee
and Noh (1994) and Harvey and Scott (1994) show that the autoregressive nature of the HEGY
test sometimes leads it to be inaccurate we interpret Tables 2 and 3 as very strong evidence that
consumption seasonality is both stochastic and non-stationary. However, the HEGY tests on
income are more ambiguous regarding the presence of seasonal unit roots.

(v) Can Seasonality Really be Non-Stationary?

Non-stationary seasonality is viewed controversially by economists as it implies that the
seasonals for each quarter can move in any direction, so that, for instance, Christmas
consumption could become negative. Although Figs.3 to 11 show a number of cases where
seasonals swap position in no case do we find significant declines in the Christmas seasonal.
However, although non-stationary seasonality allows for radical seasonal changes, these may
occur at a glacial pace. HEGY (1990) pp.218-9 shows each seasonal unit root defines a
stochastic difference equation which has a solution consisting of the starting values of the
seasonal plus cumulated sums of past disturbances. The larger the initial conditions relative to

the variance of seasonal innovations, the slower the change in the seasonals and the less likely



are Christmas effects to disappear in the near future. For most consumption categories the
seasonal variances are indeed very small relative to their current level.

The second point of defense for non-stationary seasonality is historical evidence, which
reveals considerable variation in the economic impact of Christmas. As emphasised in Miller
(1993), Christmas is now a truly global festival which has led to distinct changes in the social
habits/consumption of a vanety ot non-Christian cuitures (e.g Japan (see Moeran and Skov
(1993)). Such effects are also noticeable amongst Christian countries. As the following shows,
the timing, duration and relative importance of the English Christmas has experienced significant
variation as has its economic impact, showing periods of decline as well as increase. These
changes have been slow acting but long lasting, precisely what a model of non-stationary
seasonality implies. Our discussion will focus on Christmas, although evidence for non-
stationary changes in other quarters is also well documented.

Christmas, as a Christian festival, first appeared in the East with a festival on Epiphany
(6th January, or Twelfth Night) which celebrated the baptism of Christ, believed to be the
beginning of His divine nature. By the fourth century, January 5th was being celebrated as the
Nativity and January 6th as Epiphany with doctrinal debates occurring over whether Christ was
divine at birth. Between 325 and 336 A.D the Nativity was being celebrated separately in the
West on December 25th. This dating of Christmas is widely seen, e.g Miles (1912), as
superimposing a Christian festival on the older pagan celebrations of Saturnalia and Kalends,
from which Christmas inherited its tradition of feasting and over-indulgence. Thus the origins
of Christmas did not in themselves alter the seasonal nature of the calendar. In 567 A.D the
Council of Tours decreed that the twelve days between December 25th and January 6th was a
sacred and festive season and over the centuries Christmas became one of the major festivals of
the English year, comprising a mixture of pagan and religious activities. However, while the
Nativity was traditionally dated December 25th the timing of celebrations varied regionally,
beginning as early as All Saints Day (November 1st) and finishing on Candlemas (February
2nd). Further, as documented by Cressy (1989), the English calendar was full of feast days and
holy days and while Christmas was important it was not preeminent - Easter and Whitsuntide
being more significant.

The most extreme change in Christmas festivities came about under Puritan rule.

Repugnance at the mix of heathen Yule festival and "popish Christ-mass" that Christmas



represented led to a parliamentary ordinance in June 1647° banning the honouring of Christmas’.
In an attempt to purge the pagan aspects of the Nativity, serious debate occurred over the
Messiah's true birth date (e.g Heming (1648), Palmer (1649), Skinner (1649a and b)). While the
ordinance proved unpopular and no alternative date was suggested, these events substantially
changed the nature of the English Christmas. In 1660, with the return of the monarchy,
Christmas could again be legally celebrated, but until Victorian days it was a festival in
abeyance. Pimlott (1978) quotes Old Robin's Almanack of 1709 "Christmas scarcely should we
know, did not the almanacks it show". Golby (1981) reports an analysis of The Times between
1790 and 1836 and finds that in 20 of these 47 years, Christmas receives no mention, and in the
remaining 27 it receives only a brief uninformative report. Belk (1993) states "Christmas
celebrations were dying out in Europe and America before Charles Dicken's 1843 publication
of 4 Christmas Carol".

The origin of the modern Christmas can be seen in the early 1840s, with the Prince
Consort and Charles Dickens widely seen as the main creators/innovators. It is at this point that
Christmas becomes the main festival of the year and where Christmas cards, trees, crackers and
presents and the role of the family are perceived as central, causing a transformation in the
economic significance of Christmas. In the early 19th century presents were dying out, confined
to New Year and given only to children. However, by the end of the 19th century Christmas
presents to adults were standard which, as noted by Pimlott (1978), brought about a major
change in the seasonal nature of consumption®.

"Previously the benefits of the Christmas trade had been mainly confined to suppliers of
Jood and drink and 10 those who provided the services - entertainments, transport and so on -
Jor which the season increased the demand. The market for Christmas presents - once at least
they had become common among adults - was potentially open to almost every branch of retail

* In Scotland, Presbyterians banned Christmas celebrations in 1583. Christmas has played a less significant
role in the Scottish calendar, the more prominent date being New Year's Day. As recorded by Pimlott (1978), Christmas
only became more important after the Second World War, he quotes a Scottish store manager "Millions are now being
spent at Christmas in Scotland where before the war the figure was paltry by comparison”.

} Early Puritan emigrants to America also condemned Christmas as "a wanton Bachanaellian feast " (Bamnett
(1954)) and the Massachussets Bay Colony passed an ordinance in 1659 making Christmas just like any other day, with
fines payable by anyone refusing to work or found celebrating. In the twentieth century several totalitarian societies have
also banned Christmas e.g the Soviet Union under Lenin.

* Pimlott (1978) offers fascinating detail on how consumption of particular goods has changed over the years.
He offers evidence on the “revolution" whereby plum pudding took over from plum porridge as the traditional Christmas
dish. and how in 1955 more chicken was eaten than turkey in the UK at Christmas, yet by 1977 less chicken was eaten
at Christmas than in a normal week of the year.



trade and most of the industries producing consumer goods".

This dramatic period of change also brought refinement to the preeminence and duration
of Christmas celebrations. By the 1860s, Twelfth Night, traditionally a huge climax to the festive
season, was dead. Other festival days also withered as Christmas became increasingly important.
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7 special days hotiday, in 1825, 40. By 1830 iliis had
fallen to 18, reaching 4 by 1834. As Christmas became more important it also began to extend
in time, the 1871 Bank Holiday Act finally recognising Boxing Day as a public holiday. The
economic effects of Christmas also spread out, in 1887 the first advert for Christmas presents
in The Times was 12th December, by 1898 they were being advertised by 30th November.
These examples relate to the very distant past and it may be argued that such changes are
unlikely to occur now. However, Figs.3-11 show that as the twentieth century has progressed
the economic impact of Christmas has increased yet further. This is strong evidence that
seasonality is non-stationary - the rise in quarter four consumption is inconsistent with
deterministic or mean-reverting seasonality. However, using seasonal unit roots to explain this
upward trend involves accepting the possibility that at some point in the future Christmas effects
may go negative. However, as Pimlott says "It is part of the tradition that Christmas is never as
it used to be" - given the dramatic changes of the past 150 years, the increased number of

different religions in the U.K as well as increasing concern over the commercialism of Christmas

it seems not unreasonable to accept as a possibility zero Christmas effects in the distant future.

3. The Relationship between Seasonal Consumption and Income®

Having established that consumption seasonality is stochastic and non-stationary we now
turn to explaining the evolution in consumption seasonality. In this section our focus is on the
seasonal pattern of consumption and income. Following Campbell and Mankiw (1989) assume
that a proportion, 6, of consumers set consumption equal to permanent income and the remainder
("rules of thumb" consumers) set consumption equal to current income. Therefore c=(1-
8)y,+0y+b, where y? denotes permanent income and we have included an additional term, b,
which denotes fluctuations in consumption due to non-income factors. The b, term should be

interpreted broadly, either as reflecting shifts in the utility function e.g Miron (1986) or Scott

> 1 am indebted to Siem Koopman and Andrew Harvey for providing me with a Beta version of their STAMP
software which was extensively used in this section.



(1994), or the influence of omitted variables. Under Rational Expectations, the expected change
in permanent income is by definition zero and so cannot contain a seasonal component.
Therefore, using this hybrid model, seasonality in consumption must reflect either seasonality
in current income or in b, an issue to which we now turn.
(1) Multivariate Estimates

Because our focus is on the relationship between consumption and income at seasonal
frequencies we use an unobserved components model in which consumption and income are
assumed to consist of a trehd, seasonal and irregular (white noise) component. We follow the
approach of Harvey (1989) and specify the law of motion for each component. Let p' denote the
trend component for variable i, we assume that w'=p_+B*+n |, where p'is a constant and 7, is
a normally distributed zero mean disturbance. In other words, the trend component of each
variable is a random walk with drift. We denote the seasonal component of variable i by v},
which we assume is the sum of two terms, v," and y,>. A number of possible specifications exist
but we choose Harvey's (1989) trigonometric form so that y,'=y,," +,", where y,'"=
Yo't and y2=-y %2, where all of the w,"s are normally distributed i.i.d disturbances

" and y,%=-y,,"+w,”, so that the y"

with the same variance, ¢ *. Therefore y,'=-y,,"'+0,'+®,,
term models the one cycle a year seasonal component (seasonal unit root at n frequency) and
v.2 models the two complex unit roots at the /2 frequency (cycle twice a year). The smaller is
o, the slower the evolution of the seasonal pattern, when o_’=0 the model collapses to that of
deterministic seasonal dummies. Otherwise, the presence of the disturbance term adds an MA
component to the seasonal dynamics which has the advantage of allowing for smoothly changing
seasonal patterns. Harvey and Scott (1994) find that allowing for such effects is important for
consumption.

Our particular interest is in the correlation between the innovations to y,” and vy e.g are
changes in the seasonal components related, and so we estimate our components model using
a multivariate approach. More specifically, let x, be the vector {c, y,}', p={1’, &'}, v={v5>v.}'
and €, ={€’,€}', where ¢, denotes the irregular disturbance to variable i. We allow the
innovations to each component to be correlated across variables but not between components.
In other words, we allow E(n,/n,°) to be non-zero but not E(n'¢’) or E(n.’¢,%). Economically,
this means we rule out the possibility that changes in the seasonal pattern of consumption are

linked to increases in permanent income or trend income. Because of the requirement that in

expectation seasonal effects sum to zero over the next year this amounts to ruling out seasonal
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consumption in any one quarter being a Giffen good. We therefore estimate the following system

by maximum likelihood utilising the Kalman filter:

XpEBsY €,
m fu‘.l*p Qn t
Y Yy Yo
YfY;:-x"“’ r
Y.u:'Y n-x"‘";:
Yor Yot @y
¢-NO,5) n-NOZ)

W, , W, , 0, ~NOZ )

)

The extent to which variables have common components is revealed by the covariance
matrices, Z,, Z, and T . Return to our hybrid model, where ¢, =(1-8)y,+6y +b,, and assume
(consistent with Rational Expectations) that yP=p =y, "+n? (i.e permanent income is a random
walk without drift). In addition, because our focus is on seasonal fluctuations, assume that b, is
purely seasonal and equal to y,”'+y . Denoting the correlation coefficient between .’ and 1
i.e. the innovations to the trend in consumption and income, by P, and the correlation
coefficient between the seasonal innovations of consumption and income by p,, the hybrid

model implies

2
90”0(1 -e)oy

p

'1= 2.2 2.2
oy‘/(ﬂ 0 ,+(1-0) uy’26(l-6)ow)

2
(1-6)0 +0,

ou\/(l-e)zoito:)

where o, denotes E(nn/?), 0’=E(n,), i=y.p, 0, is the variance of the seasonal innovations to

(2)

P

income, o,’ the variance of seasonal shocks to {b,} and o,, is the covariance between the
seasonal innovations to b, and income. Examination of (2) reveals that p =1 (in which case
consumption and income share a common trend and are cointegrated at the zero frequency, see
Stock and Watson (1988)) if : (i) 6=0 e.g everyone is a rule of thumb consumer (ii) y,, y? are
perfectly correlated (0,=0,0,). The first link is obvious, if everyone sets consumption equal to
income then the two variables must share the same trend. The second case occurs if consumers

only use observed current income to form their estimate of perrnanent income so that innovations

11



to y? and y, are perfectly correlated. Examining the seasonal correlation coefficient we find p =1
if : (i) 0,”=0 and 6<1 (i.e there exist some rules of thumb consumers) or (ii) b, is perfectly
correlated with the income seasonal (o,,=0,0,). In both cases, consumption and income share
a common seasonal component which, as noted by Harvey (1989) p.4535, equates to seasonal
cointegration. Note that condition (i) for a common seasonal component is weaker than the
corresponding condition for a common trend, seasonal cointegration only requires 6<1 due to
the absence of a seasonal pattern in y} and the absence of seasonality in {b,}. More generally (2)
suggests that the relationship between consumption and income should be similar at seasonal and
non-seasonal frequencies if 6<1.

Table 4 shows maximum likelihood estimates of (1)°. All equations have high
explanatory power compared to a model with four deterministic seasonal dummies and most
display no evidence of misspecification. The estimates suggest that in most cases the relative size
of the seasonal variances is between 7-10 times smaller than the trend variance, confirming our
earlier comments that seasonality evolves relatively slowly. At the zero frequency, there is
evidence of high correlation between consumption and income, as shown by p,. However, in
contrast, only two consumption series have a positive seasonal correlation with income. Further,
the Engle et al (1993) test for seasonal cointegration/common seasonal component reveals little
evidence in favour of a common seasonal. This and the fact that the estimated seasonal variance
of consumption was considerably larger than for income shows that the important feature driving
consumption seasonality is not income. Table 4 is also important in revealing the differences in
the seasonal and non-seasonal relationships between consumption and income. The main
business cycle fact for consumption is a strong positive dependence on income (e.g Davidson,
Hendry, Srba and Yeo (1978), Flavin (1981)) whereas at seasonal frequencies there is a negative
correlation. This estimated negative correlation between the seasonal innovation to consumption
and income is consistent with consumption and leisure being complements within the season.
As a consequence, higher consumption is associated with more leisure and lower income.
Unfortunately the lack of a seasonally unadjusted time series on hours worked and wages
prohibits any econometric investigation of this hypothesis.

This finding of a negative seasonal correlation between consumption and income

¢ For alcohol, other goods and other services we augment (1) by assuming =8, +u, to remove residual serial
correlation. although estimates of p, were little changed compared to estimates of (1). Maravall (1993) argues for the
validity of this specification for many I(1) variables.
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conflicts with the findings of Barsky and Miron (1989) that the seasonal cycle is similar to the
business cycle. Figure 12 helps shed light on the difference between our resuits and those of
Barsky and Miron by illustrating a cross plot of the non-durable consumption seasonal against
the income seasonal. The chart shows a clustering of points, with each cluster associated with
a particular quarter. Within each quarter there is a small negative correlation between
observations, across clusters there is an upward sloping positive relationship. As explained
above, the current value of each seasonal depends on an initial condition plus the sum of
cumulated seasonal shocks: Figure 12 suggests that consumption and income seasonality are
correlated in their initial conditions but not in their innovations. Barsky and Miron's (1989) use
of deterministic seasonal dummies emphasises the deterministic components, whereas our focus

is on the stochastic element of seasonality.

(1) Implications for Liquidity Constraints

A common interpretation of "rule of thumb" consumers who set consumption equal to
current income is that they are liquidity constrained. In this case our finding above of a negative
relationship between seasonal innovations to consumption and income echoes the results of
Paxson (1993) in questioning the empirical relevance of liquidity constraints. However, Deaton
(1991) shows that optimal behaviour in the presence of liquidity constraints is invariably more
complex than simply setting consumption equal to income although he does not consider the
case of seasonal income. In this subsection we consider what implications liquidity constraints
have for the seasonal pattern of consumption and income and use these results to interpret the
estimates of Table 4.

Deaton (1991) stresses that a key aspect of liquidity constraints is an asymmetry whereby
consumption can be prevented from being too high but not from being too low. This asymmetry
is captured in the consumer's Euler equation which is A(c) = max[A(x), BEA(c,,,)], where 1 is
the marginal utility of money, P is the consurner's discount factor, E, is the expectations operator
conditional on the t period information set and x, denotes cash in hand (income plus assets). This
asymmetry implies that if income posseses a seasonal pattern then in high income periods
consumers can use the seasonality in income to partly overcome liquidity constraints. However,
a consequence of doing so is that cash in hand is then lower than it otherwise would have been
in low income seasons. As a consequence, consumption is more likely to be tied to income in

future periods and display a seasonal pattern. In other words, income seasonality has two
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offsetting influences on consumption behaviour. On the one hand, income seasonality can help
smooth consumption by easing liquidity constraints when non-seasonal income is low in a high
seasonal income period. However, doing so implies that unless non-seasonal income is
abnormally high when there is a low seasonal income period, consumption will in part track the
seasonal pattern of income.

Figure 13 shows the relationship between consumption and cash in hand for the simple
case where y, -~ N(100,10), the utility function is of the CRRA form with a risk aversion
coefficient of 2, the real interest rate is 2% and the rate of time preference is 5%. This is exactly
the case of Deaton's Table 1 except that we superimpose onto income a deterministic seasonal
of {+10,-10,+10,-10,...}". The relationship between consumption and cash in hand is seasonally
dependent. For both seasons there is a significant range for which the consumer simply spends
all cash in hand, even in the high income quarter. In this range, liquidity constraints are so
binding that agents are prepared to use all available cash in hand to alleviate the situation even
though this leaves them exposed to seasonally low income next period. However, the point at
which the consumer begins to save assets is lower for the high income period. Beyond this point
the average propensity to consume is always higher in the low income season. Consumers know
in this case that low cash in hand represents low seasonal income rather than a bad draw of non-
seasonal income. Because this situation will be reversed next period they are prepared to spend
more out of their current cash in hand. Simulating a time series for consumption and income
from Figure 13 (and for alternative model specifications) we found that the standard deviation
of consumption when income was seasonal was essentially the same as for the non-seasonal
case (although income is much more variable with the seasonal pattern). In other words, the
consumption smoothing possibilities of high income seasons are offset by the increased
sensitivity of consumption to income in low income seasons. Comparing the seasonal patterns
we found that (i) consumption seasonals were much smaller than income seasonals i.e there is
some consumption smoothing going on over the seasons (ii) even when the income seasonal was
deterministic, consumption seasonality was stochastic. The reason for this is the asymmetry
intrinsic to liquidity constraints. High income seasons are useful only when non-seasonal income

is low and they in turn only impart seasonality in consumption next period if non-seasonal

"To calculate these decision rules we used the Parameterised Expectations approach of den Haan and Marcet
(1990). A third order polynomial in cash in hand multiplied by the seasonal dummies was sufficient to replicate the
results of Deaton's Table 1.
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income is not abnormally high in the low income season. As a consequence, consumption does
not inherit the seasonality of income in every p'eriod and is not well described by deterministic
seasonality.

We also repeated this simulation exercise for the case in which income was characterised

by non-stationary seasonality (setting the variance of seasonal shocks to 0.25) and for each

L

simnulation estimated the corrélaiion between seasonal innovations to consumption and income.
For 100 simulations we found the mean value for the correlation coefficient was 0.43, with a
range of 0.22 to 0.62. These results clearly suggest that while liquidity constraints do not predict
that the seasonal pattern of consumption equals that of income, they do predict a positive
correlation between consumption and income seasonality. While consumer's optimal response
to liquidity constraints lessens the "rule of thumb" emphasis on the similarity of consumption
and income at seasonal frequencies it gives no justification for a negative relationship.
Therefore, the results of Table 4 tell against both the "rule of thumb" consumption model and
more sophisticated liquidity constraint models®.

(ii1) Precautionary Savings

A number of authors (Skinner (1988), Caballero (1990), Acemoglu and Scott (1994))
have suggested that precautionary saving may account for observed consumption puzzles. This
implies that if the variance of income has a pronounced seasonal pattern, then precautionary
saving can also account for excess seasonality. However, an LM test cannot reject at even the
1% level the hypothesis that the variance of income residuals in (1) is uncorrelated with
deterministic seasonal dummies. Unlike the case of liquidity constraints however this finding
does not tell against precautionary saving explaining the non-seasonal behaviour of consumption.
Our results only suggest that income uncertainty does not contribute to seasonal consumption

fluctuations, not that these effects are unimportant at non-seasonal frequencies.

Having established that consumption seasonality is not related to that in income, in the
next section we investigate whether the seasonality captured by b, in our hybrid model reflects

seasonality in an omitted variable.

® Neither can an appeal to heterogeneity rescue liquidity constraints. Unemployment displays a strong seasonal
pattern which is liable to provide a seasonal pattern in the income of liquidity constrained inviduals.
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4. Interest Rates and Relative Prices
(1) Intertemporal Relative Prices
The standard intertemporal model of consumption has consumption growth responding to

anticipated rates of return. Under certain distributional assumptions, Hansen and Singleton
(1983) show

1
AlnC;m;—r;e‘ (3)

where r, is the real interest rate, €, is a white noise disturbance and 1/0 is the intertemporal
elasticity of substitution. Therefore, seasonality in rates of return could explain seasonal
consumption.

Modelling the nominal base rate as an AR(1) plus four seasonal dummies (other AR terms
were insignificant) there are significant seasonal effects in quarters 3 and 4, when on average base
rates are higher. There is no evidence of any seasonal serial correlation, and a LR test for the
exclusion of the seasonals was comfortably rejected at the 1% level. The CH test nowhere
rejected the null of deterministic seasonality. Testing inflation (the quarterly change in the
logarithm of the CPI) leads to similarly strong conclusions with inflation on average higher by
0.45% in quarter 2, and lower by 0.45% in quarter 3. These results suggest interest rates cannot
be the cause of consumption seasonality, as the latter has non-stationary seasonality while
seasonality in interest rates is stationary. The failure of interest rates to explain the seasonal
dynamics in consumption is readily seen by estimating (3): the estimate of 1/0 is negative and
there is significant residual seasonal serial correlation, the Box-Ljung statistic for fourth order
serial correlation is 155.6 (distributed x?%,), rising to 704.1 at lag twenty. Thus at both seasonal
and non-seasonal frequencies the serial correlation properties of consumption are very dissimilar

to rates of return.

(1) Intratemporal Relative Prices

A feature of the consumption data is large seasonal fluctuations in both aggregate
consumption and relative consumption shares. In this sub-section we examine whether the latter
are caused by fluctuations in intratemporal relative prices. Constder the case where the consumer's

utility function is:
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where 0 1s the elasticity of substitution between categories of the n consumption goods. Optimal
consumption shares are determined by equating the ratio of marginal utilities to relative prices e.g

)

(=
=( P‘) (5)

Qo)A

If P; is a mark up over marginal costs i.e. I;\MC,, then seasonal variations in marginal costs may
cause seasonality in both prices and relative consumption shares.

Regressing relative consumption shares on relative prices (all shares are relative to durable
consumption) explains little seasonal variation. However, this assumes that demand responds to
seasonal and non-seasonal variations in price in the same way. To overcome this Table 6 shows
the results of estimating a multivariate BSM for the bivariate system of relative consumption and
relative prices. With the exception of food, all seasonal correlations are negative so that higher
seasonal prices are associated with lower seasonal consumption. However, with the exception of
energy and alcohol/tobacco none of these correlations are significant at the 1% level and there is
little evidence of seasonal cointegration. Thus, while some seasonal fluctuations in consumption
are related to seasonal changes in relative prices’ there is no evidence of common seasonal

components and so seasonality in consumption shares cannot be accounted for by relative prices.

S. Seasonality and Climate

To the extent economists are prepared to deviate from deterministic seasonality it is often
assumed that seasonality in consumption is a response to climatic conditions (e.g. Miron (1986)).
In this section we argue that the changing seasonal pattern in consumption is unrelated to
fluctuations in the weather.

Figs.14-16 show Buys-Ballot plots of three summary variables of the weather in England

® These results do not imply relative prices cause the consumption seasonal. If P,=T\MC;, where T} is decreasing
in the elasticity of demand. then a negative covariance between demand and I, as suggested by Rotemberg and Saloner
(1986), could explain these findings even in the absence of any seasonality in MC,.
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and Wales. Figs.14 and 15 show that temperature and sunshine have a clear seasonal pattern,
being lowest in the first quarter and highest in the third. Each series shows considerable variation
but no alteration in the relative seasonal position. Fig.16, showing rainfall, is more confused with
considerable volatility associated with each quarter. These figures suggest that while there are
particularly cold winters and warm summers these do not reflect randomness in the seasonal
component but just the general unpredictability of the weather. Estimating univariate BSMs on
these weather series confirms this conjecture: the seasonal components are estimated to have zero
variance and all series have large irregular variances. Table 5 shows that the CH test never rejects
the null of deterministic seasonality. Therefore consumption seasonality cannot be explained by
the weather: seasonal consumption changes are non-stationary while climatic seasonals are not.
Estimating multivariate BSMs for consumption and the weather we find zero correlations for
seasonal innovations but non-zero correlations for the irregular disturbance. These resuits are
consistent with the idea that exceptionally hot weather does boost consumption of, for instance,
ice cream but that it alters the non-seasonal rather than seasonal component of ice cream

consumption.

6. Endogenous Sources of Seasonality

The preceding sections have ruled out a number of plausible variables as explanations for
the changing seasonality in consumption'®, suggesting that seasonality is inherent to consumption
and reflects agents preferences. In this section we examine which aspects of agents' preferences
might explain this consumption seasonality. Following Hansen and Sargent (1993), we distinguish
three different types of seasonal influences: (a) seasonal habits (b) periodic changes in preference
parameters (c) seasonal preference shocks.

(a) Seasonal habits - these have been successfully used by Ferson and Harvey (1992) and
Osborn (1988) (the latter in conjunction with periodic effects) to explain U.S and UK
consumption respectively. However, our finding of seasonal unit roots rules out habits as a
sufficient explanation of consumption seasonality. Under habit formation, agents gain utility not
from C, but from C,-g(L)C,.,, or in the simplest seasonal case, C-g,C,,, where g,<1. The case

where g =1 is ruled out by assumption as it implies utility is derived only from the annual change

-2 For presentational reasons we have considered each variable sequentially. However, a simultaneous analysis
of consumption, income, interest rates and the weather vields the same conclusions.
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in consumption, and not its level. If g,<1 habits only introduce stationary autoregressive

behaviour. To see this consider the quadratic utility function:

1
_;(C 8.C,.b) (6)

where b represents a deterministic bliss point. Letting § (<1) denote the discount factor, assumed

equal to 1/(1+r), the consumer's Euler equation is
EJC, (1-L)(1-g L%H1-g,B'LH]-0 o

Only if g,=1 does consumption possess seasonal unit roots as in that case the first order condition
involves the lag polynomial (1-L*)=(1-L)S(L). However, when g,<1 the first order condition only
involves zero frequency unit roots through (1-L), the standard Hall (1978) martingale result.
Therefore evidence for seasonal unit roots rules out the possibility of explaining consumption
fluctuations by seasonal habits alone.

(b) Periodic models - Osborn et al (1988) argue that findings of seasonal unit roots may
reflect a periodic structure (e.g the coefficients vary with the seasons). Osborn (1988) examines
a model where the first order conditions for utility maximisation are such that c=% ¢ D/c,,+e, so
that the autoregressive coefficient is seasonal. Under the restriction UL YsY =1, A
(1-L)S(L)c=u, where u, is an MA(3) process. The fact that u, is a MA(3) process means that
while quarterly changes in consumption are predictable because of seasonality, annual changes
are unpredictable a year ahead. This represents a natural extension of Hall's (1978) martingale
result to seasonal data, although it is only satisfied by periodic processes with the restriction
¥,¥,¥;¢,=1. Moreover, Osborn (1988) finds that periodic effects alone are not sufficient to
explain U K consumption seasonality.

(c) Seasonal Preference Shocks - assume utility is of the CRRA form but subject to a
stochastic preference shock £, (i.e u(C) = (£,C)"°/(1-0)) then (setting p(1+r)=1) the Euler
equation gives AlnC=AIng +e, where E, e=0, and consumption will automatically reflect any
seasonality in preference shocks. When &, is deterministic we have the model of Miron (1986) and
consumption seasonality is explained by fixed seasonal dummies, while if In€, has non-stationary
seasonality then so has consumption. In both cases, as with the pure periodic model, preference

shocks imply that consumption is a seasonal martingale. As stressed in Section 2, autoregressive
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based models such as seasonal habits do not imply this annual unpredictability. Unlike the periodic
o seasonal habit model, if seasonality arises from preference shifts a clear separation can be made
of the seasonal and non-seasonal features of the optimisation problem due to the separability in
the Euler equation.. This separation of seasonal and non-seasonal factors in turn offers simple and
tractable solutions to the fact that consumption is seasonal but rates of return are not (contrary
to the CAPM) and to the fact that there is significant seasonal variation in relative consumption
shares independent of relative prices. This separability also means that seasonal anomalies can be
explained without modifying the non-seasonal aspects of the theory.

While our inability to reject the null of non-stationarity in Section 2 is damaging to the
seasonal habits model, we have not so far allowed for periodic effects in consumption. To test
periodic versus non-stationary seasonality it is necessary to exploit the fact that periodic
seasonality implies certain cointegrating relationships between each of the quarters of a time series
but that seasonal unit roots do not. For instance, letting AC;; denote the annual change in the

logarithm of consumption in quarter i of year T, Osborn's (1988) periodic model implies :

(1 0 0 @

AC, YolCimllEar
AC,, 6 -1 0 779, Corrll€ar
ACsr 6 0 -1 TlT2Y3 C3T—l €3r
AC C . lle (8)

ar 0 0 o 0 ara|Bar

or
ACIC, v,

so that IT has rank 3, whereas if consumption possesses seasonal unit roots II is a null matrix as
none of the quarters cointegrate. Therefore equation (8) is a VAR where the rank of II is
informative about the nature of seasonality. Franses (1994), using the results of Johansen (1988),
shows how to estimate (8) (suitably augmented to remove any serial correlation) and test for the
rank of IT and the exact nature of the cointegrating relationships between quarters. Testing the
validity of seasonal unit roots (and therefore the appropriateness of the A, (=(1-L)S(L)) filter)
involves testing whether Rank(IT) = 0. Table 7 shows the results of testing this hypothesis on
various consumption categories using Johansen's trace statistic, significant values reject the A,

filter as being appropriate. With one exception the results overwhelmingly support the notion of
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non-stationary preference shocks rather than periodic effects. This suggests that it is not seasonal
preference parameters which induces consumption seasonality, instead it is shifts in the utility
function.

However, as emphasised by Summers (1986), results which rely significantly on
unobserved shocks to account for economic phenomena require strong independent corroborating
evidence. Examination of Figures 3-12 and the historical/social analysis of Section 2 help provide
this supporting evidence. The Buys-Ballot plots reveal significant increases in quarter four
consumption. This is confirmed in Table 8 which lists the value of the fourth quarter consumption
seasonal (estimated in Table 4 and expressed here as a percentage of consumption) at the
beginning of each of the last four decades. The Christmas effect on non-durable consumption has
risen from 4.2% in 1960 to 6% in 1990. It is noticeable that the most pronounced increases in
fourth quarter consumption are closely associated with Christmas : alcohol and tobacco, and other
goods (which includes jewellery, toys and books). This post-war increase in Christmas
consumption is also consistent with the longer run historical examples of Section 2. In other
words, we should interpret the evidence in favour of slowly changing non-stationary seasonal
taste shocks as reflecting the importance of social customs which alter over the decades in
response to a combination of new goods, fashion and technology all of which provide
considerable flux to our seasonal conventions!!. Empbhasising the importance of social customs
also offers additional support to the notion of seasonality being non-stationary. When a custom

becomes established it exerts a permanent and not temporary influence on future consumption

behaviour.

7. Conclusion

This paper has used changes in consumption seasonality to try and infer what determines
the seasonal nature of consumption. The first step was to characterise the seasonal nature of
consumption. We found strong evidence that consumption seasonality is non-stationary, subject
to slow but permanent changes. The plausibility of this formulation was confirmed by historical

examples. This non-stationary formulation places considerable emphasis on the innovations to the

'' We have not attempted to distinguish between consumption and consumption expenditure. Both
consumption of alcohol and other goods contains an element of durability about them. However, even if one took the
extreme position that the increased seasonality is entirely expenditure based it seems that changes in social customs
whould still be needed to explain the increase in Christmas expenditure.
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seasonal pattern, a different perspective to more standard ways of viewing seasonality. We found
little evidence that the consumption seasonal was inherited from income. Neither could we detect
a significant role for interest rates or climatic variations. By far the most plausible candidate is that
seasonality is endogenous to consumption, and within this category of explanations non-stationary
preference shocks seem the most compelling answer. Historical and sociological evidence
suggests that these preference shocks should be interpreted as slowly changing social
customs/conventions. Therefore this study supports the notion that consumption is seasonal
because of social influences, but denies that this means that consumption seasonality is either
economically unimportant or statistically uninteresting.

These results have a number of implications. The first is that, at least for consumption, the
propagation mechanism involved in the seasonal cycle is very different from that asscoiated with
the business cycle, there being either a zero or a negative relationship between seasonal
consumption and income. This finding throws significant doubt on the empirical and welfare
importance of liquidity constraints. Further, the existence of seasonal preference shocks raises the
issue of how these filter through into the rest of the economy and how they interact with
productive technology. Although Chatterjee and Ravikumar (1992) analyze a Real Business Cycle
model with seasonality they do not consider the case of stochastic preferences. Further work
should also examine whether seasonality in production is non-stationary and if not whether this
is informative regarding the convexity or otherwise of productive technology. The relative roles
of seasonality in technology (e.g. Todd (1990) and Cooper and Haltiwanger (1993)) and
seasonality in preferences in explaining the seasonal cycle should also be examined.

Finally, the issue of whether preference shocks/social customs only affect the seasonal
component of consumption needs to be examined. Hall (1986) suggests that there are significant
autonomous fluctuations in consumption, and Scott (1994) argues that taste shocks may explain
a significant amount of non-seasonal consumption fluctuations. Shiller (1984) also argues for the
importance of social influences in determining stock prices. Not only does this possibility have
significant implications for the way economists model consumption, it also has wider relevance

to the issue of what causes cyclical fluctuations and the importance of "animal spirits".
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Data Appendix

All data is quarterly and seasonally unadjusted. The U.K consumption series are drawn
from Economic Trends Annual Supplement 1994 Edition Table 1.7 and the associated
consumption price indices are derived by dividing the nominal series by the 1990 price series.
Most of the categories are self-explanatory, aside from other goods, which includes, as its largest
component, home furnishings, jewellery, sports and toys, and other services, which includes, inter
alia, laundry, insurance, cinema, gambling, and miscellaneous services. We exclude rents, rates
and water from our analysis because this is an annual series which is interpolated. Real Personal
Disposable Income is taken from Table 1.6 and is in 1990 prices (CSO mnmenoic CECO). The
base rate series is taken from the Bank of England's Quarterly economic database. The real
interest rate series is calculated as the base rate divided by 400 less the quarterly inflation rate.
The climate variables were taken from the CSO's Annual Abstract of Statistics Tables 1.2,1.3 and

1.4 in the years when these were published, the latest year being 1992.
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Table 1 : Deterministic Measures of Seasonality

Variable R Quarter 1 Quarter 2 Quarter 3 Quarter 4 Q) Q(16)
Total 0.865 -0.086 0.032 0.023 0.032 31.0 187.6
Consumption (-23.845) (3.276) (2.863) (11.646) _
Real Personal 0.476 -0.031 0.023 -0.006 0.009 47.8 82.5

Disposable (-5.824) (3.361) (-0.297) (4.971)

Income : .
Non-durable 0.946 -0.100 0.040 0.020 0.042 57.3 173.6
Consumption (-37.560) (5.710) (5.025) (9.100) |
Durable 0.167 0.083 -0.043 0.029 -0.071 163.5 471.3
Consumption (1.173) (-0.819) (0.431) (-1.109) ]
Consumption of | 0.939 -0.281 0.134 0.037 0.115 96.2 218.5
Alcohol and (-16.301) (11.997) (7.382) (4.971)

Tobacco _
Food 0.712 -0.059 0.035 0.006 0.024 65.4 152.5
Consumption (-9.856) (4.239) (0.063) (2.767)

Clothing and 0.972 -0.385 0.136 -0.006 0.261 106.0 211.0
Footwear (-65.436) (6.625) (-0.297) (61.471)

Consumption _
Consumption 0.857 0.094 -0.227 -0.105 0.241 139.7 294.1
Energy Products (2.673) (-15.096) (-4.113) (12.477)

Consumption 0.938 -0.223 0.046 0.028 0.154 107.2 263.9
Other Goods (-19.440) (5.243) - (3.534) (6.488)

Consumption 0.926 -0.022 0.073 0.075 -0.128 96.9 261.3
Other Services (-2.389) (9.218) (11.338) (-12.901)

Sample Period : 1957q1-1993q2. Columns 3 to 6 report the cocfficients from regressing the change in the logarithm (demeaned) of the varia
in the first colurm on four deterministic seasonal dummies. T-statistics in parentheses calculated using Newey-West standard errors and Bart
weights. Q(k) is the Box-Ljung test for scrial correlation over first k lags - distributed under the nuil of no serial correlation as Xy
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Table 2 : Test of Deterministic vs Non-Stationary Stochastic Seasonality

Variable Quarter 1 Quarter 2 Quarter 3 Quarter 4 Joint T /2
Total 1.426° 1.468" 0.241 0.325 1.970° | 2.021* | 2.321°
Consumption —

Real Personal 0.650° 0.213 0.064 0.688° 0.963 | 1.174* | 1.650°
Disposable

Income

Non-Durable 1.259° 1.155° 0.995° 0.234 1.813" | 1.201*} 1.901*
Consumption
Durable 1.290°* 1.534° 1.256° 1.084° 2.200° | 4.193* | 2.277*
_Consumption

Alcohol and 0.492° 0.810° 1.835° 1.223* 2.078 | 2.663' ] 10.013*
‘Tobacco
Food 0.864° 0.958° 1.213* 0.886° 2.008 | 1.527*| 3.521°
Clothing and 1.465° 1.678° 0.103 0.126 1.928 | 4.245% | 11.396*
Footwear

Energy 0.152 1.181° 0.346 1.196° 1.784" | 1.588"| 2.010°
Other Goods 0.463 1.074* 1.884° 1.443° 2.093" | 5.875* | 12.675¢
Other Services 0.791° 0.785° 1.225° 1.054° 1.875* | 0.037 | 5.097°
5% Critical 0.470 0.470 0.470 0.470 1.010 | 0.470 | 0.749
Value

ample period is 57q1:93q2. Column headings reveal hypothesis being tested i.e. quarter 1 is a test for deterministic seasonality in the first
uarter against an alternative of non-stationary scasonality. The column headed "joint" is a test for all quarters simuitancously. The final
olumns test deterministic vs non-stationary seasonality at frequencies m and ©/2. A * denotes significant at 1% level, ® at 2.5% level, © at 5%
cvel. Critical values from Canova and Hansen (1995).
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Table 3 : HEGY tests for Seasonal Unit Roots

Variable T /2 /2 I F..»
Total Consumption -1.912 -2.117 -1.043 2.750 2.968
Real Personal -2.648 -3.597¢ -4,092* 13.365° 9.917*
Disposable
Income
Non-Durable -2.070 -1.894 -1.511 2.785 2.885
Consumption
Durable -1.173 -3.340 -0.917 5.957 4,139
Consumption
Alcohol and -1.139 -2.314 -0.186 2.707 2.031
Tobacco
Food -2.145 -2.880 -0.742 4,320 4.060
Clothing and -1.669 -2.667 -1.402 4.500 3.756
Footwear
Energy -3.933* -2.694 -1.171 4.332 7.922¢
Other Goods -1.324 -2.039 -0.831 2.403 2.080
Other Services -2.577 -3.473¢ -0.363 6.219 5.904
5% Critical Value -2.900 -3.440 -1.960 6.570 6.040

Sample period : 1957q1 to 1993q2. Colurrm headed ©t shows test for seasonal unit root at & frequency, n/2 show t-tests for the two unit rc
at frequency /2, F,, is an F test for both unit roots at the /2 frequency, and F, ,, is a joint F test for scasonal unit roots at both nt and
frequency. 5% critical values are taken from HEGY (1990) for n, n/2 and F, , and from Ghyscls, Lec and Noh (1994) for F, _ ,. All auxili
regressions are augmented by including an intercept and seasonal dummies and just enough lags to ensure white noise residuals i.¢ ""ho!
were allowed in the augmentation.

26



Table 4 : Multivariate BSM Estimates

Variable o, o, o, P. Py Prediction| R’s | H(47)| Q(4)| Q(8) |EGHL|EGHL
Error n /2

_ Variance

otal 0.0018 | 0.0122 | 0.0001 | -0.168° 0.790* 2.3x10* [0.388] 0.916 [4.207| 7.596 |-2.651| 6.544

onsumption (2.073) | (15.676)

Jon-Durable | 0.0111 | 0.0075 | 0.0026 | -0200° 0.981* 1.2x10° 10.409| 0.757 [3.200{ 3.911 {-3207 | 4.862

onsumption (2.483) | (61.515)

Durable 0.0018 | 0.0145 | 0.0414 | -0.164° 0.583* | 6.9x10° [0.566| 0.357 [2.809| 5.010 |-1.440! 8.705

onsumption (2.022) | (8.730)

cohol and | 0.0031 | 0.0164 | 0.0105 0 0.601° 7.1x10* [0.599 |0.436 [5.618°|8.083 |-1.877 | 1.569

obacco (0) (9.148)

ood 0.0016 | 0.0066 | 0.0096 | -0.195° 0.588* 2.4x10* 10.535] 2.557 |5.009] 7.596 |-2.622| 3.240
(2.419) | (8.844)

lothing 0.0031 | 0.0179 | 0.0096 | 0.633* 0.696' | 7.4x10™ 10.557| 1.114 |2.803/10.504 |-2.442| 7.546
(9.947) | (11.792)

nergy 0.0081 {0.0125 {0.0113 0 0.436* |1.17x107]0.626|0.785 |5.78918.276 {-3.045| 6.122
() (5.894)

Jther 0.0383{0.0989 0 -0.306* | 0.691° | 4.6x10™* [0.628]0.361 {1.000{7.1994 |-1.568| 3.064

700ds (3.910) | (11.629)

Jther 0.003810.0095}0.0044 ] 0.387* | 0.763* | 2.7x10™ |0.471| 1.716 |2.755| 4.340 - 7.778

ervices (5.106) |(14.360) 4.097

ample Period : 1958q1:1993q2. Because of a change in data definition all statistics for energy consumption are for 1964q1:1993q2. HE4T)
> a heteroscedasticity statistic equal to the sum of the last third of squared residuals over the sum of the first third, distributed approximately
.0~ Significant values reject the nuil of homosceedasticity. R, is the R? relative to amodel with four deterministic scasonal dummies. o, is
1e standard deviation attached to innovation i for consumption and p, denotes the correlation cocfficient between the innovation i of
onsumption and income. The figure in parentheses is a test for independence of the components (see Stuart and Ord (1991) section 26.20)
‘hich has a Student's t-distribution with 140 degrees of freedom. Significant values reject independence. Q(k) is the Box-Ljung test for kth order
crial correfation, distributed asymptotically as xbw’ where p is the number of variance terms cstimated. EHGL denotes the seasonal
ointegration test of Engle et al (1993), significant values reject the null of no scasonal cointegration between consumption and income.
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Table § : Seasonal Unit Root Tests : Interest Rates, [nflation, Climate

Test Base Rates | Inflation | Real Base | Sumshime | Raimfall | Meam Afr
Rates Temperatn
re
CH Joint 0.402 1.126 1.191 0.581 0.088 0.107
CHn 0.390 0.639 0.419 0.365 0.176 0.655
CH Joint 0.435 0.573 0.414 0.421 0.401 0.620
n/2

Sample period for interest rates and inflation 1957q3 to 1993q2, for weather variables 1950q1 to 1990q4.

Table 6 : Correlation Coefficients Between Relative Prices and Consumption Share

Consumption | Non- Alcohol and | Food Clothing Energy Other Other
Good/Durable | Durables | Tobacco and Goods Services
Consumption Footwear i
Correlation 0.000 (0) | -0.679° 0.039 0.205° -0.575° -0.177¢ 0.146
Coefficient (10.94) (0.460) (2.478) (8.316) (2.129) (1.746)
EGHL = -1.779 |-0.928 -1.229 -0.964 -0.977 -1.795 -1.693
EGHL F_, 5.309 |9.474° 7.413 5.508 13.010° 3.598 3.794

Corclation coefficient is between the innovation to the scasonal component of the variable named in the first column and the innovation
scasonal component of the relevant relative price. Figure in parantheses is test for independence of correlation cocfficient, sce Table 5.

Table 7 : Testing for Seasonal Cointegration between Quarters

Total Non- Durable |Alcohol |Food Clothing |Energy |Other Other
Consumption |Durable and and Goods Services
Tobacco Footwear
Rank=0 i49.61 (2) 37.62 (2)148.88 (1) |51.29 (2){55.09 (1) |65.74° (1) [54.53(1)145.05 (3) [36.95(2)

Table shows Johansen's (1988) trace test for cointegrating relationships between the quarters of cach consumption category. Significant v
reject the nuli of no cointegration. 95% critical value is 55.92 (Franses (1994), Table A.1). The VAR was augmented until there was no evi
of serial correlation up to order 4 (4 years, order of angmentation given in parentheses) and of no vector serial correlation of up to lag
consumer durables the test statistic reported is for the sub-sample 1970q1 to 1992q2.

Table 8 : Changing Fourth Quarter Seasonal Effects

Year | Non-durable | Alcohol and Food Clothing and Energy Other Goods Other
Tobacco Footwear Services
1960 (4.2 9.2 2.8 21.8 6.1 10.3 -4.0
1970 {5.0 12.3 2.4 22.3 7.2 12.8 4.3
1980 |5.2 14.0 2.0 23.6 11.3 154 4.7
1990 |6.0 19.4 2.6 22.4 11.6 17.8 -2.8

Table reports sstimated fourth quarter seasonal effect (expressed as a percentage of consumption) estimated from Table 4.
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Figure 8 : Buys-Ballot Plot for Clothing and Footwear Consumption




1:86 19481 AR:1- Y3 1871 AR R d ] 1 2@

| —— Ouartar 1 - -" Quarter 2 - - - Quartor 3

Figure 2 : Buys-Ballot Ploi for Energy Consumption
0.30
AR J-2.9 AR ] R 1868 1871 1878 1sd AR X T.1 T8
| —— CQuacter 1 - -- OQuariar 2 - - - Quarter 3 ---.-- Quarter < |
Figure 10 : Buys-Ballot Plot for Consumption Other Goods
0.15
6.170
c.osd
©.00
-0.08 o
-.10
—0.16
-o.zo'.‘. 1981 Tmaa DEER) 1876 TR “ase TEe
= Quarter 1 --::-- Quarier 2 - -~ Quarier 3 ------ Quarter Aj
Figure 11 : Buys-Ballot Plot for Consumption Other Services
o.on
Cuarter 4 |
-
g 0.0« A e 2F g
©.02 4 .
kol -
= ©.00 - Y v, o
g o o ™ g
~o.0z A
—0.04 4 [Quarter 1 ] L e
—_.06 P2 mm et ) ”"- [ o
* —0.0a —-0.03 -.0a —0.01 Q.00 .01 .02 Q.03
OIBSPOSABLE INCOME DEADCONAL
Figure 12 : Seasonal Components of Non-Durable Consumption and Disposable Income




|
j
s

YO Yo o 9000

Consumplica
GO I O I Y T O R )

e
- 7 ..
-~
-
- ]
e
Qo O Qo 20 100 190 120 130 130 190

Coaoln 1n HHaong

Figure 13 : Liquidity Constraints and Seasonal Income

ARa WY -]
.00 «
OO0 -
12009 ..
TR.OG -
DO =
.00 ~
S DO
.6 =

©.88, 555 100 1000 TOP 19090 TO0 v 1000

QUARTER 9 SUAQTER 21 === CUVARTIR o -~ .- CUAQTER <

Figure 14 : Buys-Ballot Plot Mean Average Air Temperature England and Wales

.o

V.00 3
c.00 o ‘
c.00
©.00
J.ee <

22.00 -«

1.0
1090 TO0 T00a TOP TO?PO YOO TO0o

—— QULARQTER S CUARTER 2 = - -~ CUIARTER B -e--=- DUARTER <

Figure 15 : Buys-Ballot Plot for Mean Hours of Sunshine England and Wales

a.ee
Q.00
S.00
.00
.00 +
3.00
3.00
2.00
2.00
.00

.0
°1OO 1OC 1000 TOP e TO7Q 100 1000

QUARTER < QUARTER 8 - - - RUARTER B ----n- DUARTIR o

Figure 16 : Buys-Ballot Plot Mean Average Rainfall, England and Wales



WORKING PAPERS LIST

1. Albert Marcet and Ramon Marimon
Communication, Commitment and Growth. (June 1991) [Published in Journal of Economic Theory Vol. 58, no. 2, (December 1992)]
2, Antoni Bosch
Economies of Scale, Location, Age and Sex Discrimination in Houschold Demand. (June 1991) {Published in European Economic Review
35, (1991) 1589-1595]
3. Albert Satorra’
Asymptotic Robust Inferences in the Analysis of Mean and Covariance Structures. (June 1991) [Published in Sociological Methodology
(1992), pp. 249-278, P.V. Marsden Edt. Basil Blackwell: Oxford & Cambridge, MA}
4. Javier Andrée and Taume Garcia
Wage Determination in the Spanish Industry. (June 1991) [Published as "Factores determinantes de los salarios: evidencia para la industria
espaiiola” in J.J. Dolado et al. (eds.) La industria y el comportamiento de las empresas espafiolas (Ensayos en homenaje a Gonzalo Mato),
Chapter 6, pp. 171-196, Alianza Economia]
5. Albert Marcet
Solving Non-Linear Stochastic Models by Parameterizing Expectations: An Application to Asset Pricing with Production. (July 1991)
6. Albert Marcet
Simulation Analysis of Dynamic Stochastic Models: Applications to Theory and Estimation. (November 1991), 2d. version (March 1993)
[Published in Advances in Econometrics invited symposia of the Sixth World Congress of the Econometric Society (Eds. JJ. Laffonti C.A.
Sims). Cambridge University Press (1994)]
7. Xavier Calsamiglia and Alan Kirman
A Unique Informationally Efficient and Decentralized Mechanism with Fair Outcomes. (November 1991) [Published in Econometrica,
vol. 61, 5, pp. 1147-1172 (1993))
8. Albert Satorra
The Variance Matrix of Sample Second-order Moments in Multivariate Linear Relations. (January 1992) (Published in Staristics &
Probability Leuters Vol. 15, no. 1, (1992), pp. 63-69]
9. Teresa Garcia-Mila and Therese J. McGuire
Industrial Mix as a Factor in the Growth and Variability of States’Economies. (January 1992) {Forthcoming in Regional Science and Urban
Economics}
10. Walter Garcia-Fontes and Hugo Hopenhayn
Entry Restrictions and the Determination of Quality. (February 1992)
11. Guillem Lépez and Adam Robert Wagstaff
Indicadores de Eficiencia en ¢l Sector Hospitalario. (March 1992) [Published in Moneda y Crédito Vol. 196}
12. Daniel Serra and Charles ReVelle )
The PQ-Median Problem: Location and Districting of Hierarchical Facilities. Part I (April 1992) [Published in Location Science, Vol.
1, no. 4 (1993)]
13. Daniel Serra and Charles ReVelle
The PQ-Median Problem: Location and Districting of Hierarchical Facilities. Part II: Heuristic Solution Methods. (April 1992)
[Published in Location Science, Vol. 2, no. 2 (1994)]
14. Juan Pablo Nicolini
Ruling out Speculative Hyperinflations: a Game Theoretic Approach. (April 1992)
15. Albert Marcet and Thomas J. Sargent
Speed of Convergence of Recursive Least Squares Learning with ARMA Perceptions. (May 1992) [Forthcoming in Leamning and
Rationality in Economics)
16. Albent Satorra
Multi-Sample Analysis of Moment-Structures: Asymptotic Validity of Inferences Based on Second-Order Moments. (June 1992) [Published
in Statistical Modelling and Latent Variables Elsevier, North Holland. K.Haagen, D.J.Bartholomew and M. Deistler (eds.), pp. 283-298.]
Special issue Vernon L. Smith :
Experimental Methods in Economics. (June 1992)
17. Albert Marcet and David ‘A. Marshall
Convergence of Approximate Model Solutions 1o Rational Expectation Equilibria Using the Mcthod of Parameterized Expectations.
18. M. Antdnia Monés, Rafacl Salas and Eva Ventura
Consumption. Real afier Tax Interest Rates and Income Innovations. A Panel Data Analysis. (December 1992)
19. Hugo A. Hopenhayn and Ingrid M. Werner

Information, Liquidity and Assct Trading in a Random Matching Game. (February 1993)



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

Daniel Serra
The Coherent Covering Location Problem. (February 1993) [Forthcoming in Papers in Regional Science)

Ramon Marimon, Stephen E. Spear and Shyam Sunder
Expectationally-driven Market Volatility: An Experimental Study. (March 1993) [Forthcoming in Jowrnal of Economic Theory}

Giorgia Giovannetti, Albert Marcet and Ramon Marimon
Growth, Capital Flows and Enforcement Constaints: The Case of Africa. (March 1993) {Published in European Economic Review 37,
pp. 418-425 (1993))

Ramon Marimon

Adaptive Learning, Evolutionary Dynamics and Equilibrium Selection in Games. (March 1993) {Published in Enropean Economic Review
37 (1993))

Ramon Marimon and Ellen McGrattan

On Adaptive Learning in Strategic Games. (March 1993) [Forthcoming in A. Kirman and M. Salmon eds."Learning and Rationality in
Economics”™ Basil Blackwell]

Ramon Marimon and Shyam Sunder
Indeterminacy of Equilibria in a Hyperinflationary World: Experimental Evidence. (March 1993) [Forthcoming in Econometrical

Jaume Garcia and José M. Labeaga
A Cross-Section Model with Zeros: an Application to the Demand for Tobacco. (March 1993)

Xavier Freixas :
Short Term Credit Versus Account Receivable Financing. (March 1993)

Massimo Motta and George Norman
Does Economic Integration cause Foreign Direct Investment? (March 1993) [Published in Working Paper University of Edinburgh 1993:1]

Jeffrey Prisbrey

An Experimental Analysis of Two-Person Reciprocity Games. (February 1993) [Published in Social Science Working Paper 787
(November 1992)]

Hugo A. Hopenhayn and Maria E. Muniagurria
Policy Variability and Economic Growth. (February 1993)

Eva Ventura Colera

A Note on Measurement Error and Euler Equations: an Alternative to Log-Linear Approximations. (March 1993) {Published in Economics
Letters, 45, pp. 305-308 (1994))

Rafael Crespi i Cladera
Protecciones Anti-Opa y Concentracion de la Propiedad: ¢l Poder de Voto. (March 1993)

Hugo A. Hopenhayn
The Shakeout. (April 1993)

Walter Garcia-Fontes
Price Competition in Segmented Industries. (April 1993)

Albert Satorra i Brucant

On the Asymptotic Optimality of Alternative Minimum-Distance Estimators in Linear Latent-Variable Models. (February 1993) {Published
in Economeitric Theory, 10, pp. 867-883}

Teresa Garcia-Mila, Therese J. McGuire and Robert H. Porter
The Effect of Public Capital in State-Level Production Functions Reconsidered. (February 1993)

Ramon Marimon and Shyam Sunder
Expectations and Learning Under Alternative Monetary Regimes: an Experimental Approach. (May 1993)

José M. Labeaga and Angel Lopez
Tax Simulations for Spain with a Flexible Demand System. (May 1993)

Daniel Serra and Charles ReVelle
Market Capture by Two Competitors: The Pre-Emptive Location Problem. (May 1993) [Published in Journal of Regional Science, Vol.
34, no.4 (1994)}

Xavier Cuadras-Moraté
Commodity Money in the Presence of Goods of Heterogenous Quality. (July 1993) [Published in Economic Theory 4 (1994)]

M. Antdnia Monés and Eva Ventura
Saving Decisions and Fiscal Incentives: A Spanish Panel Based Analysis. (July 1993)

Wouter J. den Haan and Albert Marcet
Accuracy in Simulations. (September 1993) [Published in Review of Economic Studies, (1994))

Jordi Gali
Local Externalities, Convex Adjustment Costs and Sunspot Equilibria. (September 1993) {Forthcoming in Journal of Econonic Theory)



44,

45.

46.

47.

48,

49.

50.

51,

52,

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Jordi Gali
Monopolistic Competition, Endogenous Markups, and Growth. (September 1993) [Forthcoming in Exropean Economic Review)

Jordi Gali

Monopolistic Compctition, Business Cycles, and the Composition of Aggregate Demand. (October 1993) [Forthcoming in Joumnal of
Economic Theory]

Oriol Amat

The Relationship between Tax Regulations and Financial Accounting: a Comparison of Germany, Spain and the United Kingdom.
(November 1993) {Forthcoming in European Managemen: Journal)

Diego Rodriguez and Dimitri Vayanos
Decentralization and the Management of Competition. (November 1993)

Diego Rodriguez and Thomas M. Stoker
A Regression Test of Semiparametric Index Model Speciication. (November 1993)

Oriol Amat and John Blake
Control of the Costs of Quality Management: a Review or Current Practice in Spain. (November 1993)

Jeffrey E. Prisbrey
A Bounded Rationality, Evolutionary Model for Behavior in Two Person Reciprocity Games. (November 1993)

Lisa Beth Tilis
Economic Applications of Genetic Algorithnis as a Markov Process. (November 1993)

Angel Lépez
The Comand for Private Transport in Spain: A Microeconometric Approach. (December 1993)

A'mgel Ldpez
An Assessment of the Encuesta Continua de Presupuestos Familiares (1985-89) as a Source of Information for Applied Reseach. (December
1993)

Antonio Cabrales
Stochastic Replicator Dynamics. (December 1993)

Antonio Cabrales and Takeo Hoshi
Heterogeneous Beliefs, Wealth Accumulation, and Asset Price Dynamics. (February 1993, Revised: June 1993)

Juan Pablo Nicolini
More on the Time Inconsistency of Optimal Monetary Policy. (November 1993)

Lisa B. Tilis
Income Distribution and Growth: A Re-examination. (December 1993)

José Maria Marin Vigueras and Shinichi Suda
A Model of Financial Markets with Default and The Role of "Ex-ante” Redundant Assets. (January 1994)

Angel de la Fuente and José Maria Marin Vigueras
Innovation, "Bank™ Monitoring and Endogenous Financial Development. (January 1994)

Jordi Gali
Expectations-Driven Spatial Fluctuations. (January 1994)

Josep M. Argilés
Survey on Commercial and Economic Collaboration Between Companics in the EEC and Former Eastern Bloc Countries. (February 1994)

German Rojas
Optimal Taxation in a Stochastic Growth Model with Public Capital: Crowding-in Effects and Stabilization Policy. (September 1993)

Irasema Alonso
Patterns of Exchange. Fiat Moncy, and the Welfare Costs of Inflation. (September 1993)

Rohit Rahi
Adverse Selection and Security Design. (February 1994)

Jordi Gali and Fabrizio Ziliboti
Endogenous Growth and Poventy Traps in a Cournotian Model. (November 1993)

Jordi Gali and Richard Clarida
Sources of Real Exchage Rate Fluctuations: How Important are Nominal Shocks?. (October 1993, Revised: January 1994) [Forthcoming
in Camegie-Rochester Conference in Public Policy)

John Ireland
A DPP Evaluation of Efficiency Gains from Channel-Manufacturer Cooperation on Case Counts. (February 1994)

John Ireland
How Products’ Casc Volumes Influence Supermarket Shelf Space Allocations and Profits. (February 1994)



LN
N

70.

71.

72.

73.

74.

78.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Fabrizio Zilihotti
Foreign Investments, Enforcement Constraints and Human Capital Accumulation. (February 1994)

Vladimir Marianov and Daniel Serra
Probabilistic Maximal Covering Location Models for Congested Systems. (March 1994)

Giorgia Giovannetti.
Impori Pricing, Domestic Pricing and Market Structure. (August 1993, Revised: January 1994)

Raffeela Giordano.
A Model of Inflation and Reputation with Wage Bargaining. (November 1992, Revised March 1994)

Jaume Puig i Junoy.
Aspectos Macroeconémicos del Gasto Sanitario en el Proceso de Convergencia Europea. (Enero 1994)

Daniel Serra, Samue! Ratick and Charles ReVelle.
The Maximum Capture Problem with Uncertainty (March 1994) [Forthcoming in Environment and Planning B)

Oriol Amat, John Blake and Jack Dowds.
Issues in the Use of the Cash Flow Statement-Experience in some Other Countries (March 1994)

Albert Marcet and David A. Marshall.
Solving Nonlinear Rational Expectations Models by Parameterized Expectations: Convergence to Stationary Solutions (March 1694)

Xavier Sala-i-Martin.
Lecture Notes on Economic Growth (I): Introduction to the Literature and Neoclassical Models (May 1994)

Xavier Sala-i-Martin.
Lecture Notes on Economic Growth (IN): Five Prototype Models of Endogenous Growth (May 1994)

Xavier Sala-i-Martin.
Cross-Sectional Regressions and the Empirics of Economic Growth (May 1994)

Xavier Cuadras-Moratd.
Perishable Medium of Exchange (Can Ice Cream be Money?) (May 1994)

Esther Martinez Garcia.
Progresividad y Gastos Fiscales en 1a Imposicién Personal sobre la Renta (Mayo 1994)

Robert J. Barro, N. Gregory Mankiw and Xavier Sala-i-Martin.
Capital Mobility in Neoclassical Models of Growth (May 1994)

Sergi Jiménez-Martin.
The Wage Setting Process in Spain. Is it Really only about Wages? (April 1993, Revised: May 1994)

Robert J. Barro and Xavier Sala-i-Martin.
Quality Improvements in Models of Growth (June 1994)

Francesco Drudi and Raffacla Giordano.
Optimal Wage Indexation in a Reputational Model of Monetary Policy Credibility (February 1994)

Christian Helmenstein and Yury Yegorov.
The Dynamics of Migration in the Presence of Chains (June 1994)

Walter Garcia-Fontes and Massiio Motta.
Quality of Professional Services under Price Floors. (June 1994)

Jose M. Bailen.
Basic Research, Product Innovation, and Growth. (September 1994)

Oriol Amat and John Blake and Julia Clarke.

Bank Financial Analyst’s Response to Lease Capitalization in Spain (September 1994) [Forthcoming in International Journal of
Accounting .}

John Blake and Oriol Amat and Julia Clarke.
Management's Response to Finance Lease Capitalization in Spain (September 1994)

Antoni Bosch and Shyam Sunder.
Tracking the Invisible Hand: Convergence of Double Auctions to Competitive Equilibrium. (July 1994)

Sergi Jiménez-Martin.
The Wage Effect of an Indexation Clause: Evidence from Spanish Manufacturing Firms. (September 1994)

Albert Carreras and Xavier Tafunell.
National Enterprise. Spanish Big Manufacturing Firms (1917-1990). between State and Market (September 1994)

Ramon Fauli-Oller and Massimo Motta.
Why do Owners Iet their Managers Pay too much for their Acquisitions? (October 1994)



9s. Marc Sdez Zafra and Jorge V. Pérez-Rodeiguez.
Modelos Autorregresivos para la Varianza Condicionada Heteroscedastica (ARCH) (October 1994)

96. Daniel Serra and Charles ReVelle.
Competitive Location in Discrete Space (November 1994) [Forthcoming in Zvi Drezner (ed.): Facility Location: a Survey of Applications
and Methods. Springer-Verlag New York.

97. Alfonso Gambardella and Walter Garcia-Fontes.
Regional Linkages through European Research Funding (October 1994) [Forthcoming in Economic of Innovation and New Technology}

98. Daron Acemoglu and Fabrizio Ziliboti.
Was Prometheus Unbound by Chance? Risk, Diversification and Growth (November 1994)

99. Thierry Foucault.
Price Formation and Order Placement Strategies in a Dynamic Order Driven Market (June 1994)

100. Ramon Marimon and Fabrizio Zilibotti.
‘Actual’ versus ‘Virtual’ Employment in Europe: Why is there Less Employment in Spain? (December 1994)

101. Maria Sdez Marti.
Are Large Windows Efficient? Evolution of Learning Rules in a Bargaining Model (December 1994)

102. Maria Sdez Marti.
An Evolutionary Model of Development of a Credit Market (December 1994)

103. Walter Garcia-Fontes and Ruben Tansini and Marcel Vaillant.
Cross-Industry Entry: the Case of a Small Developing Economy (December 1994)

104, Xavier Sala-i-Martin.
Regional Cohesion: Evidence and Theories of Regional Growth and Convergence (October 1994)

10s. Antoni Bosch-Domenech and Joaquim Silvestre.
Credit Constraints in General Equilibrium: Experimental Results (December 1994)

106. Casey B. Mulligan and Xavier Sala-i-Martin.
A Labor-Income-Based Measure of the Value of Human Capital: an Application to the States of the United States. (December 1994)

107. José M. Bailén and Luis A. Rivera-Bitiz.
Human Capital, Heterogencous Agents and Technological Change (March 1995)

108. Xavier Sala-i-Martin.
A Positive Theory of Social Security (February 1995)

109. J. S. Marron and Frederic Udina.
Interactive Local Bandwidih Choice (February 1995)

110. Marc Sdez and Robert M. Kunst.
ARCH Patterns in Cointegrated Systems (March 1995)

111. Xavier Cuadras-Morat6 and Joan R. Rosés.
Bills of Exchange as Moncy: Sources of Monetary Supply during the Indusirialization in Catalonia (1844-74) (April 1995)

112, Casey B. Mulligan and Xavier Sala-i-Martin.
Measuring Aggregate Human Capital (January 1995)

113. Fabio Canova. .
Does Detrending Matter for the Determination of the Reference Cycle and the Selection of Turning Points? (March 1995)

114. Sergiu Hart and Andreu Mas-Colell.
Bargaining and Value (February 1995)

115, Teresa Garcia-Mila, Albert Marcet and Eva Ventura.
Supply Side Interventions and Redistribution (June 1995)

116. Robert J. Barro and Xavier Sala-i-Martin.
Technological Diffusion, Convergence, and Growth (May 1995)

117. Xavier Sala-i-Martin.
The Classical Approach 1o Convergence Analysis (June 1995)

H18. Serguei Maliar and Vitali Perepelitsa.
LCA Solvability of Chain Covering Problem (May 1995)

119, Serguei Maliar, Igor' Kozin and Vitali Perepelitsa.
Solving Capability of LCA (June 1995)

120. Antonio Ciccone and Robert E. Hall.
Productivity and the Density of Economic Activity (May 1995)



121. Jan Werner.
Arbitrage, Bubbles, and Valuation (April 1995)

122. Andrew Scott.
Why is Consumption so Seasonal? (March 1995)



