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1. Introduction

Payment cards allowing for transactions in Automated Teller Machines
(ATM) became an indispensable tool in everyday life. Nevertheless, this
phenomenon is far from being well understood, probably re�ecting its minor
importance in the past, before the strong increase in ATM usage in the early
80s1.
Research on payment systems has attracted increased academic attention

over the last 15 years, merging monetary economics and banking theory with
the study of mechanisms of exchange.2 At the empirical front, information on
ATM transactions is far from being completely explored. These databases
have typically a large coverage and are timely, as they become typically
available just a few days after the reference period. However, this information
is at present not being taken into account by statistics producers, such as
Central Banks and National Statistics Institutes.
The objective of this paper is to study the daily evolution of ATM with-

drawals, using information available at the Payment Systems Department of
the Banco de Portugal, for the period from January 1st 2001 to December
31st 2008. A better understanding of consumer�s habits is crucial for the
logistic management of this type of services and may help other studies on
the topic. In addition, the correction for calendar e¤ects - in accordance with
the procedure typically used for the Quarterly National Accounts - may help
bring this information to be used as input to improve the performance of
short-term macroeconomic forecasts (Galbraith and Tkacz, 2007), as a tool
for nowcasting private consumption (Esteves, 2009) or as a timely indicator
of retail trade statistics (Carlsen and Storgaard, 2010).
Calendar e¤ects are an important feature of economic data, given that

most economic time series are directly or indirectly linked, to a daily activity
which is usually recorded on a daily, monthly, quarterly or some other period-
icity. Thus, economic variables may be in�uenced by daily calendar e¤ects,

1Developments in payments media are easily followed from an individual country�s pub-
lications. For instance, the ECB Blue Book presents updated information for European
countries. Katala and Viren (2007) present a summary of the recent evolution in Eu-
rope, while Humphrey et al. (2000) and Gerdes et al. (2005) provide an overview of the
development of these payment systems in the US economy.

2This is illustrated by the special issues of the Journal Money, Credit and Banking
(1999, vol. 31(3) Part 2) and of the Journal of Monetary Economics (2003, 50(2)) dedicated
to this topic. More recently, Schmitz and Wood (2006) contribute to the research on
the interdependence of institutional changes in payment systems and monetary policy
and Snellman and Viren (2009) study the relationship between the structure of banking
systems and the number of ATM networks and ATM posts.
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as started to be noted since the late seventies; see inter alia Cleveland and
Devlin (1980) and Liu (1980). The number of working days and its relation
with seasonal e¤ects are noticeable examples, because they are almost quasi
predetermined e¤ects which a¤ect the short-term movements of time series.
These periodic �uctuations must be adequately detected and modeled in or-
der to better analyze other non-periodic properties. This explains why the
Quarterly National Accounts that are used to analyze economic developments
are adjusted for seasonal and working days e¤ects.
Apart from the number of working days, the day of the week, the week

of the month and other calendar e¤ects such as public holidays or religious
events may also a¤ect time series.3 For the speci�c series under analysis,
calendar e¤ects are of particular importance given that cash withdrawals
vary over time and are often overlaid with additional factors such as paydays,
holidays and seasonal demand, and are subject to trends and generally follow
weekly, monthly and annual cycles. This type of calendar e¤ects is mentioned
in papers related with the logistic management of the ATM system; see
Simutis et al. (2008).
Calendar e¤ects are typically masked by strong seasonal patterns, because

they are generally second-order e¤ects only observed after other sources of
variation have been accounted for. Furthermore, regular seasonal adjustment
methods do not capture these calendar e¤ects adequately because they are
not precisely periodic or not so within a useful time frame; see, for instance,
Cleveland and Grupe (1983). Proper modeling of trading day and calendar
e¤ects are of importance given that this generally leads to better models and
better pre-adjusted series; see Findley, Monsell, Bell, Otto and Chen (1998).
The objective of this paper resides in the identi�cation of speci�c calendar

e¤ects in ATM cash withdrawal series. From the analysis, it is observable
that withdrawals are di¤erent according to the day of the week. Fridays
and Saturdays are the days in which the largest amounts are withdrawn and
Sundays and Mondays the days with the lowest amounts withdrawn. Over
the month, cash withdrawals are stronger in the �rst and in the last weeks
of the month, which should be related with the pro�le of wage payments. In
Portugal wages are paid at the beginning of the last week of the month in
the case of the public sector and just at the end of the month in the private

3Recently, Findley and Morsel (2009) show the relevance of accounting for di¤erent
week days. Within the daily activity, there can be patterns of within-week variation that
causes the monthly values to change with the day-of-week composition of the month, e.g.
days that occur �ve times or the day on which the month ends. Another important e¤ect
is the one related with the Easter season, because it is not a �xed holiday varying between
March and April, and thus it is not captured by the usual seasonal adjustment procedures
and may even a¤ect quarterly year-on-year rates.
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sector. Concerning seasonality, a strong pro�le is also observable. In partic-
ular July, August and December are the month in which the largest amounts
are withdrawn, which are certainly related with the summer holidays and
the Christmas season.
The remaining of this paper is organized as follows. Section 2 presents

the data that will be analyzed, Section 3 discusses the methodological ap-
proach and discusses the empirical results, Section 4 addresses the conditional
volatility of the series and Section 5 concludes the paper.

2. Data

The data used in this paper was provided by the Payment Systems De-
partment of the Banco de Portugal, and covers withdrawals made by local
residents both in the national territory and in foreign countries over the pe-
riod from January 1st 2001 to December 31st 2008 (a sample of 2905 daily
observations). Figure 1 presents this time series both in levels and �rst dif-
ferences.
The series in levels is characterized by a positive trend and strong volatil-

ity, which does not allow to visually identify calendar regularities. A notable
feature of this data is the structural break in variance observed in the second
half of 2005. Considering �rst di¤erenced data, its standard deviation almost
doubles for the period from 2006 onwards (0.61 against 0.33 in the previous
period). A possible explanation for this break is the change that took place
in November 2005 in the data collecting system of the payments processor in
Portugal (SIBS - Forward Payment Solutions).

Figure 1 - Daily ATM withdrawals
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3. Methodological approach

Calendar e¤ects are typically considered as anomalies related to the cal-
endar, such as for instance the day-of-the-week, the month-of-the-year or
speci�c holidays. Several methods have been proposed in the literature for
their detection, estimation and correction.4

In order to measure the importance of the day of the week e¤ect, a model
may be considered where the regressors are de�ned from the number of Mon-
days, Tuesdays, . . . ., Sundays in a speci�c month. As on the one hand these
regressors are highly correlated and on the other are partly seasonal, some
adjustments must be made to get a stable estimate of the trading-day e¤ect
per se (see, for instance, Young, 1965; Bell and Hillmer, 1983; Cleveland and
Grupe, 1983).5

However, it may not be easy to take into account national or sectoral
speci�cities, as the ones related to moving holidays, such as Easter, Ra-
madan or Chinese New Year. Moreover, given the cost of not accounting
for relevant calendar e¤ects (see Findley and Soukup, 2000) and given that,
as suggested by Hansen, Lunde and Nason (2005), the universe of possible
calendar e¤ects is not given from theory, the approach used in this paper
considers all potential calendar e¤ects.
The identi�cation of calendar e¤ects seems to be particularly important

in the current application for daily ATM withdrawals, given that its behavior
is far from being well known. The present analysis considers the following
calendar e¤ects:

(i) Day-of-the-week: This e¤ect assumes that cash withdrawals are not
the same for all weekdays.

(ii) Week-of-the-month: In Portugal, as people are paid monthly, the
existence of an intra-month pro�le for ATM withdrawals should not be
disregarded.

(iii) Month-of-the-year: the analysis includes the twelve month-of-the-
year e¤ects, in order to account for the usual consumption seasonality.

4For instance, Cleveland and Devlin (1980) computed the real spectrum of trading days
and exhibited the main frequencies for monthly time series. The sample spectrum of the
series can then be checked for signi�cant peaks at these frequencies. The e¢ ciency of the
sample spectrum to detect trading-day e¤ects has been studied by Findley and Soukup
(1999, 2000b) and a nonparametric test for assessing spectral peaks has been proposed by
McElroy and Holland (2005).

5The most popular seasonal adjustment softwares (such as X-12-ARIMA and Tramo-
Seats) provide the user with a facility to integrate national calendars and speci�c public
holidays.
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(iv) Holidays: Christmas, New Year, two moving holidays (Carnival and
Easter) and the remaining �xed holidays as a whole. As in Sullivan
et al. (2001) we also consider pre- and post-holiday. Pre-holidays are
those days which directly precede a bank holiday and post-holidays
are those that follow the holidays. This adds two calendar e¤ects to
our universe per holiday since we only consider one pre- and one post-
holiday.

4. Modeling calendar day e¤ects in daily ATM withdrawals

Given the observed series {yt}, it is considered that

yt = z
0
t� + xt; t = 1; 2; :::; T

and
�(L)xt = �(L)"t

where � is a k � 1 vector of regression coe¢ cients, zt = (z1t; z2t; :::; zkt)�is a
vector of deterministic variables, xt is allowed to follow an ARMA model, "t
is assumed to be white noise, L is the conventional lag operator, and �(L)
and �(L) are polynomials in L of order p and q, respectively.
Besides the dummies accounting for the calendar e¤ects previously men-

tioned, the determinist vector zt also includes a constant and a linear time
trend in order to deal with this revealed feature of the data (Figure 1). Given
the apparent structural break, two additional estimations were made covering
two sub samples: January 1st 2001 to October 31st 2005, and November 1st
2005 to December 31st 2008. Taking into consideration the apparent increase
in volatility, all standard errors are adjusted usingWhite�s heteroscedasticity-
consistent estimators (White, 1980).

5. Results

Figures 2 and 3 synthesize the main important calendar e¤ects underly-
ing the daily behavior for ATM withdrawals, while the complete results are
presented in the Appendix. As the variables are expressed in logarithms, the
results should be read as the percentage deviation relatively to the bench-
mark day (a non-holiday Sunday of the last week of January).
Figure 2 presents the results concerning some �xed calendar e¤ects: (i)

the day of the week; (ii) the week of the month; and (iii) the month of the
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year. In general, the results point to highly signi�cant calendar e¤ects, which
are relatively similar in the two sub-samples considered.
The amount of cash withdrawals increases during the week, reaching its

peak on Friday and Saturday. On average, during these two days, cash
withdrawals are around 50 per cent higher than on a usual Sunday. This is
certainly related with Portuguese consumer�s habits. According to Simutis
et al. (2008), ATMs located in retail centres are most commonly used on
Fridays and Saturdays.
Regarding its monthly evolution, cash withdrawals are stronger in the

�rst and in the last week of the month, followed by the second week. In the
third week, the amount of transactions is weaker, around 12 per cent less
when compared with the daily average of the other weeks. This pro�le is
probably related with the pro�le of wage payments. In Portugal wages are
paid monthly, being concentrated at the beginning of the last week of the
month in the case of the public sector and just at the end of the month in
the private sector.
A very notable feature emerging from these results is the pronounced

seasonal pattern of cash withdrawals, characterized by a large increase during
the Christmas season (December) and in the months of the summer holidays
(July and August). For instance, on average, cash withdrawals in December
are almost 23 per cent higher than in January.
Figure 3 presents this type of calendar e¤ects around holidays: Carnaval,

Easter, Christmas, New Year an all the other �xed holidays as an all. In
general the results indicate that cash withdrawals are negatively a¤ected
the day before the holiday. This e¤ect is even more pronounced during the
holiday. Concerning the day after the holiday, the results are less general,
pointing on average to a positive e¤ect. This type of pro�le is clearly stronger
and statistically relevant in the Christmas and New Year periods.
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Figure 2 - Main calendar e¤ects in ATM withdrawals (in logarithmic terms)
day of the week week of the month month of the year
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Figure 3 �Holiday e¤ects in ATM withdrawals (in logarithmic terms)
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Table 1 compares the original series with the one adjusted for the es-
timated calendar e¤ects. Some conclusions seem to emerge. As expected
volatility of the adjusted data is lower than that of the original series, and
these di¤erences are more important in higher frequency data. Finally, as
part of the adjustment is related with strong seasonal e¤ects, the di¤erences
become lower when series are evaluated in year-on-year rates.
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Table 1 - Observed data vs Calendar e¤ects adjusted data
Observed data Corrected data Correlation

variance (a) variance (b) coefficient

daily chain rate 0.2064 0.1389 ­0.0675 0.758

chain rate 0.0163 0.0071 ­0.0092 0.623

yoy rate 0.0041 0.0039 ­0.0002 0.923

chain rate 0.0054 0.0006 ­0.0048 0.221

yoy rate 0.0012 0.0013 0.0001 0.921

chain rate 0.0032 0.0003 ­0.0030 0.079

yoy rate 0.0009 0.0009 0.0000 0.980

annual chain rate 0.0260 0.0265 0.0005 0.996

difference
[(b)­(a)]

weekly

monthly

quarterly

6. Conclusion

This paper analyzes the daily evolution of ATM withdrawals, using in-
formation available at the Payment Systems Department of the Banco de
Portugal, for a period from January 2001 to December 2008. The results
point to the presence of important calendar e¤ects. The day of the week, the
week of the month, the month of the year and the occurrence of holidays are
crucial to understand the evolution of ATM withdrawals.
These results may help the logistic management of this type of services.

In addition, the correction of these e¤ects is important in order to better
analyze other non-periodic developments. Moreover, this type of correction
is in line with the procedure typically used for Quarterly National Accounts,
and thus can help to bring this type of information to be used as an input in
short-term macroeconomic forecasts.
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