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Abstract

The paper examines whether electronic payments by card (Dankort) provides a useful
indicator for retail sales in Denmark. Dankort transactions data is available about one
week after the reference month, while the retail sales index is only published about three
weeks later. We add to previous work by setting up a model for the seasonally adjusted
volume index for retail sales. The extensions considered are meant to further enhance the
usefulness of the nowcasting model for conjunctural analysis. The out-of-sample forecasting

ability of the model compares favourably with a benchmark autoregression.

Resumé

En veaesentlig del af betalingerne i den danske detailhandel foregar med dankort, som
er et elektronisk debetkort. Dankortbetalinger kan anvendes som en tidlig indikator for
detailomsaetningen, da dankortomsaetningen for en given méaned er tilgeengelig omkring en
uge efter manedens udlgb, mens detailomsaetningen forst offentligggres ca. 30 dage efter
referencemaneden.

I Danmarks Nationalbank, Kvartalsoversigt 2. kvartal 2005, s. 17 opstilles en simpel re-
gressionsmodel, der forklarer ar-til-ar vaeksten i veerdiindekset for detailomssetningen ud
fra ar-til-ar veeksten i dankortomsaetningen.

Til brug for konjunkturvurdering er det seerligt det ssesonkorrigerede maengdeindeks for
detailomsaetningen, der har interesse. I dette papir udvides den eksisterende model derfor
i to dimensioner: modellering af ssesonmgnstret og korrektion for prisudviklingen. Der
opstilles to modeller til forklaring af det ssesonkorrigerede maengdeindeks for detailomsaet-
ningen ud fra dankortbetalinger. Den ene model er i arlige vaekstrater (model 1), mens
den anden er baseret pé en kointegreret vektor autoregressiv model i manedlige vaekstrater
(model 2).

Savel model 1 som model 2 er bedre til at forudsige den saesonkorrigerede detailomsaetning
end en AR(4)-model. Det viser, at dankortbetalingerne bidrager med vaesentlig infor-
mation til forklaring af detailomsesetningen. Sammenlignes de to modeller ved RMSE, er

forudsigelsesfejlene tydeligt mindre for model 2 end for model 1.



1 Introduction

Economic statistics take time to compile and there is often a considerable time lag
between the reference period and the time of publication of "hard" economic data. This
is unfortunate as having a precise knowledge of the current economic situation is essential
for forecasting and economic policy-making.

In this paper we investigate an example of how electronic transactions data may be
used to provide a timely indicator of "hard" data. In particular, we examine whether
electronic payments by card (Dankort) provides a useful indicator for retail sales in
Denmark.

The Dankort is a debit card developed jointly by the Danish banks and introduced
in 1983. The Dankort is free of charge to the customers, and the card is extensively used
by households. The payments data is compiled by a single source (PBS A/S), and it is
available soon after the expiry of a month.

To be useful for nowcasting, the relationship between Dankort payments and retail
sales has to be sufficiently stable over time. We argue in this paper that a relatively
stable share of the retail sales is paid for with Dankort. However, we also discuss various
factors that may disturb this relationship. One example is that after the introduction
of the Dankort, people’s payment habits changed, and at least at the beginning of the
period, there was a strong growth in the adoption of the new card. In addition, the
ongoing technological development has led to various new ways to use the Dankort, e.g.
internet shopping is growing.

In the end, it is an empirical question whether the relationship is sufficiently stable to
be used for the purpose of nowcasting. This will be examined further in this paper, where
the objective is to set up a model which is able to nowcast retail sales from electronic
transactions data.

The first model using Dankort payments as an indicator for retail sales was, to the

best of our knowledge, presented in Danmarks Nationalbank (2005a). In this article



the nowcasting ability of Dankort transactions was demonstrated in a simple model
explaining annual growth in the value of retail sales.

In this paper we extend the analysis in two dimensions. First, we set up a model for
the volume index for retail sales which is often of more interest for economic analysis.
Second, we consider nowcasting the seasonally adjusted volume index for retail sales to
further enhance the usefulness of the model for conjunctural analysis.

Related papers are scarce, but Galbraith and Tkacz’s (2007) analysis of electronic
transactions as indicators of economic activity in Canada is an exception. One part
of their paper explores the ability to nowcast GDP and consumption from debit card
transaction data. It is found that using this data one can potentially improve consensus
forecasts of real GDP and consumption growth.

The paper is structured as follows. In the next section we review the Dankort pay-
ments data. Then we turn to the relationship between payments made by Dankort and
retail trade, discussing in some detail the differences in coverage. In section 4 we take a
closer look at the time-series properties of the data, before we estimate and assess two

indicator models in section 5.

2 The Dankort

The Dankort is a nationwide debit card developed by the Danish banks in a joint venture.!
The Dankort was launched in 1983 as a voucher system using only manual imprinters
and the electronic Dankort system, by which the Dankort was to be used online, was
launched nationwide in 1985.2

The Dankort is free of charge to all customers.® There have been two short periods

!See also Danmarks Nationalbank (2005b) and Schou (2006).

2The first outdoor ATM was introduced in 1984, enabling Dankort holders to withdraw cash 24 hours
a day.

3Special fees do, however, apply to payments on the internet.
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where the card holders were charged a fee of kr. 0.50 for each transaction, the first
period was from the introduction in 1983 to 1 January 1985 and the second was from 1
January 2005 to 1 March 2005. The introduction of the fee led to a considerable fall in
the number of Dankort transactions in January and February 2005.

Since the introduction in 1983 the value of Dankort transactions has increased sub-
stantially, cf. Chart 1. The value of card transactions naturally increases in a growing
economy. However, a part of the increase in the value of transactions is attributable to
growth in the adoption of the new card, at least at the beginning of the period.By the
end of 2007, more than 3.86 million Dankort had been issued, which may be compared
with the Danish population of 5.4 million. The number of payments increased from 81
million in 1990 to 737 million in 2007.

Denmark had the highest number of debit card transaction per capita in EU in the
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period 2000-2004, where Finland reached approximately the same number in 2005-2006,
see Chart 2. Also if we include other card payments, Denmark had the highest and
second highest number of transactions in 2000-2004 and 2005-2006, respectively. The
card payments in Denmark are to a very large extent made by Dankort, as the value of
transactions with other payment cards constitutes only 6 per cent of the value of total
card transactions.* There has been a slight upward trend in Danish credit-card use, but
the incentive for Danish consumers and retailers to use credit cards have been low due

to the strong position of the Dankort as a widely accepted national payment card.?

4This is the average share in the period 2001-2006, based on data from PBS A/S and the Danish
Competition Authority.

>From mid-2005 the shops have to pay an annual subscription determined on the basis of their size,
i.e. the number of Dankort transactions.



3 Transactions data and retail trade

Households may pay for their purchases of retail goods by cash, cheques or card. As
mentioned above, payment cards — other than the Dankort — are only used to a limited
extent in Denmark. Also, the use of cheques in retail payments has been reduced signifi-
cantly, and it has been estimated to be only approximately 2 per cent of retail payments
in 2004.° The two remaining means of payment, cash and Dankort, are thus used in
most transactions linked to retail sales.”

The value of Dankort payments and the value index of retail sales are highly corre-
lated, cf. Chart 3. The value of Dankort transactions has however been increasing more
than retail trade, which indicates that ever more purchases of goods by households are
paid for using the Dankort.

ATM cash withdrawals are not included in the payments data, so there is no discrep-
ancy in coverage stemming from this. But it is possible to withdraw more money than
the amount of the bill in most shops. It is likely that this withdrawn amount is used for
other retail payments and thus does not lead to noise in the relationship between Dankort
payments and retail sales. Another noticeable feature in Chart 3 is that the seasonal
pattern in the value index for retail sales and Dankort transactions is very similar with
peaks in December, due to Christmas shopping, and troughs in February.

The growth in Dankort transactions is higher than the growth in retail sales, cf. Chart
4. Before 1998 the difference in growth rates was considerably higher. But from then on
the annual growth rates indicate that the use of the Dankort had reached a mature state
in terms of adoption, as the downward trend seems to vanish. After 1998 we therefore
expect the relationship between Dankort payments and the retail trade index to have

stabilised which should improve Dankort-based nowcasts of the retail trade. However,

6Cf. Carlsen and Riishgj (2006).
"In 2004, the share of cash payments was about 40 per cent of retail payments; see also Carlsen and
Riishgj (2006).
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the growth rate in Dankort transactions is generally higher than the growth rate in retail
sales. This may indicate that the adoption of the Dankort is still ongoing and/or that
some purchases are paid for with Dankort but not included in the retail trade index. Since
variation in Dankort payments which are not retail sales may disturb the relationship we

seek to exploit for nowcasting, they will be discussed in more detail in the next section.

3.1 Dankort payments not related to retail trade

Dankort transactions data may be split into three groups: 1) Face-to-face payments
(physical trade), 2) Internet payments (non-physical trade), and 3) Other payments.
A large part of the payments in the first group is related to retail sales. There are,

however, exceptions such as purchases of bus and train tickets, theatre tickets and taxi,
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hotel and restaurant payments. To the extent that consumption of these items increase
more than retail sales, this may explain at least part of the observed difference in the
growth rates in Chart 4. As long as these differences are stable, their destabilising
effect on the Dankort /retail sales relationship may be limited. One may pay large-value
items like cars (which are not considered to be retail sales) with Dankort, but it is not
considered to be common.

The third group, other payments, includes transactions in payment machines not
served by a person, e.g. payments on a petrol station, parking meters, and bridge
toll, neither of which are included in the retail trade index. The value of these other

payments has increased from kr. 0.7 billion in 2003 to kr. 19 billion in 2007, where the



latter constitute 7 per cent of the total Dankort payments.® Some of this increase may be
ascribed to the bridge toll.” This illustrates that new payment methods are continuously
developed which potentially could disturb the Dankort /retail sales relationship.!® The
second group of Dankort transactions, internet payments, will be discussed in the next

section together with retail trade and internet shopping.

3.1.1 Internet payments

The number of Dankort payments in Danish internet shops has increased considerably
since 2000, cf. Chart 5. Dankort payments on the internet as a share of total Dankort
payments have increased from below 0.5 per cent in 2000 to approximately 4 per cent
in 2007. Looking at the value of the Dankort transactions, the share is a bit higher
and was around 6 per cent in 2007. Thus, although internet shopping has increased in
recent years, it still constitutes a relatively small share of the total Dankort payments in
numbers as well as value. As long as the retail trade index captures internet shopping in
the same way as the total value of Dankort transactions, the increasing internet shopping
will not take away the usefulness of Dankort payments as an indicator for retail sales.
The retail trade index includes internet shopping. The population of firms behind
the retail trade index consists of firms who have their main or secondary activity within
the sectors of retail trade. However, if a wholesale firm has expanded by opening a retail
store without registering under the sectors of retail trade, the internet sale will not enter
into the retail trade index. Unfortunately, there is no measure of this lack of coverage.
The category "retail sale via mail order houses" in the retail trade index contains

retail trade with goods ordered by mail, internet, telephone, etc. which are sent to

8Cf. the Danish Competition Authority (2008).

9The bridge to Sweden, @resundsbroen, was opened in 2000. The bridge between Sealand and Funen
was opened in 1997/1998.

10 A similar issue arises with Dankort payments on the internet. A recent example (outside our sample
period) is that since the end of 2009 it has been possible to pay outstanding tax by Dankort.
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the customer. Thus, the category contains only part of the internet shops but the
development over time may reflect the increased use of the internet. "Retail sale via
mail order houses" has increased 26 per cent from 2000 to 2007, very similar to the
increase of 25 per cent in the total retail trade index. One might have expected internet
shopping to be expanding at a faster rate than total retail trade. But as explained above,
some of the internet shopping may be included via one of the other categories in the retail
sales index.

One possible difference in coverage between retail sales and Dankort payments is that
the most popular items bought on the internet are travel products and other entertain-
ment products, which are not included in retail sales, but may be paid with Dankort. If

internet shopping continues to rise quickly in the future, it is possible that the discrep-

10



ancy between the retail trade and Dankort payments increases.

In sum, the difference in growth rates seen in Chart 4 can probably be explained by
the introduction of new payment methods and increased purchases of goods not included
in retail sales. Whether the relationship between Dankort payments and the retail trade
index is stable enough to be used for nowcasting is ultimately an empirical question

which we now turn to.

4 Data

As shown and discussed above, Dankort payments covary quite closely with the value
index for retail sales. But for economic analysis a real measure of households’ retail
purchases is often of more interest. Therefore we will focus on the volume index for
retail sales in the following. The sample period begins in 1998, where as noted in Section
3 the relationship between Dankort payments and retail sales appears to have stabilised,
and ends in May 2008.

The value of the monthly Dankort transactions are shown together with the volume
index for retail sales in Chart 6.!! The two series are visibly time dependent with an
upward trend, and they both contain clear seasonal patterns. Given the importance of
seasonal variation for the data and to guide our choice of model, we will consider the
nature of the seasonality in some detail.

While the seasonality may be of a simple deterministic nature, it could also be sto-
chastic with seasonal unit roots. With stochastic seasonality, an observation in a specific
month would be related to current and past disturbances which occurred in that spe-

cific month, but independent of the other months.!? The presence of seasonal unit roots

1The Dankort data has been corrected in January and February 2005 for the estimated influence of
the fee mentioned earlier in the text.

12That is, a shock to retail sales in December — perhaps to Christmas shopping — affect retail sales in
December the following years but have no effect in the other months.

11
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also implies that seasonality may have long-run implications, meaning for instance that
"summer can become winter".

We consider two seasonality hypotheses to get at which data transformation is nec-
essary to obtain stationary series suitable for modelling.!®> The first hypothesis is that
the transformation required to get stationary time series is annual differencing. This
entails that first differencing is not sufficient to remove the non-stationarity in the series
because the underlying process is seasonally integrated of order one, denoted SI(1). With

monthly data, a simple SI(1) process may be written as

Aoy = K + lags of Ay, + ¢4, (1)

13This follows Osborn (2002).

12



where k is a constant and ¢; is i.i.d. In this case there are implicitly 12 unit-root processes
which are related to each of the 12 months of the year. Hence, annual differencing is
required to remove the non-stationarity in the process. The constant, x, allows for drift
in the data.

The second hypothesis is that after first differencing, i.e. monthly differencing, the
stochastic process is stationary around a constant underlying seasonal pattern. A simple

process with deterministic seasonality can be written as

Alyt = )\’LS‘DZt + lags Of Alyt + (O (2)

where SD;; for i = 1, ..., 12 are seasonal dummy variables with corresponding coefficients
A; and u; is i.i.d. In this case there is only one unit-root process and first differencing
removes the non-stationarity in the process. A deterministic linear trend in g, is allowed
through the inclusion of seasonal dummy variable terms.

In order to throw light on this issue, we conduct HEGY-tests to investigate the
presence of seasonal unit roots in the volume index for retail sales and the value of
Dankort payments.!* Both series are in log levels, and the estimation equations include
a constant, a trend, and seasonal dummies.!® The main HEGY-test results are shown
in Appendix Al. We reject seasonal unit roots at most but not all seasonal frequencies
at the 5 per cent level for both data series. The test for frequency zero corresponds to
a conventional unit-root test, and we can not reject the unit-root hypothesis for either
series.

In the HEGY-tests no lags of the dependent variables have been included. Even
though there is no problem with autocorrelation in the residuals, we have as a robust-

ness check rerun the tests with different choices of lags, and the results are basically

14See Hylleberg et al (1990). Beaulieu and Miron (1993) extend the HEGY procedure to monthly
data.
15 As in Beaulieu and Miron (1993) we allow for seasonal dummies in all tests.

13



unchanged.!®

All in all, we can not entirely rule out the presence of seasonal unit roots, but we do
reject at most of the seasonal frequencies. Hence, the tests point for the most part to
the use of a model with first differences and deterministic seasonality.

From an economic perspective, we do not expect the presence of seasonal unit roots
in the data series under consideration. It is hard to argue that a shock to retail sales in
for example July 2006 will affect retail sales in July 2007 but not August 2006.

Without a completely clear conclusion from the HEGY-test, it remains an open (and
empirical) question which model is the best for the purpose of nowcasting; a model
with annual differences or monthly differences. In building our preferred model, we
will therefore consider one model with annual differences and another with monthly

differences.!”

5 Estimation

In the following we set up and estimate two models of the seasonally adjusted volume
index for retail sales. The estimation sample is January 1998-December 2006 and the

remaining 17 months are saved for out-of-sample nowcasts.

5.1 A model with annual differences

In this section we assume that the appropriate transformation of the data is annual

differencing. The general model can be written as

16The set of lags was determined by first estimating the equation with two years of lags and then
excluding the lags which did not enter significantly.
1"We refrain from considering models with a combination of roots/differences.

14



A12V0lt == Alth + Algptfl + lags of A12V0lt, A12Dt and Algjjtfl

+ deterministic terms + &, (3)

where Vol is the (log) seasonally adjusted volume index for retail trade and D is the
(log) value of Dankort payments. P is the (log) implicit price deflator included to deflate
the value of Dankort payments.'® The deterministic terms consist of a constant, i.e.
we allow for trends in the data, and the deterministic terms include calendar dummies:
AjsTuesdayy, ..., ApSunday,, AsEaster;.™

The estimation results are shown in Table 1 (with graphs in Appendix A2). The
model explains about 80 per cent of the variation in the annual change in the volume
index. Standard diagnostic tests indicate that the model is well specified and that one
lag is sufficient.

A one percentage increase in Dankort payments in a given month leads to a 0.68
percentage increase in the volume index in the same month. The coefficient is less than
one, which reflects that Dankort payments include more items than retail sales and the
ongoing advance of the Dankort as a means of payment as discussed above.

The Friday and Easter dummies are the only significant calendar dummies. In addi-
tion to the immediate effect, dynamic effects are also significant, and the static long-run

solution is given by

A12V0lt = —0.006 + 0.47A12Dt — 1.06A12.Pt_1 + dummies.

18We only include the lagged value of the implicit price deflator as its current value is not in the
information set when forecasting in real time.

9The "day dummies" measure the number of days in a given month compared to the same month a
year before and take on the value 1, 0 or -1. Only six of the seven "day dummies" are included in the
estimation in order to avoid the dummy variable trap. The Easter-dummy measures whether Easter lies
in the same month as the year before and takes on the value 1, 0 or -1.

15



OLS REGRESSION OF THE ANNUAL CHANGE IN THE SEASONALLY ADJUSTED

VOLUME INDEX FOR RETAIL TRADE (MODEL 1) Table 1
Coefficient Standard error
Constant ............cocceveenins -0.003 -0.007
Dankort transactions (Dy) . 0.679 0.051
Volume indeX (VOlt.1) oveevveveeiiiiiieciiieeces 0.508 0.084
Dankort transactions (Dy.1) -0.447 0.069
Price deflator (P.1) -0.520 0.147
TUESAAY ..vvveeiiiriiie et -0.001 0.004
Wednesday ........ccccovcvviieiiiiiieiiiee e -0.005 0.003
Thursday ........ccceeevcnnneenne 0.000 0.003
Friday .....ccooviiiiiiiiie -0.011 0.003
Saturday ........cceeeeeiiinnennn 0.003 0.003
SUNAAY .oevene e 0.006 0.004
EASTEN ..o -0.010 0.005

Number of observations: 95 R% 0,82 0:0.0127 AR 1-6: F(6,77) = 2.11
Normality test: x*(2) =3.16 Hetero test: F(22,60) = 0.96 RESET test: F(1,82) = 2.48

Note: Monthly observations. The variables are in log and annual differences. The volume index is seasonally adjusted, whereas the
other variables are not.

An increase in the value of Dankort payments by 1 per cent is associated with an
increase in retail sales of approximately 0.5 per cent. Notice that the coefficient to the
price variable is close to 1. This is as expected since the left hand side is a real measure
and the value of Dankort payments is a nominal measure.

Turning to the model’s nowcast abilities out of sample, we find that the root mean
square error (RMSE) for the 17 one-step-ahead forecasts is 0.0218.2° The inclusion of
Dankort payments is indeed useful for nowcasting retail sales as a benchmark univariate
AR(4) model in annual growth rates yields a RMSE of 0.0314.

Next we consider an extended model which includes an estimate P} of the implicit
price deflator in the model.?! The estimate is calculated from a subset of the prices in

the consumer price index, which is published ten days after the end of a month. Hence,

20 A1l reported RMSEs have been computed based on the forecast error made in predicting the month-
on-month change in the retail index to make them comparable across models.
21 Specifically, we include A12 P} as an additional regressor.

16



D, and P is available about three weeks before the retail trade index which is only
published thirty days after the end of the reference month. If prices are stable over
time, the inclusion of P} in the model should not add much more information than the
lagged actual deflator P;_;, but the estimated deflator might be able to capture some
high-frequency variation in prices.

The estimation is based on a smaller sample because the estimate of the implicit
price deflator is only available since 2000. The RMSE of the 17 out-of-sample nowcasts
is reduced to 0.0177, indicating that it is useful to include the estimate of the annual

price change in the model.

5.2 A model with monthly differences

The unit-root tests in the HEGY-tests above indicated that retail sales and Dankort
transactions are integrated of order one. Also, we have argued that households’ extensive
use of the Dankort when purchasing retail goods should lead to a (long-run) relationship
between the two. To investigate this further, still with the objective of finding a model
useful for nowcasting the volume index for retail sales, a cointegrated VAR is set up in
the following.

We include the seasonally adjusted volume index and Dankort payments as endoge-
nous variables and the implicit deflator as unmodelled, all in logs. An unrestricted
constant and a trend restricted to the cointegration space is included to allow for deter-
ministic trends in the data and, possibly, in the cointegration relations. Also we condition
on the set of calendar dummies introduced above (in level form) and a full set of monthly

seasonal dummies. Formally, the model may be written in error-correction form as
k
AY; = a+ 1Y + Z . A;AY,_; + BAZ; + dummies + &, (4)
]:
where Y contains the endogenous I(1) variables, Y* is Y together with the time trend
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and the unmodelled variable, k is the lag length of the VAR, Z is the unmodelled variable
and it is assumed that ¢; is 1.1.d.N (0, Q).

A lag length of 5 is chosen. The model generally passes standard tests for misspec-
ification, although normality of the errors is rejected, cf. Table 2. The problem with
non-normality is found to be due to outliers in March and April 1999, but in the following

we continue with the full sample.

DIAGNOSTIC TESTS (SYSTEM) Table 2
AR 1-6 ARCH 1-6 Hetero. Normality
Test statistic distribution .............c.ccoccevieene F(6,66) F(6,60) F(24.47) X3(2)
Volume iNdeX ......ccovcuviiieiiiiiiieiiiiiee e 0.85 4.03** 1.46 21.2**
DanKort .......coooiiiiiiiiiiece e 1.01 1.42 1.16 9.74**
Test statistic distribution .............c.ccoceeviene F(24,118) .. F(72,135) X3(4)
SYSEEM ... 1.34 . 0.88 8.89

Note.: * and ** denotes rejection at a respectively 5 and 1per-eent significance level.

Test for cointegration rank points to one cointegrating relationship, cf. Table 3.
After imposing a cointegration rank of one, we consider the theoretical restrictions that
follow from the discussion above. First we expect that changes in the marginal process for
Dankort transactions should not affect the conditional process for the volume index given
Dankort transactions. Second, we expect a long-run relationship between (log) Dankort
transactions and the (log) value index for retail sales. This implies equal coefficients
on the volume index and the implicit deflator. The two overidentifying restrictions
(Dankort transactions weakly exogenous and equal coefficients on the volume index and
the deflator) are rejected by the LR test on a 5 per cent significance level, but accepted
on a 1 per cent level (P-value = 0.03). When the restriction that the trend does not
enter the cointegrating relation is added, the overidentifying restrictions are no longer

rejected at a b per cent significance level (P-value = 0.07).
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COINTEGRATION TESTS Table 3

Rank Trace Max Trace (T-nm) Max (T-nm)
0 34.47** 22.68* 31.12** 20.48*
L 11.79 11.79 10.64 10.64

Note: * and ** denotes rejection at a respectively 5 and 1 per cent significance level.

The final cointegrating relation reads

ECIMy = VOlt + .Pt - 043Dt

In the long run a one per cent increase in Dankort payments is thus found to lead to
an increase in the volume of retail sales of 0.43 per cent (standard error 0.01). The
adjustment coefficient in the volume index equation is estimated to be -0.32 (with a
standard error of 0.09). Accordingly, about one third of a deviation from the long-run
equilibrium will be corrected in the next month.

The long-run elasticity with respect to the Dankort transactions has been relatively
stable over time, cf. the recursive graphics in Chart 7. The chart also shows that the
overidentifying restrictions would not have been rejected on virtually any sample ending
in 2004 and later.

Given the weak exogeneity of the Dankort transactions we continue the analysis
towards a nowcasting model for the volume index in a single equation framework. The

general equation from which we start is specified as follows

AVol;, = AD;+ AP,_1 +lags of AVol;, AD; and AP;_1 + ecm;_

+ deterministic terms + &, (5)

where the deterministic terms include a constant, the same calendar dummies as above
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RECURSIVE COINTEGRATION RESULTS Chart 7
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and a full set of seasonal dummies.

We start with five lags and then eliminate insignificant lags to arrive at the model
in Table 4 with graphical analysis given in Appendix A2. The model explains more
than 80 per cent of the variation in the monthly change in the volume index. Test for
misspecification generally look fine, although the RESET test indicate that there may
be a problem with the functional form of the regression equation.??

Turning to the nowcast abilities of model 2, we find a RMSE of 0.0103 for the 17
out-of-sample nowcasts. Adding the estimate of (the monthly growth in) the implicit
price deflator to the model, the RMSE is reduced to 0.0089. This may be compared to
a benchmark AR(4) model in monthly growth rates which has a RMSE of 0.0136.

Finally, we depict the out-of-sample nowcasts from the two models in Chart 8. Both
models seem to carry information about the volume of retail sales as was also found
in the comparison with univariate AR(4) models. Based on RMSE, model 2 yields the
lowest forecast errors in the period under consideration, cf. Table 5.

The mean forecast errors show that model 1 delivers unbiased forecasts for the period

under consideration, while model 2 has a small positive bias.

22When the estimate of the implicit price deflator is added to the model (see below), no specification
problems are detected by the tests.
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OLS REGRESSION OF THE MONTHLY CHANGE IN THE SEASONALLY ADJUSTED

VOLUME INDEX FOR RETAIL TRADE (MODEL 2) Table 4
Coefficient Standard error
CONSTANT ... 0.180 0.062
Dankort transactions (Dy) .......c..coceeeeeiiennnn. 0.544 0.045
Volume index (Voli.1).......... -0.277 0.121
Dankort transactions (D¢.1) .... 0.169 0.085
Price deflator (P¢1) .......... . 0.254 0.312
Volume indeX (VOlt.2) .oeooviviieiiiiiiiiiiiiiceee -0.142 0.102
Dankort transactions (Dt.2) .....cocovvvveeeeiniennnn. 0.018 0.072
Price deflator (Pe2) «..oocveeviivvneennnnns . -0.791 0.307
Error-correction term (ECM.) -0.307 0.107

Number of observations: 102 R%* 0,85 ©:0.0087 AR 1-6: F(6,69) = 1.97
Normality test: x*(2) = 2.61 Hetero test: F(41,33) = 0.86 RESET test: F(1,74) = 6.04*
Note: Monthly observations. The variables are in log and monthly differences. Coefficient estimates for calendar and seasonal

dummies not shown. The volume index is seasonally adjusted, whereas the other variables are not. * and ** denotes
rejection of the null hypothesis at a respectively 5 and 1 per cent significance level.

MONTHLY CHANGES IN THE SEASONALLY ADJUSTED VOLUME INDEX OF RETAIL

SALES AND THE TWO NOWCASTS Chart 8
Per cent, month/month Per cent, month/month
8 8
6 6
4 4
2 2
0 — 0
-2 -2
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Note:  Based on models which include the estimate of the implicit price deflator, P".
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OUT-OF-SAMPLE FORECAST ACCURACY Table 5
Annual Monthly
Jan 2007 - May 2008 AR(4) Model 2 AR(4)
RMSE oo 0.0314 0.0089 0.0136
MeEaN EITOr .......cveveeveeeceee e 0.0004 0.0039 0.0069

Note: Model 1 and 2 include the estimate of the implicit price deflator, P".

1 Model forecast minus actual value.
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8 Appendix A2: Graphs
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