








Table 1

Forecast accuracy

Accuracy of monthly forecasts at different horizons

denomination months STSM ARIMA
MAPE MAE MPE RMSE MAPE MAE MPE RMSE
1 1.756 3.745 -1.756 3.745 1.137 2.426 -1.137 2.426
5 3 2.200 4.642 -2.200 4.817 2.171 4567 -2.171 5.248
6 3.231 6.862 -3.231 7.306 2.881 6.106 -2.881 6.612
12 4,738 10.065 -4.738 10.875 4901 10.402 -4.901 11.626
1 0.509 7.812 -0.509 7.812 0.359 5.518 -0.359 5.518
10 3 0.470 7.204 -0.470 7.644 0.927 14.192 -0.927 17.057
6 0.511 7.859 -0.511 8.143 1.173 18.063 -1.173 20.341
12 0.405 6.262 -0.405 7.021 1.698 26.347 -1.698 29.252
1 0.790 16.674 -0.790 16.674 0.388 8.189 -0.388 8.189
20 3 0.906 19.109 -0.906 20.008 1.021 21.512 -1.021 25.610
6 1.254 26.633 -1.254 28.081 1.295 27.466 -1.295 30.563
12 1.517 32.480 -1.517 33.951 2.078 44,541 -2.078 49.188
1 0.883 11.528 0.883 11.528 1.089 14.210 1.089 14.210
50 3 0.500 6.627 0.500 7.599 2.564 34.627 2.564 41.244
6 1.170 16.065 0.865 22.749 3.030 41.428 3.030 45.901
12 2.408 34.114 2.256 40.863 3.826 53.946 3.826 58.558
1 0.369 0.379 -0.369 0.379 0.865 0.887 -0.865 0.887
100 3 0.885 0.914 -0.885 1.035 1.663 1.717 -1.663 1.890
6 1.181 1.238 -1.181 1.347 2.244 2.355 -2.244 2.578
12 1.317 1.416 -1.186 1.563 2.813 3.056 -2.813 3.296
1 0.726 0.038 0.726 0.038 0.334 0.018 -0.334 0.018
200 3 1.034 0.053 1.034 0.054 1.823 0.092 -1.823 0.110
6 2.604 0.112 -0.701 0.171 5.909 0.258 -5.909 0.353
12 16.054 0.444 -15.103 0.603 24.332 0.697 -24.332 0.887

Source: Authors’ calculations.

Forecast accuracy is evaluated using different forecast error measures including the mean absolute
percentage error (MAPE), mean absolute error (MAE), the mean percentage error (MPE) and the root
mean squared error (RMSE). Table 1 displays the forecast errors across different horizons for both the
STSMs and SARIMA models. All measures are consistent in showing that the STSMs generate the
most accurate forecast for most denominations with the exception of €5 banknotes where the SARIMA
model seems to perform better at certain horizons. However, the differences in forecast accuracy
among the models are only marginal in the short term while the STSMs outperform especially at the

one year ahead forecast.

All in all, it can be concluded that STSMs perform better for the period evaluated (12 months ahead)
in most denominations. It should be taken into account that the issuance of banknotes between
October 2020 and September 2021 was still conditioned by the restrictions associated with the public
health crisis and it would therefore be prudent to re-run this exercise with the inclusion of a longer

horizon.
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Table 2a

Structural time series forecasting models: estimation results

Estimation sample, number of observations
Forecast horizon, length in months

Model specificationl)

(v : number of Spanish-issued banknotes in
circulation in million pieces)

Specification of trend

Specification of trigonometric seasonal
Explanatory variable:

dummy variable for Easter

Interventions for:

Lehman brothers, slope break: 2008:09
financial bailout , level break: 2012:05
cash payments limits, slope break: 2012:11

announcement stop issuance €500, level break:
2016:09

Catalonia political instability , level break:
2017:10

COVID-19 crisis , level break: 2020:03
COVID-19 crisis, level break: 2020:04
COVID-19 crisis, slope break: 2020:04

€5 banknotes

€10 banknotes

€20 banknotes

€50 banknotes

€100 banknotes

€200 banknotes

2004:01 - 2020:09, 201
2020:10 - 2021:09, 12

y=trend + seasonal +
irregular + explanatory
variable

stochastic level and
stochastic slope

stochastic

0.35%*

2004:01 - 2020:09, 201
2020:10 - 2021:09, 12

y=trend + seasonal +

irregular + explanatory
variable + intervention

stochastic level and
stochastic slope

stochastic

0.28%**

2.14**

2004:01 - 2020:09, 201
2020:10 - 2021:09, 12

y=trend + seasonal +

irregular + explanatory
variable + intervention

stochastic level and
stochastic slope

stochastic

1.10**

13.271%**

2004:01 - 2020:09, 201
2020:10 - 2021:09, 12

y=trend + seasonal +
irregular + explanatory
variable + interventions

stochastic level and
stochastic slope

stochastic

2.00**

9.171***

22.27%**

2004:01 - 2020:09, 201
2020:10 - 2021:09, 12

y=trend + irregular +
interventions

stochastic level and
stochastic slope

-0.02**

0.03%**

0.002*

2004:01 - 2020:09, 201
2020:10 - 2021:09, 12

y=trend + irregular +
interventions

stochastic level and
stochastic slope

-0.026%**

0.65***

L0.53%%*
0.32%**

Source: Authors’ calculations.

Note: 1) ***: significant at the 1 per cent level, **: significant at the 5 per cent level, *: significant at the 10 per cent level.

73



References

Baldo, L., Bonifacio, E., Brandi, M., Lo Russo, M., Maddaloni, G., Nobili, A., Rocco, G., Sene, G. and
Valentini, M. (2021), “Inside the black box: tools for understanding cash circulation”, Markets,
Infrastructures, Payment Systems, Banca d’Italia.

Banque de France (2021), “The cash industry in the midst of the Covid-19 crisis”, authors: Bayol, L.,
Laplace, E. and de Pastor, R., Bulletin, 235/4, pp. 1-9.

Bartzsch, N., Gerdesmeier, D., Landau, B., Maddaloni, G., Rocco, G., Roffia, B. and Rua, A. (2020),
“Forecasting the demand for banknotes in the euro area”, International Cash Conference 2019, Conference
volume, Deutsche Bundesbank.

Bartzsch, N., Résl, G. and Seitz, F. (2011), “Foreign demand for euro banknotes issued in Germany:
estimation using direct approaches”, Discussion Paper, Series 1: Economic Studies, No 20, Deutsche
Bundesbank.

Commandeur, J. J. F., Koopman, S. J. (2007), An introduction to state space time series analysis, Oxford:
Oxford University Press.

Deutsche Bundesbank (2009), “Demand for banknotes during the financial crisis”, Monthly Report, June
2009, pp. 52-53.

Deutsche Bundesbank (2019), Cash use in Germany: Macroeconomic estimates of the extent of illicit cash use in
Germany, authors: Bartzsch, N., Schneider, F. and Uhl, M.

Deutsche Bundesbank (2022), “Demand for euro banknotes issued by the Bundesbank: current
developments”, Monthly Report, April 2022, pp. 67-83.

Doornik, J. A. and Hansen, H. (1994), “An omnibus test for univariate and multivariate normality”,
Working Paper, Nuffield College, University of Oxford.

European Central Bank (2022a), ECB Payment Statistics, July.

European Central Bank (2022b), Study on the payment attitudes of consumers in the enro area (SPACE) - 2022,
December.

Harvey, A. C. (1984), “A unified view of statistical forecasting procedures”, Journal of Forecasting, Vol. 3,
pp. 245-275.

Harvey, A. C. (1989), Forecasting, structural time series models and the Kalman filter, Cambridge: Cambridge
University Press.

Holt, C. C. (1957), “Forecasting seasonals and trends by exponentially weighted moving averages”,
ONR Memorandum, NV ol. 52, Pittsburgh, PA: Carnegie Institute of Technology.

Koopman, S. J., Harvey, A. C., Dornik, J. A. and Shephard, N. (2007), STAMP 8.0: Structural Time Series
Apnalyser, Modeller and Predictor, London: Timberlake Consultants.

Lalouette, L., Zamora-Pérez, A., Rusu, C., Bartzsch, N., Politronacci, E., Delmas, M., Rua, A., Brandi,
M. and Naksi, M. (2021), “Foreign demand for euro banknotes”, Occasional Paper Series, No 253, ECB.

Proiett, T. (1991), “Forecasting with structural time series models”, in: M. Clements and D. Hendry
(eds.), A companion to economic forecasting, Oxtord: Blackwell Publishers.

Rosl, G. and Seitz, F. (2021), “Cash and crises: No surprises by the virus”, Working Paper, No. 150,
Institute for Monetary and Financial Stability at Goethe University Frankfurt.

Seitz, F., Devigne, L. and de Pastor, R. (2022), “Different motives for holding cash in France: an
analysis of the net cash issues of the Banque de France”, Working Paper, No 888, Banque de France.

Zamora-Pérez, A. (2021), “The paradox of banknotes: understanding the demand for cash beyond
transactional use”, Economic Bulletin, Issue 2/2021, ECB.

78



