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Table 1 
Forecast accuracy 

 
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.  

denomination months

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
3 2.200 4.642 -2.200 4.817 2.171 4.567 -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 4.901 10.402 -4.901 11.626

1 0.509 7.812 -0.509 7.812 0.359 5.518 -0.359 5.518
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
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
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
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
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
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Table 2a 

Structural time series forecasting models: estimation results 

 

 

 

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. 

 

€5 banknotes €10 banknotes €20 banknotes €50 banknotes €100 banknotes €200 banknotes

Estimation sample, number of observations 2004:01 - 2020:09, 201 2004:01 - 2020:09, 201 2004:01 - 2020:09, 201 2004:01 - 2020:09, 201 2004:01 - 2020:09, 201 2004:01 - 2020:09, 201

Forecast horizon, length in months 2020:10 - 2021:09, 12 2020:10 - 2021:09, 12 2020:10 - 2021:09, 12 2020:10 - 2021:09, 12 2020:10 - 2021:09, 12 2020:10 - 2021:09, 12

Model specification1) 

(y : number of Spanish-issued banknotes in 

circulation in million pieces)

y = trend  + seasonal  + 

irregular  + explanatory 

variable 

y = trend  + seasonal  + 

irregular  + explanatory 

variable  + intervention

y = trend  + seasonal  + 

irregular  + explanatory 

variable  + intervention

y = trend  + seasonal  + 

irregular  + explanatory 

variable  + interventions

y = trend  + irregular  + 

interventions

y = trend  + irregular  + 

interventions

Specification of trend
stochastic level and 

stochastic slope

stochastic level and 

stochastic slope

stochastic level and 

stochastic slope

stochastic level and 

stochastic slope

stochastic level and 

stochastic slope

stochastic level and 

stochastic slope

Specification of  trigonometric seasonal stochastic stochastic stochastic stochastic - -

Explanatory variable:

dummy variable for Easter 0.35** 0.28*** 1.10** 2.00**

Interventions for:

Lehman brothers , slope break: 2008:09 -0.026***

financial bailout , level break: 2012:05  9.11***

cash payments limits , slope break: 2012:11 -0.02**

announcement stop issuance €500 , level break: 

2016:09
0.65***

Catalonia political instability , level break: 

2017:10
0.03***

COVID-19 crisis , level break: 2020:03 -0.53***

COVID-19 crisis , level break: 2020:04 22.21*** 0.32***

COVID-19 crisis , slope break: 2020:04  2.14** 13.21*** 0.002*
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