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Abstract

Seasonal adjustment of economic time series provides basis
for data comparison. The Brazilian SALES, Industry and
Services monthly series are adjusted using the X13-ARIMA
methodology, divided into two steps: Reg-ARIMA modeling
and deseasonalization. To define the best model selection
algorithm and calendar effect variable to be used in Reg-
ARIMA models for each of the economic survey, this work
uses a decision support method based on the error metrics of
prediction and residual autocorrelation. As a result, 6 models
were found for each survey resulting from the combinations
of 3 possible variables of calendar effect and 2 selection
algorithms.
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Seasonal adjustment in the IBGE economic series (SALES,
INDUSTRY AND SERVICES) - X13-ARIMA

e These series are adjusted in the X13-ARIMA software, a tool formulated by
the U.S. Census Bureau (U.S. Census Bureau, 2015), with the objective of
extracting from the originally calculated indices, the seasonal influences of

each month of the year, in order to compare the series of indices of the
month with the previous month;

e The X13-ARIMA software is divided in two steps:
Step 1 (RegARIMA Models): Estimation with two objectives (regression
+ SARIMA models) :

A) to exclude the effect of outliers and the calendar effect of the series,
B) to make the predictions of the historical series.

Step 2 (Series Deseasonalization): Exclusion of the seasonal component

through the moving averages proposed by Henderson (Kenny and Durbin,
1982).
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Step 1 - X13-ARIMA (before adjustment)
A) RegARIMA Model: Model Selection Algorithm

To find the best REG-ARIMA models, that is, those with the best and most

parsimonious diagnoses, two algorithms available in X13 can be used:
PICKMODEL or AUTOMODEL:

PICKMODEL: Specifies that the ARIMA part of RegARIMA will be
selected based on X11-ARIMA.

AUTOMODEL: Specifies that RegARIMA will be selected based on TRAMO
(Gomez and Maravall (2001,a)).
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Step 1 - X13-ARIMA (before adjustment)
B) RegARIMA Model: Calendar Variable

* In Reg-Arima modeling, the regression variables referring to the calendar
effect can be chosen before starting the modeling update.

Trading Day (TD): Ti: = (number of Mondays) - (number of Sundays)

Tz¢ = (number of Tuesday) - (number of Sundays)....
Te: = (number of Saturdays) - (number of Sundays)

Working Days: Working days of each month - 21

number of Mondays to Fridays of each month
X-13 Variable: - 5/2 number of Saturdays to Sundays of each
month
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Choice of Selection Algorithm and Calendar Variable

To define the model selection algorithm and the calendar effect variable that will be used
in the next update of the seasonal adjustment models of the industry series (PIM), retail
sales (PMC) and service (PMS), 6 models were estimated, resulting of the possible
combinations between algorithm and variable. These models were estimated for each of
the historical series of the fixed base indices (IBF) of the 3 surveys:
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Choice of Selection Algorithm and Calendar Variable

For each of the models, the following metrics and the following test were

calculated:
v' Metrics based on the prediction error of the RegARIMA model:

n
MAPE (Mean Absolute Percentage Error) : lz Ly: = ¥il x100
n
1=1

Vi
n
MAE (Mean Absolute Error) : 1 ~
" lvi — il
i=1
RMSE (Root Mean Squared Error): 1 -
;Z(y;: — ¥i)?
\j =1
where

y;:data observed ; y;: estimated data ;n: Number of observations

v’ Ljung-Box test for the autocorrelation of model residuals (MORETTIN &
TOLOI, 2004
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Steps for Choosing the Selection Algorithm and Calendar Variable

1. Metric median calculation for each of the 6 model combinations (calendar
variable X selection algorithm) of each historical series, considering forecasts
within the sample and outside the sample;

2. Exclusion of models that showed residual correlation, according to the Ljung-Box
Test;

3. \Verification of the lowest median of the metrics, to identify the best combination
of calendar effect variable and model selection algorithm in each series, since the
lowest median represents the model with the lowest forecast error and,
therefore, the best combination of variable and calendar effect;

4. \Verification of the best combination of calendar effect variable and model
selection algorithm in survey from two perspectives:

4.1) Considering that each seasonally adjusted series has the same importance
within each survey: in this way, the number of survey series in which each of the 6
possible combinations was considered the best was calculated;

4.2) Considering the relative importance of each activity or regional series in
relation to Brazilian total serie, within each survey: in this way, weights were assigned to
each of the series, reflecting its contribution in relation to Brazil, and then the weights of
the series of the survey in which each of the 6 possible combinations was considered the
best.
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Results: Choice of Selection Algorithm and Calendar Variable
Choice methods

surveyes Frequency of Combinations Sum of Series Weights by Combination
Combinations Number of simulations % Combinations Total weight %6 |
TD X AUTOMODEL 109 40,7% TD X AUTOMODEL 9,38 44,4%
TD X PICKMODEL 71 26,5% TD X PICKMODEL 5,83 27,6%
Dias uteis X PICKMODEL 29 10,8% Dias Uteis X AUTOMODEL 3,46 16,4%
PMC Dias Uteis X AUTOMODEL 23 8,6% Dias Uteis X PICKMODEL 1,96 9,3%
Varidvel X-13 X AUTOMODEL 20 7,5% Variavel X-13 X PICKMODEL 0,29 1,4%
Varidvel X-13 X PICKMODEL 16 6,0% Varidvel X-13 X AUTOMODEL 0,21 1,0%
Total 268 100,0% Total 21,14 100,0%
Combinations Number of simulations % _ Combinations Total weight 9% |
Variavel X-13 X PICKMODEL 66 27,5% Variavel X-13 X PICKMODEL 3,83 20,6%
TD X PICKMODEL 52 21,7% Dias Uteis X AUTOMODEL 3,47 18,7%
PMS Dias (teis X PICKMODEL 47 19,6% TD X PICKMODEL 3,46 18,6%
Dias uteis X AUTOMODEL 29 12,1% Dias Uteis X PICKMODEL 3,05 16,4%
TD X AUTOMODEL 28 11,7% Variavel X-13 X AUTOMODEL 3,00 16,2%
Variadvel X-13 X AUTOMODEL 18 7,5% TD X AUTOMODEL 1,75 9,4%
Total 240 100,0% Total 18,57 100,0%
Combinations Number of simulations % Combinations Total weight 2646
Dias uteis X PICKMODEL 24 26,1% TD X AUTOMODEL 3,57 35,3%
P I M _ P F TD X PICKMODEL 23 25,0% TD, X PICKMODEL 2,12 21,0%
TD X AUTOMODEL 20 21,7% Dias Uteis X PICKMODEL 2,03 20,1%
Dias uteis X AUTOMODEL 12 13,0% Variavel X-13 X AUTOMODEL 1,51 15,0%
Varidvel X-13 X AUTOMODEL 7 7,6% Varidvel X-13 X PICKMODEL 0,45 4,5%
Varidvel X-13 X PICKMODEL 6 6,5% Dias Uteis X AUTOMODEL 0,41 4,0%
Total 92 100,0% Total 10,10 100,0%
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Next Steps:

1- Study other possibilities of algorithms for Model Selection;

2- Study other regression variables referring to the calendar
effect can be chosen.
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