
The best–performing ETS model

The application of the ets() function of the forecast package [1] to the data of the IBGE from January 2015 to December
2019, produces an ETS(A,N,A) model with AIC=1191.406, AICc= 1202.315 and BIC= 1222.821. The measurement
and transition equations obtained of the state space model have the form:

yt = lt + st−12 + εt,

lt = lt−1 + 0.64εt,

st = st−12 + 10−4εt,

(1)

where

l0 = 105487.69,

(s0, . . . , s−12) = (−1696.62,−7145.66,−1314.64,−2802.18, 3629.00, 10137.31,

6827.75, 6432.20,−414.95, 123.49,−11338.13,−2437.56)

and the innovations, εt, should represent a white noise with mean 0 and constant variance. The estimated variance in
this model is σ̂ = 2354.44.

In the Spanish case, the optimal ETS model is an ETS(M,N,M) which has multiplicative errors, no trend and
multiplicative seasonality, with AIC=1145.25, AICc=1156.16 and BIC=1176.66. The measurement and transition
equations have the form:

yt = lt−1st−12(1 + εt),

lt = lt−1(1 + 2 · 10−04εt), (2)

st = st−12(1 + 10−04εt).

where

l0 = 35045.98,

(s0, . . . , s−12) = (1.09, 0.97, 0.93, 0.85, 0.92, 0.95, 0.91, 0.95, 0.97, 1.08, 1.09, 1.29)

and the errors or innovations εt should represent a white noise. The estimated variance of the errors is σ̂ = 0.05.
The plots of the errors and its autocorrelation function are given in Figure 1. Notice that some values are slightly

out of the threshold limits defined by the dashed line in blue for the Brazilian model. The Ljung-Box test with
automatic selection of the parameters for group autocorrelation of the errors gives the p-value = 3.61 · 10−4 for the
Brazilian model and a p-value = 5.66·10−07 for the Spanish model, both are significantly small. Hence, the assumption
that the error series follows a white noise process is not satisfied, from where we conclude that there is still some hidden
information that the models do not capture.
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(a) Errors from ETS(A,N,A) model for the Brazilian data.

(b) Errors from ETS(M,N,M) model for the Spanish data.

Figure 1: For both figures, the first row represents the errors, the second row at the left represents the autocorrelation
function of the residuals and the right represents the histogram of the residuals.
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