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We employ historical data for the industrial production in
Austria for the last 15 years.

The raw data is available from the IFS (International Financial
Statistics) data base.

Plotting the series leads to the conclusion, that the data
clearly exhibits seasonality.
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Figure: Austrian industrial production from 1995q1 till 2009q2 with
quarterly symbols.
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Figure: Growth of austrian industrial production from 1995q1 till
2009q1 with quarterly symbols.
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Figure: Sample ACF clearly shows seasonality.
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Estimation of Seasonal Model 1/5

An investigation of the time series plot leads us to the
conclusion, that a stationary seasonal ARIMA model can
describe the data well.

The model consists of a seasonal MA(Q) model and a
seasonal AR(P) model, with seasonal period s=4, because of
quarterly data.

The MA(Q) model is given by

Yt = et −Θ1et−s −Θ2et−2s − ...−ΘQet−Qs

with seasonal MA characteristic polynomial

Θ(x) = 1−Θ1x
s −Θ2x

2s − ...−ΘQxQs
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Seasonal MA(Q) models can also be viewed as a special case
of nonseasonal MA models of order q=Qs but with all
θ−values zero except at the seasonal lags s, 2s, 3s, ... , Qs.

Such a series is always stationary and the acf will be nonzero
only at s, 2s, ... , Qs.

The seasonal AR(P) model is given by

Yt = Φ1Yt−s + Φ2Yt−2s + ... + ΦPYt−Ps + et

with seasonal characteristic polynomial

Φ(x) = 1− Φ1x
s − Φ2x

2s − ...− ΦPxPs
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This model can also be seen as a special version of the AR(p)
model with p = Ps with nonzero φ−coefficients only at the
seasonal lags s, 2s, 3s, ... , Ps.

Again, the ACF of the AR process is nonzero at lags s, 2s...

A closer investigation of the ACF shows us, that not only the
lags are nozero, but also the values close to the lags. To
model this, we have to combine the ideas of seasonal and
nonseasonal ARMA models. This can be achieved by
multiplicative seasonal ARIMA models.
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In a multiplicative seasonal ARIMA model the MA
characteristic polynomial is given by (1− θx)(1−Θx4).

Multiplying out gives us 1− θx −Θx4 + θΘx5. Therefore the
series is given by

Yt = et − θet−1 −Θet−4 + θΘet−5
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Parameter estimates for the seasonal ARIMA (0,1,1) model
are all highly significant

Coefficient θ Θ
Estimate 0.2217 -0.6904
Standard error 0.1097 0.1687
σ̂2

e = 5.629 : log-likel.= −122.32 AIC= 248.64
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Computing forecasts with seasonal ARIMA models is most
easily carried out recursively by employing difference equations
for the model.

The prediction limits for seasonal models are obtained exactly
as in the nonseasonal case. We compute the 95% confidence
interval for our prediction, which gives us a good feeling for
the precision of our prediction.
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Figure: Forecast of industrial production (4 years).
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Thank you for your attention!

Thank you for your attention!
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