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Introduction

Why Air Travel Demand Forecasts?

1 Forecasting of air travel demand has a long tradition – long-term
as well as short-term forecasts.

2 Long-term forecasts are important for decisions, including
the expansion of airport facilities,
research and development,
airplane design and production planning,
regional planning of policy makers.

3 Short-term forecasts are important for decisions, including
capacity and resource planning of airlines,
marketing measures of airlines,
capacity and resource planning of airport operators,
marketing measures of airport operators.

4 The air travel market is very sensitive to the prevailing business
cycle, and it demands frequent updating of forecasts.
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Introduction

Combination of Forecasts: Basic Ideas

Combining forecasts from different models:

Since the seminal paper of Bates/Granger (1969), a sizeable
literature on the merits of combining forecasts from different
models has evolved.
If forecasts are based on different explanatory variables and/or
different assumptions about the relations between the variables,
forecast combinations with equal or estimated weights can
outperform the individual forecasts.
In this literature, the different forecasts are typically obtained by
estimating a number of alternative models over the same sample
period.
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Introduction

Combination of Forecasts: Basic Ideas

Combining forecasts from different models:

Overviews:
Clemen, R. T. (1989), Combining Forecasts: A Review and
Annotated Bibliography, International Journal of Forecasting 5,
559-583.
Jungmittag, A. (1998), Combination of Forecasts, in: Kotz, S. et al.
(Eds.), Encyclopedia of Statistical Sciences, Update Volume 2,
New York et al.: John Wiley and Sons, 258-263.
Jungmittag, A. (2010), Combination of Forecasts, in:
Balakrishnan, N. (Ed.), Methods and Applications of Statistics in
Business, Finance and Management Sciences, New York et al.:
John Wiley and Sons, 116-121.
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Introduction

Combination of Forecasts: Basic Ideas

Combining forecasts across different estimation windows:

Pesaran/Timmermann (2007) argue that the forecast averaging
procedure can be extended to deal with other types of model
uncertainty, such as the uncertainty over the size of the estimation
window.
They propose the idea of averaging forecasts from the same
model but computed over different estimation windows.
Using Monte Carlo experiments, they show that this type of
forecast averaging reduces the mean square forecast error
(MSFE) in many cases when the underlying relations are subject
to structural breaks.
Pesaran/Pick (2011) extend the approach of Pesaran/Timmer-
mann (2007) and apply it to financial market data before and after
the recent credit crunch.
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Introduction

Combination of Forecasts: Basic Ideas

Aims of my paper:
The empirical application in Pesaran/Pick (2011) is limited to a
very simple model (random walk with drift) and to one-step ahead
forecasts.
In my paper I use more sophisticated seasonal Box-Jenkins
models (SARIMA) — adequate to forecast air travel demand at
German airports with distinct seasonal patterns, and
I compare multi-step forecasts up to 12 months.

Jungmittag Combination of Forecasts February 2015 8 / 31



Forecast Combination across Estimation Windows

Contents

1 Introduction

2 Forecast Combination across Estimation Windows: Some
Methodological Issues

3 Specification of the SARIMA-Model and the Forecasting Exercise

4 Forecasting Results

5 Conclusions

Jungmittag Combination of Forecasts February 2015 9 / 31



Forecast Combination across Estimation Windows

Advantages of the Method

An attractive feature of this method is that no exact information
about the structural break is needed.
This contrasts with the conventional approach of assessing or
estimating the break points, and then basing the forecasts on the
post-breaks observations.
However, it is not always optimal to base forecasts only on the
post-break data.
Using pre-break data biases the forecast, but at the same time it
reduces the forecast error variance.
The overall effect of using pre-break data depends on the the size
and the point of the break — and it is hard to assess the size of
the break since it involves estimating the model over the pre- and
post break periods.
If the distance to the break is short, the post-break parameters are
likely to be poorly estimated.
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Forecast Combination across Estimation Windows

Forecast Averaging across Estimation Windows:
Notation and Basic Approach

Consider the sample {yt , xt}Tt=Ti+1, with 0 ≤ Ti < T , which yields
an observation window of size Wi = T − Ti .
Then, the fraction of observations in a single window is
wi = (T − Ti)/T .
The estimation process could start with a minimum window
{yt , xt}Tt=Tmin+1 of size wmin = (T − Tmin)/T .
From wmin other larger windows can be considered.
More specifically, it is

wi = wmin +

(
i − 1
m − 1

)
(1− wmin), for i = 1,2, . . . ,m,

so that wi ∈ [wmin,1]. The number of estimation windows is m.

Jungmittag Combination of Forecasts February 2015 11 / 31



Forecast Combination across Estimation Windows

Average Window Forecast

The average window forecast is defined by

ŷm,T+1 =
1
m

m∑
i=1

ŷT+1(wi),

where ŷT+1(wi) is the forecast from an estimation window wi , and
forecasts from all windows are given equal weights.
The objective of my analysis is to compare single-window
forecasts and the average window forecasts.
In recursive estimation, the single window can be an expanding or
a rolling window, and average window forecasts can be obtained
by averaging over sub-windows within an given expanding or
rolling window.
Therefore, the average window forecast procedure is not an
alternative to rolling forecasts.
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Specification of the SARIMA-Model and the Forecasting Exercise

Boarding Passengers per Month at Frankfurt Airport,
January 2003 until August 2012

Jungmittag Combination of Forecasts February 2015 14 / 31



Specification of the SARIMA-Model and the Forecasting Exercise

Specification of the SARIMA-Model for the Whole
Estimation Period

Seasonal autoregressive integrated moving average (SARIMA) model

examines the year-to-year relationships for each month (in our case) of
a time series (Box/Jenkins/Reinsel, 1994), thus capturing the seasonal
relationship between observations for the same month (Yt and Yt−12)
in successive years.

The error terms of the model are assumed to have a zero mean,
constant variance, and to be serially independent.

Very popular class of models to forecast air passengers.
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Specification of the SARIMA-Model and the Forecasting Exercise

Specification of the SARIMA-Model for the Whole
Estimation Period
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Specification of the SARIMA-Model and the Forecasting Exercise

Specification of the SARIMA-Model for the Whole
Estimation Period
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Specification of the SARIMA-Model and the Forecasting Exercise

Re-Estimation of the SARIMA-Model for the
Post-Break Period
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Specification of the SARIMA-Model and the Forecasting Exercise

Design of the Forecasting Exercise

The comparison of the performance of the different forecast
methods is carried out for short-term to medium-term forecast
horizons, 1 to 12 months ahead.
The evaluation is based on recursive forecasts that involve an
average of the respective horizon forecasts over all 12 recursive
windows.
The one step ahead forecasts are starting with the forecast for
2010(10) based on an estimation window up to 2010(9), the
second forecast is for 2010(11) based on an estimation window up
to 2010(10), etc., the 12th forecast for 2011(9) is then based on
an estimation window up to 2011(8).
Similarly, 12-period-ahead forecasts are carried out for 12 different
recursive windows. The forecast for 2011(9) is based on an
window up to 2010(9), whereas the last 12 step ahead forecast is
carried out for 2012(8) based on an estimation window until
2011(8).
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Specification of the SARIMA-Model and the Forecasting Exercise

Methods Used in the Forecasting Exercise

Baseline forecasts
(i) using an expanding window of the observations after the

structural break.

Average window forecasts

with a minimum number of observations Wmin = 27 months and m = 5
sub-windows within
(ii) a rolling window of length Wa = 80 months and
(iii) an expanding window.

Expanding window

(iv) over the whole observation period.
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Specification of the SARIMA-Model and the Forecasting Exercise

Methods Used in the Forecasting Exercise

Single rolling windows

of size
(v) Wmin = 27 months,
(vi) W̄ = Wa(1/5 + 2/5 + . . . + 5/5)/5 = 48 months, and
(vii) Wa = 80 months.
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Specification of the SARIMA-Model and the Forecasting Exercise

Measuring the Forecast Performance

Mean absolute forecast error

MAFE =
1
n

n∑
1

|ŷT+i|T − yT+i |,

where n is the number of forecasts, and i is the step size of a forecast.

Root mean square forecast error

RMSFE =

√√√√1
n

n∑
1

(
ŷT+i|T − yT+i

)2
,

where n is again the number of forecasts, and i is the step size of a
forecast.
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Forecasting Results

Performance of the Alternative Forecasts: MAFE
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Forecasting Results

Performance of the Alternative Forecasts:
Relative MAFE
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Forecasting Results

Performance of the Alternative Forecasts: RMSFE
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Forecasting Results

Performance of the Alternative Forecasts:
Relative RMSFE
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Conclusions

Some Conclusions

I analyzed whether forecasts of air travel demand — which is very
sensitive to business cycles and perhaps structural breaks — can
be improved by combining forecasts across different estimation
windows.
One result is very obvious: Nearly every thing provides better
forecasts than just using the observations from the post-break
period.
However, the average window forecasts mostly outperform the
alternative single window forecasts.
The relative performance is the stronger, the longer the forecast
horizon.
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Conclusions

Some Conclusions

More generally, averaging of forecasts over different estimation
windows offers a simple approach to generating forecasts that are
reasonably robust to structural breaks of unknown dates and
sizes.
Therefore, the average windows approach surely would be fruitful
for other market or sales forecast tasks.
The approach also will likely improve the forecast accuracy of
other models, e.g. with independent explanatory variables — but
this is left for future research.

Jungmittag Combination of Forecasts February 2015 30 / 31



Conclusions
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