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SLIDING SIMULATION: A NEW APPROACH TO TIME SERTES FORECASTING
1

Abstract

This paper proposes a new approach to time series forecasting based upon

three premises. First, a model is selected not by how well it fits historical

data but on its ability to accurately predict out-of-sample actuel data.

Second, a model/method is selected among several run in parallel using out-of-

semple information. Third, models/methods are optimized for each forecasting

horizon separately, making it possible to have different models/methods to

predict each of the m horizons. This approach outperforms the best method of

the M-Competition by a large margin when tested empirically with the 111

series subsample of the M-Competition date.

Keywords: Forecasting; Time Series; Accuracy Measures; M-Competition; Sliding

Simulation

1. INTRODUCTION

In the early 1970's, interest shifted away from how well a model fitted

the past to how accurately it could predict the future, as empirical studies

(Armstrong * 1978; Makridakis et al., 1982; Makridakis and Hibon, 1979; Nelson

1972; Newbold and Granger, 1974) showed that the "best fit" did not guarantee

most accurate forecasts.

The area that first moved away from model fitting was in constructing

realistic confidence intervals based on empirically computed post-sample

1 I would like to thank Scott Armstrong, Chris Chatfield, Fred Collopy, Tim
Davidson, Maurice Desplas, Q. Duong, Robert Fildes, Ev Gardner and his
Ph.D. students, Jan de Gooijer, Michèle Hibon, Ira Horowitz, Essam
Mahmoud, Vic McGee, Steve Schnaars, Rob Veitz, Bob Vinkler, an associate
editor of Management Science, and four anonymous referees for their
invaluable comments on earlier drafts of this paper.
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forecasting errors (see killiams and Goodman 1971). however, such a shift did

not spread in the rest of the forecasting literature where the standard

practice has been to select and use one single model (based on how well it

fitted historical data) to forecast for all available series and across all

forecasting horizons. A few exceptions to this practice were Parzen (1982)

who proposed selecting between a low order ARMA model and a higher order AR

model depending upon the characteristics of each series and Carbone and

Makridakis (1986) who extended Parzen's concept by computing two models for

each series, one aimed at the short term and the other at the long term. The

two models were subsequently combined, in order to forecast, depending upon

information supplied judgmentally by the user. Another way of going beyond a

single model was suggested by Lewandowski (1979) who modified long term

forecasts by dampening the trend for longer term horizons. Lewandowski's

approach was formalized by Gardner and McKenzie (1985) who proposed a direct

trend dampening factor applied to longer term forecasting horizons. Lately,

Fildes (1986) suggested individual model selection rules for different classes

of time series.

In order to avoid the problems associated with model selection based on

model fit and minimize the risk of selecting a single model/method which might

turn out to be inappropriate, the forecasts of several models/methods were

combined (Mahmoud 1984, Winkler 1981) to obtain a single forecast. Empirical

evidence has shown that combining produces more accurate forecasts than those

of the individual methods being combined (Reid 1969, Newbold and Granger 1974,

Makridakis and Winkler 1983, Winkler and Makridakis 1983). However, combining

does not always make sense theoretically (Jenkins 1982) as some of the

model(s)/ method(s) being combined might be inappropriate (see also Clemen and

Winkler 1986).

The accepted approach to statistical forecasting assumes constancy of

patterns so that the best model that vas fitted to the historical data can be

also used to forecast beyond such data. Constancy, however, is not a

realistic assumption as far as business or economic data is concerned. If it

were, the rank correlation between the best method that fitted the historical

data and the best method that forecasted beyond these data vould be high, but

it is not. Makridakis (1986) computed the rank correlation between how well

the methods in the H-Competition fitted past data versus how well they



torecast beyond these data. Sucn rank correlations were small for the first

four forecasts (about 0.20) and dropped to zero thereafter. In addition, the

rankings were not consistent for different time periods and forecasting

horizons.

Theoretically, it is possible to estimate model parameters to minimize

each of the m-period-ahead forecasting errors; however, empirical evidence to

date has shown no real differences in post-sampie forecasting accuracy between

one and multi-step-ahead forecasts (Meese and Geweke 1984, Makridakis et al.

1982, Anderson and Carbone 1983). This paper provides evidence to the

contrary indicating significant improvements.

2. THE PROPOSED APPROACH OF SLIDING SIMULATION

A forecasting approach must permit us to test forecasting performance on

actual forecasting errors as well as allow us to calculate realistic

confidence intervals based on such errors. Furthermore, all data ought to be

used to develop the forecasting model (otherwise some information might be

lost).	 However, selecting a model for forecasting purposes based on how well

it fits the past is not satisfactory for the reasons mentioned above. Thus,

an alternative is required which, while using all historical data can, at the

same time, select models/methods for each series and forecasting horizons

based on actual, out-of-sample forecasting performance. The proposed

approach, through the use of a sliding simulation permits the use of all

historical data while at the same time, it bases the model(s) selection on

out-of-sample information.

2.1 Among-Methods Model Selection

In the proposed approach four non-seasonal methods are used in parallel

and the "best" among them selected. The four methods run in parallel are:

(a) single exponential smoothing, assuming that changes in trend cannot be

predicted; (b) Holt's exponential smoothing, extrapolating a linear trend; (e)

dampened-trend exponential smoothing (Gardner and McKenzie 1985) being similar

to Holt's except, as its narre implies, dampening the trend for longer

forecasting horizons; and (d) a long-term trend model (a long non-stationary



Auto-Regressive (AR) model similar to the long-memory ARAR models proposed by

Parzen, 1982) capturing the long-terni tendancy of a series. Since the above

four methods cannot deal with seasonal data, data was first deseasonalized,

using the classical method of decomposition (Makridakis, Wheelwright and

McGees 1983), forecasts were made using each of the methods, and then, these

forecasts were re-seasonalized.

The reasons for proposing the four methods mentioned above are the

following: (1) empirical evidence has shown that these methods are accurate,

(2) they are simple, (3) they produce forecasts and confidence intervals

automatically, and (4) they are complementary.

In order to obtain out-of-sample information it is assumed that only part

of the data is available (say, the first S where S<n, and where n is the total

number of data points available). Using the first S observations a model is

selected and m forecasts made. However, as long as S+m<n then actual accuracy

measures of how well the selected model forecasts each of the m horizons can

be computed. Once out-of-sample accuracy measures for each of the m

forecasting horizons and each of the four (or any other number of methods)

have been found the process of forecasting can be repeated using S+1 data, S+2

data, ..., n-1 data and the out-of-sample accuracy (or error) measures

computed each time. Such an approach of sliding simulation provides us with

information which tells us how well each of the methods run in parallel is

capable of predicting each of the m forecasting horizons in ternis of several

loss functions or accuracy measures (e.g., MAPE, MSE, Rankings, etc.) where

actual forecasts are concerned. Furthermore, confidence intervals based on

actual forecasting errors for each of the m forecasting horizons are being

constructed and information (i.e., standard errors) about the sampling

variation of the accuracy measures used (e.g., the MSE or MAPE) is being

computed. Knowing the empirical sampling distribution provides us with

valuable information vhich permits us to select the "best" method among the

four, using criteria other than the smallest MSE, MAPE, Median APE and so on.



3. RESULTS

The proposed approach was tested empirically using the subsample of the

111 time series used in the M-Competition. The "best" model/method was

selected based on how well it performed on a single accuracy measure,

combining several such measures/criteria, or using information from the

sampling distribution of forecasting errors.

3.1 Model/Method Selection

A model/method can be selected for each of the m-forecasting horizons

using one of the following procedures:

1. Selecting the model/method with the smallest MSE, MAPE, Median APE, or

some alternative criterion, using out-of-sample information.

2. Finding the best method for some specific criterion and computing a

confidence interval around this criterion based on the sampling distribution

of the forecasting errors. Then, the forecasts of all methods, vhose

performance, on the specific criterion, falls within this confidence

.
interval are selected and their forecasts comblned

2
 .

3. Several criteria can be combined and additional selection schemes can be

employed (they are not reported in this paper, however, for lack of space).

3.2 The Accuracy of the Results

Exhibit 1 shows the forecasting performance of the proposed approach,

together vith the results of the most accurate/important methods of the M-

Competition, as well as the accuracy of Dampened Exponential Smoothing

(Gardner and McKenzie, 1985) which was not used in the M-Competition. The

2 From a statistical point of view, the best methods to combine would all

be very accurate and have independently distributed forecast errors. The
method proposed here approximates this by using complementary methods and

including only those sufficiently near the best method.
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first part of Exhibit i shows the inaividual forecast accuracy of the tour

methods used in the proposed approach, as well as the accuracy of their

combined forecasts. The second part lists the accuracy of the remaining most

accurate/important methods of the M-Competition. The third and fourth parts

of Exhibit 1 show accuracies when the selection among the four methods Iras

done with out-of-sample information. The evaluation of the proposed approach

was done in the exact same manner as that employed in the M-Competition. That

is, it was assumed that the post-sample data did not exist and it Iras thus

completely ignored when developing models and selecting among models/methods).

The improvements resulting from selecting the method with the best MSE,

or MAPE (see part three of Exhibit 1) for each of the m-forecasting horizons 

using the information obtained from out-of-sample are large and consistent.

Furthermore, they apply to all forecasting horizons. The overall improvement

in MAPE, for instance, between the proposed approach and the best method in

the M-Competition - Parzen's ARARMA models - is more than the improvement in

MAPE between Parzen and single exponential smoothing.

Using the same non-parametric multiple comparisons test (Hollander and

Wolfe 1973) as that employed in the M-Competition shows that the great

majority of difference between the three selection schemes shown in part 3 of

Exhibit 1 and most accurate/important methods of the M-Competition are

statistically significant (see Exhibit 2)
3
. This is in particular true when

all the data are used and where monthly data are concerned. The differences

are the least significant with quarterly data. Finally, the highest number

statistically significant differences exist with the selection scheme of

combining the forecasts of the methods within the confidence intervals around

the best one.

3 Note that differences in average rankings vhich exceed the d-statistic in
the last rov of the tables are significant at the 1X level.
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3.3 Within-Metnod Model Selection

In addition to selecting the best among four (or any other number) of

methods run in parallel, the parameter(s) of a single method can be optimized

based on out-of-sample information.

Exhibit 1 (part four) shows the results
4 of the model selection based

on minimizing the out-of-sample MSE performance for each of the m-horizons and

method individually. In such a within method optimization the results for a

one-period-ahead forecasting horizon are similar to those of minimizing the

MSE of model fitting. The improvement of the proposed out-of-sample within-

method model selection starts at forecasting horizon two and becomes larger as

the length of the forecasting horizons increases. 	 The improvement is

considerable and consistent. For instance, the overall accuracy of single

exponential smoothing with the new approach is slightly better than that of

Parzen's ARARMA models, the best method of the M-Competition. Furthermore, if

yearly data (for which single exponential smoothing is inappropriate since it

assumes no trend) are excluded, the performance of single exponential

smoothing is much better than that of ARARMA models. The accuracy of ARARMA

models, or any other method, will probably also improve if the model selection

is based on out-of-sample data for each of the m-forecasting horizons.

(Research for selecting models other than smoothing, based on out-of-sample

performance, is being done at present).

The differences in forecasting accuracy of within-method model selection

approach and that used in the prevalant approach of optimizing the MSE of

model fitting are statistically significant (p<.01) for all methods shown in

Exhibit 1 (part four) with the exception of dampened trend exponential

smoothing where the p-value is 0.11. (The test vas performed using the

Vilcoxon non-parametric method).

4 The method of Brovn's quadratic exponential smoothing was used instead of
the Long AR model, to compute out-of-sample forecasts.



3.4 Parametric Tests of Statistical Significance

An alternative form of statistical testing can be performed using

parametric methods.	 The subsample of H-Competition data used in this study

consists of 111 series (20 yearly, 23 quarterly and 68 monthly). Moreover,

six yearly, eight quarterly and eighteen monthly forecasts were produced.

This makes a total of 1528 forecasts for all types of series and forecasting

horizons. The standard error of the MAPE of such forecasts is around 0.8%.

Thus, differences are not statistically significant unless they are larger

than some multiple of this standard error, depending upon the confidence

interval desired. Assuming normality and using an alpha of 0.05, a value of

about 1.5% is found. Thus, in terms of the overall results, the proposed

methods are statistically more accurate than the four methods used, since the

improvement is more than 1.5%. In this respect the proposed approach (between

models selection) does better than methods in the M-Competition including that

of Parzen's (the overall MAPE of Parzen's method is 15.4%, while those of the

proposed approach vary between 13.8% and 13.1%, thus the improvement is at

least 1.5%).	 In the case of within model selection the proposed approach is

statistically more significant for all methods except 	 dampened	 trend

exponentiel smoothing.

Testing for statistical significance (using parametric methods) is less

conclusive for single forecasting horizons, since the number of observations

(forecasts) is limited. For 111 forecasts, the standard error of MAPE is

around 3%, which makes few of the results statistically significant except for

longer forecasting horizons. However, an examination of the results of

Exhibits 1 shows a consistent improvement across all methods and forecasting

horizons, although such improvements might not always be statistically

significant for single horizons and methods.

3.5 Results Not Reported in Exhibit 1

In a large scale empirical study, there are many results which are not

reported to avoid too many tables (Pack 1983) and because of space

constraints. In the reported study, for instance, several accuracy measures

other than PUPE and MSE were used to select the best model/method. This
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included the median APE, the average ranking, the MAD, and a cubic and a

quadratic loss function. The results were less accurate than or very similar

to those reported in Exhibit 1; this is why they are not reported. In

general, it was found that the best criterion to optimize the model parameters

vas the MSE, while the best out-of-sample selection criterion of a

model/method was the MAPE.

Another factor that was found to produce small differences was when the

model parameters were optimized at each period of the sliding simulation

versus when the optimization was done using all n data (but never the post-

sample data) available to develop the model. Moreover, it was found that

combining more than one method using out-of-sample information did not improve

the accuracy of the individual single methods being combined. This is an

indication that applying out-of-sample selection produces an adequate model

which cannot be further improved through combining.

Differences in the post-sample forecasting accuracies were found to be

small, independently of the out-of-sample selection criterion and selection

procedure. The largest difference in overall accuracy is less than 0.6%.

This means that once the selection is based on out-of-sample information it

makes Little difference which selection procedure is being used. Thus, a MSE

measure, for optimizing the model parameters, and an out-of-sample selection

based on minimizing the MSE or MAPE can be utilized until additional research

improves parameter optimization and the model/method selection.

4. DISCUSSION AND DIRECTIONS FOR FUTURE RESEARCH

The approach to time series forecasting proposed in this paper provides

superior results in terms of improved forecasting accuracy when tested

empirically with the M-Competition data. Its major value cornes from using all

information available in historical data while at the same time computing

actual out-of-sample accuracy measures which are used in selecting appropriate

model(s) geared towards improving actual forecasting performance. More

research and practical usage of this approach viii be required to verify its

value with additional data beyond those of the M-Competition.
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rwoitional improvements in forecasting accuracy might be possible by the

appropriate choice of the methods to be run in parallel. The forecasts of

advanced methods might prove to be superior to those of simple ones if the

best model among such methods is se]ected based on out-of-sample performance.

Furthermore, other decision rules for selecting methods based on out-of-sample

forecasting information might further improve forecasting accuracy. These and

similar issues need to be investigated through additional theoretical and

empirical research. A rather encouraging conclusion of the empirical work

carried out in this paper is that combining methods seem to provide no gains

in forecasting accuracy above those of individual methods when out-of-sample

selection criteria are being used. This means that individual methods

adequately capture underlying patterns in a way that their forecasts cannot be

improved through combining.
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Exhibit 1: Among Methods Model Selection using different Selection Criteria

AVERAGE	 MAPE: ALL DATA

Forecasting Horizons

(111)

Average of Forecasting Horizons
METHODS 1 2 3 4 5 6 8 12 15 18 1-4	 1-6	 1-8	 1-12	 1-15	 1-18

Single exponentiel smoothing 7.8 10.8 13.1 14.5 15.7 17.2 16.5 13.6 29.3 30.1 11.6 13.2 14.1 14.0 15.3 16.8
Dampen-trend exponentiel smoot. 7.8 10.2 12.4 14.4 15.9 16.8 18.1 14.0 30.6 30.6 11.2 12.9 14.2 14.3 15.7 17.2
Holt's linear exponentiel 3M. 7.9 10.5 13.2 15.1 17.3 19.0 23.1 16.5 35.6 35.2 11.7 13.8 16.1 16.4 18.0 19.7
Long term memory AR(p) modal 9.6 8.6 10.3 12.2 13.6 14.1 14.7 14.7 18.0 24.5 10.2 11.4 12.3 12.7 13.3 14.3
Above four methods combined 7.6 9.2 10.1 11.9 13.7 14.7 14.8 13.6 24.2 24.6 9.7 11.1 12.4 12.7 13.2 13.9

Automatic A.E.P. filter 9.8 11.3 13.7 15.1 16.9 18.8 23.3 16.2 30.2 33.9 12.5 14.3 16.3 16.2 17.4 19.0
Bayesian forecasting 10.3 12.8 13.6 14.4 16.2 17.1 19.2 16.1 27.5 30.6 12.8 14.1 15.2 15.0 16.1 17.6
Box-Jenkins'ARIMA modela 10.3 10.7 11.4 14.5 16.4 17.1 18.9 16.4 26.2 34.2 11.7 13.4 14.8 15.1 16.3 18.0
Lewandowski's FORSYS 11.6 12.8 14.5 15.3 16.6 17.6 18.9 17.0 33.0 28.6 13.5 14.7 15.5 15.6 17.2 18.6
Parien's ARARMA modela 10.6 10.7 10.7 13.5 14.3 14.7 16.0 13.7 22.5 26.5 11.4 12.4 13.3 13.4 14.3 15.4

Best	 MAPE for out-of-sample 7.6 8.5 10.0 12.3 13.1 14.2 16.1 14.2 18.3 20.4 9.6 10.9 12.2 12.5 13.1 13.8
Best	 MSE	 for out-of-semple 7.0 8.4 9.6 12.3 13.4 14.6 16.4 14.2 18.6 20.5 9.3 10.9 12.1 12.5 13.1 13.8
Best in Confidence Intervals 7.5 8.4 9.8 12.3 12.5 13.6 14.4 14.0 15.8 20.5 9.5 10.7 11.6 12.0 12.5 13.2

SINGLE	 (Optimal-out-of-sample) 7.8 10.4 12.2 13.5 14.4 15.7 14.9 13.4 24.9 25.1 11.0 12.3 13.1 13.0 14.1 15.2
DAMPEN-Trend(Opt.Out-of-sample) 8.2 9.6 12.1 12.7 14.8 17.2 18.6 15.5 27.3 27.3 10.6 12.4 13.9 14.2 15.2 16.6
HOLT	 (Optimal Out-of-sample) 7.9 10.3 11.9 13.6 15.0 15,7 17.8 14.0 28.0 26.8 10.9 12.4 13.8 14.1 15.3 16.4
OOADRATIC (Optim.Out-of-samole) 8.8 11.0 14.9 14.6 16.8 18.6 22.3 26.5 36.2 47.2 12.3 14.1 15.8 16.9 19.2 22.3



Exhibit 2(a): Differences in overall (i.e., periods 1-18) rankings between

methods listed and the proposed approach of sliding simulation using best MAPE

as selection criterion

M-Competition

Method Ail data Yearly Quarterly Monthly

SINGLE 0.86* 3.62* 0.81 0.60*
HOLT 0.57* 0.42 1.09* 0.51*
DAMPEN 0.32 1.70* -.05 0.24
COMBINING 0.69* 2.48* 0.59 0.53*
BAYESIAN 0.61* 1.93* -.25 0.69*
BOX-JENKINGS 0.66* 1.80* 0.30 0.60*

LEWANDOSKI 0.28 1.10 0.82 0.11
PARZEN 0.57* 1.23 -.30 0.63*

d-statistic 0.36 1.27 1.02 0.40

Exhibit 2(b): Differences in overall (i.e., periods 1-18) rankings between
methods listed and the proposed approach of sliding simulation using best M5E
as selection criterion

M-Competition
Method Ail data Yearly Quarterly Monthly
SINGLE 0.89* 3.41* 0.98 0.63*
HOLT 0.60* 0.21 1.26* 0.54*
DAMPEN 0.35 1.49* 0.12 0.27
COMBINING 0.72* 2.27* 0.76 0.56*
BAYESIAN 0.64* 1.23 -.17 0.64*
BOX-JENKINGS 0.69* 1.59* 0.47 0.63*
LEWANDOSKI 0.31 0.89 0.99 0.14
PARZEN 0.60* 1.02 -.13 0.66*

d-statistic 0.36 1.27 1.02 0.40

Exhibit 2(c): Differences in overall (i.e., periods 1-18) rankings between
methods listed and the proposed approach of sliding simulation selecting and
combining methods within confidence interval

M-Competition
Method Ail data Yearly Quarterly Monthly
SINGLE 0.99* 3.59* 0.81 0.77*
HOLT 0.70* 0.39 1.09* 0.68*
DAMPEN 0.45 1.67* -.05 0.41*
COMBINING 0.82* 2.45* 0.59 0.70*
BAYESIAN 0.58* 1.36* -.37 0.44*
BOX-JENKINGS 0.79* 1.77* 0.30 0.77*
LEWANDOSKI 0.41* 1.07 0.82 0.28
PARZEN 0.70* 1.20 -.30 0.80*

d-statistic 0.36 1.27 1.02 0.40

* Denotes significant differences at 1% level
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