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ON THE FORECASTING ACCURACY OF THE HOLT'S

LINEAR EXPONENTIAL SMOOTHING METHOD

CHUNHANG CHEN

Abstract

The Holt's linear exponential smoothing method has been frequently used to

forecast a time aeries that has a trend. In this paper, we investigate the fOr&­

casting accuracy of this method. We give theoretical results on the asymp­

totic prediction errors for some stochastic processes. Using real-life time

series data, we show short-range forecasting perfonnances of this method.

Problems related to the range of the smoothing parameters are also dis­

cussed.

1. Introduction

Many time series exhibit a broad long run movement which is called

a trend. To forecast a time series that has a trend, Holt's linear

exponential smoothing method has been widely used in application

fields. In this paper we investigate the forecasting accuracy of this

method from theoretical and empirical aspects.

Let fYi}, where t is an integer, be a time series that has a trend.

Suppose that we have observations Yll Y2,"', Yn of {l't} and want

to forecast the future value Yn+h , where h > O. Here we consider the

Holt's linear exponential smoothing method. In this method, the time
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(i) Case 1: Quarterly Iowa Nonfarm Income

This data was collected from Abraham and Ledolter (1983) (see

Series 1, pp.419), which is the quarterly Iowa nonfarm income for

1948-1979. Figure 1-1 is a plot of the data. The time series shows a

smoothly increasing trend.

There are 128 observations in the data. We calculated the one-step

forecasts of 1'41, ... ,YI28 by the Holt's method based on the usual range

and the wider range. Estimated values of the smoothing parameters

among the wider range coincide with those among the usual range. So

the forecasts based on these two ranges are the same with each other.

Figure 1-2 gives the plot of the one-step forecasts, where 'Observed' is

the plot of the observations, 'Holt' the plot of the one-step forecasts

by the Holt's method. RMSE, MAE and MAPE of these forecasts

are given in Table 1. Estimated values for the smoothing parameters

(h and (J2 are plotted in Figures 1-3 and 1-4 respectively. For this data,

the accuracy of one-step forecasts by the Holt's method is very good.

(ii) Case 2: Annual Populations of Okinawa

Figure 2-1 gives a plot of the annual populations of Okinawa from

1946 to 1995. There is a missing value in the data which corresponds

to the year 1951. We treated this missing value by taking the average

of the values of 1950 and 1952. It seems that there are some structural

changes in the trend, possibly in 1971 for example.

We calculated the one-step forecasts of YI6,' . " Y50 , that is, the

forecasts of 1961-1995, by the Holt's method using the usual range

and the wider range of the smoothing parameters. A plot of these

forecasts is given in Figure 2-2, where 'Holt (usual)' is the plot of the

one-step forecasts using the usual range and 'Holt (wider)' the one­

step forecasts using the wider range e. RMSE, MAE and MAPE

are listed in Table 2. Estimated values of (Jl and (J2 in these fore­

casts are plotted in Figures 2-3 and 2-4 respectively. It can be seen
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that, when the wider range is used, estimated values of the smooth­

ing parameter f}l go slightly beyond the usual range. While both the

one-step forecasts using the usual range and the wider range perform

very well, the latter appears to be slightly worse than the former.

(iii) Case 3: University of Iowa Student Enrollments

This data was from Abraham and Ledolter (1983) (see Table 3.11,

pp.116) and was used by these authors to show the forecasting perfor­

mance of the Brown's double exponential smoothing method. Figure

3-1 gives a plot of the data-the annual student enrollments (fall and

spring semesters combined) at the University of Iowa, from 1951/52 to

1979/80. It appears that the trend of the time series changes fiercely

over the time.

There are 29 observations in the data. We calculated the one-step

forecasts of Yll , ... , Y29 by the Holt's method using the usual as well

as the wider ranges of the smoothing parameters. The forecasts are

plotted in Figure 3-2. RMS E, MAE and MAPE are listed in Table

3. The overall forecasting performance for this data set is satisfactory,

though it is somewhat worse than that for those two data sets given in

the above. The estimated values of f}l and f}2 among the usual range

and the wider range e are plotted in Figures 3-3 and 3-4 respectively.

In the case when the wider range is used, the estimated values of

the smoothing parameters, especially f}2, largely go beyond the usual

range. In this case, there is a tendency to overshoot sudden changes

in the trend, as can be seen in Figure 3-2. Table 3 shows that the

forecasting accuracy of the Holt's method using the wider range gets

worse than that using the usual range.

(iv) Case 4: Yearly total farm loan demand in the U.S.A.

This data was from Nazem (1988), where it was uased to show

applications of ARlMA models in forecasting (see §14.1). Figure 4-1

gives a plot of the data: yearly total farm loan demand in the U.S.A.
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Figure 1-1. Quarterly Iowa nonfarm income (in millions of dollars),

fIrst quarter 1948 to fourth quarter 1979.
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Figure 1-2. One-step forecasts of quarterly Iowa nonfarm income,

first quarter 1958 to fourth quarter 1979.

1 1. F't £T hI 1 RMSE MAE d MAPE fa e , an o one-s ep orecasts III 19ure -
RMSE MAE MAPE (%)

Holt's method 2.42 16.14 0.67
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Figure 1-3. Estimated values of (}1 for forecasts in Figure 1-.2.
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Figure 1-4. Estimated values of (}2 for forecasts in Figure 1-2.
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Figure 2-2. One-step forecasts of populations of Okinawa, 1961 to 1995.

22t . F't £T hI 2 RMSE MAE d MAPE fa e an o one-s ep orecas s m 19ure -

RMSE MAE MAPE (%)

Holt's method (usual) 1727.61 7477.74 0.754

Holt's method (wider) 1745.44 7511.27 0.760
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Figure 2-3. Estimated values of 8\ for forecasts in Figure 2-2

using the usual range and the wider range.
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Figure 2-4. Estimated values of 8 2 for forecasts in Figure 2-2

using the usual range and the wider range.
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Figure 3-1. University of Iowa student enrollment, 1951/52 to 1979/80.
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Figure 3-2. One-step forecasts for University ofIowa

student enrollment, 1961/62 to 1979/80.

32t . F't £T bl 3 RMSE MAE d MAPE fa e , an o one-s ep orecas s III l~re -

RMSE MAE MAPE (%)

Holt's method (usual) 221.83 801.71 2.28

Holt's method (wider) 237.60 878.94 2.51
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Figure 3-3. Estimated values of 8 1 for forecasts in Figure 3-2

using the usual and the wider range.
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Figure 3-4. Estimated values of 8 2 for forecasts in Figure 3-2

using the usual and the wider range.
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Figure 4-1. Yearly total farm loan demand in the U.S.A., 1929-1980.
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Figure 4-2. one-step forecasts of yearly total farm loan demand

in the U.S.A., 1939 to 1980.

42t . F't £T hI 4 RMSE MAE d MAPE fa e , an o one-s ep orecas s III 19l1re -
RMSE MAE MAPE (%)

Holt (usual) 0.207 0.869 6.120

Holt (wider) 0.279 1.018 9.205
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from 1929 to 1980. This series shows a smooth trend except in 1946,

where the obervation appears like an outlier.

The one-step forecasts of Yn , ... ,Ys2 were calculated using the

Holt's method based on the usual range and the wider range. The fore­

casts and the actual values are shown in Figure 4-2. RMSE, MAE

and MAPE are listed in Table 4. The corresponding estimated val­

ues of (}l and ()2 in those forecasts are shown in Figures 4-3 and 4-4

respectively. For this data, the Holt's method provides satisfactory

one-step forecasts. However, the one-step forecast for 1947 using the

wider range largely exeeds the actual value. The reason is as follows:

when the wider range is used, the abnormal value in 1946 causes the

value of ()2 used to forecast 1947 going largely beyond the usual range

(see Figure 4-4), and then the large value of ()2 overshoots the sudden

change in the trend due to the abnormal value and causes the forecast

bad.

4. Concluding Remarks

• We have given theoretical results on the asymptotic forecast er­

rors of the Holt's method for some stochastic processes. These

results are helpful for evaluating the forecasting accuracy of the

Holt's method from a theoretical point of view.

• Our limited empirical studies show that the Holt's method is very

satisfactory for short-range forecasting of a time series that has

a trend.

• Concerning the problem of the range of the smoothing parame­

ters, our empirical studies show that there is no effects on improv­

ing the forecasting accuracy by using the wider range suggested

by some previous works. When the series involes a smooth trend

(see Case 1), the estimated values of the smoothing parameters

do not go beyond the usual range. On the other hand, in the case
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when the trend in the series involves sudden changes (see Cases

2,3 and 4), the estimated values of the smoothing parameters go

slightly or largely beyond the usual range, depending on the char­

acteristics of changes in the trend. When the estimated values of

the smoothing parameters, especially of (J2, go largely beyond the

usual range, there is a tendency to overshoot the sudden changes

in the trend and the forecasting accuracy using the wider range

gets worse than that using the usual range.
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