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ABSTRACT

The stability of simple linear regression equations for the long-range prediction of Australian spring rainfall
was studied. Specifically, the way in which the accuracy of the forecasts depends on the number of years of
data used to derive the equations and the length of the period between the end of the data used in forecast
equation derivation and the application of the equations in prediction were examined. An optimum period
of data of about 15 years was found; the use of more or less data in deriving the forecast equations led to
deterioration in the forecasts. The forecasts also 'deteriorated if the equations were used for more than a few
years after the end of the period of data from which they were derived, suggesting a need for routine updating
of the forecast equations. The lack of stability in the forecast equations presumably reflects nonstationarity in
the data series possibly resulting from changes in the general circulation patterns. If this is so, the results might
be applicable to similar statistical long-range forecast methods in other areas.

1. Introduction

Kung and Sharif (1982) formulated a long-range
forecasting scheme for the Indian monsoon and inter
alia, examined the effect of varying the number of
years used in developing the predictive equations on
the error in the forecasts. They concluded that the
regression coeflicients need to be calculated with ~ 16—
19 years data if the forecast errors are to be minimized.
Kung and Sharif also suggested that continuous up-
dating of the regression coefficients should be an in-
tegral part of an empirical long-range forecast scheme
because of the temporal variation of the patterns of
the general circulation. McBride and Nicholls (1983)
reached a similar conclusion, based on a study of the
secular variation in the correlations between Australian
rainfall and the Southern Oscillation. Rao (1976), Bell
(1977) and Khandekar (1979) have also commented
on the instability of empirical long-range forecast re-
lationships.

The study described herein extends the exploratory
study of Kung and Sharif (1982). It examines the sta-
bility of empirical long-range forecast equations in an
area far removed from that examined by Kung and
Sharif and uses considerably more data, thus allowing
greater confidence in the results. By “stability” is meant
the ability of a technique, derived from data in one
period, to produce skillful forecasts in another period.
Two aspects of stability are addressed. First, the op-
timum length of record needed to develop the equa-
tions is determined. Second, the possible need to con-
tinuously rederive the equations as more recent data
becomes available is examined.

A case study approach is adopted in the examination
of these problems. The case chosen is the prediction
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of September-November district average rainfall in
the Darwin-Daly and South Mallee rainfall districts of
Australia (see Fig. 1 for locations) from just one pre-
dictor, Darwin August station level pressure. The two
areas have been chosen because several recent studies,
through the successful verification of long-range fore-
cast techniques first suggested over fifty years ago, have
already established that spring rainfall in these areas
can be predicted from prior Darwin pressures (Nicholls,
1981; Nicholls and Woodcock, 1981; Nicholls et al.,
1982). The forecast technique used throughout this
paper is simple linear regression and the accuracy of
forecasts obtained from applying the regression equa-
tions is examined as the record length used in deriving
them and the lag between the end of this period and
the period of their application in prediction, is varied.

2. Optimum data period for deriving prediction equa-
tions

If time series of meteorological observations were
statistically stationary, it would be best, in deriving
empirical forecast techniques using regression equa-
tions, to use as much data as possible. The more data
used, the closer the equations calculated from this

- sample should approach the ideal predictive equations

which would result from derivation with the complete
population. However, meteorological time series are
not, in general, stationary. They often show abrupt
changes in the mean, or trends, or quasi-periodicities.
Much of this nonstationarity can be attributed to
changes in observing techniques, for example the
changing exposure of a raingage when surrounding
trees are removed or nearby open fields have large
buildings erected on them. Anthropogenic effects on
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FI1G. 1. Locations of Darwin-Daly and South Mallee rainfall districts.

a larger scale can also result in secular changes in me-
teorological time series. For instance, the continued
burning of fossil fuels may increase atmospheric carbon
dioxide which, in turn, might result in increased at-
mospheric temperatures. A third possible cause of
nonstationarity in such time series is natural (i.e., not
induced by man) climate change. Climate has shown
considerable variation on time scales of decades or
longer. Such variations could also imply non-station-
arity in corresponding time series. Whatever the cause
of the nonstationarity, its possible presence suggests
that the use of all available data in predictive equation
derivation might not be optimum. In this section, the
accuracy of long-range predictive equations, derived
from a variety of record lengths, is examined for the
cases noted before.

Data from 1913-80 has been used and the following
statistics calculated: root-mean-square error (RMSE),
the bias (BIAS) and the absolute error (ABSE). The
equations used to calculate these statistics are:

1980

RMSE=[ 3 (R,,— R,)/30]"

y=1951
1980 .
BIAS= Y (R,—R)/30
y=1951
1980 :
ABSE= Y |R,—R)/30

y=1951

J

The linear correlation coefficient 7 between R, and R,,
using data from 1951-80 has also been calculated for
different values of n. Thus, the predictions have been
verified on 30 years of data, from 1951-80, using a
variety of measures. A// error statistics and correlations,
in this and the next section, have been calculated using
the entire 30-year test period.

In the above equations, y is the year (from 1951 to
1980) for which the prediction was made, R, is the
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observed September-November rainfall in year y and
Ry,, is the predicted September—-November rainfall in
year y, predicted from the linear regression derived on
n years data (n varied from 4 to 30) ending in year y
— 1. Thus, the accuracy of the predictions of equations
derived from data periods of 4 to 30 years have been
tested on an identical 30-year (1951-80) sample. The
results of this exercise for the two districts are shown
in Figs. 2 and 3. The results for the Darwin-Daly district
(Fig. 2) are discussed first.

For each district the accuracy of the predictions can
be compared with the accuracy of “climatological pre-
dictions,” i.e., predicting that September-November
rainfall in a specific year will equal the long-term av-
erage September—-November rainfall. The long-term
average has been calculated by averaging September-
November rainfall for the 30 years immediately pre-
ceding the year in which a forecast is to be made.
Climatological predictions of September-November
rainfall were made in this way for each year from 1951
to 1980 and the RMSE, BIAS and ABSE were cal-
culated for these forecasts using the formulas listed
above. At Darwin-Daly the RMSE of the climatological
predictions was 71 mm, the BIAS was —0.8 mm and
the ABSE was 56 mm. For the South Mallee, the cor-
responding values were 48, —1.3 and 39 mm.

The bias in the forecasts for Darwin-Daly Septem-
ber-November rainfall is small, regardless of the record
length used to derive the forecast equations, and reaches

‘a maximum absolute value of 8§ mm when 17 years

are used in the sample for the derivation of the forecast
equation. This bias is rather larger than the bias of the
climatological predictions (—0.8 mm).

The other three statistics show different behavior.
For each of them, the worst performance of the pre-
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FIG. 2. Bias (BIAS), absolute error (ABSE) and root-mean-squafe

. error (RMSE) of forecasts of Darwin-Daly September-November

rainfall from Darwin August pressure for varying sample sizes (n)
used in deriving the prediction equation. Also shown are the cor-
relations (r) between predicted and observed rainfall. All statistics
have been calculated from forecasts for the years 1951-80, using
data up to the year prior to the year for which a forecast is to be
made to derive the prediction equation.
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- FIG. 3. As in Fig. 2 but for South Mallee.

dictions results from using only a few years data (less
than eight) to derive the forecast equations. Thus, the
maximum rms error of 60 mm occurs when »n (the
number of years used to derive the prediction equation)
is 4 and drops to a minimum of 47 mm when 14-15
years data are employed. The correlation coefficient
between observed and predicted rainfall is smallest
(0.55) when n = 4 and largest (0.71) when n reaches
14. The absolute error is largest (43 mm) at n = 7 and
falls to a minimum of 33 mm at n = 22. Each statistic
then exhibits a gradual deterioration as n increases;
thus, the correlation falls to 0.67 at n = 30. The rms
error and the absolute error increase slightly as » in-
creases toward 30. The differences in the statistics be-
tween when 7 is ~15 and when # is ~30, although
suggesting the presence of nonstationarity in the data,
are not large. However, the results shown in Fig. 2 do
not suggest a need for using more than ~15 years of
data in deriving simple linear regression long-range
forecast equations, at least in this specific case, since
the forecasts made for the 1951-80 period from regres-
sion equations derived on 15 years data were at least
as good as the forecasts for this period made from
equations derived using larger amounts of data.

The RMSE and ABSE of the predictions from Dar-
win pressure were smaller than for the climatological
predictions, regardless of the value of n.

Corresponding results for the prediction of South
Mallee September-November rainfall from August
Darwin pressure are shown in Fig. 3. The South Mallee
behavior is similar in many respects to the Darwin-
Daly forecasts. The bias is again small, although larger
than was the case in Fig. 2, and it continues to grown
in magnitude as # increases. Again, the bias is larger
than for the climatological predictions.

The other three statistics show similar behavior to
their counterparts in Fig. 2 with an optimum sample
length for deriving the predictive equation of about
15 years. Again, the performance is poorest when only
a few years of data are used to derive the prediction
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equation. For instance, the correlation coefficient be-
tween observed and predicted rainfall is only 0.23 when
n = 4, climbs to a maximum of 0.47 with n = 15 and

" then gradually. falls to below 0.4 as 7 is increased fur-

ther. The rms errors and absolute errors also indicate
a gradual deterioration in the forecasts as n is increased
above ~15. Except for small values of n (less than

~six), the RMSE and ABSE of the predictions from

Darwin pressure are smaller than for the climatological
predictions.

These results can be compared with those obtained
by Kung and Sharif (1982), although they only ex-
amined the performance of their prediction equations
with n varying from 10 to 19 years, and the number
of forecasts available to them for verification varied
from 10 (when n = 10) down to only one (when n
= 19). The results shown in Figs. 2 and 3 come from
verifications of 30 predictions for each value of # from
4 to 30. The same 30 years have been used in verifying
the forecast equation for each value of 7 used. Kung
and Sharif also found that their forecast equations per-
formed worse when small amounts of data were used
in their derivation.

The slight deterioration noted in Figs. 2 and 3 as n
increases above 20 suggests that the meteorological
time series used here are not statistically stationary. If
nonstationarity does exist, Kung and Sharif might be
correct in recommending the continuous updating of
regression equations with new data. The next section
examines, for the two regions discussed in this section,
the need for such updating.

3. The need to update prediction equations

The possibility that regression equations used in
long-range prediction need to be continuously updated
as new data becomes available is examined here by
varying the lag between the end of the period used to
derive the equation and the year in which the equation
is used to make a prediction. The statistics of the pre-
vious section_have been rederived with the single
change that R,, has been replaced by R,,; which is
the predicted September—-November rainfall in year y
(from 1951-80), predicted from the linear regression
derived on 7 years data (from 4 to 30) ending in year
y — d, where d varies from 1 to 35. In the previous
section, d was kept constant at a value of 1.

Since the data series available is limited, d is also
limited so that d.x = 39 — n. Thus, when we have
30-year samples to calculate the regression, only lags
of from 1 year up to 9 years can be examined.

The statistics have been calculated, again, for the
prediction of September-November rainfall for the two
districts shown in Fig. 1. The results, for 15-year sam-
ples (i.e., n = 15) for the rms error and the correlation
between observed and predicted rainfall are shown in
Fig. 4 (for Darwin-Daly) and Fig. 5 (for South Mallee)
for values of d from 1 to 24 i.e., lags of from 1 to 24
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FiG. 4. Root-mean-square error (RMSE) of forecasts of Darwin-
Daly September-November rainfall from Darwin August pressure

and correlation (r) between predicted and observed rainfall. Statistics

calculated from forecasts for the years 1951-80 using 15 years data
to derive the prediction equation and varying the lag (d) between
the end of the data period used to derive the prediction equation
and the year for which a forecast is made.

years between the end of the data sample used to derive
the equations and the year in which the equation is
used to make a prediction. It is reiterated that the
statistics have been calculated, for each value of , on
the same 30 years of data from 1951-80.

The results for the two areas are similar. Both show
a deterioration in predictive performance as the lag
between the end of the dependent sample and the year
in which the equation is used increases. In Fig. 4, the
correlation drops from 0.71 to less than 0.6 while the
rms error increases from ~47 mm to 56 mm. The
deterioration as the lag increases from one to 24 years
is even greater in Fig. 5 where the correlation drops
from 0.47 to about zero, with a corresponding increase
in root-mean-square error from 43 mm to ~55 mm.

A similar deterioration in prediction performance
is observed if values of # other than 15 are used. For
instance, Figs. 6 and 7 show for the Darwin-Daly and
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FIG. 5. As in Fig. 4 but for South Mallee.
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South Mallee districts respectively, how the rms error
varies with the lag for values of n of 10 and 20 years
(i.e., with 10 or 20 years used to derive the prediction
equation). For the 20-year case only lags of up to 19
years can be obtained, while for the 10-year samples
lags of up to 29 years can be examined. In both cases,
a marked increase in rms error is seen as the lag in-
creases. The deterioration is more serious for the South
Mallee case than for Darwin-Daly. In the latter case,
even though increasing d leads to an increase in RMSE,
the RMSE of the climatological predictions is never
exceeded, even when d = 29 years. In the South Mallee,
however, the RMSE of the predictions from Darwin
pressure exceeds the RMSE of the climatological pre-
dictions when d exceeds nine or ten years.

The results illustrated in Figs. 4-7 indicate that the
time series used, or the relationships between the time
series, are not sufficiently stationary to enable the suc-
cessful use of predictive equations derived using data
in one period on data from a much earlier or later
period. As new data becomes available, the prediction
equations need to be updated. However, the degra-
dation as the lag increases is fairly gradual initially
(Figs. 4-7) and thus, predictive equations can probably
be used for several years before requiring rederivation
on the new data, at least for the time period and areas
examined here.

RMSE{mm)

45 i - e 1

t 5 9 13 17 21 25 29
LAG (d)
FIG. 6. As in Fig. 4 but with 10 and 20 years of data used to

derive the prediction equation and not showing the correlation be-
tween forecast and observed rainfall.
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FIG. 7. As in Fig. 6 but for South Mallee.

4. Concluding remarks

The case study described above has used the pre-
viously demonstrated feasibility of long-range predic-
tion of Australian spring rainfall to examine the sta-
bility of empirical predictive equations. The way in
which the accuracy of spring rainfall forecasts for the
30-year period 1951-80 varied was studied as the
number of years of data used to derive the forecast
equation and the length of time between the end of
this “forecast equation deriving” period and the year
in which the equation was used to make a forecast,
varied. Two conclusions were reached:
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1) Approximately 15 years was the optimum data
period for deriving the prediction equations. The use
of shorter or longer periods of data led to a deterioration
in the forecasts.

2) The prediction equations do not require contin-
uous updating as new data becomes available but they
should be rederived every few years, if deterioration
of the forecasts is to be avoided.

These conclusions refer specifically to the case study

‘examined; only further case studies, in other areas

where evidence of long-range predictability exists, can
conclusively determine whether they have a wider ap-
plication. However, such could well be the case, as the
cause of the instability noted in the forecast equations
arises from nonstationarity in the time series of the
data or from trends or fluctuations in the lag rela-
tionships between the time series. In turn, such non-
stationarity or fluctuations may reflect a temporal
variation in the patterns of the general circulation, as
suggested by Kung and Sharif (1982). If so, it scems
unlikely that the effects of such a shift would be re-
stricted to the area considered in the present case study
and therefore, the above conclusions might be appli-
cable in other cases.
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