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Abstract

In two independent samples 57 empirical (horizontal) or-
thogonal functions (e.0.f.’s) accounted for 96 per cent of the
variance of the altitude of the 500 mb surface. The distribution
of the residual in an independent sample partly follows that
of the expected error of analysis. An analysis reconstructed with
e.0.f.’s seems to be at least as correct as the original analysis.
The method of correcting forecasts, developed in the earlier
parts of the study, reduced the error variance by 21.6 per
cent inroutine 72-hour forecasts. It is estimated that, in optim-
um use, the method would reduce the error variance of 24, 48,
72 and 96-hour forecasts by 10, 20, 30 and 40 per cent, respect-
ively. The method reduces the error all over the area and in
all seasons of the year. An essential part of the method is a
generalized smoother.

1. Avm

The aim of this paper is to verify the effectiveness of the method of
correcting forecasts derived in Parts I and II [7, 8].
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2. The method

The method consists of the following stages:

A. Basic work

L. Compute the mean field zm(i,;) and horizontal e.0.f.’s (empir-
ical orthogonal functions) f,(i ,4) from a sample of analyses z(¢,1,7),
where ¢ and j are grid point indices and ¢ refers to time.

2. Compute the coefficients D,(f) and C,(t) from a sample of fore-
casts 2'(t,4,j) and from a sample of the corresponding verification
analyses 2(t,7,4) by means of the equations

D,t) =2 [2'(t, 5, ) — 2m(i, )] £ , )dAG , 5) (2.1)
and

Olt) = 2, [2(t, 0, 4) — 2m(s, 51 6, 5)dAG , j), (2.2)
wJ

where dA(i,j) is the element of area and D) and C,(¢) are the
coefficients of the series

p=

Z(t,1,5) ~am(,j) + Zle(t)J‘}(i 2 J) (2.3)
and ,
N
s i)~ amli,4) + 2 G0 LG g) - (2.4)

Find the best regression model

C.(&) mog,—}—%ﬂmDn (%) p=1,2,....N). (2.5)

n=

B. Application

3. Compute the coefficients D, of the actual forecast 2'(3,7) from
D, = 2 [Z(,5) — 2m(s, j)1 f,(6 , j)dA( , ) . (2.6)
i

Compute the new coefficients D" from

Ny

D”v = lX,, + zlﬂﬂ;a'D;c " (2'7)
=
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Find the final corrected forecast z'(4,3)

20, ) = 2 ) + 3. DSl ) (2.8)

3. Analyses and forecasts

Objective analyses this study is based upon were performed by
using the Do6os-Bergthorsson-Cressman method. The utilized data has
been the monthly mean field, the preceding short-range forecast
and the height and wind observations. The computations consist
of successive scans with varying test and weight parameters.

During the first 36 (30) forecasting hours, when the initial ana-
Iyses were valid at 00 GMT (12 GMT) the forecasting model
was a baroclinic, quasigeostrophic, filtered three-parameter model.
After these forecasting hours, the computation was continued with a

Fig. 1. The areas of the analysis and forecasting procedures (the larger area)
and of the method of correction presented here in Part III (the smaller area).
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divergent berotropic model. The area of the forecasts was the larger
area depicted in Fig. 1. For details see SGpERMAN [9].

4. Computation of the empirical orthogonal fumctions

The number and accuracy of the e.o.f.’s used in the first two parts
of this study were found to be too low. Therefore new e.0.f.’s were deter-
mined using a combination of all the samples of analyses deseribed in
Part IT (¢f. Part II, p. 216). These data consisted of 228 analyses of the
altitude of the 500 mb surface in 1965—68, divided into 48 mutually
almost non-correlated groups. These objective analyses were issued by
the Swedish Meteorological and Hydrological Institute. This sample
will be referred to below as sample A.

The mean field zm(,j) used throughout this paper was determined
from sample A. When the mean field was computed, the analyses were

1
weighted by T where 7 is the number of the analyses of the

non-correlated group in question.

Details of the e.o.f’s and of the computation will be described in
a later paper.

The area in which the functions are orthogonal is the smaller area
in Fig. 1. The grid points of the smaller (present work) and larger (rou-
tine forecast) areas coincide. The few grid points in the smaller area
that lie outside of the larger area are non-essential.

The first 114 functions were determined from the 228 possible func-
tions. Using the rule of the logarithmic linearity of noise eigenvalues?)
presented by Crappock and Froop [4], the first 57 functions were
found to be representative whereas the remaining functions can- mostly
be interpreted as noise.

8. Determination of regression models

The regression coefficients required for the correction method were
computed from a sample of objective analyses and 72-hour forecasts
issued by Finnish Meteorological Institute. The sample period was 4th
February—31st July 1970 (about six months). The meteorological

!) estimated from sample B discussed in the following section
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variable was the altitude of the 500 mb surface at 00 GMT and 12 GMT.
The data were examined preliminarily computing the variance reduction
due to the 57 e.o.f’s. In four analyses (one forecast) the value of the
residual variance was alarming. These data fields were then examined
in more detail, found to be erroneous, and finally rejected from the
sample. Some of the possible data fields were missing. Hence the final
number of objective verification analyses (and of 72-hour forecasts)
was 313. This sample will be referred to below as sample B.

The coefficients C, and D, in sample B were computed from Eqs.
(2.1) and (2.2). The regression coefficients in Hq. (2.5) were computed
by the stepwise regression method. The number N of single regression
problems was 49 and the highest number N . of possible predictors
was 114. Hence it was assumed that «, = 0 and B, =0 if »> 49
or u> 114,

A large number of significant predictors!) within the meaning of
regression analysis were found in each of the 49 single regression prob-
lems of model (2.5). As it is difficult to determine the significance of
rogression coefficients with the aid of dependent samples, the following
models were formed:

Model 1.

This is the model given by regression analysis except that a fow of
the terms have been omitted. The hypothesis that a given regression
coefficient f,, differed significantly from zero was #-tested: where 1t
was greater than 1.9, the regression coefficient was accepted, other-
wise it was assumed that f,, = 0.

Model 2.

As above, but with a tolerance limit || greater than 4.9.

Model 3.

As above, but with a tolerance limit }f| greater than 9.9. In this
model, nearly all of the equations (2.5) were of the form

G,() ~ o, + B,D,(1) .

1) Actually the difference between the observed and forecasted amplitude,
0 — D, was the predictand. The resulting model was then converted into the
form of Eq. (2.5).
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Model 4.

Only the constants «, were retained in the model. Since f,, =1,
only the mean field of the forecasts was changed (¢f.Eq. (2.7)).

Model 5.

Also the coefficients «, were fixed: «, = 0. Hence the forecast
remained unaltered except that components v greater than 49 were
omitted.

Of these models only the first and last were consistent. The first
was consistent because it was close to the final regression model, the
last because it was a pure elimination model (eliminating the terms
v > 49) with no regression coefficients. The others were not true re-
gression models but truncated regression models in which only some of
the terms of the initial regression model were accepted. This distur-
bed the balance between the terms of the models. Model (4) was parti-
cularly unbalanced because the constant terms were not mean values
of C,— D, but had been selected from a complicated regression
model. Truncated models were used instead of true ones to avoid
subjectivism in the selection of models. The tolerance limits (1.9,
4.9, 9.9) were chosen to differ clearly from one another. The final
construction of the models was performed purely mechanically
by a computer program, so no effort was made to find the best
t-value with the aid of the independent sample. The purpose of all this
was to ensure the objectivity of the final test. No changes were made
in the models except to the coefficients o« and fyy . Their signs during
the first half-year were the opposite of those during the second half-
year. This procedure can be justified theoretically (¢f. Part 1I, Chap. 8).
The effect of changing the signs was not tested.

6. The independent sample

The test sample was a sample of objective analyses and 72-hour
forecasts issued by the Finnish Meteorological Institute between Ist
September 1970 and 31st August 1971 (one year). This sample was not
examined preliminarily, because the aim was to apply it as independ-
ently as possible. It will be referred to below as sample C.
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7. The residual of the e.o.f. analysis

Some characteristic values of the 57 e.o.f.’s are given in Table 1.
As the first function represents the yearly oscillation, the quantity
zm (i, ) -+ Ci(O)fi(i , §) roughly represents the (daily) climatic conditions
and hence the quantity

2,2t .1,) — [em(s, §) + CLOAG, HIPAAG , j)

i,

approximately represents the variance of z(t,7,5) from the climat-
ological conditions (the values ot including the yearly oscillation» in
Table 1). The variances sincluding the yearly oscillationy in Table 1
are those computed from the mean field zm(i,j). The values deter-
mined from sample A are given in brackets as, in this case, sample A is
a dependent sample.

Though the absolute variances and reductions of samples B and C
differ, the relative reductions agree well. Hence it can be concluded
that the variance represented by the 57 e.0.f’s was 969, (of the total
variance) including the yearly oscillation, and 91 ... 929, not includ-
ing it.

The area distribution of the variance of the residual was defined as

57
{a(t,7,5) — [am(i, j) + Zlou(t)fu(i S (7.1)

Kig. 2 shows the corresponding r.m.s. values. It can be expected
that the distribution of the residual reflects that of the error of analyses.
Before discussing the distribution of the residual, certain sources of
error in our objective analyses will be mentioned:

1) The error of analyses is probably larger over regions lying at
a great distance from the locality at which the analyses were made
because these regions were not so important from the viewpoint of this
central locality. Typical reasons for such errors are delays or disturh-
ances in the transmission of data.

2) The density of the observational network is the most important
factor affecting the error of analyses. Factors 3 and 4 below usually
have an effect only in cases where the observational network is sparse.

3) In the analysis procedure a weighted mean of the preceding
forecast and of the climatological conditions is used as the first guess.
Hence, where the forecasts are bad, or
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Fig. 2. The distribution of the r.m.s. residual (57 empirical orthogonal functions).
Unit: m.
The observation stations used for the analyses studied in Part IIT are shown by
asterisks.
The map is a polar stereographic projection, true at 60°N, where the grid interval
is 300 kms.
The solid isolines denote full tens of metres, the broken lines units of five.

4) where deviations from the climatological mean are large, the
error of analyses can be expected to be larger. It is possible that if
climatological data were not used in the analyzing procedure, the error
would still be related to the variance of the quantity to be analyzed.
In Table 1, the residual term seems to depend on the variance »not
including the yearly oscillationy.

Turning back to Fig. 2, it can be seen that the distribution of the
residual variance is fairly smooth. Nearly all the values lie between
30 m and 40 m, 35 m being a typical value. The minima are found where
the synoptic activity is less intense and/or where the observational
network is dense.

The field presented in Fig. 2 was analyzed before the stations were
plotted on the map. This was done to emphasize the fact that the com-
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putation and analysis of the map were totally independent of the loca-
tion of the observation points. The analysis in Fig. 2 is perhaps more
detailed than it should have been in view of the data available. It was
made so in order to bring the details out clearer. There is a belt of large
residuals along the boundaries and a parallel belt of small residuals just
inside them. All the analyses used in this study have been taken from
a larger grid. Hence the large boundary values cannot have been due
to boundary effects in the initial analyses, except at the corners. They
may have been due to the paucity of data at the boundaries. Much of
the capacity of the method of empirical orthogonal functions goes on
minimizing residuals near the boundaries, since there are no data out-
side the boundary. This may result in fairly low values at points near
the boundaries, where more information is available, which could be
an explanation of the small residuals. The boundary effects, as such,
seems to have been limited to the three outermost rows of points. The
largest values, about 50 m, are found at the top in Fig. 2.

Ganpin ([5], p. 118, Fig. 25) has theoretically determined the
distribution of r.m.s. error in an »optimum interpolation of the height
of the 500 mb surface». The peaks and the minima of his results and of
ours (Fig. 2) seem partly to coincide. In both, the most important
peak over the Atlantic is located exactly half way between ships D
and K, and there are roughly coinciding minima over Western
Burope. Also coinciding are a Biscayan maximum and peaks west
and east of Gibraltar. Similarly Gandin’s results include peaks south
and north-east of Iceland though these lie more to the north-east
than ours. Ridges south-east and south-west of Novaja Zemlja seem
to be present in both cases. The conditions over Novaja Zemlja are
contradictory. The high values in our map are difficult to explain.
The results over the continental areas are not directly comparable
as the observational networks differed. Nevertheless, there is a
distinet peak at 60°N, 80°E in both cases. In addition our
minimum east of the dense network around the White Sea is
weakly represented in Gandin’s map. There is some evidence of larger
values north of the Black Sea and north-west of the Caspian Sea in
Gandin’s results. Nevertheless, the intense maximum east of the Baltic
Sea in our map is not satisfactory.

A less detailed hemispheric map has been published by Brrousov
et al. ([2], p. 131, Fig. 3.9). Here, too, there are maxima above central
Greenland and between the Bering Straits and the North Pole, but the
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peaks over the Baffin Islands and over the southernmost station in
Greenland on our map seem to lie farther over the ocean on theirs.
No Great Lakes peak can be seen in Belousov et al’s map.

There are strong contrasts along the east coast of North America
in our results. For instance, the gridpoint S.8.E. of ship B has a value
of 40 m (not shown in Fig. 2) and the minimum south of New Foun-
dland is 29 m. In terms of variance, the residual has grown double
over a distance of two grid intervals. The area in question seems
to be subject to a maximum of forecasting error. Since, moreover, the
synoptic activity is rather intense and the observational network
sparse, the marked contrasts may be connected with the use of
forecasts and climatological conditions as the preliminary analysis
field.

Turning now to the absolute residual values, it is obvious that the
values over the areas with dense networks are too large to be interpreted
as an analysis error. For example, the isoline for 30 m over Central
Furope agrees well with the corresponding isoline for 20 m in Gandin’s
map (op.cit.). The values associated with sparse networks are not com-
parable, as our analyses are based on more abundant data than Gan-
din’s. However, the residual patterns over the sparse-network areas
seem to reflect the distribution of the error of analysis. On the other
hand, the residual patterns over the dense-network areas cannot always
be identified as reflecting errors of analysis. Such a distribution of the
residual might be explained as follows: series (2.4) should have less
terms over the sparse-nebwork areas, because the scale of the true phe-
nomena observed is larger there. On the other hand, since more in-
formation is available in a dense network, the number of significant
terms in Hgs. (2.4) should be larger over the dense-network areas.
If this is true, the present case (N = 57) is a compromise. Decreasing
the number of terms causes the error of the e.o.f. analysis to increase
in the case of a dense network, whereas increasing the number would
add insignificant terms to series (2.4) in the case of a sparse network.
Further, as the present residual values are too large over continents,
the residual includes rejected true information and the residual
patterns may differ from the analysis error patterns. Over oceans
the residual values are too small and the residual itself represents
nothing but error. Since the error terms have been removed, the
e.0.f. analysis over the oceans should be more accurate than
the initial analysis. Over continents the most correct analysis lies
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somewhere between the initial analysis and the e.o.f. analysis. At all
events, the e.o.f. analysis seems to be at least as usable as the
initial analysis.

Tigs. 3 show the mean residual field around the nine oceanic stations
denoted by the large asterisks in Fig. 2. The values in the boundary
zone (314 grid intervals from the edges) have not been used. If there
were less than three usable values in a row along a parallel of latitude
for the station in question, these values were not used. If there were
more data in the row, the missing data were estimated from the mean
value for the row. Variations in the map scale have not been taken into
account. The residual values increase on moving north. In the east-
west direction the lowest relative values are found over the »meany
station, but the point (or line) of symmetry lies downstream of the
station, at a distance of about 250 kms. This is obviously due to the
use of forecast data in the preliminary field of the analysis. Since they
are mean values, the differences in Fig. 3 are smooth. In individual
cases, sharp differences can be found. For instance, the difference be-
tween the grid-point values in front of') and behind ship I was 335 m?,
and the corresponding value for ship C was 400 m? the smaller values
were 35 and 409, respectively, of the larger values (those behind the
ships). In experimenting with a rather dense network, Mrvakopa &
TALAGRAND [6] found a value of 359 while Bmnerssow & Gus-
TATSSON’s result [3] with a network simulating the existing network
corresponds approximately to 50%, when analysis errors in the cases
ywithy and »withouty forecast information are compared to each other.

It should be pointed out that some of the details discussed above
are not significant in a statistical sense. Nevertheless, they are illus-
trative.

8. The error reduction of the forecasts tested with an independent sample

For conformity’s sake, the whole of the smaller area in Fig. 1 has
been used as a verification area of the forecasts. Hence the variance of
the forecasting errov can be defined as

2 [t 0,5) — 20,0, 5)PdAG, j)

i
This error quantity also includes the errors in the mean field of the
forecasts.

1) ¢.g. eastward (downstream) from the ship.
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Fig. 3. The residual field (57 eigenvectors) around a mean oceanic station com-
puted. as the mean of the residual fields around nine stations (large asterisks
in Fig. 2.). Distances are given in degrees of longitude and latitude from the
station. The quantities and their units are the mean residual in m (above) and
the mean variance in m? (below). Solid lines were drawn arbitrarily. Then points
with values equalling the values determined by the solid lines in the east-west
direction were analyzed (broken lines). As a result, the point of symmetry seems
to lie about 3° east of the station.
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In principle the method used to reduce the forecasting error was
one of the sum of least squares. Thus it can be expected that forecasts
with large errors would be improved while those with small errors
would deteriorate. This means that errors in the winter forecasts
would be decreased most effectively.

Table 2 gives monthly error reduction values. The simplest model
(model 5) in which series (2.3) is only truncated at N = 49, redaced
the error variance by 2.69%,, as could be expected. The reduction would
have been larger if the series had been truncated at N = 10...20.
This was tried out with sample B, and the result was an error reduction
of 6.5%,.

The regression model including only the constants «, (model 4) was not
better than the simplest model. This was obviously due to the incon-
sistencies in the constants. The constants, too, seem to have been valid
only for the winter months; for summer, this model is clearly inefficient.

The most complex model (model 1), including the significant regres-
sion coefficients (|t > 1.9) has obviously been exaggerated. The error
reduction was 6.1%,. In the dependent sample B, it was more than 509!

The model including all the very significant terms (model 2) has
been a satisfactory one. When it is compared to the best model (3),
however, the additional terms of the more complex model (2) seem
to be of no use. These terms seem to be more useful during the winter
months.

The best model was the regression model (8). It resulted in a re-
markable reduction of error especially for the winter and spring months.
The yearly error variances of the initial and corrected forecasts were
12007 m? and 9419 m?, vespectively. The error variance of the conven-
tional 48-hour forecasts was 6825 m2 Hence the corrected 72-hour fore-
casts have the same error variance as »60-houry forecasts would have
had.

In some cases the error of the corrected 72-hour forecasts was even
smaller than that of the corresponding 48-hour forecasts (Fig. 4, Dec.,
April). However, there were some unfavourable periods — such as Sep-
tember and October. In some cases the error of a bad forecast was
reduced strongly (beginning of December), in others large errors re-
mained (end of November).

The distribution of the yearly r.m.s. error,

[2[t,4,5) —2'(, 1,5
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Fig. 4. Error variances of 48-hour (lower thin line) and 72-hour (upper thin line)
routine 500 mb forecasts and of corrected 72-hour forecasts (thick line). The latter
seems to fall between the routine forecasts. Independent sample.

is shown in Fig. 5 separately for the initial and corrected forecasts.
Once again, initially small errors were increased and initially large
errors decreased. Owing to errors in the verification analyses, the in-
crease of the error in the southernmost latitudes is not necessarily real;
the corrected forecasts may even be better than the initial ones.

From Fig. 5 it is obvious that there was no essential boundary error
in the initial forecasts, of the kind found in Parts I and II. The fore-
casting model is now as correct as possible. Thus it can be concluded
that the method of correction has sharply reduced the forecasting error,
and that this reduction has occurred all over in space and in time. Tt
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must be remembered, however, that the only measure of error con-
sidered has been the variance of error,

\'.

Fig. 5. Distribution of the r.m.s. error of the routine (solid line) and corrected
(broken line) 72-hour 500 mb forecsts. The areas in which the method of correc-
tion has increased the error are shaded. Unit: m.

9. Experiments made since the independent test

Regression model (3) is based on a small sample. The e.o.f.’s were
determined from. a small sample. The mean field correction was un-
succesful. Hence the value obtained for the error reduction is an under-
estimate of the true efficiency of the method.

In Part II, it was found to be difficult to depict mean fields with
the aid of e.o.f’s designed to depict anomalies. Optimum use of the
method of correction therefore requires a determination of the monthly
mean error fields, so that these can be eliminated from the forecasts
before applying the method of correction. In sample B, the error vari-
ance due to errors in the mean field (averaged over the whole sampling
period) was 4.6%, in the case of 72 hour forecasts. Thus an additional
reduction of 5%, can be expected when monthly mean error fields are
applied.
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How much have the inconsistencies of the regression model affected
the results? To find out this, instead of truncating a more complex
model, we derived a pure regression model from sample B using the
same test values as for the truncated model 3. The rvesulting reduc-
tion of the error was 21.69%,. Thus the inconsistency of the model did
not essentially affect the results. The best model, including only the
terms for which |{| > 8 and the constants «, resulted in 239, re-
duction of the error in sample C. The error reduction achieved with
this model in the dependent sample B was not much greater (299).
The model

C,~eo,+p,D,,v=1,2,...... 57, (9.1)

where only the significant coefficients «, and p, determined from
sample C (a large sample) were accepted, resulted in an error reduction
of 299, in sample C. With an independent sample, therefore, this model
would have had an error reduction capacity of about 23%,. If the cor-
rection of the mean field, the yearly variation of the regression coeffi-
cients and the small size of the basic sample A were taken into account,
the error reduction might have been about 30%,. The same model (9.1)
had a reduction capacity of 199, 299%, and 379, for 48, 72 and 96-hour
forecasts. Hence it can be estimated, that in optimum use, the mean
yearly efficiency of model (9.1) could be about 10, 20, 30 and 40%, for
24, 48, 72 and 96-hour forecasts.

It was very roughly estimated with the aid of the computed re-
gression coefficients that, in model (9.1),

~ g TORAT=D=000% () ) (9.2)

w

where 7' is the forecasting period in days, and » the component num-
ber. When the f,, coefficients were obtained from Eq. (9.2), model
(9.1) gave reduction values of 189, 299, and 379, for the 48, 72 and
96-hour forecasts. Thus the differences between the true regression
coefficients and coefficients (9.2) do not seem to have affected the
results. In this test the three parameters of Eq. (9.2) produced 56 4
56 4 56 coefficients, which were applied to 721 4 710 - 708 fore-
casts. A test was performed with ¢~ "= owing to a programming
error. The resulting reduction values were 129,, 27%, and 36%,. These
can be compared to the values 189%, 299, and 37%, from Eq. (9.2) or
to the values 199, 299, and 379, with the true regression coefficients
given above. The conclusion is that the method is not very sensitive
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to variations in the f,, coefficients. Though the tests were made with
a dependent sample it is certain that the three-parameter Eq. (9.2) is
significant and it accounts for a large part of the efficiency of the method
of correction.

10. What does the method of correction achieve?

The method of correction

1) eliminates small-scale components with high indexes. This is
the same as smoothing in the conventional sense, except that only
non-predictable small-scale components are eliminated.

2) corrects errors in mean field of forecasts. As we have seen above
this correction is not an optimum one, and not very efficient.

3) corrects errors in forecasted amplitudes. It was found that the
variance of forecasted amplitudes is larger than that of observed ones.
Hence the forecasted amplitudes should be multiplied by a factor less
than one. The correction is optimum and it may vary for different comp-
onents. In the case of 72-hour forecasts, for instance, f,_s5; = 0.59
but f,_ss = 0.29. Thus the filtering power is doubled in the latter
case even though the components are adjacent.

4) smoothes amplitudes. This corresponds to smoothing in the con-
ventional sense only in the case of high indexes. Large-scale components
are also modified — and in an optimum way. This smoothing of am-
plitudes seems to be the most efficient part of the method of correction.

What does the correction method fail to achieve? The statement
(9.1) does not include terms of the form

OVN“V_I_ﬂWDv_I_ﬂquu’M#v'

In other words, there is no mechanism of the following type: If a com-
ponent p is in a given phase, then the error of the amplitude D, is
of a given kind. Significant correlations of this kind were found in sam-
ple B but they were applied without success to the independent sam-
ple C. Such correlations could perhaps be discovered in a more detailed
study if variations with time were taken into account.

11. Points of contact with methods presented by other authors

The present methods corrects the forecasted amplitudes in a similar
way under similar conditions. YuDIN et al.’s [10] method corrects the
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error field of a forecast by taking into account error fields observed
earlier under analogous conditions. The analogies are determined with
the aid of the most important amplitudes of the empirical orthogonal
functions, using data from both analyses and forecasts. So there is some
connection between the two methods.

BavEr [1] has studied statistical forecasting with the aid of empir-
ical orthogonal functions. In the present case, dynamic forecasts were
corrected statistically. Both methods seem to include some smoothing,
which is also applied to large-scale waves. The extremely long-range
forecasts in both cases tend to resemble a climatological mean.

12. Summary

(Analyses are discussed in addition to forecasts. So the statement
made in Chapter 1 is not exactly true.)

The variance represented by the first 57 e.o.f.’s determined from
a sample of 228 analyses of the altitude of the 500 mb surface, was
96% and 91—929%, of the total variance, with and without the yearly
oscillation, respectively. In the dependent sample the corresponding
values were 999, and 97%,. The distribution of the residual resembled
that of the error of analysis, especially over regions with sparse obser-
vational networks. Over areas with dense networks the residual values
seemed to be too large. The impression is that the residual field was
the result of a compromise: additional terms in the e.o.f. analysis
might have decreased and increased the error of the analysis over
sparse and dense network regions, respectively. It seems unlikely that
the number of the terms (57) was too large; it could even have been
made larger. The effect of the climatological and forecast data on the
analysis error is demonstrated.

The efficiency of the method of forecast correction derived in Parts I
and IT of this study has been verified with independent test data. The
test forecasts were daily forecasts issued under routine conditions. In
addition to eliminating non-predictable terms, the method discussed
in this paper includes correction of forecasted amplibudes with the aid
of a regression model. The best regression model turned out to be a
simple one operating mainly as a smoother. Tn this case, however, the
term »smoothingy should not be taken in the conventional sense. The
yearly average of the variance reduction of the forecasting error of
72-hour forecasts was 21.6%. It has been estimated that, in optimum
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use, the correction method could reduce the forecasting error of 24,
48, 72 and 96-hour forecasts by 10%, 20%, 309, and 40% in terms
of error variance. The method seems to reduce the error all over the
area and in all seasons of the year.
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