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LONG —RANG.s FORUCASTS

by J. D3 Oulh .
: %
Qutline of Method —
sxperimental long-range forocasta of weather have been prepared at Dpnstablu
" since October 1942 on the basis of symmetry points and pressure waves. The pressvr:.

vaves aro moasured by harmonic analysis, which 1s applied to the isobars of the
weather map in the manner described by ugersdarfor. This method yiclds a chart of
the geographical distribution of the Fourier coefficients of each wave without the
nocessity of plottin; them point by point. Symmetry points are located in
pressurs graphs by an arithmetical method in which an index is calculated showing
the degree of symmotry, and having thus established the positions of past symmetry
points an attempt is made to fix tho position of a symetry point in the immcdiate
future by means of phase diagrams or the symmetry point slide rule. The symmetry
point slide rule is used in conjunction with the results of hamonic anslysis of ¥
pressure graphs. This analysis is usually performed mechanically with the harmonic
analyser, or if necessary the results for the station under discussion are read off
the charts which have been preparcd by the synoptic graphical method of hazmonic
analysis. : ;

P :

The method of forecasting indicated in the foregoing paragraph uscs prossurc
waves of known length, so that the fundamental intorval of the harmonic analysis
can be set at an approximately correct value at the commencenent of the work.

The pressure waves employed are those of 72 days, 36 days, 24 days, 18 days,

14.4 days and 12 days in length, while the short waves of six and eight days are
also caleulated scparately. The 72-day wave ig taken from a fundamental interval
of 144 days as the second harmonic, and the waves of 36, 24, 218 and 12 days are
taken from an interval of 72 days. The harmonic analysis is repoated every three
days in a series of overlapping intervals, and the method eventually affords a
check on the lengths assumod for the psriods of the waves through the medium of
phase diag;rams., If therefore the existence of a D~day wave is indicated in
these rosulte a separate 60-day interval is set up to deal with it.

Practicdl Diffioultias

The foregoing projrammns has not been ontirely realized in praotice. The
Coradi harmonic analyser, whioh was to have been used on the pressure graphs in
connexion vith the estimatos of futurs symmetry points, oxhibited serious defects
of regigtration, and in thé ond it was virtually abandoned in favour of tho slower
but more recliable iiader machiné. The scarcity of tracing cloth likowise led to
tho adoption of a less effioiont substitute conaisting of ordinary thin paper.

Throughout the trial period the aim has been to issue a frosh forecast
every three days. At first howaver it was found very diffioult to work at this
paca, which would only have been possible from tho outset on the occasions when a
forccast by simple oxtrapolation was permissible;  end indewd it must bo concedad
that a zood deal of the trial period has been uscd up in training the staff for

the particular work in hand.,  <hopsus the pure oomputation of the Fourier ;
coefficients usually prooseded according to plan the d;sousaion of the results
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and the deduction of the forecast frou them took up more time than had originally
beun sstimated. aventually the preparation of th> forccast as such was entdstod
to a small section of the unit, the members of which dealt with the forecasts of
pressure by syuactry points, the assessment of the tracks of pressure-differance
nuclei and the forscasts of the distribution of air masses.

~ Smoothin

In applying; harmonic anal ysis to thu observations the original data were at
first treated just as they were without smoothing. In february.however tho
ordinates were taken as throe-day means, but the amount of smoothing thus
introduced was very slight, only the short waves of four days duration or less
bein; effectively smoothad out. The qpestlon of gmoothin;; is not at this stage
a closed onc, and latterly we have been inclined to follow the ideas of Vercelll
on this subject. The Quostlon_o; smoothing is also important in the forecasts
. by symetry points, and the three-day swoothing hitherto used is. oxain felt to -
bo inadequate, because it docs not ‘sufficicntly dispose of the accldental

variations and the short pressure vaves which do not come within the .:¢pe of
acope of symmetry. :
Kumber and Type of Foxeggggav

The nuaber of forucasts issued betiwen October and March 18 42. These

forecasts were somstimes bascd on a proccss of extrapolatlon, ‘but more usually

on syametry points. -They containsd gencral statewents on the type of woather

for the next twelve days and also 1ncludod statcments on .the probable tracks of
cyclonic disturbances and the incidence of air massos. Besides this the forecasts
were illustrated by charts of isobars. '

wrrorg of Symmetry Points

Since the charts of isobars larzely depénd an the accuracy of assossment of
a symnetry point, the followin, summary of the errors in date of the symmutry poxnts
as forecast may be of interost:-

wrror in date of tho forecast :
of the symmetry point (days). 0 1 2 3 4 b f 7 8

(or}

Nugbey oo - 3s b6 -3 =g b 05w o9

The numbor of casss of errors execseding eight days decroased very rapidly.
Althoush the mean error is approximately thred days the mode of the distribmtion
of errors is one day i.e. the symmotry p01nt was most ofton estimated in advance
to within one day. The largest errors in syumetry point estimates oeeurrsd in
the remoter parts of the map, e.g.'mu851a, where the obscrvations seem to be less
reliable.  The ponod referrud to in the table of symnetry point errors 13
November - March, 1942-43.

Tracics D* 108

The forecasts Nos 4 to 43 lncluslve containad 48 statewents about tracks of
digturbancss.  These wers exaiinogd ‘ag boing equivalent to the tracks of 24-hours
pressu*e—dlfterunee rnuclei, though this is not nocessarily true, and 33 of theu
were found to be approxlmatoly aorrect i.e, 69H. '

e;;léagg_zgxﬂgsana
The nuubor of dofinits stateasnts-of air masses contained in tho forccasts
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“Ms 12. The last six of these gtatements culminating with the cold'outPreak
of the 6th April all scem to havo boon justified in the evont, and 1y§g¥iig;gfih-;
out @ the first eix were also aoparently corrcct. a1

forscast and actual pressurcs are, throughout, 3-day means. The points
solectad for comparison are: -

Ve gtuaannd Borlin®
archangsl Gibraltar
xdst” : tlorta
Kow

Valentia §0°N. 30

In noarly all cascs the forocast pressurcs aro 12 days ahead, This 18
nocessary, because in many forccasts the procedure has beon merely to add the
forcoast for the final three days to the prossure forceast. Hence only one
forccast pressure is as a rule availablo .

Schodules 1 and £ shew the actual and forecast preossuros, for each of the
stations. Schedule 3 is a frequency teble shewing tho combined distribution
of acutal and forecast prossures. Tho correlation coofficient r is *+,176
+,03 x.

4 corrclation coefficient of unity can only be obtained if the symmetry
is perfoct and the positions of the symuetry points are correctly estimated.
Sincs in practice symmotry is never perfect but departs morc or less from
perfoction the maximuin correlation coefficient to be expected in these particular
forccasts $ith perfectly correct estimates of the positionsef the symmetry points
is +O-4'9 b 00030

Finally, tho distribution of differences betweon actual and forecast
pressures may be shewn in another way,

Actual Linus Forecast o
+

- 5 mba. or. less 29,0
Lo30 ¥ " 51.9
L a5 . .6
=2 " 81.2

#*  "sotuals" are post-facto "estimates” .

% For the individual check points the correlation coefficionts are

Sl ~ «25 = 09 -
+

Vestmannd S - .09
Kdst * 21 % b9
Valentia Sy Toay
Borlin oW T oy
Horta =B % a9
Gibraltar - 0B ¥ 30
EO"N 30°.4‘ — 22 : .09
Archangel +,18 - .09



