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Lr. J, C. 2, Miller's "Notes on Long-range foresastinc
by C.E.P.Brosghs.
P0110w1nu his week's wvisit to Stonehouse, Drs Mil

~.has gent four "Notes", most of which de=al with progjbﬂ-
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I. ‘Harmonlc Analysis of 2i-term secuences., Y( Sz3MAvI0as
Initi~l and chain—an analvsis methods. \ X C.

I'cr the Enale 8 of data'at 25 individualS/BRARY A
stations, Dr. Millr recommends arithmetical
methods iﬁsuead of tne harmonic analysers., A

cheme of initial analysis 1s set out, inc cluding
correctLOu for non-cyclic change, with various .
methods of checking. ° TFor gubseguent -analyses a
‘chain" method is glven in which corrections are
applied to the hurmonic coelficlents obtalned by
the preceding analysi using only tihe difference |
between the value elLﬂlnated and that newly
introduced. A running check 1s provided for., ’ :
If a 2i-tern analysis of a 72-day interval is
used he nrefers 3 day sums to 3 dailly readings but
points out that for higher harmonics COPPPCtLOnS
for smoothing are considerable; 72~ternm analysise
isalso considered. He calculates that for
25 stations the chain arithmetical analysis would
save 4~5 hoursg every 3 dﬂys compared with the ;
Coradl analyser. ;

(Note: this proposal hag not yet been tried out
in full, but the chain method wes used for a
detailed analygis of the L8~day wave at one
station. It proved to be very ruick but liable
to error excent in skilled hands, The »roportion
of man-hourg for e forecast whieh i occupiled by
the machine analysis is gmall, so thet the
guestion of pubgtituting arithmetioql nethods i
not ure tent .

TT. On bhe choiecg of date end method of analvsis ete.

T

Dr, Miller comnares the harmonic coeflicienua

7;2h”ﬁ obtaiﬁed by analysing a series of »ressuresg atl

Stockholm over a 72--day -eriod, using
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(i) 72-term anal ysig, daily vealues, gecular constant
: \
A= ¥70 = Yo = 43.0
(ii) : - Jersne N3 gdeular constant
A = (¥73-Fypry71¥1¥o-7-1)/3
St
(iii) 24=term analyses, 3-daily valﬁes,zﬁ = 33447
(iv) = , 3-day means A = 33,47

His conclusion is that 24 3-day means make the
best basis for analysis.

(i) and (ii) are not nracticable for granhical snalysis
as they involve tco many charts. (iv) is nreferable
to (iii) because the use of 3-day means gives some
desirable smoothing: correcting for the reduction

of amplitudes may cause trouble in graphical analysis
but may not be necegsary for harmonics down to the L4ih
or 5th. :

(A brief comparison between (iii) withA\and (iv) with
was carried out at Stonehouse; the latter showed

greater steadiness of coefficients. It nay be ovossible
to try (iv) at Dunstahle as soon as sufficient 3=-day rean
charts have been accumulated; meanwhile (iii) is still
in use with modified &\).

The note Aalso diccusses the correction for
non-cyclic change. This is made up of (a) real
change; (Db) waves not sub-multiples off 72-days,

(¢) accidental variations, Only (a) should be
introduced into the gynthesis but since this is
difficult to disentengle it may be better to include
the correction in the analysis but not in the
synthesig. The diserenancy will not be great in

a l2-day forecast. Dr. Miller concludes thet the
difference between 3-day means is the nost
convenient measure of non-cyclic change. A lcast
scuare solution 1g »referable theoretically but is
very cumbersome to anply in practice. (Yadsworth
objects that the use of 3*-day rneans would delay the
forecasts by a day.  The wholeé guestion is under
consideration at Stonehouse). Finally he discusses
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the argumente.for and against a fixed time
origin, and concludes that the advantaces of
using substitution or chein—analysis greatly
outweigh the small difTiculties introduced
into vhase diagrams and synthesis.

Gravhical Anelygig with a note on Synthesis
Three tynes of emalygis are possible:

‘(a) 'Initial' analysis, a complete analysis

pagsed on all the charts. This is always a
necessary start, but unless a fixed origin

. 1s retained, it is necespary to malte & new

complete enalysie every 3 days.

(b) 'Substitution' analysls, using a fixed time
origin, so that each yp always has the sane
multiplier so long as 1t is used, Only those
ochapts which involve the term Yy need to be
replaced by new ones involving Yy +25. Thus

many charts may be used again,

(c) 'Chain' analysis os described in note 1,

Ve merely calculate terms to add
cartograsrhically to l2apn, 12Dy for one veriod

to eonvert them to l1l2ap, 12bp for:the next
period which overlans by 23 termo, The

secular change A= ¥p) ~ ¥o can be automatically
included, This is by far the mest economical
in charts; its most secrious drawbagk is the
possibility of transmission and accumulation ol

errors,

Mest of the note deals with the numbers of
charts involved and with methods of checking; &
larre gelection of possible cheecks is given
(most of these are rather cumbersone; Brooks
and Vadsworth both eonsjider that the harmonie
analysis -of data for 25 well distributed atations
ghould rive an adecvate oheck)., e
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The. BVbPugb aanbers of charts zerulred every
3 days are gstimated as follows:

(&) Present (b) Substitution (c) Chain enalysis, initial

analysis : analysis every
: 36 days 18 days 12 days
127 - 100 75 x 8345 102 without
' _ checks.
138 102 118 124.5 with
: checks.,

Dr. Miller proposes substitution analysis (b)
with a subsecuent change to chain analysis (c¢) with
a lengthening chain (Wadsworth has not yet accepted
the principle of a fixed origin. A trial.of chain
analysis with & new initial asnalysis every 18 days
is heing made at Htonehouse, The results of the
firat chain of 6 linke are moderately good, but not
perfeqt;- fupthar experienge ls obviously reculred.
A corresponding set hy substitution analysis is
being made for comparisoen).

An alternative scheme night be tried to include
the 48 day weve, l.e¢ 8 48~day (L6-temm) neriod for the
48 and 24 day harmonios and a 36 day perlod for 36, 18,
12 day harmoniocs, Analyais of 12 dally sheets for
6-~day and 3~day harmonica is briefly discussed and it
18 found that iniltial analyeis 1s begt excent that sonme
gcharte may be used mope than once (This nart of the
prosedure has not yet been introduged at Dunstable),
Hynthesis is considered' gince all the harmonicsare
not used a 'chain' method is not pragticable and
'initial' synthesis is necessary each time, (Zxpericnce
has shown that direct extrapolation of waveg does not.
give satipfactoyy yesults and synthesis hag eccordingly
been abandaned, Synthesls using waves oalculated
over shoptep periods is under consideration at Stonehouse)

v, Auiuauuuusmna. L2einks. connected with, the

atlor thenathoal, h:l 8..0f the hamonig

A numbey of mntters are briefly gonaldered,
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Vaves are 'quasi-persistent' for 21-6%

wave lengths. Consecuently d basic period of

72 days may he t00 longz for the shorter waves.,
The aim being to find the 'frontier' values of
the waves, the shortest poggible basic Deridds
should be used.

“The Harmonic diel can be used in connection with

Chain Analysis. (The harmonic dial is already
In use at Stonehouse.)

Some experiments are made with an arbltrary
geries . sin 45°% ,X inereasing linearly

from o, as the 3prd harmonlc of & 24-term period,
and it is found that the secular change of
Introduces other harmonics. In practice this
would make forecagting difficult, A trial of
analysis of each wave over one wave-length

is suggested in spite of the dAlfficulties of
'eross~infeation',

- (4Y Various analyses of ohgerved pressure are

examined, and a warning is gilven against

drawing too meny conclusions from overlapning .
gsecuences, In general amnlitudes diminish with
diminishing period, but irregularly and slowly,

The use of symmetry points 1s discussed and 1t
ls considered likely that the correlation
method may be more reliable than the use of
phases and symmetry slide rules,

The question of harmonic analysls over one or

two periods i1s again discusged and it is
consldered that there apre advantages in using

& 72-day basic perlod but the LB8-day wave remaing
troublegane.

deals briefly with tests of accuracy in forecapting
and the drawbacks of using forecagt yersus actual
bressures on individual days &t fixed stations

are pointed out (Until the 6~day end %-day waveg
are introduned in practlce, relatively small but
repld changes of pressure cannot be included),

Aome minor pugzestlons are made for facilitating

(&)

the calculaticn of symmetry days end indicas,



Appendix - Note on Chain and Substitution Analysis .
*

A series of grashical analyses was carried out at
Stonehouse by both "chain" and"gub:. titution" methods
as set out by Dr. Miller, using 24 3-day mean charts as
ordinates. The series have so far been carried to six
links, after which a second "initial" analysis was made
as a checke. The first three harmonics were calculated,
and the agreement between the sixth link in both chain
and substitution analysis and the check analysis was
approximately 80 per cent in each case. Three stations
calculated by numerical chain analyeis as & further
check gave agreement with the a and b coefficients read
from the maps to within 1 mb. in all cases. The crests
of the waves were usually slightly displaced but the
only serious differences occurred on the margins of the
charts where the data are uncertain. The differences
are probably not greater than the errors inevitable in

any method of chart analysis.

The ‘chain' method requires careful supervision
but granted this, we see no reason why it should not
prove practicable in application. The conmpariscn is
being carried on for another six links.




