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TAE  SUMMER INDEX,

Altkough the ipstentenesons reletions which exist between
physicael messures in the sbmoepheore follow Ruown phyﬂieal
laws, it ie the wathemnticnl Aiffisuliles whish srise through
dealing with a large wumber of messuwres that nscessibate
g3 many simplifying sssumptions that our snewers are oaly
approximate, In desllisg with meteorologinsl avaragen,
whether over epace o aver Gime, the swxsct laws are weskeged
by the mathematical prosess of sveraging, and no Tixsd
relationghip exists,

In the 19208 Sir (ilbert Walker and Prof Franz Bau
were led to using aversges to explain the eveolutlion of large
scale weather types on a continental basiz, BRoth workers
leaned heavily on statistical and probabilistic methods o
determine the empirical relationships involved. It was found
that these relatlonships varied with locality, and also
with season.,

Baur was abkle o deducs a number of empirical thecrems
ag a result of extended vork oo large-scale mevtecsrological
megsures, Nevertheless, he warnsd of the paed for sound
ghatistical anzlysis, and the use of vigorous wathematical
eriteria. It was Baur who formmlated the ides of Grosswebter,
the existence of cerdtsin hwoed scale features which are
distinet from the day to day pleture provided by the usual
veather chart. His Firsit Emplrizssl Thecrem iIs -

A Gross-wabber exists, in which there sre goveruing
complexes comprizing verisbls conditions; becauss of
these complexes, the probabilitisa of Hhe oscurrencs of
certain indices thet charascherise the westher Tox longer
perinds vary from year to yesaxs." [Baur 1951, ]

Beur further ptated @« "the firat thecrem ... forms the
logieal foundation for the explorsstion of the problem of
extended -range wsather forecasting.” [Bauwr 1951.]

Hevertheless, (.8, Durst, io the same wolume < auei
that "the methods by which bhe meshanism of climste 1z investlgated
have been ardly lasking in & ressoned appreach.”

Baur dses not define the term “indilc %s” in his First
Theorem, which fz stated in very bhrosd Leyus Fhis iz probably
due largely to the fecet that in sther ﬁcitmywd the applications
of index theory left much to be desired. (The type known as
consumer prilce indices, in particular, is still the butt of
much uninformed criticism.) Indices in another sense resulted
from a development of measures of certain common factors in
phychology. However, in the early stages of the theory, there
was a great deel of unssemly controversy emong the psychologists,
mhig leszened the interest of methemsticians In the basic problens
Involved.

in attempting to develop & messure of the gquality of
summers 1t is aspproprlate 0 uze mulblivariste ansl; ¢¢s which
provides the cound methemsbical besis which i needed, In
this wey we nob only debermire the beat Index, but ceu also
eatimate iits effectivensss as & nmessure, on & slogle scale,
of the complex it purports bt represent,
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The Problem.

A simple and attractive methnod of crtaining an index of
aummer weather has been given by Poulter (1962), using data
for Kew which had been published by Rogers (1960).

Poulter did not give any theoretical background for the
index. He left unanswered the question whether his proposed
index gave a meaningful figure, and alsc whether the method
of obtaining it was efficient.

4 preliminary examination suggests that the method is
inefficient, as he uses the range, 1.e. the difference between
the highest and lowest wvalues s for each of the three variables
considered - temperature, sunshine and reinfall. It is known
that the range is not an efficient measure, and the larger
the sample the less efficient it becomes. (Quenocuille, 1958, p 61).

The purpcse of the present nobte is to investlgate thése
questions,

Analysis,
We use Yule's nctation, and dencte
temperature by xy
sunshine by Ko and
rainfall by X3
Kew Data,
The correlation matrix for the Kew mean summer temperature,
total summer sunshine and total summer rainfall for the 80
years 1880 to 1959 is ¢ -
1, 0.678 02 -0,610 58
0.678 02 1. 0. il 28 = R,
-0.610 59  -0.LhkL 28 L.

snd  [R| = 0.337 9k

We first test whether the sigenvalues of this matrix are
significantly different, by using a criterion due to Bartlett (15L8)
and given by Kﬂndall (196¢ﬁ P 8u)

It is that l '
1) -F (9] W 8]

is distributed approximately es }:2 with Zp (p - 1) degrees
of freedom, where

n = number of sebs of cbservations, and
p = total number of eigenvalus=s.
On applying the test we obtain XZ = 140, which for

three degrees of freedom is significent beyond P = 0.00CL.

The eigenvalues of the correlation matrix are :-

AL = 2,160 56,
Ao = 0,560 15
A3 = 0,279 29,
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If we use theds eigemvalues To dsternins component walues
Z s Zé9‘239 then -each of thess compenents may be regarded as
determining certain Indexes, which, when taken tigether
rvepresent the originel date completely. However, the three
indexes represent different proportioas of the tobal informstion
in the original figures,

Thet derived fromA, veprestuts  7R.0% of the toval
variancs, while those deblved from };2 and R-g represent
18.7% ard 9.3% respectively. ‘ ‘

Jk1 provides a sevisfacbory index,

and is egsentially equivalent to Poulter’s index,

In working with the original dats, the variables were transformed
as Tollows: =~

xp = (% -:58,0]; %, in °F.
¥y = (X, - 300)/50 X; in hours,

The coefficients of Zy when applied to the nurmelissd data ares-

_EQDQTE 87,. 0.534 56, « $.510 12},
or, when applied to Xy s oo X3

Tz = (0,422761 ¥+ 0.277 47 xga00h16 66 Xy - 1.734),
which has zero mean, and unit variance.

If we wish to avoid negative numbers we may use

ZT

which has méan 5.0 and unii variances,

3

| In terms of the origlial dafs, ¥, , X, spd X, this

index corresponds to the faclixsg-

1 ) . 0 » 0:1-3 3 1.3 T O o QI~9 92
or . o a R
1 s 7616 . E20,

wheregs Poulter‘'s index curresponds 0

1o 6™ -
TThe  Life of efficiéncy by applying 1762 %o ¥ instead of the
correct theoretical value of 1/76 18 small,

We conclude that the fitting s reascazbly éPficlent, and that
the index represents T2% of the variance of the criginal deta,

Dublin Data.

The “same calculations have been done for Dublin fur the period
1880 ~ 1964. The original values Xq, ¥ye Xz were transformed as follows: -
) o

0= (%, - 10), X, in €
Ay 7 {Xg - 300}/100 ¥s 1o hours
0= X3/100 Xy in mo,



_ The correlstion matrix is:

1. 0.351 80 <0.357 4k

0.351 80 L. ~0.331 03 = Ry
-0.357 44 -0.331 03 1.
and  |Rg =o.72266.

T o gpplyiyéiﬁartlé§§1s criterion we obtain )C2’='27;03,
which is significant beyond P= 0,001, "We conclude that the
eigenvalues are significantly different.

These eigenvalues are K Coee

| A, = 1.693 52, and

Ap = Ay = 0.653 2.

___.Thus & component based on;ll will account for only 56 L5%
of the varience., As the other eigenvaluﬂs aré equal, no further

improvement is possible by consi&ering 8 second component, and
we must have k3. 55% of the variancw unexplained

The aomponent ba&;ed onll 5 ,&., 'Zil is given by
7y 91639_351 + 0,590 xg = 1,933 233,462

with zero mean and unit variance.

If however we take :-

1 =
N AR R X3 0.8

we' obtain the expression given by Morgan (1965}, transformed
to have a mean of 5.0, Tts range is from 0.7 to 9.6. However,
as the index offers a poor explanabion of the gquality of summers

aps mesgured by the three quantities temperature, sunshine and rainfall,
it is probably realistic to caleulate it only to { units. :

In terms of Xy, X, and X, , the factors obtained by
multivariate analysis are in the ratio:-

1 : 0.0l061 : 0.0l1 12,
R R

to which the ratios for Z4 sprroximate reasonably well,

Comparison of the Kew and Dublin Indexes,

The clue to the difference in representativeness of the
two indexes ~ 72.0% and 56.5% - lies in the correlation matrices.

For Kew, the correlations Tin and r13 ars moderate with
rp3 low.

For Dublin, the three correlations are low.

The difference bhetween rl? for Kew and rlg for

Dublin 1s very highly significent - P = 0,0023,

The difference betwsen » 3 for both places is significant,
= 0.018, while there is no signifileant difference between Tag
for both places.
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It is likely that the cbserved higher correlations in the
Kew metrix is due to the grester continentality of the London area.
This point is worth further investigation.

Relation bpetween the Dublin and Keﬁ
.. ..Indices for the same year,

It is of especlal interest to compare the Dublin and Kew Indices
for the same year, to see how far one of them may be used as a
predictor for the other,

The correlation coefficient over the pericd 1880 te 1961 is
r = 0,82,
Thus, 67% of the variance of one index would be explained by the other,
with 33% unexplained.

The relationship is also shown on the attached scatter diagram,
It is elwar that the index for one place would not be a useful predictor
for that at the other.

On comparing the components of the Indices, we find that the
correlation between the mean summer temperature in Dublin and that in
Kew (over the period 1880 to 1959) is:-

r = 0,93,
For sunshine the correlation coefficient is:-
r = 0465,
wvhile for rainfall the correlstion is:-
r = 0.h3.

These values suggest that from the viewpoint of attempting to give

a regional measure of summer weather in this part of the globe,
temperature alone will give & better measure than any combination of
temperature, sunshine and rainfall.

Conclusions..-

The results of this analysis show that the Poulter Index for Kew
explains T2% of the variance of the original three measures of temperature,
sunshine and rainfall,

For Dublin, the corresponding figure, isﬁ6%%,and its index cannot
be rated as a useful measure.
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SUMMER INDEX FOR DUBLIN

Scatter Diagram showing the relationship between Poulters Summer Index for Kew, London,
and the Summer Index for Dublin, for the years 1880 - 1961



