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SUMMARY

An index has been formulated to assist in the determination of the long
term optinum averaging period for mean maximum and mean minimum temperatures
in the United Kingdom. The results are based on 95 years of data at

five well separated stations. The optimum length has been found to depend

on a number of factors and reasons for these variations have been
investigated.
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i Introduction

The World Meteorological Organisation (1976) currently recommend that a 30 year
normal, or averaging period (AP), be used for climatological purposes. This study
investigates whether the 30 year period is the best AP to use for temperatures in
the United Kingdom, at the same time obtaining an indication of likely errors
resulting from the use of AP's of any length between 5 and 50 years.

Previous workers on this subject include Enger (1959), Craddock and Grimmer (1960)

and Court (1967-68). Enger studied daily and monthly mean temperatures for stations

in the United States and Craddock and Grimmer analysed annual mean temperatures for
selected stations in the Northern Hemisphere. Both papers suggested that an AP
somewhat less than 30 years may be preferable, particularly where records are not homo-
geneous. Court investigated averaging periods for temperature, sunshine and precip-
itation for several stations in the United States and for others over the Northern
Hemisphere. He found that, averaged over all elements, stations and months, all

AP's between 10 and 40 years long were in general equally suitable.

In the United Kingdom (UK) many stations do not have data in computer accessible form
extending back as long as 30 years and for others the records are not homogeneous for
this length of time. If the use of AP's less than 30 years gives satisfactory values
more stations can be employed to answer climatological enquiries.

2: Discussion

2.1 The problem

In most applications, AP means are required as an attempt to forecast future conditions.
The climate of years comprising the AP is implicitly assumed to be representative of
the climate of years in the future. However it is well known that climate varies even
on the scale of decades (see for example Lamb (1977)) and hence 30 years may be too
long a period from which to extrapolate expected conditions. Reducing the length of
AP, however, could result in the AP mean having an unacceptably high variability. A
detailed description of the issues involved in determining a suitable climatological

AP is given in a World Meteorological Organisation technical note (WMo, 1967).

For the present, reference to the optimum averaging period is taken to imply the AP
. which comes nearest to satisfying the desire to obtain a value representative of future
conditions and the desire to maximise the precision of the estimate.

2.2 Terminology

‘The optimum averaging period is dependent on a number of factors and some of the terms
representing these factors are defined:

(1) PARAMETER: th2 observed variable. Means of daily maximum &nd means of daily
minimum temperatures (referred to as maxima and minima) will be considered.

(ii) TIME AVERAGE: the period over which the parameter is averaged. 10-day, monthly,
seasonal and annual time averages will be studied. :

- (iii)  FORECAST PERIOD: the number of years in the future over which the AP estimate
is required, namely 3, 5, 10 and 20 years for this study. (Note that this temm is
used in a rather different sense to usual Meteorological Office practice)



3 Data

3.1 Stations and Means

Only stations with a reasonably continuous temperature record of the order of 100
years were suitable for this study. It was also desirable that the data be as homo-
geneous as possible. About 10 stations in the UK have observations that satisfy
these criteria and whose data were available in a suitable computer compatible formate
Of these, five were selected to cover as wide an area of the UK as possible. These
five, with the abbreviations used for each in the tables and their grid references
are: ,

Armagh (Arm; IH(23) 878458),  Durham (Dur; N2(45) 267416),. .
Gordon Castle (Gor; NJ(38) 350595), Oxford (O0xf; SP(42) 509072),
and Plymouth (Ply; Hoe SX(20) 478537 and Mountbatten SX(20) 492529) -

see fig 1 for locations. (The reasons for utilizing data from two sites at Plymouth
are given in 3,1.1). These five stations will be referred to as the principal
stations.

Each principal station bas daily maxima and minima for the period 1882-1976, with
the. exception of Gordon Castle which closed in July 1975 (reference to the period
1882-1976 will therefore imply 1882 to June 1975 for Gordon Castle). Monthly mean
maxima and monthly mean minima were calculated over the period 1882-1976 provided
that no more than five daily values and no more than two consecutive daily values
were missing in that month. Only the December 1883 maxima and minima at Durham and
the October 1956 minima at Gordon Castle were not calculable using these criteria.
The missing Durham values were estimated using the method of differences with Sheffield
Western Park (SK(43) 339873) and the missing Gordon Castle value by the same method
with gorres, 30 km to the west of Gordon Castle (Sheffield and Forres are shown in 3
fig 1).

Seasonal maxima and minima and an annual mean were then derived from the monthly
maxima and minima for each station.

Ten~day mean maxima. and minima were derived for Oxford from daily values such that three
10-day means were calculated from the first 30 days of each month (except February
for which three 9-day means were derived from the first 27 days of that month).

Average temperatures over the five principal stations were then calculated, to provide
temperatures representative of the UK as a whole, for monthly maxima and minima,
seasonal maxima and minima and the annual means.

Monthly mean Central England temperatures for the period 1723-1976 presented by Manley
(1974) and updated since 1973 by Jenkinson were also employed so that iesults from a
long, homogeneous record could be compared with the shorter length records from
individual stations which may be subject to local transient effects.

To allow comparison of results for two nearby statioms, monthly maxima and minima for
Sheffield and Bradford (SE(&4) 149352) - shown in fig 1) were also computed from
daily values for the period 19C3-1976. It was only possible to compare values for
1908-1976 because temperature records for Bradford were not available in a suitable
computer compatible format before 1908.

A list of all the stations and means used is given in Table I.

0 Station characteristics

This section describes; for the principal stations, changes in site or in site
characteristics which may have affected the homogeneity of their data.




(%) Armagh

No record of site changes at Armagh exists. However personal communication with
Belfast Meteorological Office in 1977 indicates that at that time "action was being
taken to cut down vegetation which had grown to excess and was providing shelter to
an unacceptable limit".

(ii) Durham
The site was moved by six metres in 1961 but this is unlikely to have affected the
homogeneity of the data. However Manley (1941) suggested that monthly maxima and

minlma at Durh%m between 1922 and 1933 were too low by amounts ranging from 0.1 °p
to 0.8°F (0.06°C to 0.44°C).

(iii)Gordon Castle

Records of the site at Gordon Castle are only available since 1908. No changes in
site occurred from 1908 until the station closed in 1975. To examine whether the
missing values. for the end of 1975 and 1976 might have an important effect on
results, comparison of results for Oxford and Armagh for the period 1882-1974
were made with results for 1882-1976. Differences were found to be negligible.

(iv) Oxford

The site at Oxford has changed twice during the period 1882-1976 but it has always
remained within the confines of the Radcliffe Observatory. However Manley (1974)
suggested that the Radcliffe Observatory at Oxford "...since 1935 shows signs of the
groving effect of urbanisation and slight changes of site.!

(v) Plvmouth

The data for Plymouth is a combination of data from two sites: the Hoe between 1882
and 193%0 and Mount Batten between 1931 and 1976. No other suitable staticn was
available for SW Britain. Although Plymouth Hoe has submitted temperatures throughout
the period 1882-1976, the data since 1930 were not in a computer compatible form and
twice since 1930, in 1937 and 1950, inspectors' reports state that the site at the
Hoe was "unsatis factory". Several minor changes of site have occurred at Mount Battzan
since 1930. Also between November 1946 and July 1948 the station was closed and for
this period observations were used from Mount Wise, 1& km to the west of Plymouth EHoe.
The most significant change of site, however, is the change in 1930 from the Hoe,
which is in comparatively sheltered surroundings, to Mount Batten, where the
instruments are situated in an exposed site on the crest of a hill.

3.2 Data characteristics

To try and identify factors affecting the length of optimum averaging period (OAP),
four characteristics of the data were studied: variability, features peculiar to
each station, irregular climatic fluctuations and oscillations.

3.2.1 Yariability

If data have a large year-to-year variability then many years are required to provide
a stable estimate based on the mean of those years. Therefore data having a high
variability would be expected to have a relatively long OAP and vice-versa.

The standard deviations for 10-day maxima and minima (9-day in February) at Oxford,
and- for monthly and seasonal maxima and minima and for annual means, at the principal
stations, are shown in Table II. The variability is seen to decrease with increase
in time average length. Minima are less variable than maxima except during some late
autumn and winter months. However at Plymouth minima are more variable from October
through to April whereas at Gordon Castle minima are less variable throughout the
year. For maxima, Oxford has the most varisble data with Armagh and Plymouth having
the least variable. The relationship between station and variability for minima

is more complex,




3.2.2 Features peculiar to station "~ - e

An objective scheme was derived for determining individual years or periods of,

years for which temperatures from a particular station were anomalously low or hign
compared to temperatures at the other principal stations. For each station-and month
and for maxima and minima separately the differences for the temperatures of each year
from 1882 to 1976 from the 1882-1976 mean were compared with corresponding differ-
ences for the temperatures at the other stations. It was found that, relative to the
other stations,

(i) Armagh maxima were warm and miﬁima were cool from 1960 to {976.

(ii) Durham maxima and minima were cool in the 1920's.

(iii)Gordon Castle maxima and minima were warm in the 1880's.

(iv) Plymouth maxima and minima were warm till 1930 and minima'were cool after 1930.

It is not known whether (iii) is due to features of the site. However (i), (ii) and
(iv) tend to support the comments made for these stations in 3.1.1.

3.2.3 Irregular climatic fluctuations

If marked (irregular) climatic fluctuations exist .in the data, temperatures well

into the past are not representative of temperatures observed later. Such data would
therefore be expected to have a relatively short 0AP. The same is true for inhomo-
geneous data (provided inhomogeneities do not counteract the effects of climatic
fluctuations). Work done by Court (1967-68, part 1) using simulated data supports
these intuitive arguments. )

The existence of significant differences between the means of intervals of years
within the 1882-1976 period was deduced from an analysis of variance run on the data.’
Oxford and Armagh monthly maxima and minima were studied. The 95 year record was
divided into five non-overlapping 19 year intervals and the analysis of variance g
technique was used to determine the percentage probabilities of the differences
between means of the five intervals occurring by chance. Results are shown in Table
III. The differences-between means are most significant in April and October. The
results for minima are more significant, in general, than those for maxima while for
maxima those at Armagh are more significant than at Oxford.

The cumulative differences from the 1882-1976 mean for selected months at Oxford

were plotted to disvlay the presence of climatic fluctuations. Fig 2A shows the
results for maxima. Negative gradients represent cool periods and positive gradients
warm periods, relative to the 1882-1976 mean. For all months except January a warming
begins after 1940. In January a cooling begins after 1940. October displays a
marked cool vperiod between 1882 and 1896. The same features are apparent for minima
(shown in fig 2B) as for maxima, although April minima are predominantly cool between
1882 and 1920 and for October the warming begins some 20 years later than for maxima.

The effect of climatic fluctuations with regard to AP estimates is shown for April
maxima at Oxford in fig. 3. The plot gives differences between forecast period
means of 10 years and AP means of 30 years (against the year 1911 is the mean for
1912-1921 minus the mean for 1882-1911 and so on for each yea: until 1966). For all
years between 1912 and 1924 and again between 1952 and 1966 the AP mean overestimates
(as indicated by the negative value) the forecast period mean, whereas between 1930
and 1940 the converse is true.

3.2.4 Oscillations ' . 5

The presence of well marked oscillations in the data should result in an OAP close
to the period of the oscillations. This was supported by an analysis run on random
Normal data superimposed by oscillations of fixed period and amplitude.

:‘H



Dfer (1976) has analysed Manley's Central England temperatures by months for the
period 1659 to 1973. He observed some significant oscillations but the lengths of
their periods tended to vary with'month of year.

The existence of oscillations in monthly maxima and minima over the period 1882-1976
was tested for by applying a power spectrum analysis available in the Biomedical
Computer Programs' statistical package (Dixon, 1974). January, April, July and
October maxima and minima were investigated for Oxford and Armagh. The analysis
calculated the proportions of variance accounted for by cycles of periods 2 to 100
years, with greater resolution for the shorter periods. No particular cycles overall
accounted for significantly high proportions of the total variance and for many
months even the largest proportions were not significantly different from random
noise (at the 5% level).

An autocorrelation analysis was also performed on data for all months, for Oxford
and Armagh, to investigate the existence of significant lags. Significant lags were
obtained but for no more than two months out of 12 for each station and some signifi-
cant lags would be expected to occur purely by chance.

It is concluded that if cycles do exist they are either too weak to be important or
else are only significant for very limited periods of the year.

4., Methods for determining the "best" estimate

A number of methods can be employed for estimating future temperatures based on past
observations. Similarly a variety of methods exist for evaluating the perfcrmance
of each estimate. The choice of either type of method could depend on the relative
ease of computation, the data available and the requirements of the estimate.
Section 4.1 describes methods for deriving an estimate and section 4.2 investigates
methods for evaluating the performance of the estimate.

4.1 Methods for obtaining an estimate

(i) Averaging period mean

The estimate is the unweighted arithmetic mean of a given number of years, namely

the length of the AP. This is a particularly simple form of a regression equation in
which each coefficient equals the reciprocal of the length of the AP. The methods
described under (ii) and (iii) examine whether more complicated forms of regression
equation are more appropriate for forecasting future temperatures based on temperatures
observed in previous years.

(1i) Unspecified reesression eauation

‘One might expect that if an estimate is required for, say, the period 1971-1980

then more weight should be given to iemperatures recorded in the 1960's than in

the 1940's, To study this, linear regression and stepwise regression routines
available in the Biomedical Computer Programs' statistical package (Dixon, 1975)
were applied to Oxford and Armagh monthly maxima and minima with forecast pericds of
3 and 10 years. The number of regression variables in the regression equation,

- corresponding to the number of years comprising the AP, ranged from 10 to 30 years.
The values for the coefficients were found to vary considerably between months and

between stations and depended on the number of regression variables.

(iii)Exponen@ial Smoothing

Exponential smoothing gives a particular form of regression equation in which weights
applied to different years decrease exponentially with time into the past. The method
has been employed by Craddock and Grimmer (1960) and Craddock (1967) to provide
estimates of mean temperatures, and by Craddock (1976) to provide estimates of mean
rainfall, The first two articles indicated that, in general, estimates produced by
exponential smoothing techniques were no more accurate than simple arithmetic means.

The third article did not compare the performance of estimates based on exponential
smoothing with arithmetic means.

5



(iii)Successive laxge differences of the same sigm

The results of exponential smoothing were compared with those of arithmetic means :
for Oxford and Armagh monthly maxima and minima (details omitted). It was found that
only in a small minority of cases did the most accurate estimate based on exponential
smoothing improve on the most accurate estimate derived from arithmetic means.

The conclusion from (ii) and (iii) is that there is little if any evidence to suggest
that applying a regression equation (including exponential smoothing) would improve
the accuracy of the estimates given by the simple unweighted mean of the OAP.

(iv) Median ' b

For the purposes of this type of study, using the median, or central, value of the :
AP observations as the estimate has the advantage that it requires little computation
and is unaffected by extremes. Its performance in estimating future temperature and
precipitation values has been compared with that of the mean by Court (1967-68).

He concluded that "prediction based on the median had slightly less error than that
using the mean". To keep the present study within reasonable limits, however, it

has been necessary to restrict analysis to mean estimates only.

4.2 Verification statistics

(i) Root-mean-square (rms) errors

This method was used by Enger,and Craddock and Grimmer. Let m estimates of temper-
ature be denoted by C1, 02, ceey Cm and corresponding observed values by 01, 02, ooe
0 . '

m

Let e., €5y «ee8 be the differences of these two quantities i.e. e;j =0, - Cj'
Then %he rms error, R, of the estimates is given by J

m ) :
\ . T | 2
R’-‘-\/T;Z(Oj-CJ) = \/—EZZJ _ :
Js‘

This method of evaluation does not distinguish between random errors of estimation and"
systematic errors. The latter could occur if there is a linear trend throuzh the
length of record - the estimates would then consistently under - or over-estimate
observed values, giving a non-zero mean error (&, significantly different from zero).
The mean error is in fact above O.5°C for som& cases considered in this study.

(ii) Standard errors

In the notation of (i) the standard error, S, of the differences between estimated
and observed values is given by

- /(8- &)

v : m

S is a measure of the variability of the differences. Calculation of S and e,

using estimates derived from AP means of 5 to 50 years and observed values derived -
from forecast period means of 3, 5, 10 and 20 years showed that a small value of S

was not necessarily associated with'a small value of e.,. A statistic which incorporates
both the standard error and mean error would therefore'be more satisfactory. . K

Large differences of the same sign between estimated and observed values in conse-
cutive years may have serious consequences for those involved in weather sensitive
concerns, A requirement for an estimate of future temperatures could be that such
occurrences are minimised i.e. that the number of occasions when e, and e (where
J=11tom=- 1) are both greater than t°C, or both less than -t0C %

6 ;

s is mininised.



pfhef methods of verification, such as the mean absolute error, also exist but are
. not developed here. .

5. Methods of analysis

Section 4;1 suggested that arithmetic means are capable of providing satisfactory

estimates of future temperatures conmpared to

other, more complicated, techniques.

A method for evaluating the performance of the different AP's is therefore required,

taking into account points raised in 4.2.

5.1 Formulation of index

For each set of temperatures of length n, the mean differences and standard error of
the differences between the AP and forecast period means were calculated. The AP of
length N ranged from 5 to 50 years and the forecast period T equalled 3, 5, 10 and

20 years in turn.

The first difference, or error, equalled the
subtracted from the mean of the next T years

mean of the first N years of the record
. The second difference equalled the mean

of the second to the (N+1)th year of the record subtracted from the mean of the (¥+2)th

to the (N+T+1)th year, and so on through the

length of record. This gives a total of

n-N-T+1 differences for which the mean and standard error are calculated (with n = 95

this gives the total ranging from 88 when N=

5 and T=3 to 26 when N=50 and 7=20).

The mean M and standard error S of the differences are given by

M- LS (X~

J:l
) = re
S+ {5 (2 R
m-1 9=
wvhere m = number of differences = n = N-T

—

><3ﬂ' denotes the jth forecast period m
)(lﬂ denotes the jth AP mean of length

For an optimum averaging period (0AP) it is
minimum.

The following index, I, which is a function
the determination of the OAP:

- Xin)
%) - [5(% -%.0)

+ 1

ean of length T years
N years.

desirable that both M and S be a

of M and S, was formulated to assist in

T =[('*§(t—g—1)) + @('Lfs—’l)]xloo

where t is a constant and §§ denotes the normal probability function. I is the expected

number of differences (expressed as a percen
and AP mean of greater than t°C. It corresp

tage of the total) between forecast nean
onds to the probability that differences

are greater than £°c plus the probability that differences are less than -t°C. This

interpretation is valid only if differences

To test this, values of skewness and kurtosi
and minima were calculated. The values obta
hypothesis that the distribution of differen

It was found that for monthly means t = 0.75

are approximately norma 11y distributed.

s for the differences for monthly maxima
ined were within the 95% limits under the
ces formed a . ormal distribution.

°¢ gave approximately the greatest range

of I over all AP's, Since 10-day means are more variable than monthly means, t was

set go 1.0°C for this time average. It was
0.25 C for annual means since these are less
the value of t does not alter the relative p

set to 0.5 C for seasonal means and to
variable than monthly means. Varying
erformance of each AP.



5.2 Interpretation of results

The observed percentage of differences for which the forecast period and AP means
differ by more than t C was calculated and compared with corresponding values of I.
The differences between the observed percentages and I were generally less than 10%.
The value of I is therefore a satisfactory indicator of the accuracy of AP means. 3
Also its value depends on two statistics, namely the mean and standard error of the
differences, which are themselves important.

As an example of the interpretation of I, for monthly means (when t = 0.7500),

I = 30implies that (subject to sampling error) 30% of the differences between forecast
period and AP means are greater than 0.75°C. The interpretation for other time
averages is the same except that the value of t is changed.

5.3 Comparison with other methods

It was found that the AP giving the least value of I is generally within 5 years of
the AP giving the least standard error of differences and the AP giving the least

rms differences. The greatest differences in AP's between the methods occur when the
mean difference rises steadily above about 0.1°C with increase in AP; in these cases
the AP giving the least value of I is shorter than the AP giving the least value of
the other statistics.

In section 4.2 it was suggested that it is sometimes desirable to minimise the occurrence
of successive large differences of the same sign between estimated and observed
temperatures. To investigate the usefulness of I in satisfying this criterion, means

of AP's ranging from 5 to 50 years were compared with forecast period means of 10 years
for Oxford monthly mgxima and minima and the percentage number of successive differ-
ences exceeding 0.75 C with the same sign were calculated. The AP's giving the least.
percentages were generally within 2-3 years of the AP giving the least value of I.

Hence the suitability of AP's using I as the criterion closely matches their suit-
ability under this "successive large errors" criterion. ’

5.4 Proverties of the index

Series of simulated temperatures using different models were generated so that
properties of the index could be investigated on a large quantity of data. Two types
of model were employed:

i. An autoregressive model of order one i.e. ¢ = ¢>1¢q + € where Xe-, ) Xe
are successive terms of the series, ¢ is a parameter arnd & are, in this case, random
normal deviates with mean zero and standard deviation one. .

ii. A moving average model of order one i.z. X¢=€ —OC¢-, where O is a para-
meter and the other terms are as defined in (i).

By varying the values of ¢ and © , series having different characteristics were gener-
ated. For each value of ﬁ and © , 100 series of 95 terms were produced and the mean
and standard deviation of I over these 100 series were calculated for each AP of
lengths 5 to 50 years. It was found that

a. . In all cases when the lower and upper bounds of possible values of I did not
limit the range of I observed, the standard deviation of I was about two to three -
times as large for the longest AP's compared to the shortest.

b. The greater the persistence between successive terms of the series (corresponding *
to positive ﬂ in the autoregressive model) the larger the value of the index and the
better the performance of the short AP's in relation to the longer AP's.

c. The greater the degree of anti-persistence (corresponding to negative ﬁ or
positive © ) the smaller the value of the index and the worse the performance of
the short AP's compared to the longer AP's, -



The actual temperature series used in this study have different persistence character-
istics and so these findings can assist in the interpretation of variation of I with
AP for the real data.

6. Results

6.1 Definition of optimum averaging period (OAP)

Fig 4 shows the variation of I with AP for Oxford winter and summer maxima.
Frequently, as in these two cases, there is more than one local minimum or there are
several consecutive AP's giving almost the same minimum value. In these cases presen-
ting a single AP as the "optimum" could be misleading. Subsequent reference to the
OAP will refer to the central value of AP's for which I is within 5% of the minimum
value of I for AP's between 5 and 50 years.

6.2 Comparison of results for Sheffield and Bradford

To ascertain whether observed differences in OAP between the principal stations are
not simply due to random variations, a comparison was made between values of I for
monthly maxima and minima for Sheffield and Bradford. These stations are only 50 km
apart, both are on the Eastern side of the Pennines and there is only 3 metres
difference in altitude between the two sites.

Results for January and July maxima and minima are shown in Figs 5A and 5B. The
shapes of the curves for the two stations are generally similar and their OAP's are
approximately the same (although there are AP's for which the actual magnitude of I
is different). This suggests that the effect of random variation will only produce
small changes in OAP,.

6.3 Summary of results

Table IV presents the value of I against every fifth AP for 10-day maxima and

minima at Oxford. Tables V(a) to V(q) give corresponding values for mcnthly,
seasonal and annual means for all principal stations and the UK temperature series.
Results are given for forecast periods of 3, 5, 10 and 20 years. Figs 6A and 6B
show the variation of I with AP for selected months at Oxford, forecast period 10
years. Figs TA and 7B display, for every fifth AP, the differences between I and the
minimum value of I for AP's between 5 and 50 years, for Oxford monthly maxima and :
minima, forecast period 10 years. 'AP's frequently giving values less than 5

can be considered as suitable OAP's whereas those frequently giving values greater
than 15 are generally to be avoided. (The values of 5 and 15 selected are
arbitrary).

Salient features of these tables and figures will be described or alluded to under
the following headings (on which the OAP has been considered to depend):

(i) Time of year
(ii) Time average
(iii) Parameter

(iv) Forecast period
(v) ' Station

(vi) Perlod of data

The accuracy of the AP estimates (as measured by the magnitude of I) and the OAP
itself will be considered under these headings.



(i) Time of year

Both the OAP and its accuracy vary considerably through the year. Table V reveals’
that Autumn generally gives the most accurate estimates, except for long AP's in
October where the accuracy is poor. Winter periods give the least accurate estimates.

Fig TA shows how the OAP varies ° with month at Oxford for monthly maxima. An AP Y
of length 15-20 years is suitable as an OAP in January, February, April and from
August to October but is unsatisfactory in March, May and December, for which longer
AP's are required. Differences between months are also evident for minima displayed =«
in fig 7B. In terms of seasons (Table V), Spring and Autumn give the shortest OAP's,
followed by Winter, with the longest OAP's occurring in Summer.

The relatively short OAP's in Spring and Autumn are a consequence of the climatic
fluctuations particularly evident in April and October, together with the relatively
low varlablllty at these times of the year (see section 3). The poor accuracy for
long AP's in October is also a result of these climatic fluctuations, whereas the
poor accuracy evident for Vinter periods is due to the high variability of the
temperatures.at that time of the year.

(ii) Time average

Direct comparison of the accuracy between time averages is not possible owing to the
different values of t for each time average.

The longest OAP's tend to occur with 10-day means. Monthly means and
seasonal means give OAP's about 10 years and about 20 years shorter than 10-day means,
respectively. For all stations except Oxford the shortest OAP's occur with annual
means, some 25 years shorter than 10-day means.

The decrease in OAP with increase in time average is associated with the corresponding
decrease in variability of the data.

(iii) Parameter

Minima tend to give more accurate estimates than maxima in the Spring and Summer
periods of the year whereas in Autumn and Winter the reverse is true.

For OAP's, minima give values about 5 years shorter than maxima, though exceptions
such as September minima giving values about 20 years shorter than maxima, do occur.

The result for the accuracy of the estimates agrees with the finding that minima are
generally less variable than maxima throughout Spring and Summer. Climatic fluctua-
tions are more evident for minima than maxima and this is the likely cause of the

shorter OAP for minima.

(iv) Forecast period

The accuracy of the AP estimate improves as the forecast period increases (forecast
period as defined in 2.2), except for a few occasions in Spring and Autumn and also
for the annual mean. The exceptions occur because the increased effect of climatic
fluctuations in the data counteracts the effect of reduced variability.

The range of OAP is greatest for the short forecast periods (owing to the high
variability of short forecast period means). For the majority of cases the OAP
increases with increase in forecast period although where well developed fluctuations
exist, as in April and October, the OAP decreases as forecast period increases.

10



(v) Station

No station overall gives less asccurate or more accurate estimates than the other
gtations. However for particular cases the accuracy diffexrs considerably from
station to station e.g. for October minima (see tabLle V (j)), forecast period 20
years and AP 50 years, I is very large ( 7 90) at Gordon Castle, Durham and Armagh
but relatively small ( < 35) at Oxford and Plymcuth, ’

The OAP, in most cases, does not vary by more than 10 years from station to station.
A major excepticn to this occurs for maximum temperatures during the months of April
and October and the seasons of Spring and Autumn, ‘for which the CAP at Plymouth is
about 20 years longer than at the other stations. This is probzbly a result of the
site change at Plymouth in 1930 counteracting the effect of climatic fluctuvations.
Evidence that this site change has introduced scme degree of inhomogeneity into the
Plymouth data is revealed by plots of cumulative differences from 1882-1976 means
for April and October maxima. The plots for April maxima are shown in fig 8A, At
Plymounth the temperatures are relatively uniform between 1882 and 1976 whereas at
the other stations the period before 1940 is cooler (corresponding to a negative
gradient of the curve) than the period after 1940 (where the gradient is positive).
Fig 8B shows a similar result for October maxima, though in this case a cooling is
more marked in the 1890's.

There is a tendency for the OAP at Gordon Castle and Durham to be about five years
shoxter, on average, than at Oxford and Plymouth. This difference is most evident
for seasonel minima; it may be due to climatic fluctuations being more prominent
in the north than further south.

The resultes for monthly Central England temperatures over the period 1882-1976
(fig 9A ) are similar to the results for monthly maxima and minima at individuzl
stations. This suggests that large scale climatic effects have been more important
than local effects in influencing the length of OAP.

(vi) Period of data

The above resulis relate to data from the period 1882-1976., The validity of these
resulls for a longer length of record and for different periods was examined using
the time series of Central Engiland temperatures.

Values of I were firstly derived for monthly mean temperatures over the period 1723-
1976. For this series, investigation of AP's of length 5 to 100 years was possible
owing to the greater number of years of data. The results are shown in fig 9B as
differences from the minimum value of I over this extended AP range. It is seen that
the OAT could reasonably be taken as any length of AP greater than about 35 years.
For Januwary and October AP's longer than 70 years are unsuitable but in some cases,
such as the three summer months, AP's as long as 100 years are perfectly adequate.
This tendency for longer OAP's suggests that the tempecature fluctuations observed
in the 1882-1976 period are in general of short duration compared to the length of
the 172%-1976 period.

Values of I were next derived for monthly means over three 84 year pericds viz

(1) 1725~1808, (ii) 1809~1892, and (iii) 1893-1976, and@ results compared. These
for Janvary and July are shown in figs 10A and 10B respectively. For both months
there is a reasonable similarity for the values of I between the different vericds.
The resulis for October are dieplayed in fig 10C as a contrast to those of January
and July. In this case there are considerable difforences between periods, The
same is also true for April (not shown).

To obtain some indicaticn of the suitebility of different AP's based on results
from all three periods the following procedure was adopted: for each menth AP's. .
wvere classified according to the differvenzes betwvesn I and the minimum for Al's
between 5 and 40 years (49 years was chosen as the upper limit because longsr AP's
are of lesser practical importasrce and where marked winima occur at 50 years resalis
for other AP's are digtorted if 40 yeaws ie the upper limit). The classifiecations
vere :

11




i differences all less than 5 (for the three periods)
ii. one or two of the three differences greater than 10

iii. all three differences greater than 10.

Fig 11 shows the results of this analysis. For April and October, where there were
substantial differences between periods, no AP falls into class (i). There are
considerable differences between months but AP's less than 10 years are unsatisfactory
for all times of the year. December, January, August and September are associated i
with the shortest suitable AP's. The only AP's which do not fall into either of the
classes (ii) or (iii) are of length 28v33 years, for which about one third of the
months fall into category (i). This suggests an AP of about 30 years is the most
suitable agreeing with the overall conclusions for monthly temperatures between 1882
and 1976.

The results for 1882-1976 are more likely to be valid for temperatures in succeeding
years than the results for earlier periods (assuming no marked cyclic variation of
temperature of the appropriate order). It is to be expected, however, that at some
time in the future, results from this 1882-~1976 period will need to be updated due
to the (as yet unknovn) climatic fluctuations occurring after 1976.

~

Ts Conclusion

An index has been formulated which assists determination of the optimum averaging
period (OAP) and a2llows quantitative assessment of the suitability of any length of-
averaging period. It has been applied to mean maximum and mean minimum temperatures
at five widely scattered stations in the United Kingdom. .

It has been found that the OAP varies considerably with the time of year and with .
time average. It varies to a lesser extent with forecast period, with station and
between maxima and minima. Analysis of the Central England monthly temperature
series also shows that the OAP is affected to scme extent by the period of data and #
the length of data used. Reasons for the variations have been sought and it has
been deduced that the variability of the data and magnitude of climatic fluctuations
in the data are important factors.

For the 1882-1976 period at individual stations, the longest OAP's (greater than

45 years) occur with 10~day mean maxima in Summer, while the shortest, about 15 years,
occur with annual means and Spring and Autumn seasonal minima. .Table VI summarises
these results according to time average and parameter. Variations with time of year,
with station and with forecast period also occur but these variations are not as
consistent (in the case of time of year) or not as great (in the case of station and
forecast period) to warrant further classification. For convenience single values
are given but a minimum averaging period about cne third shorter than that specified
is generally acceptable.
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! Fig 2hA
)
Cumulative differences from the 1882-1976 mean for

selected monthly maxima at Oxford .
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Fig 6A

Index values for selected monthly maxima at Oxford
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Index values for selected monthly minima at Oxford
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Fig 9B

1723-1976 Central England Temperatures

Monthly Averages, Forecast Period 10 Years
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Data used for determination of

TABLE I

optimum averaging periods

TIME
AVERAGE PERIOD STATION/AREA PARAMETER
10 days 1882-1976 Oxford Maxima & Minima
1723-1976 Central England Mean
1882-1976 Principal Stations Maxima & Minima
Month UK Maxima & Minima
Central England Mean
1908-1976 Sheffield Maxima & Minima
Bradford Maxima & Minima
R " 1882-1976 Principal Stations Maxima & Minima
eason
UK Maxima & Minima
Yiiar 1882-1976 .Principal Stations Mean
UK Mean

For explanation

of terms see text
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TABLE II cont.

STANDARD DEVIATIONS OF MEAN TEMPERATURES 1882-1976.
(ii) Monthly Means
Station Station d
s GOR | DUR | ARM | OXF | PLY P GOR | DUR| ARM | OXF | PLY
JAN 1.61] 1.67] 1.42] 1.90| 1.46 JAN 1.48 | 1.44f 1,52 11.861.71
FEB 1.89| 1.91} 1.57| 2.21| 1.66 FEB 1.72 | 1.62| 1.68 | 2.02| 1.86
MAR 1.99] 1.97| 1.48| 1.91| 1.26 MAR 1.48 | 1.45] 1.52 | 1.45 1.42
APR 1.45]| 1.50| 1.25| 1.51] 1.01 APR 1.09 | 1.10{ 1.17 | 1.14|1.08
MAY 1.59| 1.53| 1.15| .48 1.22 MAY 1.11 | 1.00{ 0.99 | 0.97 | 0.86
JUN 1.37] 1.53] 1.56] 1.53% 1.40 JUN 0.87 | 0.85] 0.88 [0.85] 0.82 }
JUL 1.35] 1.53| 1.15] 1.88| 1.43 JUL 1.04 | 0.89] 0.88 | 0.83 0-8027
AUG 1.43] 1.54] 1.34( 1.78] 1.44 AUG 0.96 | 0.88] 0.8510.87|0.91 ﬁ
SEP 1.341 1.36] 1.15| 1.59| 1.24 SEP 1.10 | 1.07| 1.08 |1.05 1.0044
oCT 1.45) 1.30] 1.17| 1.35] 1.13 oCT 1.18 | 1.32] 1.40 [ 1.51 | 1.45
. NOV 1.32]| 1.17| 1.11] 1.27] 1.03 NOV 1.22 [ 1.31] 1.36 | 1.43 1.h;=
DEC 1.431 1.58| 1.38] 1.80| 1.32 DEC 1.4 | 1.43] 1.40 |1.80 1.63~
MAXTMA MINIMA
(iii) Seasonal Means ‘
Station : Station
Benecs GOR { DUR| ARM | OXF | PLY Soains GOR | DUR | ARM | OXF | PLY
WIN 1.05| 1.14] 0.95| 1.40| 1.03 WIN 0.99 | 1.03] 1.00 | 1.39 1.23j
SPR 1.06{ 1.05| 0.87] 1.06| 0.81 SPR 0.84 | 0.79] 0.79 | 0.78 | 0.78
SUM 0.98] 1.17| 0.94| 1.33| 1.10 SUM 0.74 | 0.62| 0.60 | 0.57 0.594
AUT 0.93| 0.91| 0.83] 0.99| 0.82 AUT 0.78 | 0.83| 0.89 | 0.&8 0.973
~ (iv) Annual Mean
GOR DUR ARM OXF PLY
0.49 | 0.54 | 0.47 | 0.59 | 0.47



Percentage probability of differences

TABLE IIT

between five 19-year means occuring

by chance

m e
JAN 6 15
FEB 81 91
MAR 10 2%
APR 1% Oe 3%
MAY 40 ‘i
JUN 33 12
JUL (i 48
AUG 78 16
SEP 76 29
ocT 0e3% | 0.01%
NOV 33 17
DEC 54 30

AXTHA

Mbnth’caﬂ;ion OXF ARM
JAN 23 17
FEB (¥ 73
MAR 35 6
APR 0e3% T*
MAY 2% 35
JUN an 24
JUL 2 4%
AUG 9 40
SEP 0. 7% 10
ocT 2% | 0,01
NOV 23 27
DEC 63 18

MINTIA

* denotes percentace probabilities

less than 5%




TABLE IV

VALUE OF INDEX-OXFORD 10O-DAY MEANS,FORECAST PERIOD 10 YEARS

MAXTIMA

MINIMA

Averaging Period (Years)

Averaging Period (Years)

5110(15| 20| 25| 20| 35| 4O | 45 | 50 sl10l15|20} 25| 2 [35]| bo| 45| 50
59 |52 | 49| h2| 29 | b1 [ L3 | Lh (43 |46 | T [55| 48 |45 | Lo | 36| 32 | 3L | 33| 34| 37
s53 |46 | 37| 23 35 (37| 38|40 |41 |38 A58 49 |37135fL0| 39|37 |41l 43|43
50 (46 | 47| 47| 45 | 40| 39| 33|33 |26 | N| 53| 49|48 |50 | k| b7 | 47| b6} U6 | L7
Lo [26 | 20| 16] 20| 21| 22|18 |12 |10|F|bL3| 31| 22|18 21|21 |20| 19| 17 18’
L6 |29 | 30| 21| 25| 24| 23| 26| 26| 29| E| 51| 40| 38|28 32|27 (23| 22|18 12
Lo |31 | 22| 23| 23| 27| 29| 25|29 | 30| B k9| 36| 29|29} 30| 31 |31|3L! 22|29
Lo |37 | 29| 26 2é 23| 27| 2s | 23| 23| M| 45| 35| 22| 35| 34| 34 | 35| 34| 35| 33
292912117 1819 21| 20119 19| A| 36| 28121 |16[15|17 (16| 15! 10|11
53 |40 | 38| 41| L4 [ L5 | 45| 46 | L4 | 27| R 34| 16| 14 [ 14} 34|19 |22 2ui 25| 21

1472|2720 24| 26| 20117 | 18|14 |13( A 29| 19|11 |14} 16|16 (19| 22| 20|21
58 (60| 62] 63| 63| 62|61 62|63|65|P| 3018|1313} 14|17 (20| 24| 29| 26
Ly | 36| 22| 20| 22|16 | 16| 1| 10|12 Rl 29| 20 9| 9211 {11 |13| 16| 19| 23
29 (191x| &| 3| 3| 3| 3| 3| 3| M|22|2(23]|25|25|25]|25 26é 26| 28
Lo |44 | b1 27| 32122 13|14 |1k | 2L Al 20| 24 (26| 9} 7| 4| 3| 3} 3| 3
39 (29| 42| 43| 4 | 4O |35 39|45 (47 Y] 18| 15|14 |14 32| 72| 5| 4| 5| 6
2912618 9| 7(10f10| 2| 27| 7191 22| 5| 3| 3} 3| 3| 2| 2] 1| 1
L2 |35| 28| 14| 12112} 8| s| 3| 3luli1z| 6| 6! 6} 5} 6| 8|11!12! 9
36|23 38| 42| 44 |41 |39 35|33 (31| N{22| 18|18 |19 22|24 |22{17{10{ 9
47 | 33| 34| 35| 25| 33| 20|30 |28|20|Jd]| 22{12}33|13]13]13(12(11 10| 7
59|s0(45]| 25| 16{23|31|25(19(18]l v} 6| 2| o| of ol of o] of Oo| ©
Ly | 38| 26| 35| 34| 33(31|29|30 (33| Ll20|17|212]| 5| 3| 3| 3| 3] 1| 2
37131 32| 32| 321 32| 32| 31|33|28] Al13| 8| 5| 5| 6| 6| 72| 8|10 6
47135125241 261 23 | 20|22 25| 221 ui 22l 21 31001 O} 6] -0l 610
B2 |31 S| 35136 137 | 38136 j20l Gy 22l 95|21 2L 3V 51- 7L 21180
hl20f16] 12| 1k jah |2k ]2k 25|22 st 22 9] 61 51 51 3| &| &) 2F 2
32|23 | 24| 28| 27|27 |27|26 |22 (14| E| 31| 20|17 (18| 20|21 |24 (28|27 | 20
20132 a0l 9ol 21 3L AlPi st lav Al Iz 119 2T a0 i
33(23(18]16| 1721119 9(12(19] 0| 30| 2322116} 13]15 |15 (16|20 |24
19(13(15(15( 1210|1315 |21 |23 C| k| 41|38 |24|2b|22| 9| 9|16 |20
221 71 51 31 31 3|1 5] 6] 9|11l ®l35120123|25} 28131 |34 |37 |40 |ub
(15|13 a4 16 (1 |135| 9] 9| 8| N} 20| 23{19|19{22121]19|11]| 9| &
32118 (19| 19| 21 {19 |12| 8| 7| 4l ol 39| 26(28|20]| 32|33 |24 {18 [16 |13
32(16 |15 | 14| 13 |14 {1720 |17 |23} V| #7191k (15|24 |13 |14 |15| 9| 9
30{1711%115{10| 5| 3| 2| 3| S{D| 33120]16116122| 61 2] 3| &} 6
hoi23|25| 27{ 20|19 {17]|15]| 9|11| E] 42| 23|25 |25{15|11| 8| 6] 1| 2
ShlLus| 4o | bo| 42 | 4O ;u 28 (29|29l Cl 53|47 |41 (29|80 |38 |35 |35 |34 |3k




TABLES V(a) to V(a)

Abbreviations . '
GOR : Gordon Castle
DUR : Durham
ARM : Armagh . ’
OXF : Oxford
PLY : Plymouth )

. 2 ' UK : A temperature series corresponding to the mean
: gf tempetgtqres over the above 5 stations

The figures at the head of each column of the tables are averaging pericds -
in years. _ Sl




MEAN

MAXINA

TARIE V {a) - VAIUE QF TNnEy

.. JANUARY

Forecast Period 3 Years

. [
Averaging Period Averaging Period
*I'5 10 15 20 25 %0 35 40 L5 50 5 10 15 20 25 20 35 L0 45 50
52 4T 45 44 44 46 4T 48 4T 48 COR 50 47 45 45 46 48 50 50 49 50
53 50 48 47 47 49 50 50 51 51 DUR 50 49 47 45 44 4T AT 48 49 50
47 43 41 41 39 42 44 42 39 39 AFQ 4T 46 45 44 -43 46 49 49 48 49
60 58 58 57 56 59 61 60 60 60 0;; 58 57T 55 55 55 58 59 58 59 60
49 48 AT 46 44 4T 50 49 47 48 pfy 53 52 51 48 49 51 51 51 51 52
49 4T 45 45 43 46 48 47 46 47 UK '47 47 44 43 43 46 47 41 47 48
Forecagt Period 5 Years

5 10 15 20 25 % 35 LO 45 50 5 10 15 20 25 30 35 L0 45 50
4T 39 36 35 34 37 38 39 38 39 gg; 40 42 39 39 41 43 44 45 43 44
44 38 34 33 33 35 37 37 371 37 AR 46 42 371 34 35 37 37 39 40 43
38 32 29 28 26 30 32 29 23 22 5;& 41 38 36 33 33 37 39 39 37 38
53 50 49 46 46 49 51 50 48 48 pﬁ, 52 49 26 44 47 49 49 49 49 5
45 41 39 35 34 38 41 39 36 36 46 42 39 34 35 39739 38 38 38
42 37 34 32 31 35 37 37T 34 34 UK 42 38 34 31 33 37 37 3131-31 |

- Forecast Period 10 Years

| 2 10795 20-°95. 30 - 3540 45 50 S 10 15 20 25 30 35 4o 45 <0

! 40 31 26 2% 2425 27 21 2630 GOR 42 32 271-29 32 32 34 33 =N

| 3828 04 21 22 24 95 24 22 22 DUR 4029 21 "7 4 - aF oF. a3 ox T}
3% a4 00 A Ao o3 993610 10 ARM 39 32 28 2426 % N1 25
49 4339 3537 4142 39 3534 OXF 49. 41 35 °35.39 40 38 38 38 38

| 39 32 28 22 5429 %1 26 24 25 PLY 4235 28 98 -97 029 3T 26 18

| 35 28 252k 23 26 ‘4F 24 ‘2. 2 UK 3708 20 M- 24 25 2695 24 &

1

% : s

S ___ Forecast Period 20 Years ‘
5 10 15 20 25 30. 35 40 45 5O 5 10 15 20 25 30 35 40 45 50
3F533 2036 16 17 1T A7 27 18 GOR 3200 2] -3y oo ma-fac o A% A8
391 1o an a5 1533 - f 6 & DUR 3E 17 12 M0 16 8 32 )
A 391616 1% 14 10 2. 0 O ARM Ao o3 O3 a4 B6 o7 26 o5 25
45--31 24 33,35 35 32 2% 19 17 oxr 42 2832 30 39 31 09 29 R 93
31 239018 22- 9321 14 30 W Ty 3130 2% 24 25 71 2214 95
38 .23 2099 200 20 17 10 & 3 éx 29 98 IS Ry A0 TR RT 1k T

MEAN MINIMA

b



TABLE V (b) - VALUR 0% TNDEX - FEBRUARY

R MEAN MAYIMA ! MEAN MINIMA

Forecast Period 3 Years

Averaging Period Averaging Period

5 10 15 20 25 30 35 4O 45 50 5 10 15 20 25 3% 35 40 45 %0

55 52 49 48 4T 47 47 47 49 50 GOR 49 41 44 45 47 48 49 49 49 51
60 55 51 52 51 51 51 52 54 53 DUR 55 52 41 49. 48 48 48 49 51 51
49 46 42 42 41 42 43 43 44 44 ARM 50 48 43 43 44 44 46 43 44 45
64 59 54 56 55 56 56 56 57 57 OXF Bl 57 %2 53 5 53 23 5 X3
56 49 45 48 41 48 49 49 48 49 PLY 58 53 49 50 50 51 52 51 51 53

55 50 45 47 46 4T 47 471 48 48 UK 51 4T 42 44 44 44 45 44 45 46

Forecast Period 5 Years

5 10 15 20 25 30 35 4o 45 50 5 10 15 20 25 30 35 L0 45 59

44 39 35 33 32 29 30 31 34 34 GOR 38 35 34 35 37 38 40 39 39 3
48 39 33 34 32 31 32 33 35 34 DUR 45 36 32 34 32 30 30 30 33 3
36 32 25 26 26 25 26 25 271 27 ARM 37 33 28 29 30 32 34 30 3¢ 31
53 43 36 41 40 39 40 39 40 40 .| OXF 52 43 38 39 38 36 36 36 36 32
44 35 30 34 35 35 37 36 34 33 PLY 48 39 3 I 3138 403 36 39

42 33 27 30 29 27 28 28 30 30 UK 37 30 26 29 28 28 30 .é8 28 29

Forecast Period 10 Years

9290 1520 25 3035 4o 45 50 |- 5 40 15 20 25 ¥0. 35 4o 45 50

S -ed-22 19 15 2891315 1717 GOR 3. 31 2931 32 N33 32 0% 55
il Vg U Gl D Sy SRR sl s T S ) DUR 33 37 19 14 .9 26 T 10 Y
0518 13 33 18- M )] 919013 ARM 31 721 38 1920 9% €3 1F 9 9]
24° 19 1720 17 1819 17-:21 23 OXF 453025 23 20 39 XTI 15 ¥ k)
L37 20 218 20 20 23 28 19 21 22 PLY 40 .24 22 23 24 25 2438 0 2

33 30 431411 1) 10 10 Jo. 23 UK 0 1816 1716 36 15:12 15 18

Forecast Period 20 Years

510 1520 25 3035 46 45 5B 21015 20725 %0 35 80 K& 55
L e e i T e T T R B R £ e B R ) | GOR 3230 -3 - 3. 34 34 I8 3100 31
32 14 6 -8 Qg 2y R DUR e85 A 9 Hoasa R ok Ao 8
0 S TR B R Ll e SR Rl ST ARM 26 2018 20 18 18 18 1% 1616
40: 81 16 1615 33 36 1477 .17 . OXF 40...26. 39 25 431 . Rl 3 3
33 502 20 23,702 20..9F 2019 517 PLY 31 29 W85 24 20 20-15'13 1)

a8 3400 311 -9 6 21 7 8 73 UK 25 01638 %1 14 32 3 309 9




TABIE V (¢) - VAYY® o TnnRv | MARCH

MEAN MAXIMA MEAN MINIMA

Forecast Period 3 Years 7

Averaging Period Averaging Period

5 10 15 20 25 30 35 4O 45 S0 510 15 20.25 30 35 50 45 5D

52 48 44 44 45 46 45 45 4T 46 GOR 41 35 32 34 34 34 36 371 38 41
55 51 46 48 49 49 48 48 49 49 DUR 48 41 39 40 -39 39 38 38 38 41
36 33 27 29 31 33 34 36 39 40 ARM 41 38 36 36 37 40 42 43 44 47
54 51 46 46 48 471 48 46 47 48 OXF 53 43 39 40 36 36 34 31 29 28
3T @ 24 23 23 83 &3 &3 25 @5 PLY 47 36 33 32 32 32 34 35 35 39

46 41 35 36 37 38 37 37 39 39 UK 43 34 30 31 30 30 31 30 30 34

Forecast Period 5 Years

5 10 15 20 25 30 35 LO 45 50 i 5 10 15 20 25 30 35 40 45 50

41 32 27 29 30 31 29 31 29 28 GOR 26 17 1L 13 14 14 19 20 21 27
44 36 28 33 35 34 31 31 30 30 DUR 39 26 24 25232 21 23.45 .29
2T 207732 17 20 g2 24~ 21" 29- 31 ARM 35 32:.28-29.31 33-35 3. 9. 43

44 39 29 31 34 31 31 30 28 28. OXF 42 30 23 25 21 16 17 15 14 15
286 18 10 10 10 9 2111 8 10 PLY 3920 R0 22 8% 2 26 21 i2F %
89 96 JT-2) 92 .23 ‘B4 .22 22 23 UX 322215 17 16 1S 1319 39 25 |

Forecast Period 10 Years

B 10 98 20 25- 30 .3 WD.ls 8p 5 10 15 20 25 30 35 40 45 50 |
33 21 19 21 20 23 43023 20] 600 |16 5 4 Bow a1 a1 16 1S
288 27 N3 29.98 o7 7o) iR [ 28 g 0 B & 5.6 ‘G § g
23 12 101517 19 2327 30 .33 | “ame b3 23 18 26 2 o5 o 3 T
33 95 o7 A 3197 29 21 A8 35| OXF L 293l 6 F o da0 gk B
206 3 4 3 4 6 4.4 5| Py Lidr W08 M0 B oW Voo
29 9532 16 16 17 20 19 19 18| ' 2 3§ 5 3. 47 7 4

Forecast Period 20 Years

5 10 15 20 25 30 35 4O 45 50 : - 5.190 15 20 25 3 35 40 45 50
30 20 38 18 20 23 26 24 .02 19 GOR 155763 & 6 8§ 13331518
40- 32 29 29 28 27 27 26 ‘24 2] DUR -1, SR Ty UG, S e, R HRR Tl s L
23 06 14 1723 25 35 - m An ARM &3 AT 15 37 39 .23 30 36 31 36
32 0 32 3320 2) 12 "0 0| oy 28 g2 3 3 00 00 S0 0
Lo e R e LB e YO T 1 PLY 2612 T-Xy I12-34 20 9048 9]
27 3T - 141617 2198 19 1% UK 18 7 gn é X 4 460




TABLE V (d) - VALUK OF TMDRY. .. APRIL

MEAN MAXIMA : © MEAN MINIMA

Forecast Period 3 ngys

. |
Averaging Period Averaging Period

*I's 40 15 20 25 20 35 4O 45 SO 5 10 15 20 25 30 3 4O 45 50
52 49 45 45 48 49 46 4T 47 46 GOR 35 34 27 27 29 29 27 31 31 32
50 51 47 48 52 53 52 52 51 49 DUR 34 34 27 29 32 33 33 36 3% 41
43 42 36 35 39 41 40 42 42 45 ARM 31 39 32 33 37 38 371 31 37 38
55 42 47 49 53 54 52 52 52 52 OXF 36 36 27 25 28 30 31 33 35 37
35 23. 271 26 27 21 24 26 27 26 PLY 32 32 26 27 29 32 30 30 32 33
45 43 38 39 43 ‘44 42 42 42 4 UK 30 31 24 24 24 27 29 30 31 34

Forecast Period 5 Years

5 10 15 20 25 20 35 Lo 45 50 - 5 10 15 20 25 30 35 W0 45° 50

48 42 39 39 42 41 41 41 42 41 GOR 31 27 17 18 20 19 20 25 25 2%
4T 46 41 44 48 48 48 47 47 46 DUR 33 29 21 24 28 28 29 33 37 39
38 34 28 29 33 34 35 36 38 42 ARM 36 35 27 29 34 33 33 34 35 37
52 47 44 46 51 51 49 49 50 50 OX¥' 29 26 19 20 24 25 24 25 27 29
31 26 20 19 21 18 17 20 22 19 PLY 29 26 19 20 24 25 24 25 27 29

42 37 33 34 38 40 37 38 38 38 UK 2821 171 19 23 23 24 28 W%

Forecasf Period 10 Years
9:10-15-.20: 25302 2% 4o 45 50 5 10 15 20 25 30 35 40 45 50

44..:36 33" 35 36 .36 36 37 37 238 GOR et 169 11 13 14 10 22 21 22
47 43 40 44 45 45 44 44 42 45 DUR 2319 14 129 22-22 @5 31 B 38
20 2] 22 20 2930 132 34 38 45 ARM 35 @6 22 21 .29 28 29 3 333
51 45 42 46 48 46 46 46 46 47 OXF .22 .9 1215 "3 21 26 29 05
2819 112 11 9 9 192312 .7 PLY 2818 14 1719 °19 29 21 23 28

4092 29 32 33 33 33 33 3335 UK T 18 1135 17 18 21- 25 .99

Forecast Period 20 Years

| 5 1045 20 29-30 35 4o 45 5D 5. 10 45 20 25 3035 45 45 50

#1325 32 3) 30 3334 35,20 43 GOR 2k 12 21 32 33 19 22 26 26 -1
41 44 42 42 42 42 41 42 49 52 DUR 2320 .18 20 23 7. 33 AL 4T 44
A 20 26 27 3033 31 45 5T .63 ARM 322925 2526 2F 3036 -39 37
Dl 47 43 4 -4 40 39041 gnt A oXp 2. T g 32 R 953 o
e 2 X1 2 116 PLY 22 17 16:36 16 17 ¥ 20 21 15

31 33 29 27 28 29 28 30 33 M DK - 20016 13°15 18 20 24 % 13 8




MEAN

MAXIMA

TABLE V (e ) - VALUE OF TNDEY - MAY

Foreocast Period 3 Years

Averaging Period

20 25

30 35 4o 45 50

53
49
37
43
41

43
47
28
44
38

41
43
29
43
34

41
41
28
41
31

44
43
31
38
31

32
36
26
30
31

35

37
28

31
29

40

35

32

29

30

20

2l

Forecast

25

35

Lo

45 50

31
35

36
25

31
33

33
21

32
33
21
24
19

26
29
18
12

19

16
26
18
15
24

20
26
21
17
22

22

19

16

[

8

Forecast

10

15

20

25

;oo

4o

b5

50

45
47
23
40
33

45
13
37
33

42
11
37
31

18
32
10
24
23

16
25
&
31
17

16
23
12
22
11

16
22
13

15
24
13

14

10
21
16

14

10
24
19
11
17

33

29

25

17

13

Forecast Period

GOR
DUR
ARM
OXF
PLY

UK

MEAN MINIMA

Averaging Period

Period 5 Years

GOR
DUR
ARM
OXF
PLY

UK

Period 10 Years

GOR
DUR
ARM
oxw
PLY

UK

DUR

5 10 15 20 25 30 35 40 45 50
36 30 27 26 26 27 29 25 28 30
31 25 22 22 23 21 22 21 2y 2%
25 19 18 16 17 15 16 10 10 11
22 21 21 23 24 20 18 15 16 16
21 19 20 19 20 18 15 8 10 12
21 17 15 14 15 13 13 8 9 11

5 10 15 20 25 30 35 LO 45 50
27 20 17 16 15 17 18 15 19 19
24 16 13 14 13 10 12 11 10 13
19 ' ' 11.-. 9 8 T 5 4-1° % 1
10 11 12 14 14 9 7T 4 ‘& 4
1T 2415 34:15 11 % 2. -F %
13 9 T & 6. 8.3%3: % 1 1

510 215 20 25 3035 40 §5. 890
23 1311 9 .9 10 10 12 1% 3%
18 9 F Ny ¥ R g
Wi 6 A ¥ 0 050 070
p hi ST B s | B 7 ol D e oAk B ot o
16 ~X%-32 11311 .8« 0 0 0O
11 & 4 & 2.1} 0 -6 00D
20 Years

S . 10.-15:20 28 %0 =35 48 &5 SO
i vage R B g 31-93% 18 1E Al
16 B8 5 9.3 ) el
12 4 2 3 R o e o N o R s i A
13 13013 1R 6 At 0.0 0 0
6 - 32+ 30 a0 0 00

9 5 3 200 00 0 0




MEAN MAXIMA

TABLE V {f) ~ VIVUE OF TNDRY . JUNE

Forecast Period 3 Years

,Averaging Period

. MEAN MINIMA

-

~ .Averaging Period

5 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 Lo 45 50
43 37 38 37 38 38 38 41 37 35 | GOR |20 19 18 17 18 19 20 22 23 23|
52 49 50 AT 44 42 45 47 45 44 DUR 15 15 16 18 20 22 22 22 21. 20
AT 36 41 37 38 39 40 42 42 41 ARM 24 19 18 19 20 20 19 22 21 19
49 44 44 4L 40 AL 42 43 43 44 OXF |17 15 13 14 14 15 15 16 18 17
47 33 41 40 35 34 32 33 33 34 PLY 19 12 13 14 15 15 13 I3 12 212
43 35 38 35 33 33 34 36 34 33 UK 13 11 11 12 13 14 13 15 15 14

Forecasf Period 5 Years

5 10 15 20 25 30 35 4O 45 50 : 5 10 15 20 25 30 35 LO 45 50
34 28 29 27 27 29 29 31 25 23 GOR 12 11 10 10 10 12 14 16 18 1i8
48 45 45 39 33 34 38 39 35 33 DUR 12 11 12 15 AT 19 19 18-16 15
39 29 31 28 28 29 31 33 30 29 ARM 19 12 10 12 12 13 12 14 13 11
%2 36 33 29 26 28 31 30 30 31 OXF 12 100 8 © 9 11 1. .11 Mn
39 30 35 30 21 20 15 15 15 17 PLY 13 6 7 8 8 8 5 5 4 2
36 271 29 24 20 21 24 25 20 19 UK 8 6 5 :1 7 9od -5 8-

Forecast Period 10 Years

5 10 15 20 25 30 35 Lo 45 50 5 1015 20 =25 30/:35 hg 45 o
26 22 20 18 19 19 20 16 10 10 GoN.o A0 i G L I I 0
B4 40 37 "2 20 2% o1 2411 15 DUR 1230512 3451618 It 38 o1 4
29«20 2L 19 31T AT 19 1114 :ap ARH 8 -3 4 & X FoPg 803
3596 2814 13 15°16.1%5 15 14 OXF 9. 55 & 6 -FLR 8 4y
3329 29 e R SR SN e G PLY 6 LAY SN e g S R e T
g 18 31 . 7 B9 T2 2 UK S SR e SEPLE P

Forecast Period 20 Years .

210 -15220"85" 30 25 Lo U5 5n 5 10 15 20 25 30 35 4O 45 50
B %o 35 1y AR 3 e gop il 10 iy gl g s witme g
A33 28 1906 16 1% 0 A3 DUR 35034 A6 )T N800 8 D
20191635 41> B 8 .3 ARM 8 3.3 03 R angLL g iR g
20 19 16 10-932 11 11 108 .4 OXF M e e A R e e
7.7 (e - ) U P el e, S T PLY B Gl e S e e e e
2536 13 T 85 3.1 0 0.0 S e I, S i S A T e




MEAN MAXIMA

TABLE V (g) - VATIIR O% THDRY ..

JULY

Forecast Period 3 Years

|Averaging Period ‘Averaging Period |
5 10 15 20 25 30 35 4O 45 50 5 10 15 20 25 30 35 40 45 50
48 41 42 40 38 39 41. 43 42 42 GOR 30 28 30 32 36 39 42 45~ 42 45~
48 43 45 44 44 A3 42 40 41 39 DUR 29 28 29 25 23 25 26 26 25 25
35 27 26 23 22 23 24 24 26 27 ARY 25 22 24 19 16 18 21 23 21 18
56 53 53 49 46 45 45 44 45 44 oxF |23 19 19 16 13 13 13 13 13 13
48 42 37 31 34 35 31 38 39 37 PLY 19 15 15 15 13 13 15 17 14 15
43 36 35 32 31 31 32 32 33 32 UK 19 16 17 15 14 17 19 21 19 18
Forecast Period 5 Years
5 10 15 20 25 30 35 4O 45 50 ' 5 10 15 20 25 30 325 Lo 45 50
43 34 35 31 31 31 34 36 35 32 GOR 26 23 27 30 35 39 41 44 41 35
44 37 37 38 38 36 35 33 34 30 DUR 27 23 24 19 18 20 20 21 20 18
37 18 15 12 11 12 12 12 14 13 APM 20- 18 18 13 11 12 16 18 15 9
52 47 44 37 34 34 31 31 31 29 OX¥ 19 13 12 § 7 & 1T .6 .8 .8
40 30 24 22 17 21 22 25 26 27 PLY 13 8 8 7T 71 8.1 12 9.9
37 28 25 21 18 19 19 21 21 19 UK 16 12 13 11 11 13 16 18 16 12|
Foreq3§t Period {Q Yeag§
5. 90:195 .20 25 320 .35 49 45 S0 5 10 15 20 25 30 35 40 45 S0
3406 23 18 17 19 22 24 2017 GOR 23 23" 21.32 31 .4 4343 W/ 3}
A0 33 34 36-34 31 2B 271 25 23 DUR 2} 1715 33k -1) 3y 12710 6
T B B I Ul S i e | ARM 2006 13576 9 12 148
AB: 48 36527 24 22 20 20 16 15 OXT Wolgeng a3 3oy 2w b
3% 1.9y o B 10 32 15 17 16 FLY 8 & . ¥ ¥-3 35 .0V k 8.5
o Gl e 7 o T 8 26 58 UK 119 S8 T 810713 34 00 5
.> Yorecast Period 20 Years
<9 101G 200 25 30, 36 40 45 B0 521015 20 25 3035 &0 k5. 50
el 325 4 4.5 <4 .2 1 -1 GOR 3031 34 30 42 43 42 33 "3 20
A3 34 33 28 23 AT 9% 10 -9 DUR W 11806 5 %33 X
s 1o P00 0 0 20 ARM 16 -8B R GdTE e R e
g1 37 96 318 1% 229 B 8.8 OXF M T o dee 8l ooh i e
oRan 8. - 4% A% B9 & PLY 6 1 5 R aetg. 8 o
S0 o g 91 Yool o0 0 0 UK 1. T 8ol T 69 T4 8

- MEAN MIMNIMA




TARLE V (h) - VATLUR OF TNDEX -~ AUGUST

MEAN MAXINA : . MEAN MINIMA

Forecast Period 3 Years

- —

[Averaging Period ‘Averaging Period

5 10 15 20 25 20 35 40 45 50 5 10 15 20 25 30 35 kO 45 50 |

46 43 42 40 42 44 44 41 41 43 GOR 26 21 25 2% 21 3V 29 29 30 30
48 44 43 41 41 42 42 40 39 40 DUR % 23 20 20 21 22 20 11 17 &
45 40 42 39 41 40 38 35 3T 40 ARM 20 11 12 11 11 13 8 8 9 10
50 49 49 48 49 50 50 49 50 51 OXF 21 19 16 14 16 16 13 12 12 14 |
42 35 33 31 30 29 30 29 31 32 PLY 23 19 17 15 17 16 15 11 "7 1

42 36 36 33 35 36 35 33 34 35 UK 19 15 14 12 14 15 13 11 11 13

Forecast Period 5 Years

5 10 15 20 25 20 35 4O 45 50 5 10 15 20 25 70 35 40 45 &
. PYSPRSCS
42 35 35 33 35 38 37 33 34 35| GOR 24 23 20 19 23 27 25 26 27 25
43 37 35 31 31 33 33 29 30 29 DUR 21 16 14 1 13 15 14 10 12 15
.38 32 33 30 32 30 26 23 27 32 ARM 1 3 3 3 & & .4 5 5 @6
45 42 41 42 44 45 45 44 46 45 OxX¥ 16 12 7 6 8 9 T 5 71 8
35 24 21 19 17 18 19 17 19 21 PLY i5 10 8 7 8 8 T 4 3 3
“36 28 27T 25 28 29 29 25 21 21 UK 3.8 T 5 8 108 .0 .9 9i
Forecast Period 10 Years
5 1045 20 25 30 55 40 45 'S0 : 5 10 15 20 25 30 35 4o 45 50
| 33 065 a4 95 .98 ag. o6 of  af 17 GOR 2117 .14 36 2123 24 26 24 1%
| 37 2125 2324 25 23 20 19 14 DUR 158 - $: 85 7T »5 -4 5608
| 33 26 24 2% g2 16 15 17 22 23 ARM LI el i e e e e e e
42 3731 -39 41 41 40 40 412 36 OXF IR @ 2 38 @3 #0)
5. e 8§ 7 1 78 9 %2 PLY 9 3. 2. 2 .3 § 2 3 &
28 19 18 19 22 21 20 19 19 16| Uk 7 3 i et ot g e
- } : Forecast Period 20 Years
5 10 ¥ 20 .25 20 85 40 s 5p | 510 15 20 25 30 35 4 45 50
. 2323 2% 20507 3§45 106 GOR 18 16 17 20 24 26 25 24 18 10
34 25 28 2039 AT 3413 31 K DUR SR Gl Goa W (R e I e |
a1 2318 12 o 8 Al 486 I8 12 ARM LR N s et e B M e
43 .40 39 38 36 34 3537 36 .26 OXF 1.3 ") oy 3> %
80 B2 p g vac e S X el PLY M o e O T DR e L
2719 38 36 24 12,12 13 13 o UK St Qe L R e S N g 2




TARTE ¥V (1) . VATLUR OF Tuvry .. SEPTEMBER

MEAN MAXIMA

Forecast Period 3 Years

Averaging Period Averaping Period
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 %0 35 L0 45 50
35 27 27 29 29 29 30 28 22 22 GOR 29 25 25 25 28 30 31 33 38 37
40 34 33 31 32 32 34 35 33 34 DUR 0 20 22 22 25 21 21 29 M.
32 27 27 26 26 27 28 28 27 29 ARM 30 20 18 17 19 21 21 22 24 27
46 40 38 37 38 38 39 40 40 36 OXF 30 21 20 21 24 27 29 32 35 38
39 30 30 27 28 28 30 30 32 29 PLY 33 25 24 24 27 29 30 32 34 34
34 26 25 24 24 24 25 25 23 23 UK 24 15 15 15 18 20 22 25 28 31
Forecast Period 5 Years
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 4O L5 50
s
23 16 17 19 21 20 20 17 10 9 GOR 19 16 1T 19 21 23 26 30 34 33
28 23 21 19 22 22 24 24 23 24 DUR 24 14 17 17 21 21 22 24 27 31
1 14 16 15 15 15 14 14 .14 17 ARM 20 11 11 9 12 13 14 16 19 22
2y 27123 22 25 24 24 25 24 24 oxP 25 13 14 15 18 21 23 27 31 M4
26 14 14 11 13 12 14 15 14 14 PLY 29 1918 17 20 22 23 25 21 .25
53 13716 12 11 ‘11 W 879 UK 15 8 9 9 12 14 16 19 23 25
Forecast Period 10 Years
5°40.°195 2025 .30 35 4O 45 50 5 10 415 20 25 30 .35 kKO- K% SO
o b o - e O B 1 S R G R WA | GOR 14321316 18 21 5. 0 —32 28
2% 36 18 144517 1801714 1S DUR 12 .8:100:13 1515 15 14 19 3}
430 "9 8 8 7641 3 ARM 93 h S 88 08 2R
274613 14 15 Y4 YA 14 13 .10 OXF 11253508 300 213 36 00 2% 2%
33 3 2 2 2 2 2 2 2 1§ PLY 16 T 5 6 8 9 1Y 1333 5
&6 . ol 3 1.0 ox 7 3% 6 39 11 waaE e
X Forecast Period 20 Years
.5 10 15 20 25 30 35 40 45 50 5 40.15..20. a5 30 73n ko kB =g
18- 35 26118 182138 -3 00 GOR 131338 19 990 o9 39 98- a5 . 20
CPY 16636 AT S 1T 1S ) T DUR 1 K 8 Y b, TR e v o % [y O - S G
3630 8. 6 R A a2ioh - NG 00 ARM 1005 R EERae e N BN R B T 5
P B | o e SR T T T el TRl 1 ) OxXFr 13007 1033 3T o) o5 e 6 3
- Wane Ce R I e W e TR e PLY 1306 8 6B B9 10w
5 R T R i e S UK . B 6 .0 sl k3% 17 11

MFAN MINIMA




TABLE V ( §) = VACHR .OF TUDRY . OCTOBER

HEAN MAXIMA FEAK MYRIMA

~

" Forecast Period 3 Years

— o~

. i
Averaging Period sveraging Period |

) 1

i

5 10 15 20 25 30 35 L0 45 S0 5 1 15 20 25 30 35 L L5 50

43 39 39 40 40 40 39 36 38 40 GOR 29 24 19 21 24 27 32 32 40 46
43 36 35 33 34 34 37 36 39 43 DUR A3 37 37 31 36 35 3 31 4 1
36 28 30 27 29 28 29 27 30 34 ARM 43 38 37 36 36 36 38 37 41 45
45 39 38 36 36 36 38 33 35 137 OxXF 49 44 45 45 43 41 42 41 44 47
36 31 31 26 26 24 25 18 16 16 PLY 42 38 40 35 35 32 33 34 37 40

36 29 29 27 27 26 27 23 26 30 | UK 34 29 29 29 28 27 29 31 37 43

Forecast Period 5 Years

S 10 15 20 25 30 35 Lo hS 50 5 10 1% 20 25 3B 35 Lo QS 50 ;
33 27 29 31 32 33 33 32 34 38| GOR 21 13 10 13 17 23 29 31 42 50 |
32 22 22 20 21 24 27 28 33 40 DUF 35 29 31 31 28 28 29 33 40 48

*24 15 .17 15 17 16 19 19 23 29 ARM 33 27 27 25 25 27 .31 31 37 45 !
35 25 25 21 21 23 25 22 24 29 OXF 41 35 37 37 33 31 32 34 38 42
27 20 21 14 13 11 12 8 5 6 PLY 33 27 28 23 22 20 22 26 31 44
-

25 17 17 16 16 16 18 16 20 26 UK 23 18 20 19 18 19 23 27 35 43 i

Forecast Period 10 Years

5 10 15 20 25 30 35 4O 45 50 & 10-95 20 éé 30 35--LZ~”AL séh
2623 2830 3030 29 30 31 39 GOR 128 3 6 1 15 22 33 49 64!
36 9 9. .8 1138018 .22 30 44 DUR 25 23 25 23 20 21 26 33 44 6l
0 T8 9 7 - 1T-9..9.33-19 AR w24 .20 2819192 23 26 30 5§
P2 9 6.6 1 .9 "4 B 1% OXF 30 29 30 27 21 20 24 28 34 39
Bas e 4 32 0.0 -0 PLY 21 2191813 8 & -8 14 2% 26
b v n 9 & § 9 1 guis UK 14 12714 12 9 10 14 19 P M

M Forecast Period 20 Years
.5 140 15 8D <25 20 35 40 4580 .5 10715 20 25 20 35 ho 45 sg

34 32 34 33 30 28 27 29 36 5 | cow 14 8 8 12 20 30 42 56 80 92|
18.11 12 12 35 19 23 33 54 76 | ©Dup }r29 25 5 24 24 28 33 43 &5 9

4y D0 B8 10 13 a7 LRM 28 26 27 26 24 24 29 45 19 91
1204 8258 3 3 ¥ 3 W OXF 34 29 24 18 15 16 20 23 25 30
deb g5 are.s 5 00 0 0 6 PLY 28 2319 iv 6§ ‘33 0E o9 29
o srgg eVl s S T TR S YRR vr | AB36 16 IF M0 32 11 5 oA




TABLE V (k) ~ VAIIE OF TNDVY -~ NOVEMBER

MEAN MAXIMA ‘ , MEAN MTHIMA

Forecast Period 3 Years

L ——

Averaging Period . kverapging Period

5 10 15 20 25 30 35 Lo 4

\n
\un
o
N
s, ¥
o
-—
\n

20 25 30 35 40 45 50

38 36 37 34 35 31 32 29 27 29 GOR 34 27 28 28 28 24 24 22 22 20
33 31 32 32 34 33 33 29 23 23 DUR 3T 37T 39 40 43 43 44 40 37. 37
32 25 28 27 29 29 30 29 29 29 ARM 43 39 40 38 39 37 37 36 36 38
44 38 38 39 39 39 39 37 37 33 oxw 43 39 39 40 41 40 41 35 33 34
34 25 28 27 28 28 28 27 24 22 PLY 44 40 41 43 44 46 4T 48 48 47

32 26 28 27 28 28 28 25 23 22 UK 35 31 32 33 34 34 34 32 31 31

Forecast Period 5 Years

S 10 15 20 25 30 3 &40 45 S0 5 10 15 20 25 30 35 4O b5 50

30 29 28 26 27 26 27 23 21 22 GOR 23 19 17 18 17 14 14 12 13 g9
25 24 23 25 27 28 28 23 19 18 DUR 30 30 32 35 38 39 39 34 31 30
so4 17 -18 19 22:23 94 23 23 23 ARM 35 31 28 28 29 28 29 28 28 30

36 28 27 29 3¢ 31 31 28 26 22| OXF 32 26 27 29 31 32 32 22 22 2}
25 14 16 17 18 18 17 16 14 12 PLY 34 29 31 33 37 39 41 42 43 41 |
23 17 171821 2321 IT 16 15 UK 24 21 21 23 26 26 27 24 23 22 i

Forecast Period 10 Years

5 10 15 20 25 535 40 48 50 9. 90:15 2025 3035 B0 45 =g

29 05-°9) ‘20 20 1o 17 12 35 12 GOR 19 13 1) 119 ¢ 6 & 4 =
23 2) 3] 23 25 96 90 16 3K 14 DUR 3130 3235 37 3B 35 ap 24 o
008 10 94 18 35 18 41X 16 ARM 31 25 21 2) 21 91 20 0.0 ¢
27°Yg 1o 3y 05 .95 80 Y017 10 OXF 27 .99 23 98 27 27T 9516 11 10
126 80 o 8.6 4 -4 & PLY 30 . 25- 97 31 33 36 31 39 A W

1 15 12-195 a4 35 14 1o 9§ 8 UK 2l 17 18 21 g2 23 22 19 3o 1%

Forecast Pericd 20 Years

o5 10 15 20 25y 3¢ Lg W5 oo ‘5 90 15 20 25 30 35 4o 45 50
g0 12 1& 14 12 6.3 1 00 GOR 141130 g5 23 3 o 0 4
20 24 20 24 @218 198 12 11 .9 DUR 343333 34 33 29 21 21 2824
38 11 10 9 9 B 7 7 7. 7| w22 1) 12 LAl g g oy
29 32 21,20 19 18 17 1816 ‘9 |} oyy | 3 07 98 R af 55 4 33 6 oy
3110 98 = g gy 2 PLY 3331 22 34 36 39 A2 5O 52 44
1803 1313 11 8 6 3 3 2| we |23 803 934 3y ag 1y 040




TARLE V (1) - VALUR OF TNDEX - DECEMBER

e  MEAN  MAX1MA e MEAN MINIMA

Forecast Period 3 Years

Averaging Period : Averaging Period

15 20 25 20 25 Lo 45 50 5 10 15 20 25 30 35 40 45 50 |

()
=
O

48 42 40 40 39 39 38 40 39 38 GOR 48 41 40 41 40 41 41 43 43 4
52 48 45 43 44 43 43 42 42 44 DUR 48 48 46 44 .45 44 44 44 45 48
47 40 38 36 35 36 35 36 36 37 ARM S1 47 46 45 42 44 44 46 46 46

59 55 53 51 52 49 49 48 47 49 OX¥ 59 55 53 52 53 49 49 48 48 49
46 43 40 39 39 37 31 39 31 37 PLY 52 49 45 44 45 41 40 40 40 43
48 43 40 39 38 37 37 38 371 38 UK 48 44 41 40 40 39 39 39 40 41

————

Forecast Period 5 Years

5 10 45 20 25 3% 35 4o hﬁ 50 5 10 15 20 25 30 325 40 45 50
43 31 29 28 28 28 27 28 28 26 GOR 42 30 28 29 28 31 31 32 33 o8
47 40 35 33 34 32 32 30 31 33 | DuR 4T 44 40 38 39 37 37 37 39 41
43 31 28 26 25 26 26 25 26 26 | ARM 49 40 39 37 35 37 37 38 39 37
%5 47 42 41 42 36 35 31 32 35 | OXF 56 49 44 44 45 38 37 35 35 37
42 35 30 29 29 25 26 26 25 27 | PLY 49 43 37 35 37 29 30 28 31 33
43 32 28 27 2] 25 25 23 23 25 UK 45 36 33 31 31 29 29 29 31 31;

2

Forecast Period 10 Years

5 10 15 20 25 30 35 Lo 45 50 5 10 15 20 25 20 35 k0 45 &0
TS e e B e SR i Tt S GOR &6 8T P9 9 Y- 1L 8
87 2). 15 14 12: 117 91012 A7 DUR 41 .30 26 24: 2% 2]1- 10 91 24 8
20108 4 8 A 5 -5 8 9 ARM 385912013 31T 1531 ¥ T 18
4T 3328 28 25 1B .14 12 14 318 OXF 49 35 30 30 26 19 15 1415 1B
W21 17 16184 1.1 9.9 PLY 84 31 22 9% 371 1332 1 IF 18
31 1311 9 65 5 5 6 8 UK 3418 1512 10 9 5 1133 18
. Forecast Period 20 fears :
5 10 15 20 25 320 35 Lo 45 s0 .5 10 15 20 25 30 35 LO 45 59
3 3% 0b 0 0 0 0 0k e 16 2 03 F% s ¥ a4y a3 B
| - e b v B g (R TR Ot R T e DUR 2T ¥ 13 Y g0 g B 8
| o 000 0 Y )] ARM oM s R T B e Gl Sie e e
42,90 20 16 0 R0 0 Cae i) OXF 44, 3% .25 20 13 4 'k 0. O 0
8 158 A 42 ) Q8B PLY 30 AR NE R T8 Aty
28 7 2 20 0 0 @6 90 D UK e e S e R T Tl e




TABLE V (m) - VALUE OF INDEX .. WINTER

MEAN MAXIMA . MEAN MINIMA

Forecaet Period 3 Years

. ~ Averaging Period Averaging Period

=1 5 10 15 .20 25 3% 3 40 45 S0 5 10 15 20 25 30 3% 40 45 50

52 45 43 44 43 44 46 AT 41 47 GOR 50 45 45 47 48 50 51 51 50 50
56 52 49 51 49 50 51 50 52 52 DUR 53 52 49 50 48 50 49 49 51 52
50 44 41 42 41 43 43 41 40 41 ARM 49 46 45 46 - 45 4T 49 49 47 49

65 62 60 61 60 61 61 60 60 61 OXF 63 60 58 59 59 59 59 58 59 59
54 52 49 51 50 51 52 51 50 51 | pLy | 56 54 50 51 51 52 52 49 50 53
52 48 45 47 46 41 48 46 46 4T | UK 49 41 44 45 45 46 46 45 45 46

Forecast Period 5 Years

5 10 15 20 25 20 35 40 45 s0 5 10 15 20 25 22 325 40 45 ~

AN

43 31 29 29 29 29 31 31 31 30 GOR 44 37 31 39 41 43 44 45 41 4T
46 35 31 33 31 32 32 31 32 32 DUR 49 41 39. 39 37 38 36 37 39 40
41" 31 27 29: 29 29 31 26 23 23 ARM 43 37 36 37 36 39 42 39 37 39
S8 52 48 49 49 49 49 4T 46 47 OXF 58 51 47 49 50 49 47 45 45 45
48 43 39 41 41 41 43 41 38 39 . PLY 49 45 38 39 41 40 41 36 371 41

¥3::33°30 33 32° 33 .34 31 29 30 UK 42°:35 33 34-3 35 B BN 3B

Forecasf Period 10 Years

5 101520 25 30 35 .40° 45 50 | '5 10 15 20 25 30 35 L0 45 50
58 J2c 1% 10 -9 ) 012 120k 1l GOR 37 .26 -26:28--32 3¢ 35 3% A N
el a3-aa. 301 L .98 "9 10 DUR 37.:26:2%3 20 .20 )T X 1T 19 @)

295533 19 4R 13 AR5 - 9T .8 ARM 3 25 2% 24 @330 32 -89 ) 33
5138 3535 3535 33 31 30 32 OXF 5240 37. 39 3936 33 30 49 %9
41 29 28 28 27 30 31 28 .27 30 PLY 45 34 2T 29 30 30 29 24 123

3} 7 3737 16 18728 15 .}2 16 UK 33 22 . 20:2) 92 22 .19 39 20
F Forecast Period 20 Years

5.0 115720 25. 30 38 Lo -he en 5 10 15 2025 .30 35 hoi §s S0
" 26 10 10 9 g -4 31 06oR 31 22 26 29 30 30 28 23 21 20

‘9 8 8
1% W BR 8 s - b e 3621 96 13 1098 49 -6
8 6 1 0 Y b o) 300k 23 a5 og oy aR-ae am 8
4838 32 34 3} 099 06 16 15 13| o 51°45 40 3835 30 27 24 19 12
37 29 .24 26:26 Q4 24 19 13 14] P 45 3 303 021 118 185 12

29 17 ¥4 16 YA Jo 10 & Xy UK 30 28 of oo 00 38 16 11 13 9




- MEAN MAXIMA

Forecast Period 3 Years

Averaging Period

-

MEAN MINIMA

Averaging Period

5 10 15 20 25 %0 35 LO 45 50 5 10 15 20 25 30 35 L0 45 50
52 49 45 43 44 A5 45 46 46 47 GOR 39 33 30 30 32 35 37 38 41 45
51 51 46 48 49 51 52 53 53 53 DUR 3 3 @ -N 3l 31 32 34 .3 43
38 38 32 35 39 41 43 45 41 49 ARM 30 29 25 27 -30 32 34 36 38 41
55 51 41 43 46 48 48 49 51 52 OXF 39 33 26 28-27 25 35 23 25 28
41 38 37 35 35 34 33 34 36 33 PLY 37 30 23 25 ‘271 28 29 28 30 33
45 43 36 37 39 41 41 42 42 43 UK 31 26 19 22 23 24 24 25 28 33

Forecast Period 5 Years

5 7% 15 20 25 30 35 4o 45 SO 5 10 15 20 25 20 35 4 45 50
45 40 34 33 34 35 36 37 37 39 COR 26 21 17 19 &0 23 26 32" 3 33
4T 45 40 41 43 44 46 4T 4T 48 DUR 29 22 -17 22 22 21 2321 3 40
36 33 26 30 35 37T 39 41 45 49 ARM 23 24 19 22 25 26 29 32 3:-¥)
52 44 33 36 40 40 41 43 45 46 OXF 29 23 14 37 171-7%2 .15 .45 172
36 32 29 27 27 23 22 25 28 26. PLY 31 22 13 I6 19 18 20 2224 2
41 36 28 29 32 32 33 34 36 37 UK 21 16 919 ¥ 13 1619 2399

Forecast'Period 10 Years

5 10 15 20 25 320 35 L0 45 50 ‘510 15 20 25 30 35 4o 45 50
41 3229 271 - 29 .30 33 3% 34 "3 GOR 21-°14 3314 19 24 29 34 08 40
AT 42 41 4) A2 43 44 46 47 49 DUR 21 31} 3341315 18 33 39 AR
3628 :25 3034 86 39 A3 .50 55 ARM 23 19.:16 30 21 923 27 3. 36 W
49 . 36 :3Y 35 38 36 AT 3G AL A (0% 2 22 99 9 35§ 8 8 19 19
e 06 95 o1 AT 431308 B0 19 PLY 24 .9 6 9 1} 1204 36 19 1%
30 20 95 2727 @129 31 33 '35 UK T g n 9 g a0 3 18 o A8

Forecast Period 20 Years
F ;
2010 15 .20 25 20 25 40 45 50 210 15 20 25 0 25 k6 G 50
36 206 23 0] 99 25 SBI 06 g - a9 GOR 29 1716 23130 36 42 A4 50 49
48 43 40239 400 42 45 49 56 58 DUR 29 14 19 38 16 20 06 36 A9 55
35 31 31 3 38 44 53 65 7875 ABRM 19 3718 39 29 56 33 A3 41 41
46 36 2997 97 29 A1 M 17 B OXF 19 1) s &3 0 0 0 0 2
Ag. ot o oA o Nl AT A Bl 8 PLY 20 30 T ¥ 13 1% 17138 @ 18
35 27 22.20. 7. 23 2529 3 3 gy P24 B & B 5y 7 50 2]

J
1.




-MEAN MAXTIMA

PABLE V (o) — VALUE OF TNDOY ~ SUMNE

Forecast Period 3 Years

B

]

UK

MEAN HMINIMA

. !Averaging Period Averaging Period
4 5 10 15 20 25 30 35 4O 45 50 5 10 15 20 25 20 35 LO 45 %50
48 42 42 41 42 43 43 42 42 42 GOR 31 31 32 33 37 40 42 44 44 44
55 52 52 52 50 49 49 49 49 47 DUR 25 24 26 26 27 29 29 27 28 30
43 38 39 36 37 38 39 .38 39 41 ARM 21 15 17 15:16 19 20 23 23-22
57 53 52 51 52 52 52 52 54 55 OXF 20 19 17 16 18 18 19 20 23 23
49 40 35 38 32 33 33 36 38 37 PLY 17 15 15 15 16 16 18 18 17 16
45 38 37 35 36 37 36 36 37 37 UK 17 15 16 15 17 20 21 22 23 23
Forecast Period 5 Years
S 10 15 20 25 20 35 U0 45. 50 5 410 15 20 25 30 35 40 L5 SC
42 34 34 33 35 36 35 32 33 29 COR 27 27 271 30 34 38 40 42 43 39
51 47 46 46 44 44 44 42 42 31 DUR 21 20 21. 22 25 27 26 23 25 26
34 29 28 27 28 29 28 27 31 31 ARM 13 9.9 9 11 13 15 17 19 14
$) 46 42 43 44 46 45 45 41 45 | OF 17 15 10 11 13 15 15 15 19 17
42 26 22 24 14 18 17 20 24 25 FLY 10 7 T 7T 9 M N I2E1F
39 29 27 27 27 29 28 27 271 24 UK 12 10 10 3 1417 Y1.19:-2118
Forecast Period 10 Years
510 15 20 2030 . % 40 45 50 '5 10 15 20 25 320 35 40 45 S0
023 25 25 2011 56 GOR 27 25,27 336 39 4) 43 4 33
A1 A3 44 4% 41 4D 39 36 -32 29 DUR 181718 .20 23 23.19 18 19 19
20 23 2120 21 20 19 21 .24 33 ARM 10 -6 6 T 9101015 The 9
4T 40 38 40 41 42 39 40 40 36 OX¥F 1530 7 '9:11.:12 a2 15 45 W0
323 4p- 5 5. 8. 911028 PLY Bo5 5 <8 9 G 9at
@030 19 - 20 21 ‘21 18 16 )4 10 UK 9 8 8 101315 15 18 1§ 1)
& : Forecast Period 20 Years
"5.2AD. 15 20 25 30 35 ko 45 50 -5-10 15 2025 30 3540 46 90
%8 o4 20 oyi9tdo 8 6 A 0 loor 31 32 35 38 42 44 45 44 39 29
49 :45. 45 43 39 .35 30 -27..24 15 DUR ga. o0 o a3 on 19 NP-15 1839
27 o) 183514 14 151921 15 ARM 19 8 8 1012 13 15 anc N B
AR 43 ML AT 39 37 38 3) 37 28 OXF 15 12 10 11 12 .13 12 35 3834
A as 0 a8 o008 AR B8 PLY Tt G R g g e B sl )
20 a1 A 2y 17 M0 9T 3 1211 1 334 15 1F 10169




TABLE V (p) ~ VALUE OF INDEX - AUTUMN

MEAN MAXIMA

Forecast Period 3 Years

MEAN MINIMA

/Averaging Period “Averaging Period
5 10 15 20 25 30 35 4o 45 50 5 10 15 20 25 %0 35 40 L5 50
44 37 39 38 37 38 40 38 36 36 GOR 29 21 22 23 26 26 31 35 43 43
44 37 39 36 38 39 41 42 43 45 DUR 39 33 37 38 41 43 44 44 46 50
41 32 35 32 33 35 37 36 38 40 ARM 44 37 36 34- 34 36 38 38 41 44
50 43 43 41 41 42 43 44 47 43 OXF 40 35 37 36 37 38 40 40 45 49
44 35 35 29 30 30 32 39 30 26 PLY 45 41 43 42 43 44 46 48 51 51
41 32 33 29 29 30 31 31 32 33 UK 34 27 29 28 29 31 35 37 43 47
forecast Period 5 Years
5 10 15 20 25 20 35 40 45 50 5 10 15 20 25 3¢ 35 Lo 45 50 1
33 27 27 28 30 32 33 32 29 30 GOR 17 11 12 15 19 21 27 33 44 43
30 25 25 24 28 30 33 35 40 47 DUR 29 26 31 33 36 39 39 41 50 58
29 19 22 19 22 23 25 26 29 33 ARM 34 26 24 21 25 28 30 32 36 41
*38 29 27 26 29 29 30 33 35 34 OXF 34 27 28 29 31 32 34 37 44 48
32 19 19 12 14,11 1312 12 10 PLY 38 31 33 32 36 38 40 44 48 47 |
28 18 18 15 17 17 19 20 22 25 UK 22 16 18 19 22 25 29 35 44 49
Forecast Period 10 Years
5 10 15 20 25 30 35 40 45 50 '5 10 15 20 25 30 35 Lo 45 50
2904 94 25 08 09 09 27 .25 2 GOR LT TR T e R R
25 <00 21 ok 2F 30-32 3746 53 DUR 24-26 31" 33 36 31 /39 45 62 69
317 12 121214 15 16 1923 29 ARM 2416 14 15 )9 23 26 3t 39 48
BR 18 16 .18 39 20 23 -27 20 28 OXF 23 200 2) 23 .24 26 30 3 5568
18 6 a3 1.0 D 00 0.0 PLY a7 93 83 a6 offs 3L MG TAR  HG - AS
AR 1D 0. G108 1 1] 121317 UK 14 11 34 17 20 24 30 39-53 5]
Forecast Period 20 Years
59015 20 25 30 75 40 b5 50 54015 20 25.-30- 3% M0 U5 w9
P o4 2729 30 29 27 .25 24 24 GOR 15534 17..23..3D- 40 S4 70 81 92
2825 27 89 32 .36 4o 52 68 68 DUR 33 34 36 38 40 43- 50 67 89 88
2135 8718 16 I8 2023 3y a8 ARM 23 18 18 20 25 32 40 53 61 69
29 2% 1030 9% H6 312 37 38 1] OXT 2123 24 252838 44 66 9. 9%
685 -1 B 0 O 0 09 0 0 PLY 32 /28 28 ‘31 36 44.54 60 62 58
p Y- - N L S S s T R T UK 20 19 21 25 29 37 50 68 B2 8T




DABLE V_{¢) - VALUE OF LIDEK .. YPAR

Averaging Poriod

10

15

20 25 30 35 40

50

51
54
38
59
52

49
51
35
55
44

49
49
35
49
41

50 51 53 54 55
52 52 54 55 55
35 37 40 42 43
48 48 4T 46 46
43 44 44 45 43

60
g
50
52
46

48

43

40

42 43 44 44 45

51

FORECAST PERIOD
3 YEARS

Averaging Period

10

15

2025 30 35 -40

45

50

33
45
27
50
33

21
31
23
35
13

23
39
24

24

13

ga. 29 3335 39
41 43 45 45 41
&t =30 33 36- 40
P% 23 2224 28
36 .28 20 21..20

4
53
45
33
21

38
54
48
34
20

33

19

19

21 24 2688 22

36

36

FORECAST PERLOD

10 YEAR."\

GOR
DUR
AR

. OXP

PLY

GOR
DUR
ARM
()4
PLY

Averaging Period

10

20 25 30 35 40

38
26
27
48
33

5
J

43
26
o1
29

38 40 42 44 46
46 47 50 49 51
28 31 34 37 39
37 38 35 34 37
3133 32 34 34

49

43
Mn
35

34

28

31 32 34 35 37

4

FORECAST PERTOD
5 YEARS

Averaging Period

10

15

20 25 30 35 40

26
47
32
49
30

20
42
30
39
18

23
42
30
26

14

21 32 3 43 B
43 44 471 53 6l
32 36 42 49 %9
24 25 26 ¥4
18 19 18-39 35

a7
67
58
41
15

41
65
51
38
12

32

24

21

a3--26 .30 36 40

40

FORECAST PERIOD

20 YEARS




TABLE VI

Optimum averaging period (years) for

temperatures in the UK

Aag;ﬁéE MAXIMA MINIMA
10 days Ls Lo
s Month 35 20
Season 25 20
Year 15

Results are based on data from 5 stations in the UK for the

period 1882fl976

P



