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Changes in the Seasonal Variation of Temperature

over theth;jed Kingdom between 1861 and 1980

Introduction

The Climatological Research Group in the Climatological Services Branch were
recently asked to give advice relating to the variation of temperature through

the winter months. In the course of answering this enquiry, it was found that
thirty year means of daily temperatures failed to remove irregular day-to-day
variations in the temperatures. The means also produced apparent warm or cold
spells of several days duration which are, in general, purely a function of the
particular period chosen. These features are illustrated in fig 1, which is a
plot of mean daily maximum temperatures at Oxford for January 1st to February 17th
over the periods 1901-30 and 1941-70.

Harmonic analysis of the data was therefore carried out (described below) to smooth
out the "noise" and this was considered to lead to a more satisfactory description
of the seasonal variation than the raw thirty year means. The differences that

can occur in the seasonal variation were also investigated for various thirty

year periods.

The harmonic analysis was performed firstly on daily maximum and daily minimum
temperatures from five UK stations using data for 1901-30 and 1941-70. The
procedure was then repeated on Oxford data only for ten overlapping thirty year
means between 1861 and 1980, the. results of which are assumed to be applicable to
the other four stations.
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2 Previous work

Craddock (1956a) investigated the amplitude and phase of the first and second

annual harmonics of monthly mean temperatures at 160 stations in the British Isles,
using data for 1921-50. In a related paper (1956b) he fitted two term annual
harmonics to non-overlapping five day means of daily temperatures at 42 stations

in central and northern Europe. In both papers his primary interest was to determine
the spatial patterns in the parameters, in particular relating' variations in the
phase of the second harmonic to changes in the seasonal variation of temperature.

In this paper priority is given to studying changes with time of the harmonics.

Also, maximum and minimum temperatures are treated separately and daily rather

than five day or monthly means are employed.

3. Data

Five widely scattered stations having almost unbroken daily maximum and minimum
temperatures between 1900 and 1970 were selected for the first part of the
analysis. These five are Plymouth, Oxford, Armagh, Durham and Gordon Castle and
their locations - marked with their initial letter - are shown in each of figs

2 to 5. Minimum temperatures for Gordon Castle are missing in October 1956 and are
therefore excluded. Temperatures are available for Oxford since 1853 and data

for 1861 onwards have been used for the second part of the analysis.

With regard to the homogeneity of the observations, Smith (1978) found evidence
for changes in the mean of the Plymouth maxima and minima series which may be due
to the change of site between the Hoe and Mountbatten in 1930. There is also a
possibility that the series for the other stations are not entirely homogeneous
due to minor changes of site-and/br changes in observing hour. However, since
the main purpose of this study is to investigate changes in the variation of
temperature within a year these potential inconsistencies should not seriously
affect the analysis.

4. Method of analysis

Future reference to "maxima'" and "minima" will denote the highest and lowest
daily values. '"Peak value" %ill refer to the highest temperature attained by
an harmonic in the regression model described below.

For each 30 year period and for each station, maxima and minima were averaged
separately for each day of the year. February 29th was omitted and so each series
comprised 365 terms. Each term 5& was assumed to follow an expression of the
form

N
‘j: = 3 + Z (a,~ cos tck ¥ b. Sin ict)

l=
where g is the mean,

- th
Q:,b; are the components of the ' ' annual harmonic (up to i = N)

C= 2T
365

and € is measured in days from midnight on December 31st.



It was found that the first two harmonics accounted for over 95% of the variance
of both the maxima and minima series and higher order harmonics were therefore
neglected.

The components of the first two harmonics were estimated using a least squares
regression program available in the BMDP statistical package (Dixon and Brown
(1979)). The amplitudes A; and phases ¢p. were calculated from the components,
where

12
A. (a+ b2)*

oo ()

"

The date of peak value of the first harmonic and the date of summer peak value
of the second harmonic were determined from FS.

5e Results

Results are presented in two sub-sections. Section 5.1 relates to analyses for
the five stations over 1901-30 and 1941-70., Section 5.2 considers Oxford data
only for the longer period 1861-1980.

5.1 Five stations

Table 1 presents means and variances of the Y, values together with the
highest and lowest value of Y. and their dates of occurrence. For both
maxima and minima, the 1941-70 means are about O. 3 C higher than 1901-30
means, the exception being for Plymouth maxima (which may be due to the
effects of site change). The general increase . occurs despite the fact that
January and February temperatures are lower in the 1941-70 period. The
variances are also higher in the later period. This result 'is mainly a
reflection of the fact that there is a greater annual range of daily temperature
for 1941-70, as implied by the highest and lowest values given in Table 1.
For these values, their dates of occurrence fluctuate considerably and
therefore have limited usefulness.

Figs 2 to 5 show, for the first harmonic in 1941-70, the variation across

the country of the amplitude and of the ‘date of peak value for maxima (figs 2
and 3) and for minima (figs 4 and 5). The isopleths are based on the pattern
of variation observed by Craddock (1956a) but it would be unwise to infer
parameter values from figs 2-5 alone.

The differences in the amplitude and phase between the five stations agree
with Craddock's results and will not be discussed here. Comparing fig 2
and fig 4 it is seen that the amplitude for maxima is 20-30% greater than
for minima. The date of peak value for maxima (fig 3) occurs 8-11 days
earlier than for minima (fig 5). The result for the amplitudes is a measure
of the greater annual range of maxima; that for the dates of peak value
probably arises from the fact that

i. maxima are highly related to the amount of solar radiation received
at the earth's surface and the maximum and minimum elevation of the sun
occurs in June and December respectively.



ii. minima are governed more by the atmospheric dew point which
in turn is related, amongst other factors, to the earth and sea
temperatures which reach their maximum and minimum after the solstices.

Table 2 gives results for the components, amplitudes and phases of the first
harmonic fer the two perieds:, The standard errors of the amplitude and
phase have been derived from the standard errors of the components supplied
by the BMDP regre881on program. That of the amplitude was found to be
approximately O. 04 C and that of the date of peak.value 0.4 days, with the
latter inversely proporiional to the amplitude. The variance of the
amplitude is given by A“/2 where A is the amplitude. In the table this
variance is expressed as a proportion of the variance of the series. It
equals about 98% of the total for maxima and 6nly slightly less for minima.,
This proportion increases slightly between 1901-30 and 1941-70 for maxima
(except at Gordon Castle) and more substantially for minima. The peak value
date for both variables remains fairly constant, the only appreciable change
‘occurring for Plymouth minima.

Table 3 presents statistics for the second harmonics. The standard error of
the amplitude is again about O. 04 C but the date of peak value approximately

2 days, with its magnitude inversely proportional to the amplitude. The
variance explained for maxima is less than 1% of the total and shows a decrease
from 1901-30 and 1941-70. For minima the amount explained is about 3.5% in
1901-30 but drops to below 1% in 1941-70. The phase of the second harmonic
has also altered considerably, particularly for maxima. The date of peak
value for maxima occurs about one month later in the 1941-70 period and 11

days later for minima, compared to 1901-30. These findings are discussed in
Section 6.

5ol Oxford oﬁlx

To relate changes in the magnitude and phase of the harmonics between 1901-30
and 1941-70 to other periods the analysis of 5.1 was repeated for the periods
1861-1890, 1871-1900, .... 1951-80 for Oxford data. The results of the
previous Bub-section showed little deviation from station to station in regard
to the differences between 1901-30 and 1941-70. It is therefore assumed that
results for Oxford presented below can be considered representative of the
other four stations and indeed of the UK as a whole.

Various statistics are presented for the different periods in Table 4. For
maxima, the mean and highest and lowest values increase between 1881-1910 and
1921-50 followed by a decline. The variance reaches its maximum in 1941-70.
For minima, the mean increases monotonically after 1881-1910 but for the
other statistics the variations with time are more complex.

Table 5 gives results for the first harmonic. The proportion of variance
and the phase for maxima are relatively constant although some differences
emerge for the most recent periods. For minima the phase is constant but
the proportion of variance decreases until 1901-30 then increases.

Turning to the results for the second harmonic (Table 6), for maxima the :
proportion of variance is highest in 1921-50 and has fallen since then. The
date of peak value is earliest in 1901-30 and latest in 1941-70, the two
periods considered in 5.1. For minimum, these same two periods almost yield
the two extremes for the proportion of variance and the date of peak value.



6. Interpretation of results

It has been shown that between 1861-90 and 1951-80 some large differences
occurred in the proportion P, of the variance accounted for by the first harmonic
and the corresponding quantity f, and date of peak value D, for the second
harmonic. A period in which P, is relatively large and P, relatively small
(for example 1941-70) has, on average, a seasonal variation in temperature more
closely resembling a pure sine curve than a period for which the reverse is true
e.g. 1901-30. If ), is later in the year for one period than another (up to

a maximum of 45 days later), as it is in 1941-70 relative to 1901-30, then this
implies the winter is more pronounced and the summer extends later into the year,
with a consequent decrease in length of the autumn season. These effects are
displayed diagrammatically in Craddock (1956a).

It was decided to study the results in quantitative terms by comparing, for the
period 1901-30 and 1941-70, plots of daily values through the year generated

from their respective means and first two harmonics. These periods were chosen
because in general they give the most extreme results, in opposite senses, for
the phases and magnitudes of the harmonics. Plots for maxima are given in fig 6;
not that only values every fifth day are shown. It is observed that the features
discussed above can be identified and that the maximum difference between the two
curves is just under 1°C (in the autumn). The same is true for minima (fig 7)
but the differences are more pronounced with the greatest discrepancy between the
two curves about 1°C, again occurring in the autumn. However it is noted from
Table 4 that the mean temperature difference (1941-70 minus 1901-30) is O.2°C for
maxima and 0.3°C for minima. If one therefore considers the differences in the
seasonal variation with these mean differences removed, the maximum difference
takes place in mid-winter, equally about 0.8 °C for maxima and 1.0°C for minima.

T. Conclusion

Harmonic analysis of UK daily maximum and minimum temperatures averaged over
different thirty year periods has shown some statistically significant differences
in the amplitude of the first harmonic and amplitude and phase of the second
harmonic., Comparing results for the period 1901-30 and 1941-70, the effect has
been observed to give a shorter but sharper winter for the latter period, a summer
vhich extends later into the year and a shorter autumn. In terms of temperatures,
if differences in the annual mean are removed, the greatest difference in the
seasonal variation occurs in mid-winter where 1941-70 averages are about O.8—1.0°C
less than 1901-30 values.
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