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ABSTRACT. Maximum Entropy Spectral Analysis (MESA) of the amual mesn

serics for Central England for 1659-199]1 indicated significant periodicities st T = 7.8, 11.1, 12.5,
15, 18, 23, 32, 37, 68, 81, 109 and 203 yewrs. These compare well with T = 22, 30, 80, 200 years
obtsined for Chins. Also, 8 good comparisom is obtzined with some periodicities in the swupot

aumber series,
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1. Introduction

Temperature records are available at several
locations all over the world for the last several decades.
Scrutinizing the same in great detail, Jones 1 al. (1986
a&b) produced time-series of global and hemispheric
annual mean temperatures for 1861 up-to-date. A power
spectrum analysis of the same series indicated, apan
from a long-term linear waming wrend of 0.12 ©
0.56°C/oentury, significant periodicities at T = 56,
10-11, 18, 20, 28-32, and 55-80 years (Kane and
Teixeira 1990). For the Mediterranean area, Metaxas
¢ al. (1991) recently reposied the results for the last
120 years and ghowed that the general patem for this
and several other areas was a sca surface emperature
(5ST) minimem ocar 1910, a double maximum in
1940 and 1963, a sccond minimum in 1975-80, and
@ rise thereafier © the present.

roughly 1850 cowards. However, data are available
for earlier periods also. Using historical documents for

@)

China, Wang er al. (1991) constructed decade
temperature series for the last 500 years and reported
periodicities at T = 200, 80, 30 and 22 years. For
Central England, Manley (1974) made a very
painstaking effort and produced a series from 1659 to
1973, Parker et al. (1992) updated the same. In this
note, we report (he results of a power spectrum analysis
of the Central England series for 333 years (1659-1991).

2. Method of analysis

Maximum Entopy Spectral Analysis (MESA)
(Uirych and Bishop 1975) was used for detecting
possible peaks. Since MESA does not give power
estimates comrectly (Kane 1977, Kane and Trivedi
1982), MESA was used only for locating the peaks
Tyk=1 10 a) and then, these were used in the
expression :

A=A + Y

[a,sinZ:-i‘.-d-b‘cosZnTL]-l-E
Py [ :
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Figr. 1(a-2). (s) Central England lm:pﬂ:mre. annua} values 1659-1991, (b) Moving avemsges over 2
and 3 values, (c) 30-year moving averages, 10 years apan. The dashed curves show
nonthemn  hemisphere land mass temperaures (Jones o al. 1986akb; Groveman and
Landsberg. 1979), (d) Sea ice (lceland), weeks of ice (Friis-Chrisiensen and Lassen, 1991)
and (e) Relative devision of Oxygen 18 to Oxygen 16 rato from an ice core from
Camp Century, Greenland (Johnsen e al, 1970)

L}
= A+ E r,sin[hﬁ-*@,]-bﬁ (1)
kw1l

where  fli) is the observed time series and £ is
Emor factor. The parameters Ag. (a,b,) and their
standard errors were then estimated by a standard
muitiple regression snalysis (Bevington 1969) which
gives 8 lincar least-square fit From these, (r,.¢)
and their standard errors can be calculated.
Amplitudes r, ecxceeding 30 (thrice the standard
eror) would be significant at a 9% a prioni
confidence level,

3. Data and results

Fig. 1 (a) shows a plot of the yearly values of
the Central England series. A striking feawre is a near
carth Biennial Oscillation. Power spectrum analysis did
reveal a srong peak at T = 2.1 years, but there were
many other peaks nearby. Heace, we considered this
as indicative of poise, requiring climination, For this,
moving averages were calculated over two successive

yearly values and then, for the series so obtained,
further moving averages were cakulated for three
successive values [moving averages over just 2 (or 3)
values were not adequalte as these still had some 3
{or 2) year wiggles). Fig. 1 (b) shows a plot of these
smoothed values. Fig. 1 (¢) shows a plot of 30-year
moving averages, en years apant and indicates a clear
nise in the last few decades, generally attributed o
greenhouse effect due o increasing levels of carbon
dioxide right from the time of intense industrialization
(~ 1850 onwards). Incidentally, there was a temperature
drop during 1940-60, which is obviously contrary w0
the expected greeshouse effect. Jones e al. (1986b)
have noted this fact and suggest as an aliemative
explanation a change in the Northemn Hemisphere ocean
circulation, a possibility supporied by the modelling
work of Waits (1985). Similar mechanisms might have
operated during the warming from 1680 to 1710 and
the cooling from 1860 o 1880. This is purely
speculative. The dashed curves show Northern
Hemisphere land mass (emperature values (30-year
moving averages) as reported by Jones &1 al. (1986a&b)
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and Groveman and Landsberg (1979). The maich with
Central England tempmnne_issood.

The amount of sca ice around Iceland is expected
10 be larger (smaller) when temperatures in that region
are lower (higher). Fig. 1 (d) shows a plat of he
amount of ice (reversed scale) as presented by
Friis-Christensen and Lassen (1991). Similarly, Fig.

1(c) shows the Oxygen 18 measurements (Johnsen -

etal. 1970) from an ice care from Camp Century,
Greenland, cxpected o reflect temperature variations,
for which periodicitics of 78 and 181 years were
reposied. There is a general, rough agreement beqween
Figs. 1 {(c&d) but not with (e).

Fig. 2 (a) shows the amplitudes of the 24
periodicities selected for 3 mahiiple regression analysis
of the Central England wemperature smoothed data (330
data poinis). As expected, the smoothing has removed
periodicities below T = 4 years. Same periodicites are
very prominend, notably T = 203, 109, B1, 68, 37, 32,
23, 18, 15, 125, 1)) and 7.8 years. It is gratifying
10 note that T = 200, 80, 30 and 22 years (marked
as full triangles) reported for temperature in China by
Wang e aof. (1991) are scen in the Central England
series also, Also, the peaks at T = 78 and 181 years
of Johnsen er al. (1970) arc observed. It could be
argued that some peaks may match by sheer chance,
However, the matching peaks are significant a1 a
3 o a priosi level and hence coincidence probability
by chance is very small, less than onc peak.

The Central England series has a long-temm linear
wend. In Kane and Trivedi (1986), we had estimated
the effects of lincar trends on MESA and shown that
large uends affecied larger periodicitics. In the present
case, the spectral analysis was done on the original
serics, as also aftey corecting for & linear wend. It
was noticed that all periodicities remained intact, except
T = 200 years which changed to 199 years, indicating
that distonions due o orends were negligible.

For the annual sunspot number series for 1700-1987,
Kane and Trivedi (1991) presented an updated spectral
analynis, Fig. 2 (b) shows the amplimdes. The triplet
T = 100, 106 and 109 years forms a group of the
most prominess periodicities for sunspeks  and these
are present rather weakly (T = 11,1, 12.5 years) in
the temperature series. However, some larger
periodicities, e.g., T = 68, 103, 184 years of the sunspot
series match with thase of the temperature serics within
10%. Besides this sunspoi association, no other
explanation has yet been offered for the long-term
temperature increases and decreases,
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Figs, 2 (af). Amplitsdes of the various periodicities T
observed in the time-series of (a) Central
England tempersture 1661-1990 (330 years),
(®) Sunspot number 1700-1987 (288 years),
(¢) Central England temperaiwre 1661-1770
(110 yems), (d) Cential England tempesanire
1771-1880 (110 years), (e} Central England
emperstge 18811990 (110 years} and (f)
Northern hemisphere  landmass  temperature
1851-1984 (133 yews, Jones ef ol 1986akh).
The abscisa scale is logio T (years). Fuil

sanel wodicities for Chine

The Central England temperaiure series does not
scem (0 have similar characieristics all through. To
check this aspect, each of the 330 point series was
divided into three cqual pans of 110 points and
cach part was subjected 10 MESA scparately. Figs.
2 {(c¢) show the amplimdes of abowt a dozen
periodicities chosen in each part Several periodicitics
are promincot in each part. The 109 year peak seen
in the total series (Fig. 2a) is not seen in the three
pans, mainly because the data length (110 years) is
too small o detect 109 year peak The peak at T
= 70 years in Fig. 2(c) is also not very reliable
and probably represents the linear rise during this
short interval. Some of the peaks are common o
all panis and hence appear in the total series also,
notably 7 = 11, 22 & T = 14. The last pant refers
to the recent period 1881-1990 and could be comparcd
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with the Northern Hemisphere landmass series
18511984 repored by Jones e, al. (1986akb) and
spectral analysed by Kane snd Teixeira (1990) and
shown in Fig. 2(f). The maiching is not perfect,
indicating that locations outside England may have
slighly different characteristics,

For the Chinese series, Wang et al. (1991) reported

that the periodicities 200 and 80 years contributed

"most of the variance™. However, when the serics was
recomposed using these two periodicities, the observed
values in recent decades were significantly above the
expected values, substantiating the idea of recent giobal
warming. In case of Central England series, periodicities
50-205 years contributed ~ 24% variance, 20-50 ycars
~ 18% and 7-20 years ~ 17% (wotal ~ 60% variance)
leaving ~ 40% as irregular, random component Here
again, observed temperatures in recent decades exceed
the values cxpecied from composed serics,

4. Discussion

The Central England temperalure series has many
significant periodicities, fowr of which tally with the
China temperature series, indicating a global
characteristic. Some periodicities (though not the
11-year cycle) scem to tally with suaspot periodicities.
Reid (1987, 1991) had also observed that the 11-year
running means (thus, sunspot 1}-year cycle eliminated)
of sunspot oumber and the global average SST
anomalics were well correlaied and anempted o explain
it by a variation in the sun's (otal irradiance (the solar
“constam®). Friis-Christensen and Lassen (1991)
suggested a direct influence of solar activity on global
climate through the variation of the solar cycle length,
Besides this possibility of relationship with suaspo
numbers in the large periodicity region, no other
explanation for the long-term decreases (e.g., 1710
1840) has yet been offered. In the present case, we
have analysed the data from a very restricied portion
of the globe and hence, some local effects cannot be
ruled out But the matching with China is satisfactory.
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