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METEQPOAOTIA.— Variance Spectrum Analysis of the Time - Lati-
tude Distribution of Zonal Average Annual Excess Precipi-
tation Totals over the Northern Hemisphere, by Christos S.
Zerefos and George B. Cosmas*. °Avexowwadn o tod *Axadnuairod

%. "HMoa Mogroromovrov.

ABSTRACT

Variance spectrum analysis was applied to zonal averages of annual
excess precipitation totals in 8 latitude belts of the Northern Hemisphere
using Xanthakis® (1972, 1975) data in order to test on a global scale the
significance of the various periods involved in these time series. It is
shown that these spectra can be represented by a first-order autorregress-
ive model since red noise criteria are surprisingly met. Significant
peaks at about 10 to 11 years are evident only in the high-latitude belts
50° - 80° and in the zone 20 - 30° Northern latitude. Higher harmonics of
the eleven-year solar cycle are evident in the Northern equatorial zone
0-10° as well as in the latitude zone 20-30°N. In the middle latitude
zones 30°-50° N there is no evidence of solar cycles in the data studied.
In all latitude belts under study, several peaks exceeded their 99 7, con-
fidence limits. Our results strongly confirm Xanthakis® (1972) earlier
findings on significant solar activity and precipitation links.

Meteorological periodicities and solar triggering effects on the
earth’s lower atmosphere has been an attractive subject to hundreds of
investigators in the past. As the statistical methods and their applica-
tions to Meteorology begun to improve, more sophisticated and relatively
strict mathematical approaches to this so old solar-weather problem were
published, especially in the last two decades (see, for example, Lamb,
1972). In the light of power spectrum analysis, otherwise known as
variance spectrum analysis, several Meteorological time series were tested
in searching «significant» solar activity ri-year periods. However, the

* XP. 5. ZEPE®OY — . B. KOEMA, Pacpatiny) GvdAvolg tijg xatd mAdTog ol
elg oV xpdvov xatavopiic tod Omép ToO xavovixdy étnciov péoov Lwvixod VYouvg Tod
vetod eig To Bépetov ‘Huiopaiptov.



186 ITPAKTIKA THX AKAAHMIAS AGHNQN

contradictory results so far obtained led Meteorologists suspicious on
that subject and since no physical mechanism on solar-weather controls
is presently accepted, the problem is still open to a wide variety of
speculations.

Inspite of the above mentioned difficulties, there are some indica-
tions of apparent free-atmosphere responses to solar activity components
(Zerefos, 1975) and of surprisingly significant solar-precipitation rela-
tions (Xanthakis, 1972, 1975). Thus, Xanthakis (1972) showed that, at
least in the high-latitude Northern zones, precipitation is strongly corre-
lated with solar activity. Xanthakis’ results were obtained in the
following way: First, all stations with annual precipitation records were
collected from «World Weather Records», to have long-period of avail-
able data. Next, care was exercised in selecting these data in order to
compute zonal averages of rainfall totals, derived from a combination
of data from a large number of available stations. However, since the
number of these stations varied gradually over the years, Xanthakis
studied the «behaviour» of each station in relation to the overall zonal
average in such a way that zonal averages were relatively insenstitive
to changes of station network and to missing or incomplete observations.
Names and geographical coordinates of the stations used are to be
published in Xanthakis (1975).

In his earlier paper Xanthakis (1972) introduced a new parameter
which replaced annual precipitation totals at a given station. This para-
meter is simply the yearly total precipitation departure from a minimum
total annual precipitation value (R,) defined as the lowest yearly total
rainfall amount observed at a given station during a long period (period
of available records mentioned above). Zonal averages of these departu-
res (R-Ry) were then calculated for each year at 10 deg. Northern lati-
tude belts from the equator to the pole. Calculated correlation coeffi-
cients between (R - Ry) and solar activity indices (Wolf numbers and the
areas index) showed that close correlation (positive or negative) existed
between R - R, and solar activity only in either the high Northern lati-
tude belts (¢ > 50°N) or the Northern equatorial zone (0°<C ¢ << 10°N).
In the remaining Northern zomnes, this correlation was poor or even
insignificant as, for example, was observed in the latitude belt 30°- 40° N.

The striking results discussed above were the stimulus for the pre-
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sent work which is concerned with the application of variance spectrum
analysis to Xanthakis’ data in order to analyze statistically the time
series involved in his earlier investigations. Another reason to search
for significant periodicities in Xanthakis’ R - R, values was the work by
Dehsara and Cehak (1970). These authors investigated variance spectra
of annual precipitation totals at 92 stations and they found spectral
peaks mostly near periods of 6 years and with very long periods, though
most of the spectra studied could be approximated by a first-order
autorregressive model (Markovian process). More recently (Xanthakis,
personal communication and unpublished material), it was found that
R-R, filtered to remove short-period oscillations displayed long perio-
dic variations.

Zonal average m data for 8 latitude belts were used in the pre-
sent study to be tested for non-randomness through power spectrum ana-
lysis. These data were kindly supplyied to us by Professor Xanthakis to
whom we express our appreciation for the helpfull discussions.

Figures 1 to 8 show the R-R, variance spectra for each 10 deg.
latitude zone under study. For a given latitude belt maximum time lag
used in the computation of the spectrum, was chosen to be the one third
of the entire length of each zonal record, in order to get enough reso-
lution in the spectra under investigation.

Red noise criteria were met in all of the 8 spectra under study
(figs. 1 to 8), that is, each I_{—-E value depends only on its immediate
predecessor. It is the first time so far that red noise criteria are so
clearly met in a world-wide precipitation study (see also Dehsara and
Cehak, 1970). Red noise (simple Markov) continua together with their
appropriate 95 % and 99 % confidenee limits are shown in figs. 1 to 8,
added to the corresponding spectra.

Figure 9 summarizes the results obtained in figs. 1 through 8. The
horizontal axis in that figure has periods in years, which when signifi-
cant at the 959 C.L. are shown by the dashed areas, and when they
exceed the 999% C. L. they are shown by cross-dashed areas.

From all the above mentioned figures it appears that significant
peaks with period of about 10 to 11 years are evident only in the high-
latitude belts 50° - 80° dég. and in the latitude belt 20° - 30° deg. Northern
latitude. Higher harmonics of the eleven year solar cycle are evident in
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the Northern equatorial zone 0°-10°N as well as in the latitude zone
20°- 30°N. In the middle latitude belts 30°-50° N there is no evidence of
solar cycles in R-—R,, values. It is remarkable, however, that in all lati-
tude zones under study, several peaks exceeded their 99% confidence
limits.

Following the above discussion we can conclude that the evidence
of solar activity and precipitation links, originally found by Xanthakis’
correlations, is strongly confirmed through the application of power
spectrum analysis. It is worth noting that the high correlations in this
earlier work were found in all, but the two high latitude zones, not from
precipitation data of the entire record of each zone, but separately for
different sub-periods of the record as a whole, since, phase reversals
were observed in these time series. So, we were not at all expecting to
prove so remarkably the above mentioned 11-year solar cycles in the
zonal average annual excess precipitation totals R - R, on a global scale.
Our results are encouraging for further research on that topic. Finally,
no physical causation of the previously discussed findings can be given
here, and we leave it as a fascinating problem for future work.
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Fig. 1. Power spectrum of zonal average yearly excess precipitation totals
in the Northern equatorial zone 0°-10° N. Maximum lag of analysis equals
the !/, of the length of the record. Red noise and associated 95¢/, and

99 o/, confidence limits are added.
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Fig. 2. Same as fig. 1, but for the 10°-20° N latitude zone.
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Fig. 4. Same as fig. 1, but for the 30°-40°N latitude zone.



SYNEAPIA THZ 13 MAPTIOY 1975 193

<——, Period (years)

o
L

-0S
G2
-0l
=S

80-

701

40 - SON

60

50

40

Spectral estimates ————=

20

154

- 999 C.L.
\/

9S%C. L.

104

Rednoise

T =}

5 10 15 20 25
Harmonic (Cycles per 50 years)

Fig. 5. Same as fig. 1, but for the 40°-50°N latitude zone.

ITAA 1975



194

ITPAKTIKA THXE AKAAHMIAZ AGHNQN

%5 <—— Period (years) )
700 . =
GO0
50"~ 60N
5004
w
w
-
g
54004
“w
v
°
o
&
Le)
®
a
n
3004
200
1005 ~— 999, CL.
- 95 C.L.
Red noise
T 1 1
© 1‘0 15 20 23

Harmonic (Cycles per46 years )

Fig. 6. Same as fig 1, but for the 50°-60° N latitude zone.
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Fig. 7. Same as fig. 1, but for the 60°-70°N latitude zone.
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