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Abstract—Spectral and autoregressive analysis was performed on the data of the measurements of solar activ-
ity and atmospheric precipitation in different regions of the Earth. It is shown that for reliability of the derived
probability correlations between the processes under study, the measured cosmic ray intensity must be taken
into account. This result agrees with the model of the solar activity action upon the lower atmosphere, proposed

by Pudovkin and Raspopov.

INTRODUCTION

Oscillations of the terrestrial climate are of a poly-
cyclic character [1-5]. The cycles have a duration of 2—
3 years (quasi-biennial cycle), 5-7, 10-12, 20-23, and
80-90 years. As was shown in [2], the 11-year cycle,
which is predominant in the sunspot cycle and has great
amplitude, but in meteoprocesses, is pronounced
weaker and is usually second to the 22-23-year cycles.
Moreover, in a series of works, the presence of statisti-
cally valuable variations with a duration of 3-4, 7-8,
12-13, and 17-33 months, has been revealed in geo-
physical data. Both climatologic and hydrologic varia-
tions, and the variations of other characteristics (cosmic
ray intensity, medical-biological parameters [3]) are
related to identical processes in interplanetary space
and on the Sun: powerful interplanetary shock waves,
solar flares, high-speed streams in the solar wind, the
sectorial structure of the interplanetary magnetic field,
etc.

It should be noted that spectral analysis of hydro-
meteorological data has already been carried out earlier
[4, 5]. The distinctive property of the present work, as
compared to previous studies, is the use of new qualita-
tive statistical and calculative approaches to reveal
interrelations between the processes and the elaborated
original scheme of modeling a mechanism for the inter-
action of heliophysical and geophysical processes [6].

The assumption seems to be that the parameters
describing atmospheric processes can be presented as a
sum of their preceding values, i.e., in a form of autore-
gressive model [7]. In this case, the new data are used
for the updated model, and an opportunity arises to pre-
dict the level a step forward.

Methods of elaborating the prognostic models were
described in detail in [7], and we will consider here
only its practical application. As a result of studies into

the temperature and hydrologic parameters [8], the
autoregressive model was developed, which predicted
an error of a level in the Chudskoe lake for the next year
on the order of 42% (for the order of ARMA model
equal to 8). The question arose of the sufficiency of the
parameters used, i.e., the proper water level in the lake,
solar activity and temperature. After including the data
on cosmic rays [9], it appeared to be possible to lower
the error to 35%. The analysis of possible mechanisms
for oscillations in the lake levels showed that one
should use some additional meteorological parameters,
in particular, the measurements of atmospheric precip-
itation levels, and then we were faced with the question
of the character of these variations.

The measurements of precipitations in Russia, Esto-
nia and Lithuania from 1910 to 1992, together with the
data on solar activity (sunspot area S), were used for the
analysis. The autoregressive spectral methods [6, 7]
were applied in these studies parallel to examining cor-
relations between solar activity and oscillations of the
precipitation levels in each of the regions; control cor-
relations between the precipitation oscillations were
also examined in pairs of different regions. The calcu-
lations of spectral characteristics were carried out both
from mean monthly values and from the average annual
ones; this method provided the possibility of estimating
oscillations of the precipitation levels and their correla-
tion in a wide frequency range. The correlation and
cross-correlation functions for both processes demon-
strate a satisfactory coincidence in their dynamics. The
spectra of each of the processes are also quite similar
Figs. 1a-1d display the presence of identical identified
peaks and confirm the assumption of the identity of
both processes.

In this case the periods on the order of 1 year and,
possibly of 3 months over the whole data sets, are
related to solar activity; this is confirmed by the results
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Fig. 1. Spectral characteristics of precipitation in (a) Lithuania and (b) Russia during the years 1982-1992 together with mutual
ARMA-spectra for precipitation and solar activity for (c) Lithuania and (d) Russia.

of ARMA spectral analysis [6] for mean monthly value
of the solar activity and oscillations of precipitation
level in Estonia and Lithuania.

The autoregressive analysis of the average annual
values of oscillations of the precipitation intensity was
carried out in a similar way (Fig. 2). Calculations of the
amplitude spectra (a) and the coherence spectra (b)
showed the presence of both the 11-year component
and the quasi-biennial wave in the analyzed data. The
results obtained are in good agreement with similar cal-
culations for the temperature [7] and the lake levels [8].
Moreover, the results are concordant with the results of
the analysis of the mean wind velocity in the energy-
active zones [5] and therefore fit the general pattern of
the relevance of atmospheric processes to solar activity.

Calculations based on the average annual data on
solar activity and the temperature in different points
yield similar results, they reliably identify the tempera-
ture oscillations with periods on the order of 2-4 and
9—11 years associated with similar oscillations in the
solar activity.

The dynamics of oscillations is also identical, while
the (9—11) yearly oscillations are present continuously,
oscillations with periods of 2—4 years are of a more ran-
dom character, but this fact also agrees with a behavior
of similar oscillations of the solar activity. In this case
the phase spectra demonstrate delays of the tempera-
ture variations and agree with the results of studying
the solar activity effect on geophysical and hydrologi-
cal processes [9, 10].
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A comparison of spectral characteristics of atmo-
spheric parameters with similar spectra of galactic and
solar cosmic rays [11-14] demonstrates a good agree-
ment not only in the frequency domain but in phase also

20
1.0y A

0.75 0.1

0.50 0.01
0.001
0.25
0.r 02 03 04 0S5
f

Fig. 2. Amplitude ARMA-spectrum (a) and coherence spec-
trum (b) for the level of precipitation and solar activity dur-
ing the years 1910-1992.
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(during 1952-1992 the variations with periods of 3—
5 months, 1 year, 2—4 and 11 years were observed in
cosmic rays, which were coincident with the solar
activity variations and oscillations of precipitations
during the same period).

On the basis of the relationships obtained, an autore-
gressive model was constructed of the type

-k t-1 t—-m
Z = Zar—izr—i + ZBt—in—i'" ZYt—iXt—i+ &

i=1 i=1 i=1

where Z,_,, Y,_;, and X, _; are current data on precipita-
tion level, solar activity and intensity of cosmic rays; Z,
is a parameter for the prognosis; o, _;, B,_;, and y,_; are
the autoregression coefficients; &, is the residual noise
level minimized in the process of calculation.

The inclusion of the data on the intensity of cosmic
rays (ICR), as a parameter, substantially improves the
model accuracy, the error in Z, is then lowered from 42
to 26%.

CONCLUSION

As a result of the calculations performed, a probable
correlation between the processes on the Sun and in the
terrestrial atmosphere has been found; in this case, the
analysis of the behavior of a delay between atmo-
spheric processes and the solar activity, demonstrates
the presence of time intervals from 12 to 36 months
between all the atmospheric processes, that agrees with
the results of calculations based on the other methods.

REFERENCES

1. Ariel’, N.Z., Shakhmeister, V.A., and Murashova, A.V,,
Spectral Analysis of Energy Exchange between the
Ocean and the Atmosphere, Meteorologiya Gidrologiya,
1986, no. 2, pp. 49-53.

2. Vitinskii, Yu.I., Kopetskii, M., and Kuklin, G.V., Statis-
tics of Sunspot Production Activity, Moscow: Nauka,
1986.

GEOMAGNETISM AND AERONOMY  Vol. 36

3.

10.

1.

12.

13.

14,

LIBIN et al.

Attolini, M.R., Galli, M., and Cini Castagnoli, G., On the
R-sunspont Relative Number Variations, Solar Phys.,
1985, vol. 95, no. 2, pp. 391-395.

Dorman, L.I, Libin, 1.Ya., Mikalayunas, M.M., and
Yudakhin, K.F., Variations of Cosmophysical and Geo-
physical Parameters in 18-21 Cycles of the Solar Activ-
ity, Geomagn. Aeron., 1987, vol..27, no. 3, pp. 483-485.

. Dorman, LI, Libin, 1.Ya,, Mikalayunas, M.M., and

Yudakhin, K.F., A Relevance between Cosmophysical
and Geophysical Parameters during 19-20 Solar Activ-
ity Cycles, Geomagn. Aeron., 1987, vol. 27, no. 2,
pp. 303-305.

Prilutskii, PE., A Technique and Program Means for Sta-
tistical Analysis of Fluctuations of Cosmic Rays,
IZMIRAN: Preprint, 1988, no. 41 (795).

. Libin, 1.Ya., Gulinskii, O.V., Gushchina, R.T,, et al., A

Modeling of a Mechanism for the Effect of Heliophysi-
cal Parameters on the Atmospheric Processes, Kosm.
Luchi, 1992, no. 26, pp. 22-56.

. Libin, I.Ya., and Yaani, A., Effect of Solar Activity Vari-

ations on Geophysical and Hydrogeological Processes.
Spectral Characteristics of Water Level Oscillations in
Lake Chudskoe, Izv. Academy of Science of Estonia, Ser.
Biol., 1989, vol. 38, no. 2, pp. 97-106.

Peres-Peraza, J., Libin, I.Ya., Leyva, A, et al., Tempera-
ture Oscillations and Their Possible Relevance to Solar
Activity Variations, Preprint Inst. of Geophysics UNAM,
Mexico, 1994,

Pudovkin, M.M., and Raspopov, O.M., A Mechanism for
Solar Activity Effect on the Lower Atmosphere and on
Meteoparameters, Geomagn. Aeron., 1992, vol. 32,
no. 5, pp. 1-22.

Zil’s, V,, Mitrikas, V.G., Petrov, V.M., et al., Quasi-Peri-
odic Variations in Solar Activity Events, Kosm. Issled.,
1987, vol. 25, no. 2, pp. 325-328.

Venkatesan, D., Cosmic Ray Intensity Variations in the
3-Dimensional Heliosphere, Space Sci. Rev., 1990,
vol. 52, pp. 121-194.

Dorman, L.L., Cosmic Ray Modulation, Nuclear Physics
B. (Proc. Suppl.), 1991, vol. 22B, pp. 21-45.

Peres-Peraza, J., Leyva, A., Zenteno, G., et al., Influence
of Solar Activity on Hydrological Processes: Spectral
and Antiregressive Analysis of Solar Activity and Levels
of Lakes Patzcuaro and Tchudskoye, Reportes Tecnicos.
UNAM, Mexico, 1995, no. 95-3.

No. 6 1996



	jorge-4.1.tif
	jorge-4.2.tif
	jorge-4.3.tif

