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Abstract—Possible sources of the solar activity effect on hydrologic processes on the Earth’s surface are dis-
cussed. It is shown that data on cosmic rays must be included to account for the solar and geomagnetic activity

effect on the lower atmosphere and climate.

INTRODUCTION

The question of solar activity effect on terrestrial
hydrologic and climatic processes was repeatedly dis-
cussed in the literature [1-5]. A search for unstable and
quasi-stable correlations between hydrologic processes
and solar activity is the essential point of the present
work. The first attempts in this direction were made by
the authors in 1989, but the obtained results [6, 7]
needed verification and confirmation. The qualitatively
new statistical methods [7] and approach to calcula-
tions applied for revealing correlations between differ-
ent processes, as well as the elaborated original scheme
of modeling a mechanism of heliophysical and geo-
physical processes [8], enabled the authors to test the
reliably of the earlier results.

1. In order to reveal the delays, to refine their values
and to study the common cycles in databases for the
water content of closed ecosystems (lakes) and solar
activity events, both the traditional technique of spec-
tral analysis (developed under the assumption that the
processes being discussed are quasi-stationary) and the
technique of autoregressive spectral analysis (applica-
ble to unsteady processes) were used.

The analysis was performed on the basis of monthly
mean values of solar activity (sunspot area, HL-index,
radio emission at 10.7 cm), of cosmic-ray spectra, and
of the isolated-lake levels measured in Mexico
(Patsquaro), Estonia—Russia (Chudskoe), Russia (Cas-
pian sea and Lake Baikal), Turkmenia (Aral sea) for the
period 1850-1992. The analysis began with a choice of
the respective intervals for data processing. For this, we
referred to the solar activity cycles and then glided over
the whole data array with a step of 5 years so that only
two neighboring results appeared to be partially depen-
dent; after choosing, the calculations were started
according to the standard procedure described in [7].

In [6, 7] the results of detailed calculations of spec-
tral characteristics of the water content (level) in the
Chudskoe lake are presented together with those of the
solar activity. The presence of the statistically valuable
variations of the water content with periods on the order
of 2.6-4.1,9.0-11.2, 22, and 80-90 years was revealed,
with a delay of the water content relative to the solar
activity ranged from 1.5 to 3—4 years and was depen-
dent on the solar activity cycle. For the odd cycles, the
maximum of water content is delayed with respect to
the minimum solar activity by two years, for the even
ones the delay is about three years. The structures of the
water-content histograms for even and odd cycles are
different, and this difference points to a prevalence of a
22-year cycle in the hydrological processes [7].

A comparison between spectral characteristics of
hydrologic parameters and simultaneous spectra of
galactic and solar cosmic rays [9-16] demonstrated a
good agreement both in the frequency and phase (in
1952-1992 the variations with periods of 3—5 months,
1 year, 2—4 years and 11 years were observed in cosmic
rays, correlated with the solar activity and the tempera-
ture during the same period).

It should be noted that all the calculations per-
formed for the water-content (level) variations in the
Lake Chudskoe took a lot of time. For this reason,
before starting similar calculations for the Caspian and
Aral seas, the lakes Baikal and Patsquaro (Mexico), we
decided to use the other possibilities i.e., comparing
temporal and spectral variations of different isolated
lakes and, if coincidental, to not perform the Black-
man-Tayky analysis for the rest data, but to begin
immediately with the autoregressive analysis.

Besides, one should remember that mutual power
spectra [8] yield reliable quantitative statistic estimates
of the interrelation between observed processes and
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Fig. 1. Amplitude spectra of (a) solar activity; (b) water level; (c) mutual amplitude; and (d) phase spectra.

enable us to evaluate their mutual shift in time. How-
ever, a wide variety of reliability among identified cor-
relations appears on the boundary of the confidence
level. Besides, the reliability of results is to a great
extent determined by the skill of the researcher (an
option of the analysis technique and methods of evalu-
ating the verity of the results). For this reason, the
autoregressive analysis was used as a criterion of verity.

The autoregressive analysis differs from standard
methods by an opportunity to estimate the correlations
between the analyzed data sets with 100%-reliability in
the frequency domain, and it is most important that this
method is applicable to the analysis of quasi-stationary
(sometimes, even to non-stationary) processes, such as
the data sets for the water level and solar activity. On
the other hand, one should remember that all the ampli-
tude estimates, resulting from the autoregressive analy-
sis, are relative, and so they cannot absolutely conform
to the initial data sets, although their temporal behavior
is well suited to a comparison. In other words, although
we cannot exactly coordinate the results of calculations
of the amplitude spectra with the initial database, nev-
ertheless, their temporal dynamics is unambiguously
followed.

2. The summary of calculations of the variation of
spectral characteristics for Lake Chudskoe, performed
in the framework of APMA model on the 5th—7th order
for a period of 1921-1932, is presented in Fig. 1 (the
amplitude spectra of the solar activity (a), water-con-
tent (level) variations (b), mutual amplitude spectra (c),
and the mutual phase spectrum (d)). The results
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obtained will be analyzed below, but here we would
like to call attention to clearly pronounced variations of
the water level with periods of 1.5-2.0 and 9.06 years
associated with the solar activity.

Analogous measurements for other periods yielded
similar pictures: the presence of periods on the order of
2-4 and 9-11 years associated with the solar activity
and characterized by similar types of the water level
delays with respect to the solar activity of the even and
odd cycles. (Besides, as well as for the other meteoro-
logical and hydrologic parameters, on the background
of comparatively stable 11-year and 22-year variations
of the water level, unsteady oscillations with shorter
periods from several months to 2-4 years are clearly
identified. These oscillations are not observed in every
solar activity cycle, but they repeat the solar-activity
rhythm quite well.)

In order to insure that the obtained estimates are
reliable, we decided to carry out the complete autore-
gressive analysis of the water level oscillations and
variations of the solar activity in the following
sequence:

(a) ARMA-analysis of the water-content (level)
oscillations for the lakes Patsquaro, Baikal and Chud-
skoe and for the Caspian sea during 1950-1987;

(b) ARMA-analysis of the level oscillations for the
lake Chudskoe and for the solar activity during the
same period;

(c) ARMA-analysis of the level oscillations for the
lake Patsquaro and solar activity;
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Fig. 2. Water level dynamics for the lakes (@) Patsquaro and
(b) Chudskoe during 1950-1987.

(d) ARMA-analysis of the variations of the lake lev-
els and of other meteohydrologic parameters and the
variations of galactic cosmic rays on the ground (from
the data of the cosmic-ray observatories in Moscow and
Mexico).

Figure 2 exhibits the behavior of the levels for the
lakes Patsquaro (a) and Chudskoe (b) during 1950-
1987. At least two remarkable features are seen in the
both curves: 22-year variations are easily identified,
and, the most important, oscillations in both lakes are
in the opposite phases. The calculations of the mutual
correlation function yield anticorrelation on the order
of 0.6-0.7 with a delay on the order of 1-2 years. The
analysis of the behavior of the Chudskoe lake and Lake
Baikal does not result in such a picture, although the
22-year wave is seen in a behavior of the water content
for all the regions. (The analysis for the lakes Patsquaro
and Baikal gives a picture similar to Fig. 2 but the anti-
correlation is on the order of 0.3.)

Autoregressive analysis between the lake oscilla-
tions and variations of the solar activity based on aver-
age annual data revealed the presence of oscillations
with periods of 4, 11 and 22 years. In this case a coher-
ence of both processes is extremely high, and for the
(2—4)-year and 22-year oscillations the coherence coef-
ficient (square correlation coefficient at a given fre-
quency) equals 0.8, and for 11-year oscillations it is
0.6.

A comparison of the amplitudes of both processes
demonstrates the relative excess of 40-60% in the level
oscillations of the Chudskoe lake (associated with solar
activity) as compared to the Caspian sea and to Lake
Baikal, and the excess of 100-120% as compared to the
Patsquaro lake. The ARMA-analysis of the lake levels
and the solar activity variations enabled us to draw the
following conclusions important for further calcula-
tions: a dynamics of the water-level oscillations in iso-
lated lakes completely follows the solar activity varia-
tions, the delays of the water levels, relative to the solar
activity, coincide with the delays of other hydromteoro-
logic processes and reflect a unitary mechanism of the
solar activity effect on the climate of the Earth. The
results of calculations of ARMA-spectra of the solar
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activity during 1950-1987, water levels and mutual
spectra fairly confirm the solar origin (coherence coef-
ficients on the order of 0.9) of a source of quasi-bien-
nial, (4-5)-year, 11- and 22-year oscillations.

CONCLUSION .

Thus, an application of the complex spectral tech-
nique available at present and a comparison of the
results of different spectral calculations show that the
source of the level variations of isolated lakes is con-
nected with the solar activity cycle and its effect on the
atmosphere of the Earth [17, 18].

The results of a number of works provide the ground
for the use of the autoregressive prognostic model [17]
to predict the water content of closed lakes and for the
model accuracy to be at least twice as good after refin-
ing the set of the used predictors (the first estimates
yield the quantitative prognoses with an error on the
order of 45-70%). In this case the results obtained
argue the necessity of including the data on cosmic rays
in agreement with the proposed Pudovkin-Raspopov
mechanism [19].

The calculations performed point to a probable
interrelation between the processes on the Sun and in
the atmosphere of the Earth; the studies of a delay of
the atmospheric processes and solar activity dynamics
point to the existence of the stable shifts in time
between these processes of 12-36 months, that is con-
cordant with the results of calculations used different
techniques.

Moreover, a simultaneous analysis of the water lev-
els in different points on the Earth together with solar
activity (similar to the temperature analysis) a choice of
the solar activity indices is not of crucial importance,
and so the sunspot area, in our opinion, appears to be
the most acceptable index for calculations in the autore-
gressive models [17].

REFERENCES

1. Rozhkov, V.A., Metody veroyatnostnogo analiza
okeanologicheskikh protsessov (Methods of Probability
Analysis of Oceanological Processes), Leningrad:
Gidrometeoizdat, 1979.

2. Ariel’, N.Z., Shakhmeister, V.A., and Murashova, A.V,,
Spectral Analysis of Ocean-Atmosphere Energy
Exchange, Meteorol. Gidrol., 1986, no. 2, pp. 49-53.

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

4. Halenka, J., The Connection between Characteristic Val-
ues of the 11-Year Cycles of Solar and of Geomagnetic
Activity, Studies Geophys. et Geod., 1986, vol. 30, no. 2,
pp. 153-157.

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

No. 6 1996



10.

11.

12.

THE EFFECT OF SOLAR-ACTIVITY VARIATIONS ON HYDROLOGICAL PROCESSES

Dorman, L.1., Libin, I.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.
Libin, I.Ya., and Yaani, A., Effect of Solar Activity Vari-
ations on Geophysical and Hydrogeological Processes.
Spectral Characteristics of Water Level Oscillations in
the Lake Chudskoe, Izv. Academy of Science of Estonia,
Ser. Biol., 1989, vol. 38, no. 2, pp. 97-106.

. Prilutskii, P.E., A Technique and Program Means for Sta-

tistical Analysis of Fluctuations of Cosmic Rays, IZMI-
RAN: Preprint, 1988, no. 41 (795).

Dorman, L.I., Kozin, LD., Satsuk, V.V,, et al., Studies of
Hysteresis Events, Fluctuations, and Barometric and
TIonospheric Effects in Cosmic Rays, Izv. Akad. Nauk
SSSR, Ser. Fiz., 1978, vol. 42, no. 7, pp. 1501-1506.
Attolini, M.R., Ceccini, S., and Galli, M., A Search for
Heliosphere Pulsation in the Range, Ic/yr to 1¢/10 yr,
Proc. 18th, Int. Cosmic Ray Conf., 1983, vol. 10,
pp- 174-1717.

Okhlopkov, V.P,, The Feature of the Dynamics of the
240-day Cosmic Ray Variations, Proc. 18th Int. Cosmic
Ray Conf., 1983, vol. 3, pp. 551-554.

Pandey, PK., Jain, A K., and Garde, S.K., Features of
Long Term Cosmic Ray Variations in Recent Periods and
Their Relationship with Solar Activity, Proc. 18th Int.
Cosmic Ray Conf., 1983, vol. 3, pp. 91-94.

GEOMAGNETISM AND AERONOMY Vol. 36 No. 6

13.

14.

15.

16.

17.

18.

19.

1996

789

Attolini, M.R., Ceccini, S., and Galli, M., The Power
Spectrum of Cosmic Rays. The Low-Frequency Range,
Nuovo Cimento, 1984, vol. 7, no. 4, pp. 413-426.

Dorman, L.I., and Libin, 1.Ya., Cosmic Ray Scintilla-
tions, Space Sci. Rev., 1984, vol. 27.

Dzhapiashvili, T.V., Rogava, O.G., Shatashvili, L.H.,
and Shafer, G.V., Quasi-biennial Variations of Galactic
Cosmic Rays, Geomagn. Aeron., 1984, vol. 24, no. 4,
pp. 660-682.

Dorman, L.I., Libin, 1.Ya.,, Mikalayuns, 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.

Libin, 1.Ya., Gulinskii, O.V., Gushchina, R.T., ef al., A
Modeling of a Mechanism for the Effect of Heliophysi-
cal Parameters on Atmospheric Processes, Kosm. Luchi,
1992, no. 26, pp. 22-56.

Peres-Peraza, J., Libin, 1.Ya., Leyva, A., et al., Tempera-
ture Oscillations and Their Possible Relevance to Solar
Activity Variations, Preprint Inst. Geophysic UNAM,
Mexico, 1995.

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.



	jorge-3.1.tif
	jorge-3.2.tif
	jorge-3.3.tif
	jorge-3.4.tif

