This article was downloaded by:[Bochkarev, N.]

On: 12 December 2007

Access Details: [subscription number 746126554]

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

,-'1:5'1'.’\’[:.]_, OMICALand Astronomical & AstrOphysicaI
ASTROPHYSICAL

T RANSACTIONS

Transactions
The Journal of the Eurasian Astronomical
Society

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505
Solar activity-climate coupling and atmospheric

circulation

I. V. Dmitrieva ; R. P. Zaborova %; V. N. Obridko 2

2 Jonosphere and Radio Wave Propagation Troitsk, Institute of Terrestrial
Magnetism, Russia

Online Publication Date: 01 March 1998

To cite this Article: Dmitrieva, . V., Zaborova, R. P. and Obridko, V. N. (1998) 'Solar
activity-climate coupling and atmospheric circulation’, Astronomical & Astrophysical Transactions, 16:2, 133 - 139
To link to this article: DOI: 10.1080/10556799808208152

URL: http://dx.doi.org/10.1080/10556799808208152

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799808208152
http://www.informaworld.com/terms-and-conditions-of-access.pdf

Astronomical and Astrophysical Transactions, 1998, ©1998 OPA (Overseas Publishers Association)

Vol. 16, pp. 133~139 Amsterdam B.V. Published under license
Reprints available directly from the publisher in The Netherlands under the Gordon and Breach
Photocopying permitted by license oaly Science Publishers imprint.

Printed in India.

SOLAR ACTIVITY-CLIMATE COUPLING AND
ATMOSPHERIC CIRCULATION

I. V. DMITRIEVA, R. P. ZABOROVA, and V. N. OBRIDKO

Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation
Troitsk, Moscow region, Russia

(Received May 21, 1996)

Long series of various climate parameters and their relation to solar activity have been analysed.
A sudden variation in the character of the solar activity—climate coupling has been revealed during
the change of the global circulation epochs in the North hemisphere.

KEY WORDS aa-index, atmospheric circulation, climate season, Wolf number

1 INTRODUCTION

While studying the effect of solar activity on the climate, we have noticed (like
many other authors) that the explicit relationship between various meteorological
parameters and the Sun changed drastically in certain periods during the past
century. This non-stationary behaviour not only made the analysis much more
difficult, but sometimes even made skeptics deny the existence of any relationship
at all. The effect may be partly due to the averaging of meteorological data over too-
large areas which do not uniformly respond to solar and geomagnetic disturbances
(Obridko et al, 1995). However, this cannot fully account for the problem, for
sometimes even long series of parameters recorded at one and the same station look
puzzling. Our analysis has shown that variations in solar activity-climate coupling
occur, in particular, during the change of the global circulation epochs. Thus, in an
attempt to form the longest possible series of continuous meteorological observations
the investigator obtains an arbitrary mixture of data that is relevant to different
epochs and manifest different types of coupling.

2 CLIMATE SEASONS

The first meteorological parameter to be considered is the duration of the six cli-
mate seasons: pre-spring, spring, summer, autumn, pre-winter, and winter. These
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are the seasons isolated by meteorologists to statistically describe the annual be-
haviour of circulation during the current century. (Savina, 1987). These data are
juxtaposed with the corresponding indices of solar activity: the Wolf numbers and
the geomagnetic aa index that shows the disturbance of the Earth’s magnetospnere.
The data series covers the time interval 1899-1985, with moving averages taken over
three years.

Figure 1 illustrates the duration of the spring climate season (solid curve) and the
geomagnetic aa index (dashed curve) as a function of time. One can see that prior to
1919 the two curves are closely related and change in phase. The correlation breaks
immediately before and reappears after 1919. The correlation after 1919 is as good
as before, but the curves change in antiphase. Around 1958 the correlation breaks
again to restore in 1970 with opposite sign. The other five seasons display similar
behaviour: the seasonal duration before 1919 correlates perfectly well with the
geomagnetic activity index, aa, varying either in phase, or in antiphase, depending
on the season. After a transition period in 1919-1925, the correlation is reversed and
it changes again during 1955-1965. If the seasonal duration and the geomagnetic aa
index change in phase before the transition period, the variation becomes antiphase
after the transition.

As shown by Savina (1987), this is when the circulation epochs interchange.
She has isolated three such epochs in the current century. The first epoch (up to
the 1920s) is characterized by relatively predominant meridional circulation. In the
second epoch (up to the 1950s), the main circulation type is zonal, and it is again
replaced by meridional in the third epoch. The author shows that these epochs
can also be treated as climatic, because they manifest themselves in other climate
parameters, in particular, in variations of the zonal mean air temperature at high
latitudes (72.5-87.5°).

Thus, the observed “violations” of the solar—terrestrial coupling pattern can be
attributed to transition of the entire circulation and climate system of the northern
hemisphere from one epoch to another.

In order to make these transition (or “reconstruction”) periods more explicit,
we have carried out a detailed analysis by calculating the moving correlations over
time intervals of various duratios. Correlations were calculated for a mask of n
years (from m to m 4 n — 1), where m covered the whole data volume, i.e. changes
from 1899 to 1985-n+ 1. The calculations were performed for n intervals of various
lengths, from 5 to 11. Longer intervals were not worth considering, because the
sought periods were short enought to be lost due to superposition effects. On the
other hand, correlations on intervals smaller than 5 are meaningless. The analysis
of results shows that the most representative correlations are those obtained over
the intervals of 5-7 years and smoothed by a sixth order polynomical to eliminate
random fluctuations due to the shortness of the correlation interval. The transition
periods are most pronounced in spring and in autumn. Our earlier work dealing
with other meteorological parameters (Dmitrieva et al., 1996), shows that during
these seasons the effect of solar activity is most pronounced, and this is when the
summer and winter types of circulation interchange. The same conclusion was
draun by other authors who studied the active energetic zones (Girskaya et al.,
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1985). According to our calculations, the transition periods fall on the years 1918-
1928 and 1955-1970 (see Figure 2). Other climate characteristics can be expected
to behave likewise.

3 TEMPERATURES

By way of example, we have considered the annual mean temperature as a function
of solar activity at Minusinsk, Eniseisk, Podkamennaya Tunguska, and Turukhansk
(Siberia), in the vicinity of an active weather control zone (the term introduced by
Obridko et al., 1995). In order to reduce the inevitable “noise”, the temperature
data were smoothed between the maximum and the minimum values of a solar cycle.
For this purpose, the temperature curve was divided into sections between ymin and
Ymax and between Ymax and yYmin, respectively, and the method of best approxima-
tion of the second-order curve was applied to each section. (Here ymin and ymax are
the years of the solar minimum and maximum, respectively.) So, we find here the
same periods as described above, in spite of the fact that the ground-level tempera-
tures at particular points do not directly represent the global circulation processes,
and the correlation is more pronounced with the solar, rather that geomagnetic,
indices. The annual temperature correlates with the Wolf numbers, changing either
in phase or in antiphase at various stations. The character of the correlation is
reversed at all stations during 1919-1925 and 1955-1964 (Figure 3). The moments
of “reconstruction” may, naturally, vary from station to station, but they never fall
outside the cited intervals.

4 CONCLUSIONS AND DISCUSSION

One can see that the character of the relationships between solar activity and various
climate parameters can change drastically with the circulation epoch. These changes
must be taken into account in the analysis of the solar-meteorological coupling.
This means, in particular, that a series of observational data can only be considered
homogeneous if it falls within one and the same circulation epoch. Otherwise the
data relevant to different epochs must be analysed independently.

It is interesting to find out whether the changes of circulation epochs bear any
relevance to longer-period variations of solar activity. It should be noted that such
changes in the present century take place in the growth phase of the geomagnetic
aa index, immediately after the maximum of the secular cycle of the Wolf numbers.
Unfortunately we have no information about circulation processes in the remote
past. However, proceeding from the data discussed above and from the analysis of
chronicles carried out by Dmitrieva et al. (1995), one can arrive at the conclusion
that the character of the Solar activity—climate coupling changes at the minimum of
the secular solar cycle, which is probably associated with the change of circulation
processes in the Earth’s atmosphere.
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At every succeeding maximum of the secular cycle we see a different phase of
the solar activity—climate coupling. However, this is true only for the epochs of
high solar activity, whereas no definite relationship between the climate and the
solar activity is detected at the cycle minima. Such a discrepancy implies major
changes in the atmosphere that involve not only the type of circulation, but also
the composition and stratification of the atmosphere.

Acknowledgments

This paper was supported by the Russian Foundation for Basic Research (Grant.
No. 96-02-16579) and by the Federal Program “Astronomy” (Gtant No. 7-148).

References

Dmitrieva, 1. V., Zaborova, E. P., and Obridko, V. N. (1995) Natural calamities in history and
solar activity (based on chronicle annals), Proc. SILMU Conf., Helsinki, Finland, 22-25 August
1995, 161-164.

Dmitrieva, I. V., Zaborova, E. P., and Obridko, V. N. (1996} What are the solar drivers responsible
for helio-meteorological effects? Proc. 16th NSO/Sacramento-Peak International Workshop
“Solar Drivers of Interplanetary and Terrestrial Disturbances”, October 16-20," 1995, 497-504.

Girskaya, E., Loginov, L. F., Pavlova, T. V., and Sazonov, B. 1. (1985} Energetic active zones in
the Nortem hemisphere in the ground-level pressure field. Trudy GGO (Proceedings of the Main
Geophysical Observatory), Issue 486, 84-88.

Obridko, V. N., Oraevsky, V. N., Dmitrieva, I. V., and Zaborova, E. P. (1995) Some aspects of
heliometeorologic coupling, Astron. Astrophys. Trans. 6, 1-9.

Savina, S. S. (1987) Large-scale atmospheric processes in the northern hemisphere, Materials of
Meteorologic Studics, Moscow, AN SSSR, Issue 13, 3-118.



