AGU MANUSCRIPTS Submitted to International Journal of Geomagnetism and Aeronomy, 2001

Long-term variations of the solar activity — lower atmosphere relationship

S. A. Zaitseva, S. N. Akhremtchik, and M. I. Pudovkin St.Petersburg State University, St. Petersburg, Russia

B. P. Besser Space Research Institute, Austrian Academy of Sciences, Graz, Austria

R. P. Rijnbeek Space Science Center, University of Sussex, Brighton, United Kingdom

Short title: long-term variations of the solar activity

Abstract. Long-term variations of the air temperature in St. Petersburg (φ = 60^∘N), Stockholm (φ = 59^∘N), Salzburg (φ = 48^∘N) and English Midlands (φ ∼ 50^∘N) are considered. There is shown that in the regions under consideration the air temperature distinctly depends on the intensity of the lower atmospheric zonal circulation (Blinova index and North Atlantic Oscillation index (NAO)). In turn, the NAO index is shown to depend on the solar activity. However, this dependence is rather complicated and exhibits long-period variations associated with secular variations of the solar activity. A possible mechanism of this phenomena is discussed.

Introduction

The idea on the existence of a close relationship of solar activity with the state of the lower atmosphere, though being at present under discussion, is now commonly accepted. During the last twenty years several authors have shown that there exists an influence of the solar and geomagnetic activity on the parameters of the lower atmosphere [Bauer, 1982; Bucha and Bucha, 1998; Brown and John 1979; Hurrell, 1996; Kondratyev and Nikolsky, 1983; Pudovkin and Babushkina, 1992a, Pudovkin et al., 1995, 1996; Schuurmans and Oort, 1969; Svensmark and Friis-Christensen, 1997; Tinsley et al., 1989, Tinsley and Heelis, 1993].

Physical mechanisms of this influence were proposed by Tinsley et al. [1989] and by Pudovkin and Babushkina [1992b], and they were based on the modulation of the cosmic ray flux intensity by solar activity variations. According to Pudovkin and Babushkina [1992a], Pudovkin et al. [1995, 1996], Pudovkin and Morozova [1997], Morozova et al. [1999], the change of cosmic ray flux intensity is responsible for the change of the atmospheric transparency. As a result, the direct solar radiation input into the lower atmosphere has significant variations [Veretenenko and Pudovkin, 1999]. During Forbushdecreases of Galactic Cosmic Rays (GCR) the lower atmosphere is heated, and during Solar Proton Events (SPE) it is cooling [Morozova and Pudovkin, 1999; Pudovkin et al., 1995].

In the papers by Pudovkin et al., in which these temperature variations were investigated in detail, the authors had considered some sample events of a rather short time duration.

In this article we study ground-level air temperature variations in different regions of Europe for the period of some tens, up to 125 years in connection with solar activity cycle variations.

Data Analysis

The long-term variations of the air temperature in St. Petersburg (φ = 60^∘N, λ = 30^∘E), Stockholm (φ = 59^∘N, λ = 18^∘E), Salzburg (φ = 48^∘N, λ = 13^∘E), and English Midlands (φ = 50^∘N, λ = 2^∘W) where considered. It was shown earlier [Pudovkin and Lubchich, 1989] that influence of solar activity on air temperature variations at St. Petersburg are more noticeable during winter time. Therefore the four winter months (December, January, February and March) were chosen for the analysis. For all parameters used in this study the four-month mean values were calculated and used.

It is well known that GCR flux intensity variations effects are most pronounced at the epochs of the solar activity minima while SPEs are most often observed at the solar activity maxima. Taking this into account one may expect that the cyclic variations of effects of cosmic rays (galactic and solar) will manifest themselves in the cyclic variations of the atmospheric circulation differently. And indeed, this phenomenon was detected and described by Brown [1979], Pudovkin et al. [1995] and Veretenenko and Pudovkin [1999].

Let us consider the relationship between atmospheric circulation and air temperature in the regions under consideration. To describe the global zonal atmospheric circulation the Blinova Indices (BI; [Blinova, 1978]) and for the regional circulation the North Atlantic Oscillation Index (NAO), based on the difference of normalized sea level pressure between Azores and Iceland, were used. They correlate rather well with each other (r = 0.72).

As one can see in Figure 1, the connection between air temperature of the English Midlands and Blinova Index does really exist (r = 0.57). Unfortunately Blinova Index was available for 25 years only (1950–1975). To study longer time intervals of the ground-level temperature behavior with the change of atmosphere circulation, we used the NOA index, which started in 1865.

In Figure 2 the values of winter-time air temperature in all the regions under investigation for 125 years are presented in dependence on the NAO indices. It can be deduced that there exists a strong connection of NAO with the temperature in England and in Stockholm (r = 0.75). For St. Petersburg, the correlation coefficient of NAO and air temperature values is smaller (r = 0.57). In spite of the location of St. Petersburg being rather close to Stockholm the nearby Arctic Ocean seems to influence the weather of St. Petersburg more noticeable than the weather of Stockholm.

The connection between NAO indices and the ground-level air temperature in Salzburg is less clear (r = 0.44). In general Figure 2 shows that in different regions of Europe the winter-time air temperature is distinctly affected by the North Atlantic Oscillation indices.

As was noted earlier, the change of the lower atmospheric circulation can be produced by the variations of the cosmic ray flux intensity. In this connection, Figure 3 shows the change of GCR flux intensity and Blinova indices for 1954–1975. It can be seen that for the last ten years the GCR fluxes were associated with the Blinova indices rather well; however, for the whole period, this connection is almost negligible (r = 0.24). This result permits us to suppose that the observed for some time intervals correlation between cosmic ray flux intensity and atmospheric circulation indices is occasional or varies in time. The data presented in Figure 4 confirm this supposition: the 7-year running correlation coefficient of NAO-indices and GCR flux intensities has cycle-like variations for the last 40 years; herewith r changes from 0.9 in ≈ 1972 up to −0.9 in ≈1982. To extend this analysis for longer time-intervals we used Wolf numbers instead of GCR data, as the latters are available from 1953 only. It is well known that GCR fluxes and Wolf numbers W anticorrelate with a high value of correlation coefficient, so this change of parameters describing the solar activity is quite reasonable.

Figure 5 shows the variations of Wolf numbers, NAO indices and 5-year running averaged NAO-indices (thick line) for 1865–1996. From the first view at the figure it is clear that for the entire period under consideration the correlation between NAO and W indices is negligibly small. At the same time, one can see that W and smoothed NAO indices at some time correlate well (1880–1910, 1980–1996), and at some time they anticorrelate. Here we can see the same situation as in Figure 3, where Blinova indices and GCR flux intensity were compared.

To get a more clear picture of this fact we studied in detail the behavior of the correlation coefficient between NAO-indices and W for different time intervals. Therefore 7-, 11- and 22-year running averaged correlation coefficients were calculated. In Figure 6 the Wolf numbers and 11-year running averaged correlation coefficient are presented. As is seen from the figure the positive correlation which existed for the first 40 years of the investigated time period (rising up to 0.95) changed on about of 1910 by negative values. For 1910–1980 the correlation coefficient was mainly negative, and in 1980 it again changed to positive values. Within the interval characterized by r < 0, there was a very short period (1960–1970) with r > 0.

The complicated behavior of the correlation coefficient between Wolf numbers and the lower atmospheric circulation for 1865–1996 permits us to suppose that at different phases of the secular solar activity variations different kinds of cosmic rays (galactic of solar) influence predominantly the state of the lower atmosphere. It has to be noticed that for the period 1900–1910, this change of the sign of the correlation coefficient (Figure 6) was also pointed out in a paper by Morozova et al. [1999]. In this paper the authors studied the relationship between the variations of the 22-year smoothed values of Wolf numbers and spring temperature in Switzerland. They found that the sign of the correlation coefficient changes regularly from being positive to being negative, and the years of the sign change coincide with the minima in solar activity secular variations; in particular, one of such moments takes place on about 1900 (see Figure 7 after Morozova et al. [1999]). This allows one to suppose that some peculiarities of the solar corpuscular radiation and (or) of the magnetic field of the solar wind noticeably vary with the long-period solar cycles.

Conclusions

1. There exists a statistically significant connection between the winter-time air temperature variations in the investigated regions of Europe (English Midland, Stockholm, St. Petersburg and Salzburg) and the indices of atmospheric circulation (global Blinova indices as well as regional North Atlantic Oscillation indices).

2. The relationship between NAO indices and Wolf numbers for 1865–1996 essentially varies with the solar activity secular variations, in the course of which the sign of the correlation coefficient changes rather regularly.

3. The last result suggests essential long-period variations of the characteristics of the solar wind and of magnetic field frozen in it.

Acknowledgments. This work was financially supported by the RFBR grant No. 00- 05-64894. M.I.P. and S.A.Z. are also grateful to the Institut für Weltraumforschung, Graz, for financing their stay at the Institute. B.P.B. acknowledges financial support by the ÖAD through a project in frame of the Scientific–Technological Cooperation between Austria–Russia.

References

Bauer, S. J., Zum Problem Sonnenaktivität — Wetter und Klima, Wetter und Leben, 34, 221, Blinova, E. N., Tables of the Zonal Circulation Indices at Various Constant Pressure Levels for 1949–1975, 73 pp., Hydrometeoizdat, St. Petersburg, 1978.

Brown, G. M., and J. I. John, Solar cycle influences in tropospheric circulation, J. Atm.

Terr. Phys., 41 (1), 43, 1979.

Bucha, V., and V. Bucha, Geomagnetic forcing of changes in climate and in the atmospheric circulation, J. Atm. Sol.-Terr. Phys., 60 (2), 145, 1998.

Hurrell, J. W., Influence of variations in extratropical wintertime teleconnections on northern hemisphere temperature. Geophys. Res. Lett., 23 (6), 665, 1996.

Kondratyev, K. Ya., and G. A. Nikolsky, The solar constant and climate, Sol. Phys., 89, 215, 1983.

Morozova, A. L., and M. I. Pudovkin, Modelling of the time variation of atmospheric temperature, pressure, and circulation associated with the Solar Proton Events, in Problems of Geospace 2, Proc. 2nd Intern. Workshop, St. Petersburg, Russia, June 29 — July 3, 1998, edited by V. S. Semenov, H. K. Biernat, M. V. Kubyshkina, C. J. Farrugia, and S. Mühlbachler, pp. 367–372, Verlag der Österreichischen Akademie der Wissenschaften, 1999.

Morozova, A. L., M. I. Pudovkin, and Yu. V. Chernikh, Peculiarities of solar activity cycles development, Geomagn. Aeron. (in Russian), 39 (2), 40, 1999.

Pudovkin, M. I., and S. V. Babushkina, Atmospheric transparency variations associated with geomagnetic disturbances, J. Atm. Terr. Phys., 54 (9), 1135, 1992a.

Pudovkin, M. I., and S. V. Babushkina, Influence of solar flares and disturbances of the interplanetary medium on the atmospheric circulation, J. Atm. Terr. Phys., 54 (7/8), 841, 1992b.

Pudovkin, M. I., and A. A. Lyubchich, Manifestation of solar and magnetic activity cycles in air temperature variations in Leningrad, Geomagn. Aeron. (in Russian), 29 (3), 359, 1989.

Pudovkin, M. I., and A. L. Morozova, Time evolution of the temperature altitudinal profile in the lower atmosphere during solar proton events, J. Atm. Sol.-Terr. Phys., 59 (17),

2159, 1997.

Pudovkin, M. I., S. V. Veretenenko, R. Pellinen, and E. Kyro, Cosmic ray variation effects in the temperature of the high-latitudinal atmosphere, Adv. Space Res., 17 (11), 165, 1995.

Pudovkin, M. I., S. V. Veretenenko, R. Pellinen, and E. Kyro, Influence of solar cosmic ray bursts on the temperature of the high-latitudinal atmosphere, J. Tech. Phys., 36 (4), 433, 1996.

Svensmark, H., and E. Friis-Christensen, Variation of cosmic ray flux and global cloud coverage — a missing link in solar-climate relationships, J. Atm. Sol.-Terr. Phys., 59, 1225, 1997.

Schuurmans, C. J. E., and A. H. Oort, A statistical study of pressure changes in the troposphere and lower stratosphere after strong solar flares, Pure Appl. Geophys., 75, 233, 1969.

Tinsley, B. A., and R. A. Heelis, Correlations of atmospheric dynamics with solar activity: evidence for a connection via the solar wind, atmospheric electricity, and cloud microphysics, J. Geophys. Res., 98 (D6), 10,375, 1993.

Tinsley, B. A., G. M. Brown, and P. H. Scherrer, Solar variability influences on weather and climate: possible connection through cosmic ray fluxes and storm intensification, J. Geophys. Res., 94, 14,783, 1989.

Veretenenko S. V., and M. I. Pudovkin, Variations of solar radiation input to the lower atmosphere associated with different helio/geophysical factors, J. Atm. Sol.-Terr. Phys., 61, 521, 1999.

S. A. Zaitseva, S. N. Akhremtchik, and M. I. Pudovkin St. Petersburg State University, St. Petersburg 198504, Russia. (pudovkin@geo.phys.spbu.ru)

B. P. Besser, Space Research Institute, Austrian Academy of Sciences A-8042, Graz, Austria.

R. P. Rijnbeek, Space Science Center, University of Sussex, Brighton, BN1 9QH, United Kingdom.

(Received September 21, 2001)

Figure 1. The wintertime temperature variations in the English Midlands (UK) in dependence on the index of zonal atmospheric circulation (Blinova Index).

Figure 2. The wintertime temperature variations in the English Midlands (UK), Stockholm (Sth), St.-Petersburg (SPb) and Salzburg (Sz) in dependence on North Atlantic Oscillation index (NAO).

Figure 3. Time variations of Galactic Cosmic Rays (GCR) flux intensity and Blinova Index for winter months (December–March).

Figure 4. 7-year running correlation coefficient between NAO and GCR flux intensity for wintertime.

Figure 5. Variations of Wolf numbers (1), NAO indices (2), and 5-year running averaged NAO (3) for 1867–1997.

Figure 6. Variations of Wolf numbers and 11-year running correlation coefficient between NAO and W.

Figure 7. Long-period solar cycles and correlation coefficient between spring temperature in Switzerland and Wolf numbers.