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ABSTRACT

Observations made with radiometers on board of space missions offer us the total solar irradiance (TSI) data since 1978 (from ERB/Nimbus to VIRGO/SOHO). This 25-year interval made possible the reveal of the 11-year cycle variability in the data series, with a difference in amplitude of about 0.15% from minimum to maximum. A major part of this variation is explained as a combined effect of the sunspots blocking and the intensification due to bright faculae and plages, with a slight dominance of the bright features effect. The empirical models based only on contrast photospheric or chromospheric measurements can explain maximum 90% of the TSI variation. We evaluate the possible effect of solar flares on TSI variation taking into consideration the Hα line and the 1(8 Å X-ray domain. For this approach, we use the Q index for Hα flares and the Qx index for X-ray flares (calculated by us in a similar manner). We investigate the spectral features in these three series of data (TSI, Q and Qx) together with their time evolution using some of the tools provided by Joint Time-Frequency Analysis. 

1. INTRODUCTION

The total solar irradiance (TSI) had been monitored with absolute radiometers since November 1978, on board six spacecraft (Nimbus-7, SMM, UARS, ERBS, EURECA, and SOHO), outside the terrestrial atmosphere (Fröhlich and Lean, 1998). This 25-year interval made possible to reveal the variability in the data series in amounts of up to a few tenths of a percent and on time scales from minutes to the 11-year solar cycle (SC). Before measuring it from space, this quantity was thought to be constant, because the precision of the ground-based instruments at that time was not high enough to detect such a small variation. It consequently beared the name of  “solar constant”, which had a value of only 1,353 W/m2, as a part of the solar radiation is absorbed by the Earth’s atmosphere. 

The graph of TSI in Fig. 1 (the bottom panel) is a composite record compiled from detailed cross-calibrations of the six radiometric measurements, from November 1978 to December 2000, adjusted to the absolute scale of SARR (Space Absolute Radiometric Reference). Superimposed on the 11-year cycle  variability of about 0.1% are larger, more rapid fluctuations of a few tenths of a percent that occur on time scales of the Sun’s 27-day rotation (Lean and Fröhlich, 1998). It is worth to notice that the TSI maximum levels are comparable during the SCs 21(23 while the level of solar activity at the SC 23 maximum is substantially lower than the maxima of SCs 21 and 22 (Jones, 2002).
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A major part of the TSI variation is explained as a combined effect of the sunspots blocking and the intensification due to bright faculae and plages, with a slight dominance of the bright features effect during the 11-year solar cycle maximum. Currently, the empirical models based only on contrast measurements in the photosphere or chromosphere can explain maximum 90% of this TSI cyclic variation (see e.g. Fröhlich and Pap, 1989; Foukal and Lean, 1990). 

During the last decade, many papers tried to better solve the TSI variation problem. The authors did not succeed yet to elucidate if the remaining unexplained percentage of TSI variation can be caused by some global effects as for example: temperature and radius changes over the cycle, large scale convective motions and differential rotation in the solar interior, or it could be due to an insufficient accuracy of the nowadays instruments. 

 In this paper we try to evaluate the possible effect of solar flares on TSI variation taking into consideration both the Hα line and 1(8 Å X-ray domain by the Q and Qx indices, respectively. Section 2 is a review of our previous studies on the correlation between the TSI variation and different solar activity indices. In Section 3, we describe our method of data analysis. Section 4 contains some discussions and conclusions. 

2. OUR PREVIOUS STUDIES

The solar group from Bucharest performed some studies on the correlation between the TSI variation and different solar activity indices. The indices used were: the daily sunspot relative number; the radio flux on 10.7 cm; the coronal index in green line; the daily flare total area index; the daily scaled flare number. The correlation was made on annual periods, Carrington rotations and deeps of irradiance registered during the maximum phase of SCs 21 and 22 (Mariş and Dinulescu, 1995) and during the minimum phase of the SC 22 (Mariş and Dinulescu, 1997). The study was continued for the minimum and the ascending phases of the SC 23, for the first and the second indices (Mariş et al., 2000) above mentioned.
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The values of correlation coefficients between TSI and all the indices used are negative during the deeps of irradiance from maximum phases. The values of the correlation with the flare indices are very similar to the ones for the sunspot numbers and the radio flux. That could be explained as a blocking effect produced by any intensification of the local magnetic field in active regions, specific to maximum phases. This result enhanced our interest in analyzing the contribution that the magnetic field on different scales could have on the TSI variation. 

It is generally accepted that the explanation for the major part of TSI variation is currently given by the accumulated effect of highly localized heating and cooling processes in regions with concentrated magnetic fields. Most of the variation is correlated with the magnetic field in active regions: sunspots and faculae. Some authors suggested that the magnetic network (“quiet Sun”) could also account for the TSI variability (e.g. Ortiz et al., 2000). 

One of the authors (M. D. Popescu) studied the photospheric magnetic field influences on the TSI variation under Dr. H. P. Jones coordination, during a stage at the National Solar Observatory (NSO), Tucson, Arizona. We used the daily full-disk Fe I 868.8 nm images taken with the NASA/NSO Spectro-magnetograph (SPM) at the Kitt Peak Vacuum Telescope (KPVT) between November 21, 1992, and September 30, 2000. Details on the method of analysis can be found in Jones et al., 2000. Our results confirmed that the irradiance depends primarily on two major factors: sunspots and unipolar magnetic features. These results are consistent with the sunspot and faculae models (Foukal and Lean, 1990; Chapman et al., 1997). Meanwhile the strong mixed polarity magnetic regions (quiet network) are not significantly correlated with TSI. We performed a standard multiple regression of the composite irradiance on the SPM data. The regression accounted for approximately 75% of the irradiance variation and the residuals present an unexplained linear trend. Thus, either there are systematic errors in the observations or the activity model is incomplete. This allows us to think about a possible non-magnetic source of TSI variation over decadal time scales.

These previous results lead us to consider other types of solar flare indices that may evaluate probably better the energy emitted and their possible contribution to IRT variation.

3. DATA AND ANALYSIS PROCEDURE

For this study, we made use of the data provided by WDC-A for Solar-Terrestrial Physics, NOAA E/GC2, Broadway, Boulder, Colorado 80303, USA. The Q and Qx indices (for flares registered in H line and in soft X-ray, respectively) are presented in Mariş et al. (2002) and in Popescu et al. (this volume). As the X-ray flare index has a logarithmic scale, we reconstructed the flare associated X-ray irradiance (in W/m2) from the flare indices (QxC, QxM, QxX ) of the main three spectral classes (C, M, X). The procedure was straightforward and simple. We have just traced back the steps used in defining the Qx indices starting from the peak power. 

Fig. 2. The X-ray flares index (Qx) for the main three spectral 

classes: C; M; X, and, the reconstructed irradiance X [mW/m2] (the panels from top to bottom, respectively).

The behaviour of the time series was analyzed through the “time-frequency distribution” approach. A simple way to characterize a signal simultaneously in time and frequency is to consider its mean localization and dispersions in each of these:

average time: 
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average frequency: 
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time spreading: 
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frequency spreading: 
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with the signal energy: 
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Then a signal can be characterized in the time-frequency plane by its mean position (tm,νm) and a domain of localization which is the time-bandwidth product lower bounded by 1 (
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). This constraint (Gabor, 1946) illustrates the fact that the signal can not have simultaneously an arbitrarily small support in time and frequency. The lower bound is reached for Gaussian functions:
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A first (linear) class of such TF representations is illustrated by windowing the signal around a particular time and Forier transform after:
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The short time analysis window h(t) suppresses the (time) signal outside a neighborhood around u = t and filter the (frequency) signal through H*(( - (), the Fourier transform of h(u-t). This relation shows that the total signal can be decomposed in a weighted sum of "atoms":
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The time resolution is proportional with the effective duration of the analysis window and the frequency resolution is proportional with its effective bandwidth. Therefore, we have mean to trade-off between the two resolutions. 

We investigate the spectral behavior of our data beginning with November 1976. The fluctuations of the TSI (Fig. 3, top) show no particular features in its spectrum (Fig. 3, left). The claimed (Lean and Fröhlich, 1998) 13 cycles/year frequency does not show in our analysis. The same behavior is observed in X-ray irradiation except that it is much noisier (Fig. 4). Meanwhile the H( flares index Q (Fig. 5) shows the period of Carrington rotation  (27 days) in a manner similar with the relative sunspot number and the solar radio flux (Mariş et al., 2001). 

Next, we searched for the correlation between the TSI and the two flare indices, Q and Qx. A first operation was to remove the mean from TSI to work further with its fluctuation ((TSI) only. The main reason behind this choice is that the small TSI variability (~ 0.1%) makes the TSI curve essentially a constant affecting the readability of the cross-correlation curves. Moreover we are interested in TSI fluctuations and not in TSI itself.
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Fig. 6. Q vs (TSI cross-correlation function.
 A second operation was to translate the (log scale) Qx index into the energy domain. The new X index (Fig. 2, the bottom panel) have now the same meaning [W/m2] as TSI. The same procedure was not possible with Q as it is expressed in terms of flare area. We did not found yet a method to bring in the flare brightness for reconstructing the flare energy. Figs. 6 and 7 represent the normalized cross-correlation functions between (TSI and the two flare indices, Q and X. Even if Q gives twice the amplitude of X (~50% vs. ~25%) neither one can be considered significant. The only feature is that of the 9.6 years, which is only indicative of the obvious common underlying solar cycle mechanism. At smaller time scales the superimposed noise (more visible in Fig. 6) shows no other feature. This is due to the noisy character of X and TSI variability as was revealed by the spectral analysis.
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Fig. 7. X vs (TSI cross-correlation function.
4. DISCUSSIONS AND CONCLUSIONS

Even the spectral behaviours of TSI and X are similar, X-ray flares can not contribute to TSI fluctuations. As early as from Fig. 2 we can see that even the most energetic X-ray flares can not account for more than 1 mW/m2 and this seldom happens. Not to mention that this value is at the limit of the instrumental resolution of the TSI measurements if not well under. 

On the other hand, if H( flares would play any role in the TSI fluctuations, its spectral feature at 13 cycles/year should be present in the spectrum of TSI, which is not the case. This is one of the reasons for which we did not look for an absolute measure of the H( flares energy derived from the Q index.

At this point, we conclude that the solar flares do not contribute to the unaccounted part of the TSI variation. As the underlying cause of all solar phenomena lies in the complicated interaction between the turbulent convection, the differential rotation and the solar magnetic field in the convective zone, other explanations may be searched for in the future. Moreover, we should not forget that the accuracy of the nowadays instruments might be still not good enough for such precise measurements needed.

The interest in resolving this unaccounted part of the TSI variation increased as climatologists have tried to explain the strange behavior of the terrestrial climate, considering the TSI variation among other factors that could influence it (Fröhlich, C. and Pap, J., 1989, Friis-Christensen, E. and Lassen, K., 1994, Reid, G. C., 1991). Other modern studies that link the solar changes in radiation with a wide array of terrestrial phenomena over the longer time scales of global change and the shorter time scales of space weather address the relevance of the TSI monitoring and understanding.
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Fig. 3. Time-frequency distribution of  (TSI.








Fig. 4: Time-frequency distribution of X








Fig. 5.Time-frequency distribution of Q.














Fig. 1. The graphs of RI  (the upper panel) and TSI [W/m2] (the bottom panel).
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