Solar and Stellar Variability: Impact on Earth and Planets
Proceedings IAU Symposium No. 264, 2009 © International Astronomical Union 2010
A. G. Kosovichev, A. H. Andrei & J.-P. Rozelot, eds. doi:10.1017/S1743921309992432

The periodic variation of 6.7 days for total
solar radiation

W. Q. Gan and Y. P. Li

Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China
email: wqgan@pmo.ac.cn

Abstract. Analyzing the power spectrum of Total Solar Irradiance (TSI) for the period from
2003 February 25 to 2009 July 6, observed with the Total Irradiance Monitor (TIM) onboard
SOlar Radiation and Climate Experiment (SORCE), we found that there are quite a number
of periodic variations. The outstanding shortest one is the period of 6.7 days, about one fourth
of the period of solar rotation. Checking the solar magnetic field for the same period of time
observed with MDI onboard SOHO, we found that there is about 90 degree difference in longitude
for the distribution of solar magnetic field. We therefore conclude that both the 90 degree
difference in longitude for the distribution of solar magnetic field and the solar rotation are the
reason resulting in the periodic variation of 6.7 days for the total solar radiation.
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1. Introduction

The space observation for the Total Solar Irradiance (TSI) with high accuracy began
at 1978 (see Frohlich 2006). It was discovered in the early time that the variation of TSI
is related to the disc sunspots and faculae (e.g., Willson et al. 1981). Further studies (e.g.,
Solanki & Krivova 2006) show that faculae and bright network made an increase of TSI,
while the sunspots let TSI be decreased. The relationships of TSI with some parameters
describing the solar activity were studied by many authors (e.g., Minarovjech et al. 2007;
Krivova et al. 2007; Tapping et al. 2007) and the TSI was extrapolated backward to the
time interval when the observation was unavailable. The connection of TSI with solar
magnetic field has also been studied (e.g., Withbroe 2009). In this paper, we use the
latest advanced data to study the variation of TSI and try to explain it with a combined
effect of solar magnetic field and solar rotation.

2. Data and Analysis

The data were taken from the observations with the Total Irradiance Monitor (TIM)
instrument onboard SOlar Radiation and Climate Experiment (SORCE) (Kopp et al.
2005). The TSI measurements were provided with a relative standard uncertainty (ab-
solute accuracy) of approximately 0.01% (100 parts per million, ppm) based on SI units
and with a long-term precision (relative accuracy) of 0.001% yr—! (10 ppm). The tempo-
ral resolution of the data we used is 6 hours. Figure 1 shows the TSI for the period from
2002 February 25 to 2009 July 6, observed at about 1 AU with TIM. We see from the
figure that there is a dip drop (~ 0.33%) on 2003 October 29, when there was a largest
solar flare and correspondent big group of sunspots. On average, the TSI is larger at the
peak years (when the fluctuation of TSI is also bigger) than at the valley years.

84

https://doi.org/10.1017/51743921309992432 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921309992432

The periodic variation for total solar radiation 85

The power spectrum of TSI is presented in Figure 2. Although there looks quite a
number of periods, the obviously shortest one is the period of 6.7 days. This period
seems to be related to the discovery of the cutoff of 7 days, based on the data analysis
for the initial 153 days, observed with ACRIM onboard SMM (Willson et al. 1981).
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Figure 1. The TSI for the period from 2003 February 25 to 2009 July 6, observed with TIM
onboard SORCE.
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Figure 2. The power spectrum of Figure 1.
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It is so evident that 6.7 days take about one fourth of solar rotational period. Motivated
by the relevance of the TSI to the solar magnetic field (e.g., Withbroe 2009), we examined
the observations with MDI onboard SOHO. It is indeed found that for some period of
time, solar magnetic pattern presents an obvious concentration in the longitude difference
of 90°. As an example, Figure 3 shows the magnetic field synoptic chart for the period
from 2004 July 22 to 2004 September 14, together with the corresponding TSI. Within
two Carrington rotations, the strong magnetic field appears periodically every 90° in
longitude difference. Solar rotation, plus this 90° distribution of strong magnetic field,
provides the most natural explanation on the TSI period of 6.7 days.
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Figure 3. Top panel: TSI for the period from 2004 July 22 to 2004 September 14. Bottom
panel: MDI magnetic field synoptic charts.

3. Summary and Conclusions

The analysis on TSI shows an obvious period of 6.7 days. We connect this variation
to the solar magnetic field. It is concluded that both solar rotation and 90° longitude
difference for the strong magnetic configuration explain naturally the TSI period of 6.7
days.
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