
Solar Bulletin

THE AMERICAN ASSOCIATION OF VARIABLE STAR OBSERVERS
SOLAR SECTION

Rodney Howe, Kristine Larsen, Co-Chairs
c/o AAVSO, 185 Alewife Brook Parkway,

Suite 410, Cambridge, MA 02138 USA

Web: https://www.aavso.org/solar-bulletin
Email: solar@aavso.org

ISSN 0271-8480

Volume 79 Number 4 April 2023

The Solar Bulletin of the AAVSO is a summary of each month’s solar activity recorded by visual
solar observers’ counts of group and sunspots, and the very low frequency (VLF) radio recordings
of SID Events in the ionosphere. The Co-Chairs thank all of our observers for their diligent work in
making scientifically useful measurements of our star’s activity. Our goal is to make this Bulletin
as informational as possible; if you have ideas for material you would like to see included, please
email us at the address above. We are also looking for volunteers to write short (less than 500
words in length) articles related to solar observing or the sun in general. The sudden ionospheric
disturbance report is in Section 2. The relative sunspot numbers are in Section 3. Section 4 has
endnotes.

1 Use the AAVSO Group numbers back to 1947 to find the best
solar cycle period

These are AAVSO data, daily group numbers back to 1947, then aggregated to monthly data. Then
we find the Seasonal Period using Grant Foster’s R routines for doing FFT (Foster, 2010). The
following table shows the top periods from (R Statistical Software, 2010, TSA::periodogram()).
The highest power period is 129 months, which is 10.8 years. The next closest period that matches
this is 100, or 8.3 years. However, this is significantly lower power. From getting the solar cycle
periods from the group number monthly data we can then find the best model to fit for the last 7
solar cycles.

Table 1: The highest power period is 129, which is 10.8 years.

period power

129 7209.9068
100 591.5095
450 335.6277
64 185.4779
900 183.3674
180 181.0576

“A more refined treatment of the statistical behavior of this process is to approach it as a version
of the Analysis of Variance (AoV). The AoV approach has not only been optimized to give the
best statistical behavior, it has also been optimized to require the fewest numerical calculations.”
(Foster, 2010)
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Figure 1: Fit an ARIMA model of the seasonally differenced group number with the seasonal
component represented as a Fourier Series. The seasonal period is too long to use a seasonal
ARIMA model. (AoV) Note: Variance = 11.81, which is significantly greater than the mean
(4.47), which indicates that these data may be closer to a negative binomial distribution.

The Ra index data used by (Coban et al., 2021), and the comment being raised by (Peguero et
al., 2023), assume an arbitrary 10 year cycle for AAVSO monthly Ra index, (data found from the
‘NOAA monthly Ra numbers’ data on the AAVSO Solar Section Web page: https://www.aavso.

org/solar, and the SILSO ISN, (SIDC data, 2023). Perhaps the best model for comparing the
Dalton Minimum described in these papers, might be better represented by a 10.8 year period
rather than a 10 year period.

Figure 2: Poisson distribution with a long tail for the 10.8 year period

https://www.aavso.org/solar
https://www.aavso.org/solar
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2 Sudden Ionospheric Disturbance (SID) Report

2.1 SID Records

April 2023 (Figure 3): there were 2 M class and 12 C class flares on the 14th of April recorded here
in Fort Collins, Colorado. (U.S. Dept. of Commerce–NOAA, 2022).

Figure 3: VLF recording from Fort Collins, Colorado for the 14th of April.

2.2 SID Observers

In April 2023 we had 14 AAVSO SID observers who submitted VLF data as listed in Table 2.

Table 2: 202304 VLF Observers

Observer Code Stations

R Battaiola A96 HWU
J Wallace A97 NAA
L Loudet A118 DHO
J Godet A119 GBZ GQD ICV
F Adamson A122 NWC
J Karlovsky A131 DHO NAA TBB
R Mrllak A136 GQD NSY
S Aguirre A138 NPM NAA
G Silvis A141 NAA NML NLK
K Menzies A146 NAA
L Pina A148 NAA NLK NML
J Wendler A150 NAA
H Krumnow A152 FTA GBZ HWU
J DeVries A153 NLK
R Mazur A155 NLK NML
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Figure 4 depicts the importance rating of the solar events. The duration in minutes are -1: LT
19, 1: 19-25, 1+: 26-32, 2: 33-45, 2+: 46-85, 3: 86-125, and 3+: GT 125.

Figure 4: VLF SID Events.

2.3 Solar Flare Summary from GOES-16 Data

In April 2023, there were 247 GOES-16 XRA flares: 9 M Class, 228 C Class and 10 B Class. More
flaring this month compared to last. (U.S. Dept. of CommerceNOAA, 2022). (see Figure 5).

Figure 5: GOES-16 XRA flares (U.S. Dept. of Commerce–NOAA, 2022).
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