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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 VLF radio recordings of SID Events in
the ionosphere. The sudden ionospheric disturbance report is in Section The relative sunspot
numbers are in Section Bl Section M has endnotes.

1 Hidden Markov Model (HMM) reveals zero sunspot days
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Figure 1: SIDC daily ISN, back to 1976 using the HMM shows zero sunspots as blue (left), and
HMM back to 1976 shows sunspot minimum’s zero sunspot days, right bottom panel (Dr. Jamie

Riggs).

Using a Hidden Markov Model shows the solar cycles back to 1976 and zero sunspot days during
solar minimums. The zero sunspot days show an increase in the length of the solar cycles for 24
and 25. However, there are other models we can use to validate how the frequency of zero sunspot
days is increasing.
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Getting the solar cycle periods from the sunspot number of monthly average of Ry data from
(LISIRD https://lasp.colorado.edu/lisird/data/american_relative_sunspot_number_daily)
we can then find a good model to fit for the last 4 full solar cycles, using routines for doing Fast
Fourier Transform (FFT). 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 months, or 8.3 years. However, this period has a significantly
lower statistical power.

Table 1: The highest power period is 129 months, 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

Table 2: This table shows 4 cycle start and cycle peak dates with number of groups for those
days. (SIDC https://www.sidc.be/SILSO/groupnumberv3) Cycle start and end dates with total
number of days in each cycle, and zero sunspot days for each cycle.

Cycle No. Start Peak days groups: Start End days zero days

21 197603 197912 1365 1177 197603 198609 3830 985
22 198609 198911 1155 923 198609 199608 3620 845
23 199608 200111 1915 1654 199608 200812 4500 1322
24 200812 201404 1855 1595 200812 202003 4110 1781

As explained by Y. Natsume, “Out of the several models available for modelling discrete sequential
data, hidden Markov models are one of the more simple but powerful ones. The first order Markov
process makes a very important simplification to observed sequential data, the current system
state depends only on the previous system state.” (Hidden Markov Models with Python, 2022)
https://medium.com/@natsunoyuki/hidden-markov-models-with-python-c026f778dfa7

Sunspot activity is assumed to be around the 11 year cycles from solar minimum to solar minimum,
but when we fit an HMM, we can see the hidden state (2nd state) of zero sunspot days increasing,
making the solar cycle length variable (see Figure 1).


https://lasp.colorado.edu/lisird/data/american_relative_sunspot_number_daily
https://www.sidc.be/SILSO/groupnumberv3
https://medium.com/@natsunoyuki/hidden-markov-models-with-python-c026f778dfa7
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2 Sudden Ionospheric Disturbance (SID) Report

2.1 SID Records

December 2023 (Figure : there were 266 XRA flares: two X class, 18 M class, 246 C class. This
is about the same flaring as last month, however, with a X5.0 flare on December 31st. (U.S. Dept.

of Commerce-NOAA, 2023).
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Figure 2: VLF recording from Fort Collins, Colorado for the 31st of December.

2.2 SID Observers

In December 2023 we had 14 AAVSO SID observers who submitted VLF data, as listed in Table 3]

Table 3: 202312 VLF Observers

Observer Code Stations

R Battaiola A96 HWU

J Wallace A97 NAA

A Son A112 DHO

L Loudet A118 DHO GQD

J Godet A119 GBZ GQD ICV
F Adamson A122 NWC

J Karlovsky A131 TBB

R Mrllak A136 GQD NSY

S Aguirre Al138 NAA

G Silvis Al141 NAA NML NPM
L Pina A148 NAA NLK

J Wendler A150 NAA

H Krumnow A152 DHO FTA GBZ
J DeVries A153 NLK
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Figure [3] depicts the importance rating of the solar events. The duration in minutes are -1: LT
19, 1: 19-25, 14: 26-32, 2: 33-45, 2+: 46-85, 3: 86-125, and 3+: GT 125.
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Figure 3: VLF SID Events.

2.3 Solar Flare Summary from GOES-16 Data

In December 2023, there were 266 XRA flares: two X class, 18 M class, 246 C class. There were 5
days of no data from the U.S. Dept. of Commerce-NOAA (see Figure @)
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Figure 4: GOES-16 XRA flares (U.S. Dept. of Commerce-NOAA, 2023).
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3 Relative Sunspot Numbers (R,)

Reporting monthly sunspot numbers consists of submitting an individual observer’s daily counts
for a specific month to the AAVSO Solar Section. These data are maintained in a Structured
Query Language (SQL) database. The monthly data then are extracted for analysis. This section
is the portion of the analysis concerned with both the raw and daily average counts for a particular
month. Scrubbing and filtering the data assure error-free data are used to determine the monthly
sunspot numbers.

3.1 Raw Sunspot Counts

The raw daily sunspot counts consist of submitted counts from all observers who provided data
in December 2023. These counts are reported by the day of the month. The reported raw daily
average counts have been checked for errors and inconsistencies, and no known errors are present.
All observers whose submissions qualify through this month’s scrubbing process are represented in

Figure
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Figure 5: Raw Wolf number average, minimum and maximum by day of the month for all observers.





http://iopscience.iop.org/article/10.1086/126109/pdf
http://iopscience.iop.org/article/10.1086/126109/pdf

	Hidden Markov Model (HMM) reveals zero sunspot days
	Sudden Ionospheric Disturbance (SID) Report
	SID Records
	SID Observers
	Solar Flare Summary from GOES-16 Data

	Relative Sunspot Numbers (Ra)
	Raw Sunspot Counts
	American Relative Sunspot Numbers
	Sunspot Observers
	Generalized Linear Model of Sunspot Numbers

	Endnotes
	Antique telescope project

	References

