Quality Assessment of Sunspot data using different catalogs
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Abstract

Methodology

We present a novel time-dependent error determination on sunspot
parameters based on non-parametric statistical techniques in
smoothing. The overarching goal being the quality assessment of
sunspot parameters from different catalogs. In particular we propose
a generalized linear regression model with overdispersed count data
as response variables in the estimation of a time varying calibration
of different sunspot timeseries with overlapping periods.

We present the results for Sunspot Numbers and Sunspot Areas
for the catalogs mentioned.

Fig 1: The time spread of the catalogs

Introduction
The Sunspot number series is one of the longest and most detailed
available series in astrophysics spanning over almost four centuries.
The series involves a lot of observers who differ from each other in
terms of their way of counting sunspots, different telescopes and
eyesights. Currently the World Data Centre SILSO located at the
Royal Observatory of Belgium (ROB) produces the International
Sunspot Number and includes 281 contributing stations (Clette et al,
2007).
Most of these stations count only spots and groups, but some also
maintain catalogs of additional sunspot information such as
sunspot areas, positions etc. One such contributing station is the
Uccle Solar Equatorial Table (USET) situated at ROB. This station
has been maintained steadily from 1941 to the present.
Past studies by Mathieu et al (2019) concluded USET as one of the
most stable stations among the network in terms of numbers of
groups and spots but the inclusion of confidence intervals have
not yet been achieved consistently.
In this study we attempted to determine the quality of
observations made by the USET station by proposing a model
involving non parametric regression. Our model is based on the fact
that the sunspot parameters near the maximum of a solar cycle
follows a different probability mass function, from a different
random variable than a sunspot parameter near the minimum.
The overarching goal of this work is to build a homogeneous series
(Lefevre et al, 2018) of sunspot parameters and not just sunspot
numbers. In this context, this method proposes a statistically robust
regression method for determining the calibration factor between
observations from different stations. A similar attempt has been made
by Mandal et al,( 2020) however their approach does not consider the
time dependent variability of the sunspot parameters. Since our
proposed model includes time as an explanatory variable we
present a regression coefficient between stations that is dependent on
time and is not restrictive to Sunspot Number only.
As this study focuses on quality assessment of each day
observation by USET, we can now produce a confidence interval for
each day of observation.
Note that, as it is a work in progress, we present only the results
from three catalogs viz Catania Observatory, USET and the Debrecen
Photoheliographic Data (the sunspot catalogue which is compiled as a
continuation of Greenwich Photoheliographic (Willis et al. 2013 ).

Results

Conclusion
For this study we focused on only three catalogs (Fig 1).
However, this study can be generalized by including
other overlapping catalogs.
Fig 2 conﬁrms the ﬁtted model follows the trend of the
Sunspot Parameters. We presented the result for only
SN and Area in this study. However, the study can be
expanded to other parameters such as positions , using
the same model.
Fig 3 illustrates a sample data having conﬁdence bands
on daily data.

Fig 2: Comparison of the derived daily true value and daily USET
observations (SN and Area of Sunspots)

Fig 4 represents how the original observations of USET
corresponds to derived true value. The left panel shows
that USET SN gives an approximate 18% less value
than the true daily value. This result is in fact, in
accordance with the result derived by Mathieu et al,2019,
where they derived a factor of 0.8 for USET with the
network mean. Hence, we conﬁrm our model does not
over/under estimate the counts.
The right panel shows USET records almost ~29% more
group area compared to the actual derived value.
However, the robustness of the method can be
conﬁrmed by including more catalogs.
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