ABSTRACT

Space-Weather MDI Active Region Patches
(SMARPs) and Space-Weather HMI Active
Region Patches (SHARPSs) are two recently
developed data products, which have been
used for solar flare prediction studies. The
present work Is an effort to expand the
application of SMARP and SHARP summary
heliomagnetic parameters to the forecasting of
solar flares. A new data product was derived by
filtering, rescaling, and merging the SMARP
and SHARP summary parameter data series,
which were further converted into two-
dimensional arrays by selecting time slices
corresponding to R-value maxima, where R-
value is a measure of the unsigned magnetic
flux near polarity inversion lines. The resulting
combined MDI-HMI time series currently span
the period between Aprl 4, 1996 and
December 13, 2022, and can be extended to a
more recent date, providing an opportunity to
correlate and compare them with other solar
activity parameters, such as the daily solar flare
Index, which i1s computed as a sum of the
product of GOES X-ray flare magnitude and
flare duration, for all M- and X-class flares
during a day. Preliminary results demonstrate a
significant overall correlation, with Pearson
coefficients between 0.339 and 0.627. In
addition, an oscillating pattern is seen in the
daily-averaged  sliding-window  correlation
coefficient.  Time-lagged  cross-correlation
Indicates that a leader-follower dynamic exists
IN some parameters, especially R-value, where
they lead the flare index by at least several
days, which may have potential for further
application in space weather forecasting.
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INTRODUCTION

Space-Weather MDI Active Region Patches
(SMARPs) and Space-Weather HMI Active
Region Patches (SHARPS) include summary
space-weather parameters (keywords) for
tracked and evolving solar active regions (ARS),
and are developed and maintained at Stanford
University. The keywords from the two data
series of interest here, mdi.smarp cea 96m and
hmisharp cea 720s, are derived from
photospheric magnetic field maps in Lambert
cylindrical equal-area coordinates, at 96-minute
and 12-minute cadences, respectively. The
overlap in high-qualty MDI and HMI
observations from May 1, 2010 to October 28,
2010 provides an opportunity to rescale and
merge the data from these instruments.

Keyword | Description

USFLUXL |Total line-of-sight unsigned flux, Maxwells.

MEANGBL [Mean value of the line-of-sight field gradient, Gauss/Mm.
R_VALUE |Unsigned flux R near polarity inversion lines, Maxwells.
CMASKL |CEA (cylindrical equal-area) pixels in the active region.
MEANGBZ |Mean value of the vertical field gradient, Gauss/Mm.
USFLUXZ |Vertical component of the total unsigned flux, Maxwells.

Summary of the keywords referred to in this studly.
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The data are retrieved from Stanford’s Joint Science Operations Center (JSOC) database using the
Lookdata tool, accessed through the JSOC web portalt. The higher-cadence SHARP keywords are
retrieved from the database in four steps, due to the query size limit, and are then merged with SMARP
keywords using a relatively complex Matlab script. Before running this script, the tab-delimited text files
from JSOC first need to be converted into UTF-8 .csv format. Then, the script looks for HMI SHARP .csv
keyword data files in a specified source directory, imports them, and merges them into one table. An MDI
SMARP .csv file is imported, any duplicate records from both data series are removed, and units are
converted from Gauss/pixel to Gauss/Mm. The R-value Is recomputed by finding the common
antilogarithm of the original R-value. Additional filtering is applied to the data, in order to exclude low-
guality data values?, as well as any data below -65 and above +65 degrees Stonyhurst longitude. The
vertical components of the unsigned flux and mean field gradient are absent from the SMARP data series.

DATA PROCESSING

Therefore, they are recalculated from the line-of-sight keywords as follows?:

In the second stage, the script re-scales the SMARP keywords using pre-determined scaling parameters
(discussed below), and merges them with SHARP time series at May 1, 2010, 00:00:00. As a third and
final step, all records are grouped by time stamp, the records with the highest R-value are selected,
missing records are replaced with NaN values, and the output is exported into a new .csv file.

Ten of the most active ARs in the SHARP-SMARP overlap period were selected, based on a combination
of peak unsigned flux, sum of the unsigned flux, duration of observation, and data quality. Correlating the
data from HMI and MDI involved plotting time-matched SHARP and SMARP values against each other,
and applying linear regression using Ordinary Least Squares (OLS) and Total Least Squares (TLS)
methods, of which ultimately the latter was selected for rescaling. The Standard Error (RSE) and Standard
Deviation of the Slope (SDS) of each regression was computed. Finally, the rescaling parameters (slope
and intercept) for each of the ten ARs were tabulated, and their weighted averages were determined for
each keyword, using the formula:

70

Mm™"
e

10

0

D; ¢ _ Viog
LoS | V:l _ | Lr}Sl

<7 cos(q,. — fy) - cos(Ae) cos(@. — fy) - cos(4c)

RESCALING PARAMETERS

—1

=3 (3)EG)]

== ™ — ——— \\_ o e
i il N — _\\__hq__/r\b/—.\m_“f\M ot /f\___//\\/,._\

MEANGEL SMARP

MEANGEL SHARP |

| for NOAA active region

| diagram, with the OLS

07-10-2010 07:36:08 07-11-2010 13:36:08 07-12-2010 19:36:08 07-14-2010 01:36:08 07-15-2010 07:36:08 07-16-2010 13:36:08 07-17-20110 19:36.08 07-19-2010 01:36.08

T_OBS

42

40 -

] Ordinary Least Squares ! 2
Slope = 0.46356882 (.“';' — Vi )
= RSE = 2.6143035 RSE = i=1

808 = 0.023136M60
n="130

38 -

ag

94

32

MEANGEL SMARP

I Total Least Square: i -
Siope = 0490973401 Z (v; — Hh — mx;)”
- | 'RSE =2.35854129 S Py Tl
SDS = 0.0233805359 RSE = e
n=130 (n—2)1+m?)

30

28 -

26 -

24

22
35 40 45 50 55 60 65 70 75
MEANGEL SHARP

0F-20-2010

07:36:08

~

The SHARP and SMARP
mean field gradients

11087 plotted as a time
series and on a scatter

first-order polynomial
regression as a solid
red line, and TLS as a
green line. The slope,
RSE and SDS for both
regression methods are
also shown. The SDS
calculation for TLS is
based on Tellinghuisen,
2020.

1. http://jsoc.stanford.edu/ajax/lookdata.html
2. Filtering is based on the QUALITY keyword; see Bobra et al, 2021.
3. @, A= Carrington latitude and longitude of the flux-weighted center of the active pixels.
Py = Carrington latitude of the disk center relative to the observer.
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Carrington Rotation averages of the rescaled
and merged SMARP and SHARP time series
superimposed on the daily flare index, which
was calculated from NOAA Solar and
Geophysical Activity Summary data?, and is in
units of Joule/m?. Solar Cycles 23 and 24 are
clearly visible, as well as the start of Solar Cycle
25. The Pearson Correlation Coefficient (PCC)
values indicate a significant overall correlation
between the keywords and flare activity. The
flare index.

Rolling-Window Pearson Correlation (RWPCC)
between daily-averaged keywords and the flare
index, computed after performing proximal
interpolation, and with a constant window size of
11 days, showing how the correlation score varies
with time. The complex oscillating patterns suggest
that peak correlation does not necessarily occur at
the peaks of the solar cycles, and warrants further
investigation.

The PCC of daily-averaged keywords and the time-
lagged daily flare index, which is offset in one-day
intervals, as indicated by the top row. When
negative time lags are introduced, the average PCC
scores tend to be higher, suggesting that the
keywords lead the flare index.

In order to examine the keyword-flare dynamic
more closely, Time-lagged Cross-Correlation (TLCC)
of daily-averaged keywords and the daily flare
index is computed by applying the xcorr() function

°in Matlab, after performing proximal interpolation

and subtracting the means of each time series. The
horizontal axis shows the time lags in one-day
intervals with respect to zero, which is marked by
the vertical red line for reference.

A negative peak offset and asymmetry is evident,

which indicates that a leader-follower dynamic
exists, where the keywords lead the flare index. It is
particularly strong with MEANGBL, R_VALUE, and

MEANGBZ.

Windowed Time-Lagged Cross-Correlation (WTLCC)
can be used in order to assess how the leader-
follower relationship varies with time. This method
repeats the time-lagged cross-correlation along a
time-series pair (in this example, MEANGBL and the
flare index), which is divided into sequential time
frames, or epochs. It can be thought of as an
adaptation of the rolling window technique to the
TLCC method. The result suggests that, although
MEANGBL leads the flare index for the majority of
the active solar cycle, this relationship is not
constant.
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