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Abstract.

We develop an adaptive method to automatically identify ARs from radial synoptic maps
observed by SOHO/MDI and SDO/HMI, calibrate the detections between HMI and MDI data
based on identified ARs flux and area and further derive a homogeneous dataset including ARs’
area and flux over the last two solar cycles. The data are compared with sunspot number,
USAF/NOAA sunspot area, SMARPs and SHARPs and BARD area and flux, which show
reasonable agreement. The identified ARs during the overlap period of MDI and HMI have the
same areas as a whole while the AR flux based on MDI maps is about 1.36 times as large as that
of HMT maps. Based on our dataset, we find strong ARs ( | fluz| > 10**Mx) contribute most to
the difference between cycles 23 and 24 while other ARs (| fluz| < 10**Mx) are similar in the
two cycles in both area and flux.
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1. Introduction

Solar active regions (ARs) play an essential role in solar physics. They not only provide
insight into the solar dynamo but also lead to long and short-term solar variability. In this
work, we aim to develop a new method to automatically detect ARs from SOHO/MDI
and SDO/HMI radial synoptic magnetograms and to provide a new database of ARs
between 1996 and 2020.

2. Method

The latitude range of detection is limited to +60°. There are five modules in the
detection algorithm. The first module is adaptive threshold segmentation to remove the
background magnetic fields with different thresholds in different pixels. The second mod-
ule is morphological closing operation and opening operation to remove small magnetic
segments and get the ARs’ kernel pixels, which are used as seeds in region growing. The
third module is region growing to get all pixels of each single AR. All pixels connected
to the seeds and stronger than the threshold are recovered. The fourth module is closing
operation and removing decayed ARs segments that are smaller than an area threshold.
The fifth module is merging neighbor regions and removing unipolar regions. We use
dilation operation to merge separate segments and drop all unipolar ARs whose flux
imbalance is greater than 50%.
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Figure 1. Examples of the detected ARs based on synoptic magnetograms. MDI (left) and
HMI (right) at different phases of cycles 23 and 24 are used to demonstrate the accuracy of the
algorithm. The 4 magnetograms are overplotted with the contours in dark orange outlining the
perimeter of the detected ARs.
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Figure 2. Calibration of the detected results based on MDI and HMI magnetograms and
comparison of detected ARs during the 11 HMI and MDI overlap CRs. The ARs flux in right
bottom panel is calibrated results.

3. Calibration, Validation and Statistics

Since MDI and HMI synoptic magnetograms have different resolutions, we use the
magnetograms during the overlap period to calibrate the parameters used in HMI mag-
netograms to obtain the same ARs detections as in MDI magnetograms. The detection
results during the overlap period show great agreement after calibration.
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After calibration, we obtain the homogeneous ARs dataset including location, area, and
flux for cycles 23 and 24. The dataset is evaluated by comparing it with other datasets,
i.e., sunspot number, USAF/NOAA sunspot area, SMARPs and SHARPs (Bobra et al.
(2021), Bobra et al. (2014)) area and flux, and BARD (Mufioz-Jaramillo et al. (2016))
area and flux.

We divide ARs into three categories based on their unsigned flux and find that although
cycle 24 is about twice weaker than cycle 23 based on the sunspot number, the numbers
and total flux of median and weak ARs in the two cycles are almost the same.
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