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5. CH and Magnetic Field Evolution

1. Introduction
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in the surrounding areas of solar corona. R s
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« Their exact identification in solar images is

challenging, because their boundaries are 80
obscured by surrounding active regions and TR
because they appear differently in different L ol 60
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wavelengths. 404 "X
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for years 1996-2007 Figure 3. Example of automated CH detection for Carrington Rotations 1922 (1997 April 24) and 2120 (2012 Feb. 06) using SOHO/EIT and SDO/AIA
. Weather Lab at G M - Three wavelengths: 171A, 193A and EUV intensity synoptic maps, respectively, for (a) 304 A, 171 A and 195/193 A. (b) Resulting preliminary binary map after determining the CH -60
pgce . eather Lab at George Mason 304A are used here. threshold. (c) Fully processed and smoothed binary map. (d) Edged CH areas overlaid on the EUV maps.
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* Three wavelengths 171A, 195A and Filtering: The preliminary map of CH pixels (Figure 3b) instruments and the relative flux imbalance (B;)/(|5;|) 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
304A are used here. often shows spurious noise, which is then filtered out was determined for the contoured regions. Year
We present a new automated algorithm for identifying CHs and some first results (Figure 3c) using MOMEIegEs] MEgs St Figure 6. CH evolution through solar cycles 23 and 24. Top panel: total sunspot area for reference. Bottom: The circles depict CH as
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of CH properties and their temp?)ral evolution dur>i/nggthe solar cycles 23 and 24 functions presented by' €.9. Michielsen & De Raedt CHs te”fj to favor one poIarlty, while .ﬂlament Channe!s centroids with size proportional to CH size on the solar surface. The color of the circle indicates the dominant polarity of the CH (red is
' (2011). (FC), which also appear dark on EUV images have a bi- positive polarity and blue negative) based on the relative magnetic flux imbalance. Background color indicates the average photospheric
polar distribution of polarities (Scholl & Habbal 2008). magnetic field intensity in units of Gauss. The solid vertical line indicate the start of AIA time period.
Magnetic polarity: Each CH boundary obtained from
EUV images is superimposed with the corresponding CHs were differentiated from FCs by requiring that the  We identified each unique CH on the composite CH maps and approximated them as circles (centroids).
_ , synoptic map of the radial magnetic field obtained by flux imbalance for CHs is larger than 15%, i.e. . _ . . _ . _ .
The algorithm is based on the SOHO/MDI (Michelson Doppler Imager) and (B} /(|B.|)| < 0.15 * Figure 6 shows these CH circles with size proportional to size on solar surface colored by their magnetic
: L . . 15. ,
automatically ~ finding  the SDO/HMI  (Helioseismic and Magnetic Imager) polarity.
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the optimal size, which has [1] = « The distribution of CHs follows rather closely the evolution of the regions of unipolar magnetic field in the
as large a contrast (C) as 4. Coronal Hole Evolution Du rng Solar Cycles 23 and 24 photosphere.
possible and [2] as low a mean « In the ascending phase, the CHs along with unipolar regions of photospheric magnetic flux begin to rush to
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n(4;) : The number of CH pixels at latitude 4 declining phases and minima of the three solar cycles.

intensity histogram is bi-modal,
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Figure 2. Variation of the optimal segment size Figure 4. Fractional CH areas at different latitudes in 1996-2017. 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 Scholl, LF. & Habbal, S.R, 2008. Automatic Detection and Classification of Coronal Holes and Filaments Based on EUV and
6. CH threshold Intensity is defined as the with time for the three EIT/AIA wavelengths (1714, (a) Monthly sunspot area. (b-d) Fractional areas CH for 195 A /193 A, Year Magnetogram  Observations of the  Solar  Disk.  Solar  Physics,  248(2), pp.425-439. Available at:
intersection between the two fitted Gaussians 195/193A and 304A). The black solid lines show 171 A and 304 A, respectively. (e) Composite CH areas computed as Figure 5. Fractional contribution of mid- to low-latitude CHs (LLCH) and http://link.springer.com/10.1007/s11207-007-9075-6 [Accessed September 9, 2016].
d CH related bixel dentified th " the 5-point running median. Vertical solid lines the median of the CH maps of the three wavelengths. Horizontal polar CHs (PCH) in the north and south to the total CH area according to ]
an related pixels are ldentified as those o 5resent the separation between differerent data yellow dashed lines at 55° latitude distinguish polar and lower- the composite CH distribution. Black line corresponds to LLCH, red line to * http://sun.stanford.edu/synop/EIT/index.html
with an intensity less than this value. sets. latitude zones. northern PCH and blue line to southern PCH. ** http://spaceweather.gmu.edu/projects/synop/EITSM.html
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