Long-term evolution of coronal holes and related co-rotating
Interaction regions
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INTRODUCTION METHODS AND DATA

Coronal holes (CH) are large scale structures in the solar corona characterized by
lower density and temperature then the surrounding quiet sun as well as by an open
magnetic field configuration.
* Their appearance depends on the phase of the solar cycle (Mikhailutsa, 1995!1!;
Ikhsanova and Tavatsherna, 2015!2!: Bilenko and Tavatsherna, 2016!3))
High-speed solar wind streams (HSS) are emanating from CHs (Krieger, Timothy,
and Roelof, 1973!4: Nolte et al., 1976!°!: Cranmer, 2002!°!) and as a consequence
their development is dependent on the evolution of CHSs.
Interaction of HSSs with the ambient slow solar wind can result in the formation of
co-rotating interaction regions (CIR; Wilcox, 1968l/l; Tsurutani et al., 2006!)).
Together with HSSs, they are the major cause of recurrent geomagnetic effects

We analyzed a set of 8 long-lived CHs observed between September 2010 and
November 2015, using 193A Filtergrams (AIA/SDO) and 720s LoS magnetograms
(HMI/SDO).

The identification and extraction of CHs, as well as all of its parameters was done
using CATCH (Heinemann et al., 201919 which is an enhanced intensity
thresholding method using a gradient modulation at the CH boundary.

The peak velocity of the HSSs (originating from
CHs under study), was manually extracted from
the in-situ plasma velocity profile (observed by
ACE; Stone et al., 1998!11]),

Collection of Analysis Tools for Coronal Holes

(Verbanac et al., 201113,

CH PROPERTIES

We find that 6 out of 8 CHs show a steady
change in area, characterized by a growing
and a decaying phase. They are categorized
as ,regular” types, while the remaining 2 CHs
are outliers to the steady change in area.
Mostly due to the influence of external
sources (filament eruptions, merging with or
splitting into other CHs and connection to
polar CHSs).

The growing phase Is characterized by a
generally increasing trend of the area. This
phase lasts until an individual maximum is
reached after which the area successively
decreases.

According to our 6 regular CHs, the mean
magnetic field strength shows no significant
correlation with the change in area (dotted

Flux tubes (FTs) are small-scale unipolar
magnetic structures of CHs. Those with
the mean magnetic field strength >50G
govern the major part of the CH’s signed
flux (Hofmeister et al., 2017!12). This
persists over each individual evolutions.
The number of FTs shows high
correlation with the CH area and the
mean magnetic field strength depends
substantially on the strong FTs and the
percentage area they cover (Fig. 2).

For the mentioned relations there are no
differences regarding the growing and
decaying phase of the evolution. The
data points are evenly scattered and
contribute equally to the strong
correlation we observe.
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Figure 2. Left panels show scatter plots of the number of FTs (weak FTs - top; strong FTs - bottom) and area of a CH. Right panels show

scatter plots of FTs area ratio (weak FTs - top; strong FTs - bottom) and the absolute value of the sighed mean magnetic field strength of
the CH. Data points are divided between the growing (red) and decaying (blue) part of CH’s lifetime. The black line represents the linear

fit to the data.
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We find that the CH area and the HSS peak speed are well
correlated for each individual CH evolution (cc in the range
0.45-0.86). However, when considering the full dataset
together, the correlation vanishes (Fig. 3, top). Only after
correcting the CH areas for their co-latitudinal position
(using an empirical relation from Hofmeister et al., 2018[13))
the expected relation (e.g. Vrsnak et al., 2007!14) is visible
(Fig. 3, bottom). We notice an increased correlation with less
spread of data points with a stronger correlation coefficient
in the growing (cc=0.69) than in the decaying phase
(cc=0.45).
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Figure 3. Top: HSS peak velocity plotted against CH area. The black solid line represents the
linear fit and the dashed lines represent its upper and lower error boundaries. Green and
purple lines are two reference fits (Nolte et al., 1976!4 and Tokumaru et al., 2017131 |
respectively). Growing (red) and decaying (blue) phases of CH evolution are marked in different
colors.

Bottom: HSS peak velocity plotted against CH area corrected for in-situ co-latitude. The two
colored solid lines represent linear fits for each phase and the dashed lines are the
corresponding upper and lower error boundary.
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Figure 1. Evolution of signed (red) and unsigned (blue) mean magnetic field strength with CH
area (dotted black) for CH1-CHG (regular types). Absolute values of signed mean magnetic field
strength are plotted. The shaded area for CH4 marks the evolution of area influenced by the
filament eruption.

CONCLUSION

We found from a sample of 8 well observed CHs, that 6 of them show a regular pattern of area evolution.
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