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SUMMARY: Here, we compare the sunspot counts and the number of sunspot
groups (SGs) with variations of total solar irradiance (TSI), magnetic activity, Ca
IT K-flux, faculae and plage areas. We applied a time series method for extracting
the data over the descending phases of solar activity cycles (SACs) 21, 22 and 23,
and the ascending phases 22 and 23. Our results suggest that there is a strong
correlation between solar activity indices and the changes in small (A, B, C and
H-modified Zurich Classification) and large (D, E and F) SGs. This somewhat
unexpected finding suggests that plage regions substantially decreased in spite of
the higher number of large SGs in SAC 23 while the Ca II K-flux did not decrease
by a large amount nor was it comparable with SAC 22 and relates with C and DEF
type SGs. In addition to this, the increase of facular areas which are influenced by
large SGs, caused a small percentage decrease in TSI while the decrement of plage
areas triggered a higher decrease in the magnetic field flux. Our results thus reveal
the potential of such a detailed comparison of the SG analysis with solar activity
indices for better understanding and predicting future trends in the SACs.

Key words. Methods: data analysis — Sun: activity — Sun: chromosphere — Sun:
faculae, plages — sunspots

1. INTRODUCTION (E10.7), magnetic activity, sunspot counts (SSCs),
number of sunspot groups (SGs), facular area (FA),

The variability of solar activity indices such ~ Ca II K-flux and plage area (PA) is very important

as the total solar irradiance (TSI), the F10.7 cm so-  in understanding the structure of solar activity cy-
lar radio flux (F10.7) and the E10.7 ultraviolet flux cles (SACs). Detailed statistics for the magnetic flux

© 2017 The Author(s). Published by Astronomical Observatory of Belgrade and Faculty of Mathematics, University of
Belgrade. This open access article is distributed under CC BY-NC-ND 4.0 International licence.

59



U. D. GOKER et al.

will be analyzed by comparing it with time series of
other solar activity indices according to the group
type and sunspot size. As found by the detailed
analysis of Kilcik et al. (2011), Lefévre and Clette
(2011), Kilcik et al. (2014a, 2014b), there was an im-
portant deficit in small groups after the last activity
maximum in 2002 while the number of large groups
remained largely stable.

For large (D, E and F) SGs, the monthly to-
tal number of sunspots was similar in both SACs 22
and 23, while the monthly total sunspot area (SSA)
was larger in SAC 22. The average of large SSA was
about 25% smaller in SAC 23 than in SAC 22 (Kil-
cik et al. 2011). For small (A and B), medium (C)
and decaying (H) SGs, the total number of sunspots
was higher in SAC 22 than in SAC 23. In addition
to this, the monthly total SSA was larger in SAC 22
than in SAC 23. The average areas of small sunspots
were nearly the same in both SACs. In general, the
numbers of large SGs reach maxima in the middle
of the SAC (phases 0.45-0.5) while the international
sunspot numbers (ISSN) and the numbers of small
SGs generally peak much earlier (SAC phases 0.29-
0.35) (Kilcik et al. 2011).

The TSI vary mostly because of changes in
the areas of dark sunspots and bright faculae (Chap-
man, Cookson and Dobias 1997). The number of
large and small SGs, and the maximum TSI level for
cycle 21 were higher than those for cycle 22 (Kilcik
et al. 2011). However, de Toma et al. (2004) men-
tioned that the TSI did not change significantly from
cycle 22 to cycle 23 despite the decrease in sunspot
activity of SAC 23 relative to SAC 22.

The TSI, magnetic activity, SSA and FA show
better agreement with the number of large SGs than
they do with the small ones (Kilcik et al. 2011).
However, there are two important solar activity in-
dices such as Ca II K-flux and plage regions which
still need to be analyzed and compared with varia-
tions of large and small SGs. The intensity calibra-
tion of Ca II K-line images, however, is very difficult
because of the contributions from the quiet Sun limb
darkening curve. In addition to this, observations
near the core of the ionized Ca II K-line (393.37 nm)
are one of the most effective tools in investigating the
morphology and evolution of both plages and chro-
mospheric magnetic network (Raju and Singh 2014).

In the present paper, TSI, magnetic activity,
sunspots/SGs, Ca II K-flux, FA and PA data are
examined, and a time series method is done to ex-
plain the unexpected variation in solar activity in-
dices in the last SAC (SAC 23). The aim of the
paper is comparing the relation between solar activ-
ity indices with the number and the different type of
sunspots/SGs in SACs 21-23 by applying time series

tftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA
thttp:/ /www.spacewx.com /solar2000.html
Shttp://wso.stanford.edu/meanfld/MF _ timeseries.txt
Yhttp://www.csun.edu/SanFernandoObservatory/
Ihttps://kso.iiap.res.in/data
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for the first time. We used the group length to define
the class type which is a simple but effective param-
eter to study spot groups and identify the activity
proxies. Thus, we find a relation between different
types of SGs and the variation of solar activity in-
dices.

The organization of the paper is as follows.
In Section 2, we give the data description and ex-
plain the data application technique. In Section 3,
we discuss the results and in Section 4, we present
our conclusions.

2. DATA DESCRIPTION AND
APPLICATION TECHNIQUE

2.1. Data Description

All SG classification data used here were
taken from the National Geographical Data Cen-
ter! and they include various observational param-
eters of SGs and SSCs for each group recorded dur-
ing the observed day. The data are collected by the
United States Air Force/Mount Wilson Observatory
(USAF/MWL). This database also includes mea-
surements from Ramey, Palehau, Learmonth, Rome,
Holloman and San Vito Solar Observatories, and

others. We used the Rome Astronomical Observa-
tory (ROME), and the Learmonth Solar Observatory

(LEAR) data as the principal data source for SAC
21, and SACs 22 and 23 respectively while the gaps
were filled with records from one of the other stations
listed above, so that a nearly continuous time series
was produced. For better comparison, ROME small
SGs and ROME large SGs were multiplied by 1.6 and
1.2 to match the LEAR measurements, respectively.

Here, the Zurich classification for cycle 21 and
the modified Zurich (McIntosh) classification (Mcln-
tosh 1981, 1990) data for cycles 22-23 and the first
half of cycle 24 were used (for more details, see Kil-
cik et al. 2011). We followed a technique similar to
that given in the work of Kilcik et al. (2011) dur-
ing the selection of classification. The data for TSI
and magnetic field (full disk magnetic activity of the
Sun) were taken from the SOLAR2000 data* and the
Wilcox Solar Observatory?, respectively.

The data for faculae and Ca IT K-line (393.37
nm) are based on daily synoptic full-disk images ob-
tained by photoelectric photometry of sunspots at
the San Fernando Observatory (SFO)Y. The plage
and Ca II K-flux observations were taken from the
Kodaikanal Data (KKL)I (Singh et al. 2012, Raju
and Singh 2014, Priyal et al. 2014). However, we
preferred using the Ca II K-line images from SFO to
compare with the faculae observations from the same
observatory.
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The detection of PA is very hard and only few
observatories have a reliable detection of plage data.
The KKL Observatory is one of these research cen-
ters, however, there are some problems with obtain-
ing the data. There are gaps in the data due to bad
weather conditions; the long gaps are mainly seen
in the rainy season (Priyal et al. 2014). In spite of
having some gaps depending on the large amount of
difference in weather conditions, the KKL Observa-
tory has still got one of the better plage data amoung
the stations.

2.2. Data Application Technique

We used daily FA, Ca II K-flux, PA, TSI,
magnetic field and monthly averaged SSCs data
from 1988/4/25 to 2014/12/29, from 1988/4/25
to 2014/12/29, from 1986/1/6 to 2005/12/28,
from 1981/1/1 to 2008/12/31, from 1975/5/16 to
2014/8/3 and from 1982/1/1 to 2014/5/1, respec-
tively. We firstly calculated the absolute value of the
magnetic field and then averaged it. Missing days
from time versus magnetic field data were dropped.
We applied all this data and plotted lines, scatter
and bar plots with the use of Python libraries, Pan-
das (McKinney 2010), NumPy and SciPy (van der
Walt et al. 2011) and Matplotlib (Hunter 2007) in
Python Notebook environment (Perez and Granger
2007). The application procedure with Python is as
follows:

(1) To mitigate the effect of data gaps, we col-
lected the total daily number of SGs and SSCs of
a given group type, and then averaged it over the
month, thus obtaining a parameter, essentially inde-
pendent of data gaps. The magnetic field, TSI, FA,
Ca II K-flux, PA and the ratio of FA to Ca II K-flux
data were grouped for each month in order to be con-
sistent with the monthly averaged SSCs by applying
the aggregate function of the arithmetic mean. The
merging operation allowed us to compare the data
exactly belonging to the same time step.

(2) The cross-correlation technique between
SGs and solar activity indices is applied to un-
smoothed monthly mean values, and then a simple
moving average of time series was calculated. If two
data sets were compared over months, data smooth-
ing was done by selecting the window size of the sim-
ple moving average as 7 days. This 7-day running
mean is clearly seen in the bold continuous curves in
all figures throughout the paper.

(3) Bar plots were generated by grouping the
time series data into years and averaging the data of
each year by its arithmetic mean. Each type of SSC
was normalized by dividing it by the sum of all types
of SSCs.

(4) After normalization, SSCs were grouped
by year, and then averaged for each year. As can be
seen from bar plots, the sum of all normalized and
averaged SSCs is equal to one for each year. For all
histograms, the normalization for each year is given
by:

AB N C N DEF N H
TSSN ~ TSSN = TSSN = TSSN

1 ()

where the total sunspot number (TSSN) was calcu-
lated for every month, and then each sunspot number
(SSN) divided by TSSN. Here ” AB” corresponds to
A and B type sunspot groups while D, E and F type
sunspot groups are mentioned as ” DEF” through the
paper to make the identifications easier.

(5) Performing such a normalization allowed
us to investigate the relative change of SSCs by type
for each year. In order to measure whether there is a
linear relation between different time series, Pearson
product-moment correlation coefficients were calcu-
lated. In general, the Pearson product-moment cor-
relation coefficient of two independent variable sets
containing n items can be calculated by using the
following formula:

\/nZw?—(inP\/nZy?—(Zyi)z |
2
where z1,..., x, and yi,..., Yy, are two independent
variable sets and 4 is the item index.

=Ty =

3. RESULTS AND DISCUSSION

3.1. Comparison of Sunspot Groups with
Magnetic Activity and TSI

To delineate the role of various features of the
solar activity indices, we compare the time variations
of these parameters with the different type of SG
numbers and SSCs. We further investigate the re-
lationship between these parameters during the de-
creasing phases of SACs 21-23 and increasing phases
of SACs 22-23. In Figs. 1(a) and 1(b), we plot
the sum of smoothed monthly mean number of SGs
(SMMNSGs) and monthly mean number of SSCs
(MMNSSCs) for the sunspot classes ”AB, C, H” and
"DEF” on the right hand side of the y-axis while the
left hand side of the y-axis corresponds to the scale
of magnetic field in the units of uT.

In Figs. 2(a) and 2(b), we plot the sum of
SMMNSGs and MMNSSCs for the sunspot classes
”"AB, C, H” and "DEF” on the right hand side of
the y-axis while the left hand side of the y-axis cor-

responds to TSI in the units of W/mZ. In Fig. 1, the
number of AB SGs in the maximum phase of SAC
22 is higher than in SAC 23 and it is the same in the
minimum phases (SAC 22 > SAC 21 > SAC 23) and
these SGs did not increase even in the beginning of
SAC 24. The number of C type SGs is also higher
in the maximum of SAC 22 than in SAC 23 and it
decreased to zero in the minimum of SAC 23. In
DEF groups, there has been no important difference
between all cycles and the number of these groups
in the first and second maxima are SAC 22 2 SAC
23 and SAC 22 < SAC 23, respectively while the
minima in SAC 21 showed a similar decrease to the
minima in SAC 22. H groups showed similar num-
bers in the maximum phases of SACs 22 and 23, and
no distinct data in the decreasing phase for some ob-
serving days. Our results correspond to the work of
Kilcik et al. (2014b).
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Fig. 1. Temporal variations of absolute values of monthly grouped and averaged magnetic field are compared

with time series of AB, C, H and the DEF type SGs and SSCs.

series.

The magnetic activity was distinctively lower
in SAC 23. Small and large SGs started to rise before
the magnetic activity increase occurs in SAC 23 while
SGs and magnetic activity change in a synchronized
way in SAC 22 as seen in Figs. 1(a) and 1(b). In Fig.
1(a), the second maximum of SAC 22 is seen at the
end of 1991 while C type SGs are correlated with the
first peak of the magnetic field. However, there is a
huge difference in the second peak of the magnetic
field in SAC 23 (in the middle of 2003) with C type
sunspot groups. In Fig. 1(b), the first (at the end of
1989) and the second (at the end of 1991) peaks of
magnetic field are correlated with large SGs. In con-
trast to this, the magnetic activity is substantially
lower in SAC 23 while large SGs are still comparable
with SAC 22. Lefévre and Clette (2011) also found
that there was no significant difference in the distri-
butions from D to F groups even in the short lifetime
tails and our results prove all these conclusions.

The TSI profile for cycle 23 has a distinct dou-
ble peak, and the second peak began in the middle of
2001 approximately finishing at the end of 2002, thus
coinciding with the peak of the large SG numbers
while the double peak in SAC 22 showed compara-
ble increases with large SGs. In SAC 23, large SGs
reach their maximum numbers about 2 years later
than the small ones as seen in Figs. 1 and 2. This
time difference is more effective for the magnetic field
than in TSI. Small groups are effective in TSI after

62

The thick lines are used for smoothed time

the maxima in SAC 22 (in the beginning of 1990)
and in the maxima of SAC 23 (in the year 2000) as
seen in Fig. 2(a) and C type SGs are more correlated
with TSI profiles both for SACs 22 and 23 than the
other small type SGs.

In our results for the variations of magnetic
activity and TSI, we found that the intensity of mag-
netic activity decreased even in the increasing phase
of SAC 23 while TSI did not change significantly
as compared to previous cycles. Depending on the
extended strength of SAC, the average temperature
and the magnetic field intensity decrease. Decreas-
ing temperature will cause the decrease of the radi-
ation and intensity. On the other hand, SAC 23 has
got its own pecularities than the other solar cycles
and we have referred to this unexpected variation in
SAC 23 in our first paper (Goker et al. 2017). From
this respect, we approved to apply the connection be-
tween magnetic activity, TSI, faculae, Ca II K-flux
and plage area, and different type of SSCs/SGs. Par-
ticularly, the connection between magnetic activity
and small and large SGs was compared for the first
time in our work. From this comparison, we found
that magnetic activity reached the minimum values
with lower small type SGs. Both small and large SGs
start to appear before the magnetic field increasing
occurs in SAC 23 while SGs and magnetic field are
changing in a synchronized way in SAC 22. Small
SGs are important for magnetic activity because the
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Fig. 2.
C, H and DEF type SGs and SSCs.

magnetic field is related with small SGs while TSI
values are connected with large SGs. The number
of small spots show an important decrease from the
year 2000 while the number of large spots remained
unaffected. This decreasing of small SGs caused the
main decrease of magnetic activity rather than the
strength of SAC 23. TSI values did not change sig-
nificantly during the solar cycle 23 because they re-
late with large SGs and the results of de Toma et al.
(2004, 2013) support our results.

We examined the occurrence of spot groups
based on their class type in the modified Zurich clas-
sification which is based on sunspot morphology and
group length while Lefévre and Clette (2011) and de
Toma et al. (2004, 2013) separated SGs according
to the group type/ spot size and group area, respec-
tively. This is a very important difference between
our work and the studies of Lefévre and Clette (2011)
and de Toma et al. (2004, 2013). However, all these
studies which are made by using different classifica-
tion techniques for the same data strongly support
our results.

3.2. Facular Area and Ca II K-flux

In Figs. 3(a) and 3(b), we plot the sum of
SMMNSGs and MMNSSCs for the sunspot classes
”"AB, C, H” and "DEF” corresponding to the values
of Ca IT K-flux. In Fig. 3(a), the small SGs and Ca
IT K-flux variations change synchronously in SAC 22

(1994.0, 7. 0)
Years

(1998.0, 10.0) (2002.0, 12.0) (2007.0, 2.0)

Temporal variations of monthly grouped and averaged TSI are compared with time series of AB,
The thick lines are used for smoothed time series.

while they moved away from the correlation in SAC
23 (in the year 1999). The Ca II K-flux variation
is 30% lower in SAC 23 than in SAC 22. The first
peak is not clearly seen for Ca II K-flux in the last
solar cycle (in the year 2000) and the second peak
starts in the beginning of the year 2003 as seen in
Fig. 3(b). FA and Ca II K-flux were separated from
synchronization in the beginning of 1999. FA started
to increase since the beginning of 1999 until the mid-
dle of 2009 and it started to increase again after the
year 2010. Our results for SSCs, SG numbers, FA
and Ca IT K-flux support the analysis of Kilcik et al.
(2011), de Toma et al. (2004, 2013) and Chapman
et al. (2014).

In Figs. 3(c) and 3(d), the coverage of FA on
the solar surface is maximal during the year 1990 in
SAC 22 while it is lower for SAC 23 in the year 2001.
FA highly correlates with large SGs rather than with
small groups in SACs 22 and 23. The peaks of max-
ima in years 1990-1992 for SAC 22 and 2001-2003
for SAC 23 correlate with the large SGs as well. The

area ratio of faculae to Ca II K-flux was 60% in the
SAC 22 and 69% in the SAC 23. This is because of
the decrease of Ca II K-flux in the last solar cycle

(SAC 23). The coverage of FA on the solar surface
decreased by only 20% from SAC 22 to SAC 23, how-
ever, this decrease was 30% for Ca IT K-flux.

As it can be seen in our results, Ca IT K-flux is
obviously lower in SAC 23 both for small and large
SGs, while, the Ca II K-flux variations are compara-
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ble with C (essentially) and DEF type SGs. Small
SGs (especially AB type groups) correlate with the
Ca IT K-flux in SAC 22 while they move away from
the correlation in SAC 23 (in the year 1999). In the
increasing phase of SAC 23, FA starts to increase
from 1996 to 2000 because FA correlates with large
SGs. On the other hand, the FA ratio decreases with
increasing activity levels whereas FA shows an in-
crease in the decreasing phase of SAC 23 because
of large SGs did not change significantly. Another
conspicuous feature is the separation from synchro-
nization for FA and Ca II K-flux at the beginning
of 1999. FA starts to increase since the beginning
of 1999 until the middle of 2009 and it starts to in-
crease again after the year 2010. This is because of
the connection between ”"FA and TSI” and ”Ca IT K-
flux and magnetic activity”. The decrease of small
SGs caused the decrease of magnetic activity and Ca
IT K-flux in SAC 23 while large SGs remained un-
changed. This is a normal result for Ca IT K-flux and
magnetic activity because Ca II K-flux is associated
with the flux of magnetic field. FA started to sep-
arate from synchronization depending on large SGs
and this relationship also explains the more or less
steady TSI variations between SACs 21-23 because
FA and TSI are more related with sunspot counts
and group numbers.

In Fig. (4), we applied the yearly variations
of solar activity indices in one column and all boxes
here give the percentage share of these parameters.
In Fig. 4(a), the decrease is clear for Ca II K-flux
in SAC 23 and in the ascending phase of SAC 24.
This histogram shows that, in the descending phase
of SAC 22, the Ca II K-flux decreases with the de-
creasing percentage of SGs as C > DEF > AB from
1991 to 1995. However, the total number of large
SGs are still higher in the increasing phase of SAC
23. The Ca II K-flux is increasing with DEF SGs,
however, the highest increase is seen for AB SGs.
The yearly percentage of SGs are shown as DEF >
AB > C in the decreasing phase of SAC 23, the Ca IT
K-flux substantially decreased and still does not rise
to the highest levels. From the year 2001 to 2005
the distribution of SGs was DEF > C > AB, how-
ever, AB type SGs started to increase their number
from 2006 to 2009 while the percentage of large SGs
decreased.

In Fig. 4(b), FA and Ca II K-flux show similar
variations in the increasing phase of SAC 22 from the
year 1988 to 1990. In the decreasing phase of SAC
22, the FA is higher in the year 1991 but it is still
comparable either for Ca II K-flux or the number
of large SGs. In the increasing phase of SAC 23, FA
started to increase from 1996 to 2000. The total area
of faculae was higher even in the decreasing phase of
SAC 23 (from the beginning of 2001) as opposed to
Ca IT K-flux. The average area of Ca II K-flux (and
faculae) in the descending phase of SAC 22, increas-
ing phase of SAC 23, decreasing phase of SAC 23,
and beginning of the increasing phase of SAC 24 are
37% (63%), 45% (56%), 13% (87%) and 13% (87%),
respectively.

The total area of plages decreases both for the
descending and ascending phases of SAC 23 as seen
in Fig 4(c). The most important decrease was seen
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in the descending phase of SAC 23 (SAC 22 (38%)
> SAC 23 (25.3%)), however, it was comparable in
the ascending phase of SAC 23 (SAC 22 (19.6%) =~
SAC 23 (17%)). The average of PA was distinctively
lower in the descending phase of SAC 23 (SAC 22
(36%) > SAC 23 (20%)) while it was comparable in
the ascending phase of SAC 23 (SAC 22 (23.4%) =~
SAC 23 (20.4%)).

In Fig. 4(d), we plot the grouped ratio of FA
to Ca II K-flux on the left hand side of the y-axis
while the right hand side of the y-axis corresponds
to PA, FA and Ca II K-flux for the given years on
the z-axis. The total area ratio of faculae to Ca II
K-flux, the total area of plages, faculae and Ca IT K-
flux percentages are given as 31%, 47.44%, 42% and
34.43% and 46%, 31.3%, 43.87% and 53.28% in the
descending phases of SAC 22 and SAC 23, respec-
tively.

The average values of the area ratio of facu-
lae to Ca IT K-flux, the area of plages, faculae and
Ca IT K-flux percentages are given as 31.8%, 47.40%,
43.66% and 36.78% and 39%, 26%, 38% and 47.46%
in the descending phases of SACs 22 and 23, respec-
tively. When we compare the descending phases of
SACs 22 and 23, the highest values were found for
the average area of plages in SAC 22 and only the
average area of faculae was decreased in SAC 23 in
contrast to the total area of faculae. In addition to
this, when we compare the bar plots of PA with the
averaged SSCs, they are mostly related with DEF
and C type SGs rather than AB and H class SGs.
We must remember one important thing that there
ngeég no available plage data for the whole year of

Bar graphs in Fig. 4 are very important fig-
ures in our work because they are an effective way
to compare solar activity indices between different
sunspots/SGs; they summarize large data set in a
visual form; they show how a group of variables
changes over time and this visual representation is
designed to make it easier to understand the data
presented; it may also highlight the specific relevant
features of the data; they make it easy to compare
the relative size of quantities and they allow the
reader to recognize patterns of trends far more easily
than looking at data tables.

3.3. Plage Regions

In Fig. 5(a), we plot the sum of SMMNSGs
and MMNSSCs for the sunspot classes "AB, C, H”
and "DEF” on the right hand side of the y-axis while
the left hand side of the y-axis corresponds to the val-
ues of the monthly grouped and averaged PA. In Fig.
5(a), it is clearly seen that DEF SGs start to rise be-
fore the PA evolved, however, the other SGs follow
the evolution steps of PA. In addition to this, the
area covered by plages on the Sun highly decreased
after the middle of the year 2002. In the increasing
and decreasing phases of SAC 22, the first and sec-
ond peaks of DEF SGs were seen at the beginning
of 1990 and at the beginning of 1992, respectively
while the one and only peak was seen for the PA in
the middle of 1991. In the descending phase of SAC



TEMPORAL VARIATIONS OF DIFFERENT SOLAR ACTIVITY INDICES

a) 14000 25
—— Ca Il K Flux
12000
203
A
10000 2
- =
E 3
Q
£ 8000 15;{
T
- 4
¥ 6000
¥ 102
8 a
4000 JE
o
s 50
2000 ‘y; A
i "»\vn L o
V- ,'\\"Imm y 2 A g
(1988.6,270) (1992.0, 6.0) (1996.0,8.0) __ (2000.0, 11.0) __ (2005.0, 1.0) (2009 0.30  (2013.0,5.0)
Years
b) 14000 120
12000 5
10000 - 2
—_ =2
: :
& soool |f =S
x <
3 60 %
v ]
¥ 6000 Z
8 a0 2
4000 e
w
o
2000 20
via A
(1988.0,70) (1992.0, 6.0) (1996.0,8.0) _ (2000.0,11.0) __ (2005.0, 1.0) (2009.0, 3.0) 2013.0,5.0)
Years
c) 70000 25
60000
20§
50000 g
€ s
S i 15 5
= 40000 2
s 5
!
5 30000 103
® 7}
g
20000 i =
(8]
52
10000
U J i, ik
(1988.6,2.0) (1992.0, 6.0) (1996 0,500 (20000, 1T0)  (2005.0,1.0) — (2009.0, 3.0) (2013.0,5.0)
Years
d) 70000 : 120
60000 150
5
o
50000 a
£ 80 2
5 :
£ 40000 =
© ]
< 60 7
5 30000 2
3 M =
£ a0 3
20000 N =
w
[}
10000 20

a whyin Wi
(1988.0, 4.0) (1992.0, 6.0) (1996 0, 8.0) (2000.0, 11.0) (2005.0, 1.0) (2009 0, 3.0) (2013.0, 5.8)
Years

Fig. 3. Tempoml variations of monthly grouped and averaged Ca II K-flur and FA are compared with time
series of AB, C, H and DEF type SGs and SSCs. The thick lines are used for smoothed time series.
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Table 1. Pearson correlation coefficients (r) between Solar activity indices (SI) and AB, C, H and DEF

type SGs with their errors.

SI AB (r) C(r) H (r) DEF (r)
|B| 0.63+0.12 0.63£0.16 0.46+£0.06 0.63+0.84
TSI 0.74+0.57 0.84£0.07 0.75£0.02 0.90£0.84
FA 0.71£0.09 0.86£0.17 0.75£0.05 0.90£0.48
Ca II K-Flux 0.76+0.09 0.864+0.17 0.70+0.05 0.87+0.69
PA 0.61+0.19 0.60£0.19 0.27£0.08 0.4140.53

23, the first and second peaks are seen at the end of
2000 and in the middle of 2002, respectively. How-
ever the peaks for PA were closer to each other and
they were seen approximately at the beginning of
2001. de Toma et al. (2004) showed similar results
to our conclusions.

In Fig. 5(b), we plot the monthly grouped and
averaged FA and Ca II K-flux on the right hand side
of the y-axis while the left hand side of the y-axis
corresponds to the monthly grouped and averaged
PA. From this temporal variation, we found that FA
reaches the first peak in the middle of 1990 and sec-
ond peak at the beginning of 1992 for the increasing
phase of SAC 22, however, plage regions show only
one peak at the beginning of 1991. In SAC 23, FA
shows the first peak at the beginning of 2001 and the
second peak in the middle of 2002, however, PA show
very close (double) peaks in the middle of 2001.

The total (and the average) area of plages
are decreased both for the decreasing and ascend-

ing phases of SAC 23. PA correlates with C type of
SGs more than with the other types. Only DEF SGs
start their increase before PA started to appear, and
the covered area of plages on the Sun decrease after
the middle of the year 2002. FAs evolve before the
evolution of plage regions, and they reach maximum
phases earlier than PA. Large SGs are especially ef-
fective after the year 2002 and FA is even higher
from the beginning of 2001 as opposite to the Ca II
K-flux in SAC 23. The covered area of plages on the
Sun decreases after the middle of the year 2002. FA
has a strong influence on TSI while magnetic field
is strongly related with plage regions. For the Ca
IT K-flux and plage regions, small SGs, especially C
type SGs, are important.

The Pearson correlation coefficient, r, can take
a range of values from +1 to -1. The stronger the
association of the two variables, the closer the Pear-
son correlation coefficient, r, will be either to +1 or
-1 depending on whether the relationship is positive
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or negative, respectively. If r=0, it indicates that
there is no association between the two variables. In
Table 1, we presented the Pearson correlation coeffi-
cients of solar activity indices with different sunspot
categories. As seen in Table 1, the Pearson correla-
tion coefficients of TSI, FA and Ca II K-flux highly
correlate with C and DEF type SGs while |B| and
PA coefficients have lower correlation values. Espe-
cially in PA, these lower values can easily be seen
for DEF and H type SGs. From here, we can say
that the most important variation in the last SAC
was seen for plage regions and this variation also af-
fected the emergence of the magnetic field from the
Sun. This unexpected variation in the flux of the
magnetic field in SAC 23 was caused by the different
physical features of the Sun’s itself and the dimen-
sion of PA. This variation of large SGs was especially
effective in the second maximum peak (after the year
2002) and FA were even higher from the beginning
of 2001 while PA decreased after the middle of the
year 2002. For this reason, bar graphs in Fig. 4 show
these changes more distinctly and they also identify
the lower (or higher) values of correlation coefficients
in Table 1. This is why we need to add these graphs
in our paper. The deviation from a stronger correla-
tion mainly depends two important reason: (1) small
amount of data points (e.g. PA data) and (2) unex-
pected physical conditions during SAC (e.g. SAC
23).

The coefficient of determination, r2, is the
square of the Pearson correlation coefficient. The
coefficient of determination, with respect to correla-
tion, is the proportion of the variance that is shared
by both variables. As seen from the coefficient of de-
termination values for TSI, FA and Ca II K-flux ac-
tivity indices with AB, C and DEF type SGs, the un-
certainty is lower (approximately, 20% — 30%) while
the uncertainty is increasing for the magnetic field
and PA (approximately, 60% — 90%) which is as-
sumed. This increase is caused by the unexpected
physical changes in SAC 23 and these uncertain val-
ues can only be understood from the inner and/or
surface changes from the Sun by using helioseismic
models and/or other activity models, respectively.

4. CONCLUSIONS

The anomalous activity from the beginning of
SAC 23 can play a significant role in the further de-
velopment of SAC 24 and in the forecasting of ac-
tivity parameters for the future cycles. Our current
results show the importance of solar activity indices
(especially plage regions) to the length of 11yr SAC
and their relation between the time distribution of
SGs depending on their types. In SAC 23, the sur-
faces covered by plages on the Sun were smaller and
this might have caused the increase of the ratio be-
tween facula and plage, and the magnetic flux from
the Sun was lower. In spite of a large amount of
data being available for plage regions, the reliable
detection of plage areas still needs to be put beyond
doubt.
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In our paper, we compared the relation be-
tween solar activity indices with the number and the
different type of sunspots/SGs, and found an impor-
tant connection between them. Namely, large SGs
(DEF SGs) follow SACs well-ordered than the small
ones, and C and AB type SGs follow this coherence
in the second and third orders. This is the key in-
novation from the previous studies brought by our
approach. De Toma et al. (2013) concluded that the
total SSA was about 27% lower during the maximum
phase of SAC 23 than during the maximum phase of
SAC 22, and a similar decrease was also seen in FA
and magnetic flux but not in TSI. We found a simi-
lar decrease for magnetic flux and total SSA but not
in FA and TSI. In SAC 23, large SGs reached their
maximum numbers about 2 years later than the small
SGs and this difference is more distinctive for the
magnetic field than TSI because the magnetic field
relates with small SGs and plage regions while large
SGs are more sensitive to TSI. In the same way, FAs
which connect with TSI are evaluated before the evo-
lution of plage regions, so they would reach the max-
imum phase before PAs. In this respect, we found a
linear relation between large (DEF type) SGs and
FA, and a nonlinear relation between DEF SGs and
PA. Ca II K-flux and PA variations are comparable
with C and DEF type SGs. Kilcik et al. (2011) and
de Toma et al. (2014) showed similar connection to
our results between TSI, large SGs and bright faculae
associated with them for SACs 22 and 23.

The main difference between our discussion of
spot groups and the discussion in the work of de
Toma et al. (2014) is that they divided the groups
into five categories based on their area while we sep-
arated groups into only two categories according to
their morphology as given by Kilcik et al. (2011).
We think the group length used to define the class
type is a simple but effective parameter to study spot
groups and identify the activity proxies. Chapman et
al. (2014) also indicated the importance of the year
1999 with the declining of magnetic activity and the
increasing of facular-to-spot-area ratio as it is given
in our results and they concluded that the appar-
ent decline in field strength of sunspots is due to
a changing distribution of sunspot sizes over time.
De Toma et al. (2004) also found lower values for
sunspot and facular areas for SAC 23, by about 37%
and 46% than SAC 22, respectively. We found a sim-
ilar lower value for the total area ratio of faculae to
Ca II K-flux from our results, but in spite of this, the
lower sunspot area value is found only for small SGs
(mainly AB type SGs). We also found that FA and
Ca II K-flux were separated from synchronization at
the beginning of 1999 and FA started to increase.

The results for PA include the most impor-
tant part in our discussion because obtaining the PA
data is not easy and the results obtained for the PA
data will complete a big puzzle between the solar
activity indices. The most important decrease for
the total and the average area of plages was seen in
the decreasing phase of SAC 23. From our results,
we can say that plage regions and the emergence of
the magnetic flux from the Sun have shown the most
distinctive variations between SACs 21-23 than the
other solar activity indices.
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YK 523.982.6
Cmpyunu waanax

OBne mnopemumo Opoj CyHueBux 1mera
u 6poj rpyma CynueBux mnera (SG) ca Ba-
pujarmjom Torasue wuHconmamuje (TSI), wmar-

werHe aktuBHOCTH, Call K-daykca, dparymama u
mraxkaMa. [IprMeHnIn cMO METOIY BPEMEHCKUX
cepuja 3a mobujame nmomaraka TOKOM omanajyhmx
¢aza murnyca Cyruese akrusHocTu (SAC) 21, 22
u 23, ka0 U TOKOM (pa3a mopacTa IUKIyca 22 u
23. Hamm pe3ynTatu; yka3yjy Oa IOCTOJU jaka KO-
penamuja uzmebhy mumexca CyHUeBe aKTUBHOCTU
n npomere y MaauM (A, B, C u H-momudpurosanmm
rpynama 1o llupumkoj kaacupuranuju) m Be-
menM (D, E u F) SG. Osaj monekse Heoueru-
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BaHU pe3yaTaT yKadyje na Cy IIaske 3HAUAJHO
Mame ynproc Behem Opojy Beaurux SG y SAC
23, mox ce Ca Il K-duayrc mHEje cmamuo 3a Be-
JIUKY BPENHOCT, HUTU je Omo ymopemus ca SAC
22, u omrosapa C u DEF tunosuma SG. Ilopen
Tora, mopact (akyia moj yrunajeMm Beaurux SG
Y3POKOBAO je Maju NPONEHTyaJHu man y 1Sl
IOK je cMameme Ijaska Opoy3poroBaJso Behe
cMameme (PIyKca MarHeTHOT moJba. Hamm pesyir-
TATW CTOra TOKa3yjy ma je moryhe TakBo me-
tasmuo nopebeme ananuze SG ca ungekcuma CyH-
JeBe AKTUBHOCTU 3apaj OOJber pasyMeBama u
npensubama 6ynyhux Tpemmosa y SAC.



