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ABSTRACT

Context. The study of solar irradiance variability is of great importance in heliophysics, the Earth’s climate, and space weather
applications. These studies require careful identifying, tracking and monitoring of active regions (ARs), coronal holes (CHs), and the
quiet Sun (QS).
Aims. We studied the variability of solar irradiance for a period of two years (January 2011–December 2012) using the Large Yield
Radiometer (LYRA), the Sun Watcher using APS and image Processing (SWAP) on board PROBA2, and the Atmospheric Imaging
Assembly (AIA) on board the Solar Dynamics Observatory (SDO).
Methods. We used the spatial possibilistic clustering algorithm (SPoCA) to identify and segment coronal features from the EUV
observations of AIA. The AIA segmentation maps were then applied on SWAP images, and parameters such as the intensity, fractional
area, and contribution of ARs/CHs/QS features were computed and compared with the full-disk integrated intensity and LYRA
irradiance measurements.
Results. We report the results obtained from SDO/AIA and PROBA2/SWAP images taken from January 2011 to December 2012 and
compare the resulting integrated full-disk intensity with PROBA2/LYRA irradiance. We determine the contributions of the segmented
features to EUV and UV irradiance variations. The variations of the parameters resulting from the segmentation, namely the area,
integrated intensity, and relative contribution to the solar irradiance, are compared with LYRA irradiance. We find that the active
regions have a great impact on the irradiance fluctuations. In the EUV passbands considered in this study, the QS is the greatest
contributor to the solar irradiance, with up to 63% of total intensity values. Active regions, on the other hand, contribute to about 10%,
and oﬀ-limb structures to about 24%. We also find that the area of the features is highly variable suggesting that their area has to be
taken into account in irradiance models, in addition to their intensity variations.
Conclusions. We successfully show that the feature extraction allows us to use EUV telescopes to measure irradiance fluctuations and
to quantify the contribution of each part to the EUV spectral solar irradiance observed with a calibrated radiometer. This study also
shows that SPoCA is viable, and that the segmentation of images can be a useful tool. We also provide the measurement correlation
between SWAP and AIA during this analysis.
Key words. Sun: UV radiation – Sun: activity – Sun: corona – Sun: atmosphere – Sun: evolution – solar-terrestrial relations

1. Introduction
Since the radiative output of the Sun is one of the main driving forces of the terrestrial atmosphere and climate system, the
study of solar energy raises is of increasing interest. Although
the long-term change in total solar irradiance (the solar energy
flux integrated over the entire spectrum) is considered to be one
of the major natural forces of the Earth’s climate system, the
study of extreme ultraviolet (EUV) and ultraviolet (UV) irradiance variability is equally important in solar physics. Indeed,
EUV irradiance is the main energy input for the Earth’s upper atmosphere with important eﬀects on the ionosphere and
thermosphere. The solar EUV and UV fluxes thus play a major role in Solar-Terrestrial relationships. Understanding their
variability is thus an important issue for space weather and climate applications.

For more than three decades, the total solar irradiance (TSI)
has been monitored from several satellites. It has been observed
that the solar energy flux changes over a solar cycle. It has been
shown that the long-term irradiance variations are attributable
to the changing emission of bright magnetic elements (Foukal
& Lean 1988; Kariyappa & Pap 1996; Worden et al. 1998;
Kariyappa 2000, 2008; Veselovsky et al. 2001; Kumara et al.
2012), whereas the short-term irradiance variations are directly
associated with active regions as they evolve and move across
the solar disk (Lean 1987). To understand and clarify the diﬀerence between the observed and modelled irradiance variability,
to know the underlying physical mechanisms of solar irradiance
variability, and to estimate the contribution of various coronal
features to EUV and UV irradiance, a detailed and accurate image analysis of spatially resolved observations from space is required. To achieve this task, a successful segmentation of the
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solar features is necessary. The image segmentation is an important tool for the reconstruction of solar spectral irradiance
(SSI) in the line of the semi-empirical reconstruction approaches
(Fontenla et al. 2009; Haberreiter 2011, 2012). The segmentation of the coronal features from the solar images is a non-trivial
task since all the features are dynamic in nature, and hence their
morphology and magnetic configuration will be highly variable.
In this paper we use algorithms belonging to the set of
Spatial Possibilistic Clustering Algorithm (SPoCA) initially developed by Barra et al. (2008, 2009) and later improved by
Verbeeck et al. (2013a,b). The algorithms within the SPoCAsuite are based on fuzzy clustering and allow separating the active regions (ARs), the coronal holes (CHs), and the quiet Sun
(QS) in the best way possible. The procedure is fast, stable in
time and space, and allows for multi-channel inputs.

2. Observations
Our analysis is based on data from The Atmospheric
Imaging Assembly (AIA; Boerner et al. 2012) instrument
on board the Solar Dynamics Observatory (SDO), the Large
Yield Radiometer (LYRA; Dominique et al. 2013), and The
Sun Watcher with Active Pixel System detector and image
Processing (SWAP) telescope (Seaton et al. 2013; Halain et al.
2013), both on board PROBA2. Level 1 data are used for both the
AIA and the SWAP imagers. The data are corrected for dark currents, flat-field corrected, bad pixels are removed, and the image
is rotated to put solar north on top of the array. The SWAP imager experiences a detector degradation of less than 2% per year.
It manifests mostly in the increase of dark currents and is hence
corrected for in the calibrated data (Halain et al. 2013). The data
of the AIA imager was also cross-calibrated to the EVE calibration rocket underflight, which resulted in a good agreement
of both. Additional calibration rocket flights will allow us to update the AIA instrument spectral calibration curve (Boerner et al.
2012). Level 3 data is used for the PROBA2 radiometer which
is fully radiometrically calibrated; the data is then averaged over
one minute (Dominique et al. 2013).
The LYRA instrument includes four broadband channels covering the spectral intervals 120–123 nm (channel 1),
190−222 nm (channel 2), 17–80 nm and a contribution below
5 nm (channel 3), and 6–20 nm and a contribution below 2 nm
(channel 4). The last two channels are the ones suitable for the
present analysis. Both overlap the SWAP bandpass (17.4 nm),
as well as the main AIA channels (17.1 nm and 19.3 nm). The
LYRA channel 3 is sensitive to chromospheric features, as its
spectral response includes the 30.4 nm line. It must be noted,
however, that since the beginning of the mission, channel 3 has
experienced a stronger degradation than channel 4, which has
resulted in a progressive rejection of the longer wavelengths of
the channel, making it more similar to channel 4 from the spectral point of view (Kretzschmar et al. 2012). Dominique et al.
(2013) describes additional details of the eﬀects of the degradation on the individual channels of the LYRA instrument and
discusses the algorithm used to correct for the instrument degradation. The characterization of the degradation of in-orbit EUV
filters and detectors is of great interest for any data analysis, especially when applying comparative analysis. Based on the work
of BenMoussa et al. (2013); Halain et al. (2013), and Boerner
et al. (2012), we understand that the degradation eﬀects on the
instruments used are such that the eﬀect on the data processing
are negligible.
Since the LYRA channels 3 and 4 include both SWAP and
AIA wavelengths and both channels are expected to show similar
A9, page 2 of 9

short-term variations in SSI, we have decided to use the channel 3 data set for our studies in this paper. For a period of two
years, starting from January 1, 2011, we selected the nearest
AIA image to map SWAP images because the AIA cadence is
longer than the SWAP cadence (10 s for AIA and 2 min for
SWAP). In order to study the long-term variations, we selected
six equally distributed images per day, therefore SWAP images
are very close to AIA images. Moreover, if the time diﬀerence
between AIA and SWAP is more than 30 min then the routine
will exclude both images. All the observations were processed
using the standard procedures available in the solarsoft library
in IDL.

3. Image segmentation with the SPoCA-suite
The SPoCA-suite is a set of multichannel fuzzy clustering algorithms that automatically segment solar EUV images into a set
of features (see Barra et al. 2009; Verbeeck et al. 2013b for a
complete presentation). We have chosen SPoCA because of the
maturity and flexibility of the program. The SPoCA algorithm
perfectly separates active region, quiet Sun, and coronal hole
classes through the minimization of a fuzzy intra-class variance.
We perform a segmentation up to 0.99 R, excluding the oﬀdisk structures. A analysis limited to the on-disk part allows us
to neglect detector noise.
To extract coronal holes, we use the fuzzy C-means algorithm (FCM) which was first introduced by Bezdek (1981).
With N the number of pixels, C the number of classes to be
clustered, and x j the intensity value at pixel j, we denote by
U = (ui j )1≤i≤C,1≤ j≤N the fuzzy membership maps, where ui j =
ui (x j ) ∈ [0, 1] and by B = {bi ∈ R|1 ≤ i ≤ C} the cluster centres.
By convention, centres are ordered by increasing intensity, i.e.
b1 < b2 < . . . < bC . The minimization of total fuzzy intra-class
variance is reached when
1
 and
ui j =   2
d (x j ,bi )
C
N
bi =

j=1

N

(1)

d 2 (x j ,bk )

k=1

u2i j x j

j=1

u2i j

·

(2)

The solution of (1)–(2) is obtained through an iterative algorithm. The FCM gives good results even with a random initialization, and produces well separated class centres.
We use FCM with four classes on the histogram of rebinned
AIA 19.3 nm images to obtain coronal holes. Indeed, coronal
holes can be best seen in the AIA 19.3 nm bandpass, hence the
use of a monochannel segmentation in this case. As a preprocessing, we apply a limb brightness correction, followed by a
square root transformation. Indeed, Anscombe (1948) demonstrated for Poisson data, that a square root transformation will
induce exact asymptotic normality and stabilizes the variance.
This square root transformation is thus useful for the extraction of low-intensity regions such as coronal holes which are
aﬀected by Poisson noise. Once the fuzzy membership maps
U are obtained, we use the “Maximum” rule to obtain a binary
CH map. That is, we assign a pixel j to the coronal hole class
(denoted “1”) whenever u1, j = maxi∈{1,...,C} ui j .
The FCM has its shortcomings, however. It is sensitive to
noise and outliers (Krishnapuram & Keller 1993), and it is not
satisfying theoretically since the membership degree of a feature to a class depends on the distance between this feature and
all other class centres. Therefore Krishnapuram & Keller (1993,
1996) introduced the possibilistic C-means (PCM) algorithm in
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order to remedy these problems. To detect active regions, we
use PCM with four classes on histogram values of 17.1 nm and
19.3 nm AIA images. Once the membership map U is obtained,
we use a “Threshold” rule to obtain the AR map. The idea is to
define the highly variable AR class as the right tail of another,
more stable class. This rule produces more stable segmentations
over time. In order to obtain AR of visually satisfying size, we
decided to use the right tail of the first (dark feature) class. That
is, all pixels j whose values are higher than b1 and for which u1, j
is smaller than 0.0001 are attributed to the AR class.
Having determined AR maps (through multichannel PCM
algorithm on 17.1 nm and 19.3 nm AIA images) and CH maps
(through mono-channel FCM on 19.3 nm AIA), we determined
QS maps as the set of pixels that belong neither to ARs nor
to CHs.
The segmentation maps are arrays with the same dimensions
as the input images; in the case of AIA it is 4k × 4k. To apply
the segmentation maps on SWAP images, it is necessary to first
match the image scale between the AIA and SWAP instruments.
To achieve this, we rebinned the AIA maps by taking the ratio
of the solar disk radii from AIA and SWAP images as a scaling parameter. For each image, both AIA and SWAP, we used
the solar radius computed in each fits file, so that the computation for both AIA and SWAP take into account the solar radius changes. Furthermore, we aligned the AIA maps to achieve
spatial alignment between AIA maps and SWAP images. We
note that the full resolution AIA segmentation maps were used
on AIA images to compute the integrated intensity values over
ARs/CHs/QS. We then rebinned these segmentation maps and
the AIA images to align them with the SWAP 17.4 nm images.
The pixels of the map can have either zero or non-zero
values. Non-zero values correspond to the pixels located in an
ARmap or CHmap. Since maps and images have the same size
they share the same coordinate system. For example, all nonzero pixels in an ARmap have the same coordinates as all the
pixels inside active regions in the corresponding AIA image.
Extracting these coordinates is easily done using the WHERE
command in IDL. Therefore, we can obtain the coordinates of all
pixels inside ARs and CHs using ARmaps and CHmaps (Fig. 1).
With these coordinates, we can easily extract the pixel values of
the ARs and CHs. In addition to the coronal features, we have
extracted the oﬀ-limb structures.
In this paper, the variations of the parameters resulting from
the segmentation, i.e. the area, the integrated intensity of the
coronal features, the integrated intensity of the full disk, and the
relative contribution to the solar irradiance, are compared with
LYRA irradiance (average for each day) of channel 3. The important results of this analysis are presented here.

4. Results
By applying SPoCA on AIA (17.1 nm, 19.3 nm) images for
a period of two years, we obtain the segmented maps. From
the segmented maps we compute (1) the integrated intensity on
SWAP and AIA images, (2) the area occupied by each feature
(ARs, CHs, and QS), and (3) the integrated intensity of these
features. We then compare these parameters with the SSI as observed with LYRA channel 3 (observed Sun as a star) average for
each day.
4.1. Intensity variations of segmented coronal features

Figures 2 and 3 represent the time series of integrated intensity of each of the coronal features for the SWAP 17.4 nm and

Table 1. Spearman rank correlation coeﬃcients between LYRA
Channel 3 and total integrated intensity (INT), integrated intensity of
ARs/CHs/QS as seen on AIA 17.1 nm, and SWAP 17.4 nm.

INT
AR
QS
CH

AIA
0.59
0.66
0.42
0.13

SWAP
0.62
0.67
0.56
0.30

AIA 17.1 nm wavelength bands, respectively. It can be seen from
the figures that the integrated intensity of QS is larger than the
integrated intensity of CHs and ARs. We also note that there
is correlation between all the parameters. In Table 1 we show
the computed Spearman rank correlation coeﬃcients of the segmented features with LYRA channel 3 observations. In Fig. 4,
we have plotted the LYRA channel 3 irradiance versus integrated
intensity of SWAP (in the top panel) and AIA (in the middle
panel), and integrated intensity of AIA versus SWAP (in the bottom panel) for the two years. As observed through the scatter
plot (Fig. 4) and the correlation results, ARs appear to be correlated very well (nearly 70% for both AIA and SWAP) to the
irradiance measured by LYRA. This indicates that the relative
AR variations are of the same order of magnitude as the SSI variations (although the physical units are diﬀerent, the intensity is
expressed in DN/s whereas the irradiance in calibrated units of
W/m2). Therefore ARs appear to have a great impact on the irradiance fluctuations. The second highest correlation coeﬃcient
is the integrated intensity versus LYRA (nearly 59% for AIA
and 62% for SWAP). Similarly, the QS appears to be correlated
well with LYRA irradiance, but less than that of ARs. Therefore
QS appear to influence the irradiance fluctuation, but less than
ARs. Finally CHs have very low correlation coeﬃcients to the
LYRA irradiance, meaning CHs contribute much less to the irradiance fluctuations than the other two. In Table 2 we present
the mean, minimum, maximum and standard deviation over time
of the integrated intensity of ARs, CHs, and QS regions derived
from SWAP and AIA full-disk images; the full-disk intensity of
SWAP and AIA, and LYRA channel 3 irradiance variations for
the years 2011 and 2012.
4.2. Area variations of segmented coronal features

Figure 5 represents the time series of the fractional area for the
three coronal features (ARs, CHs, and QS) computed from the
AIA maps, as described in Sect. 3 above. All areas exhibit a very
strong 27 day modulation due to the solar rotation. To confirm
this we have done both the wavelet and power spectrum analyses on time series of intensity of the features and integrated
parameters. In Fig. 6 we show the wavelet spectrum for AIA and
SWAP integrated intensity time series. Figure 7 shows the power
spectrum plots of all the coronal features including the LYRA
channel 3 irradiance values. It is clear from Figs. 6 and 7 that
all the coronal features exhibit the expected 27 day rotational
modulation similar to sunspots at the photospheric level. Most
importantly, from Fig. 5 we can clearly notice that the QS covers a very large portion of the Sun’s surface, whereas ARs are
small in general, but higher than the CHs. Since our study involves only two years of observations, it is not possible to make
a definite statement about the way ARs/CHs/QS filling factors
evolve throughout the solar cycle. We also find from Fig. 5 that
the area of the features is highly variable, similar to the integrated intensity variations seen in Figs. 2 and 3, and the area of
A9, page 3 of 9
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Fig. 1. Segmentation maps resulting
from SPoCA. a) AIA 17.1 nm full-disk
image, b) AIA 19.3 nm full-disk image
showing coronal holes, c) segmented active regions map from AIA 17.1 nm,
d) segmented coronal holes map from
AIA 19.3 nm full-disk image, e) segmented quiet Sun map.

coronal features have to be taken into account in the models to
explain the irradiance variations. In Table 2 we have shown the
mean, minimum, maximum, and standard deviation over time of
the variations in the fractional area of the ARs, CHs, and QS
regions (Fig. 5) derived from the segmentation of AIA 17.1 nm
and AIA 19.3 nm images for the years 2011 and 2012.
4.3. Comparison of segmented features with full-disk
intensity and LYRA irradiance variations

We have observed from the time series plots (Figs. 2 and 3)
and the scatter plot (Fig. 4) that the long-term variability of
A9, page 4 of 9

segmented features and full-disk intensity have shown a correlation with LYRA channel 3 if we exclude the days with a lot of
flare activity in LYRA. We developed a routine that looks at each
value and evaluates the average value with other surrounding
values. If the change detected was too large with respect to the
surrounding values, the tested value was removed from the series
(replaced by a NaN value). The routine was also looked at the local average and global average as another test. In Fig. 4 from the
top and middle panels we can clearly notice that for low fluctuation (small value of LYRA), SWAP and AIA integrated intensity
increases linearly. If we exclude flares and look at the “low irradiance fluctuation”, the integrated intensity of EUV telescopes
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Fig. 2. Integrated intensity over SWAP features (ARs, CHs, and QS), SWAP total integrated intensity, and LYRA channel 3 irradiance for a period
of two years starting from January 1, 2011.

Fig. 3. Integrated intensity over AIA Features (ARs, CHs, and QS), AIA integrated intensity and LYRA channel 3 irradiance for a period of two
years starting from January 1, 2011.
A9, page 5 of 9
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Fig. 4. Top panel: scatter plot between LYRA irradiance of channel 3
and integrated intensity of SWAP. Middle panel: scatter plot between
LYRA irradiance of channel 3 and integrated intensity of AIA. Bottom
panel: scatter plot between full-disk integrated intensity of SWAP and
AIA. Here the upper band/family of data points belong to 2012 and
whereas the lower family of data points correspond to 2011.

and the radiometer measurement show a correlation coeﬃcient
of approximately 0.6. In the bottom panel we have plotted the integrated intensity of AIA versus the SWAP full-disk image and it
shows the cross-correlation coeﬃcient of 0.7. From this figure it
can be seen that both detectors are almost linearly proportional.
This was expected because both instruments are EUV telescopes
with almost the same wavelength and it is a good confirmation
of the approach chosen, but we notice that there are two bands
or families of data points. The upper band corresponds to 2012,
while the lower band to 2011. The cause for the two bands or
families of data points of integrated intensity values as seen in
the scatter plot of Fig. 4 is unclear. A similar behaviour was observed by BenMoussa et al. (2013) when comparing SWAP integrated intensities against EVE computed intensity.
4.4. Contribution of on-disk coronal features and off-limb
structures to EUV and UV irradiance variations

Figures 8 and 9 represent the contribution of the on-disk coronal features and the oﬀ-limb components of all the features,
A9, page 6 of 9

Fig. 5. Fractional area (normalized) covered by the coronal features
(ARs, CHs, and QS) obtained from segmentation of AIA 17.1 nm and
AIA 19.3 nm images.

respectively, of SWAP and AIA images to the EUV and UV irradiance variations. From the figures, it is clear that the average percentage of contributions from the QS, ARs, and CHs are
about 63%, 10%, and 3%, respectively. In addition to on-disk
coronal features, we have extracted the total intensity of oﬀ-limb
regions of all the structures up to 1.3 solar radius. We summed
up all the contributions of on-disk features (ARs/CHs/QS) and
then this value was subtracted from 100 to get the contribution
of oﬀ-limb structures in percentage to EUV and UV irradiance
variability. In Figs. 8 and 9 (the dashed curves) we show the
variation of their contribution and it indicates that the average
contribution from the oﬀ-limb structures is about 24%. We noticed that the QS is the greatest contributor to the solar irradiance
and covers a very large portion of the Sun’s surface. Similarly
ARs contribute only about 10% and appears to cover a small
portion of the Sun’s surface. This means that the area appears
to have more influence on the solar irradiance. However, CHs
contribute much less to the EUV and UV irradiance variations
than the other two. Table 3 lists the mean, minimum, maximum
and standard deviation values over time in the variations of the
contributions of the on-disk (ARs/CHs/QS) and oﬀ-limb (of all
the features) features for the years 2011 and 2012.
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Table 2. Mean, minimum, maximum, standard deviation over time of the integrated ARs/CHs/QS intensity, full-disk intensity of SWAP and AIA;
and LYRA channel 3 irradiance variations.
AR

Mean
Min
Max
Stddev

1.272E+06
7.828E+04
2.694E+06
4.670E+05

Mean
Min
Max
Stddev

3.761E+08
2.510E+07
8.276E+08
1.427E+08

Mean
Min
Max
Stddev

0.02718
0.00170
0.05402
0.00839

CH

QS

Full-disk Int

DN/s
For SWAP (Fig. 2):
1.554E+05 9.371E+06
1.524E+07
1.053E+04 7.711E+06
1.198E+07
6.041E+05 1.326E+07
2.037E+07
9.429E+04 9.146E+05
1.679E+06
For AIA (Fig. 3):
5.070E+07 2.436E+09
3.887E+09
2.762E+06 1.919E+09
3.196E+09
2.160E+08 3.461E+09
5.266E+09
3.285E+07 2.446E+08
4.295E+08
Fractional area (normalized, Fig. 5)
0.03410
0.9388
0.00082
0.8466
0.12314
0.9873
0.02076
0.0220

LYRA channel 3
W/m2
0.00244
0.00209
0.00478
0.00023
0.00244
0.00209
0.00478
0.00023

Fig. 6. Wavelet spectrum for the AIA and SWAP integrated intensity time series for the years 2011 and 2012.

5. Discussion and conclusions
We have segmented coronal features using SDO/AIA (17.1 nm,
19.3 nm) and have derived the corresponding fractional area
of ARs/CHs/QS. We have compared parameters such as integrated intensity of ARs/CHs/QS and total integrated intensity
on SDO/AIA 17.1 nm and SWAP 17.4 nm images with LYRA

irradiance observations measured in channel 3 (aluminium filter channel: 17−80 nm + a contribution below 5 nm, including
strong He ii at 30.4 nm) average for each day for a period of
two years starting from January 1, 2011. We have observed from
the time series plots (Figs. 2 and 3) and the scatter plot (Fig. 4)
that the long-term variability of segmented features and full-disk
intensity have shown a correlation with LYRA channel 3 if we
A9, page 7 of 9
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Fig. 7. Power spectra for the integrated intensity of ARs, CHs, and QS and LYRA channel 3 irradiance time series derived from both AIA and
SWAP images for the years 2011 and 2012. The power is plotted in units of DN/s.

Fig. 8. Relative contribution of SWAP features (ARs, CHs, and QS), oﬀlimb structure to the whole solar flux for a period of two years. a) The
solid line represents ARs; b) double-dashed line QS; c) dashed line oﬀlimb structure; and d) dotted line represents CHs.
A9, page 8 of 9

Fig. 9. Relative contribution of AIA features (ARs, CHs, and QS), oﬀlimb structure to the whole solar flux for a period of two years. a) The
solid line represents ARs; b) double-dashed line QS; c) dashed line oﬀlimb structure; and d) dotted line CHs.
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Table 3. Mean, minimum, maximum, and standard deviation of the
variations in the contribution of on-disk (ARs/CHs/QS) and oﬀ-limb
(of all the features).

Mean
Min
Max
Stddev
Mean
Min
Max
Stddev

Contribution (Figs. 8 and 9)
AR
CH
QS
For SWAP (Fig. 8)
8.08860
1.0256 61.7403
0.37450
0.0322 49.7547
16.77958 3.8841 70.9925
2.51595
0.5965
3.1011
For AIA (Fig. 9)
9.3925
1.3142
62.918
0.4496
0.0316
49.786
19.03185
5.374
73.037
3.01749
0.806
3.439

Oﬀ-limb
29.1455
22.4888
38.7378
2.6576
26.375
18.694
37.328
2.727

exclude the days with a lot of flares activity in LYRA. As observed through the correlation results, ARs appear to be correlated very well to the irradiance measured by LYRA (0.7), QS
appear to be correlated well with LYRA irradiance (nearly 0.48)
but less than ARs, and CHs have a very low correlation coeﬃcient to the LYRA irradiance (nearly 0.18). This shows that ARs
and QS influence the irradiance fluctuations whereas the CHs
contribution is almost negligible to the irradiance fluctuations.
Therefore, ARs appear to have a great impact on the irradiance
fluctuations. The correlation coeﬃcient between integrated intensity of AIA and SWAP and LYRA irradiance is 0.62. This
indicates that the variation in the disk-integrated intensities detected by the EUV telescope follows the variation of the spectral
irradiance as observed with LYRA channel 3.
The fractional area of the ARs, CHs, and QS exhibit a very
strong 27 day modulation due to the solar rotation. Since we
have analysed only two years of data, it is diﬃcult to make any
conclusions about the way ARs/CHs/QS filling factors evolve
with the solar magnetic cycle. Hence, this is the subject of our
future research. The QS covers a very large portion of the Sun’s
surface, whereas the ARs cover a small portion, but higher than
the CHs. We also find that the area of the features is highly variable and needs to be accounted for in explaining the irradiance
variations.
In this work we discussed in detail the feasibility and usage
of EUV observations to measure irradiance fluctuations. The observations from SWAP and AIA allow us to segment the images
into diﬀerent features and to study the contribution of individual
features to the irradiance. This study also shows that SPoCA is
an eﬀective algorithm, and that the automatic identification and
segmentation of images is very useful.
We successfully showed that it is possible to use EUV telescopes to measure irradiance fluctuations. This allows us to identify and extract the diﬀerent features and to quantify the contribution of each part to the TSI. From Figs. 8 and 9 the quiet Sun
appears to have a greater contribution to the solar irradiance, up
to 63%, whereas the active regions appear to contribute only up
to 10%. The oﬀ-limb contribution of all the features to the total
is 24%. However, CHs contribution is much less (3%) to EUV
and UV irradiance variations. We also show that there is a good
agreement between SWAP and AIA EUV observations.

In our future work we will apply SPoCA on SDO/HMI fulldisk magnetograms to segment the photospheric magnetic features corresponding to segmented coronal features. This would
help us (i) to study a feature-to-feature spatial correlation; (ii) to
determine the role of magnetic field in the irradiance variability;
(iii) to determine the magnetic field fluctuations over the solar
magnetic cycle; and (iv) to understand the line-of-sight magnetic
field underlying the detected EUV features. These studies may
oﬀer a wider scope for understanding the irradiance variability
as all the EUV features have magnetic origin. This work is in
progress.
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