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Temporal variations of the solar EUV network properties
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Abstract. The chromospheric network extended to the transition region as the solar EUV network disperses
at the coronal level. The EUV emission lines from the transition region give information about different
atmospheric heights. The network properties have been obtained from the daily spectroscopic data from the
Coronal Diagnostic Spectrometer (CDS) on board the Solar and Heliospheric Observatory (SOHO) in two lines
He i 584.5 Å and O v 630 Å. The synoptic changes in the line intensity, skewness of intensity distribution, mean
contrast and network index with respect to the sunspot cycle were studied for a period of 11 years from 1996
to 2006. We have obtained the cross correlation of the monthly average of these quantities with the monthly
sunspot number. The mean intensity and skewness of the two lines generally show a positive correlation with
the sunspot cycle. The network contrast and network index of the He i shows a definite negative correlation
with the sunspot cycle. The negative correlations shown by the He i line are unexpected which could be due to
its anomalous behaviour. There are differences in the behaviour of the two lines regarding the time lag with the
sunspot cycle and the magnitude of the correlation which is always higher for the He i line. The results have
implications to the studies of solar irradiance, magnetic flux transfer and solar atmospheric dynamics.
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1. Introduction

The solar transition region is a narrow layer between
the chromosphere and corona with a thickness of about
100 km. The density drops as we move through the solar
atmosphere, and the temperature increases rapidly from
104 K to 106 K within the transition region. This sud-
den rise of atmospheric temperature remains as one of
the major unresolved problems. To explain this increase
of temperature, various mechanisms like wave heating,
fine-scale magnetic flare heating, heating by chromo-
spheric and coronal jets and spicules, etc. have been
suggested (Walsh & Ireland 2003; Klimchuk 2006; De
Pontieu et al. 2007; van Ballegooijen et al. 2011; McIn-
tosh et al. 2011; Wedemeyer-Bohm et al. 2012; Parker
1988). It is generally accepted that the increase of ther-
mal energy is due to the conversion of various wave
and magnetic energies. Recent high-resolution observa-
tions made by SOHO, Transition Region and Coronal
Explorer (TRACE), and Hinode indicate that the tran-
sition region is highly non-uniform and magnetically
structured. Through a combination of spectroscopic

monitoring and magnetic field calculations, the tran-
sition region was found to have different properties in
different regions (Tian et al. 2010). The dynamic nature
of the solar and stellar atmospheres can be known from
the spectral line shifts and broadenings. Broadened line
profiles are generally found in the transition region spec-
tra of the solar atmosphere. A systematic study of the
line broadenings and Doppler shifts performed using
SUMER on SOHO is well explained by Chae et al.
(1998) and Peter (2000). The nature of this broadening
puts constraints on possible heating process. The tran-
sition region above sunspots was found to be higher and
probably more extended (Tian et al. 2009).

SOHO, launched on 2 December 1995, has provided
a continuous view of the Sun at many wavelengths.
CDS on-board SOHO observes the solar spectrum and
detects emission lines from ions and atoms in the chro-
mosphere, transition region and corona. This gives
information on the temperature, density and line shifts
in the solar atmosphere. The synoptic studies are car-
ried out by the Normal Incidence Spectrometer (NIS) of
the CDS which takes data from two spectral windows.
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The wavelength ranges of the two spectral windows
are 308 (381 Å) and 513 (633 Å) (Harrison et al.
1995). Since the temperature of the Sun varies with the
height, various emission lines give information of dif-
ferent atmospheric heights. The EUV emission covers
a wavelength range from 100 to 1240 Å, comes from
a temperature range of 8000 K to 4 × 106 K and can
be used to obtain the physical properties of the solar
atmosphere (Harrison et al. 1997).

The relation between the magnetic field and super-
granules determines the structure of the transition region
(Gabriel 1976). The convective motions in the Sun
are seen at the surface as granules and supergranules.
The network emission in the chromosphere and transi-
tion region arises from the convection motions within
the supergranules which result in concentrations of
magnetic field at their edges (Gallagher et al. 1998).
The magnetic fields rise through the boundaries of
supergranules and continuously change the upper solar
atmosphere (Fuller-Rowell et al.2004). Numerous stud-
ies were carried out on the intensity distribution of the
quiet Sun in the solar atmosphere (Reeves 1976; Gal-
lagher et al. 1998; Griffiths et al. 1999; Pauluhn et al.
2000; Fontenla et al. 1999). The quiet Sun intensity dis-
tributions have a skewed shape with a conspicuous peak
at comparatively low intensities and a prolonged tail at
higher intensities (Shakeri et al. 2015). From the Sky-
lab observations in the 1970’s, the resemblance of the
EUV emission network with the Ca ii chromospheric
network is evident (Reeves et al. 1974).

An interesting feature of the transition region images
is the strong intensity increase at the supergranule
boundary in comparison with the cell interior (Reeves
et al. 1974). For the EUV images formed in the chro-
mospheric and transition region, the intensities above a
value close to the mean can be identified with the bright
network, and those below represent the cell interior
(Gallagher et al.1998). For the quiet Sun, Reeves (1976)
found that the contrast between the network and the cell
interior emission is largest for lines formed at 105 K and
decreases at higher and lower temperatures. For the lines
formed in the range 104 K to 105 K, approximately 85%
of the observed intensity comes from 35% of the solar
surface at the supergranular boundary (Reeves 1976).
Curdt et al. (2008) explained the transition region red-
shift using the network contrast. According to Reeves
(1976), for coronal lines the network contribution is
only 50% of the total intensity, whereas for chromo-
spheric and transition region lines, it is between 60 and
75% of the quiet Sun intensity. Schrijver et al. (1992)
and Gallagher et al. (1998) found that the network cov-
erage is about 50% in the Lyman line and in the emission

lines of C ii and O vi. Gallagher et al. (1998) reported
that the contrast decreases with temperature from the He
i to the He ii lines, and then increases with temperature
up to O v. Also the network is more well-defined in the
transition region than in the chromosphere. The length
scale of the network generally shows an increase from
the chromosphere to the transition region (Gontikakis
et al. 2003; Tian et al. 2008; Patsourakos et al. 1999).

This paper discusses the various properties of the
EUV network in the solar transition region like the mean
intensity, skewness of intensity distribution, network
contrast and network index. Using the spectroscopic
synoptic data from SOHO/CDS, the temporal changes
of the network properties were examined for a period of
11 years during 1996–2006. The temporal variations of
these properties are correlated with the solar cycle vari-
ations. As mentioned above, network is an important
component which contributes to the solar irradiance.
The two lines considered, He i 584.5 Å and O v 630
Å give us information about the two heights in the
solar atmosphere. This will give some insight on the
transition region heating and the corresponding energy
transfer.

We obtain the following properties of the network:

(1) The mean intensity of the observational window.
(2) Skewness of the intensity distribution of the

network which gives a measure of asymmetry.
Skewness can be calculated using the equation

Skewness (S) = 3(mean − median)

standard deviation
. (1)

(3) Network contrast is the difference in brightness
that makes the network distinguishable. Contrast
can be defined using the standard expression

C = Imean(network) − Imean(cell)

Imean(network) + Imean(cell)
, (2)

where Imean(network) is the mean intensity of the
network and Imean(cell) is the mean intensity of
the cell interior.

(4) The network index or the normalised network
area is defined as the number of pixels with a
value above Imin divided by the total number of
pixels within the image.

2. Data and analysis

The data were obtained from the CDS SYNOP obser-
vations (Harrison et al. 1995). All SYNOP versions
included the He i and O v lines. The details of the obser-
vations and emission parameters are given in Tables 1
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Table 1. Observation details.

Instrument CDS/NIS
Slit 2 × 240 arcsec
Pixel resolution 2.03 × 1.68 arcsec
Exposure time 15 s
Wavelength range 1 Å

Table 2. Details of emission lines. The
columns represent the ion, wavelength and
the formation temperature respectively.

Ion λ (Å) log T/K

He i 584 4.5
O v 630 5.4

and 2. The SYNOP data consisted of nine raster images
over the solar meridian with each image having a size
of 4 × 4 arcmin. Only the central image which is over
the disk center was considered. The exposure time was
15 s and a raster image involved 120 steps which took
about 42 min to complete. We have also considered
only those images whose intensity lies within the two
sigma level of the mean intensity of all images. This will
avoid the images with active regions. Hence the obser-
vational window included the quiet-Sun and the coronal
hole regions. If there was no quiet-Sun region near the
disk center on a particular day, that data was omitted.
In addition, there were several data gaps due to instru-
ment problems, bad exposure, etc. The data covered a
period of 11 years from 1996 to 2006 which involved
about 2675 images. Analysis was done by using Solar
SoftWare (SSW) in Interactive Data Language (IDL)
environment. The data were first corrected to remove
the effects of cosmic rays and then flat-fielded. Finally,
they were calibrated to convert the photon count rates
into absolute units, (cm−2 s−1 arcsec−1). Spectral purity
of the images was ensured by selecting a wavelength
range that included only the line of interest. We consid-
ered only those images whose intensity lies within the
two sigma level of the mean intensity of all images. This
helps avoid images with plages at the higher intensity
level, and those with exposure problems at the lower
intensity level.

The next step is to decide the network points. For this,
we obtain the median-filtered image with a structural
element of 15 × 15 pixels. The original image was then
divided by the filtered image. The threshold intensity of
the network, Imin was found by trial and error. The area

and intensity of the network elements in each image
was obtained by selecting those pixels with intensity
above the chosen threshold. By trial and error, pixels
with values above 1.14 (for He i window) and 1.16 (for
O vwindow) in the resultant image were marked as net-
work areas and below that the cell interior. The contrast
is obtained from the mean values of the network and
cell interior.

3. Results and discussion

Most of the EUV lines are known to show significant
variation from solar minimum to solar maximum. Also,
the intensity distributions for the network and the cell
are significantly different in most of the lines below
the coronal level (Raju 2010). We have first obtained
the mean intensity of the window from the selected
images. The aim is to see the solar cycle variation of
the intensity which mostly originates from the network.
The monthly sunspot number during the period 1996–
2006 is given in Figure 1. The temporal variations of
intensities of the lines are given in Figure 2. The indi-
vidual measurements show a large scatter. The average
intensity values obtained are 59 ± 20 units for the He i
line and 23±5 units for the O v line. The average inten-
sity is given in units of photons cm−2 s−1 arcsec−1. The
monthly average of the intensity values are also plotted
in the figure which show a general positive correlation
with the solar cycle. We have also obtained the cross
correlation of these quantities with the monthly sunspot
number which are also plotted. For the He line, the max-
imum correlation coefficient is 0.57 with evidence of
lags at about 6 months and 1.5 years. The O line shows
a reduced correlation coefficient of 0.23 with no clear

Figure 1. Variation of the monthly sunspot number during
the period 1996–2006.
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Figure 2. The left panels show the temporal variation of the
intensity. The dots represent the individual measurements and
pluses represent the monthly average. The right panels show
the cross correlation of the monthly average with the sunspot
number as a function of lag.

evidence of a lag. A few months of lag is generally
expected between the sunspot number and the network
properties as it may take some time for the dispersed
flux to reach the network.

The temporal variation of skewness of intensity dis-
tribution is given in Figure 3. The average values of
skewness obtained for the He i and O v lines are
0.60±0.19 and 0.72±0.13, respectively. The monthly
average shows a clear positive correlation with the
sunspot number for both the lines. The cross corre-
lations of these quantities with the monthly sunspot
number are obtained. The He line shows a maximum
correlation coefficient of 0.75 with evidence of lag at
about 6 months. For the O v line, the maximum cor-
relation coefficient is 0.65 with no evidence of a lag.
The skewed intensity distribution of the EUV lines is
well-known from the Skylab days (Reeves et al. 1974).
The high correlation of the skewness and sunspot cycle
can be attributed to the availability of excess magnetic
flux during solar maximum periods which contribute to
the higher intensity tail of the distribution (Caccin et al.
1998; Raju & Singh 2002). It can also be seen that the
average skewness is higher for the O v but the correla-
tion with the solar cycle is more evident for the He i.

Next, we obtained the contrast between the net-
work and cell interiors from the intensity images. The
temporal variations of the network contrast are given
in Figure 4. The average value of the network contrast

Figure 3. Temporal variation of the skewness of intensity
distribution given in the left panels. The dots represent the
individual measurements and pluses represent the monthly
average. The right panels show the cross correlation of the
monthly average with the sunspot number as a function of
lag.

Figure 4. Temporal variations of the network contrast are
given in the left panels. The dots represent the individual
measurements and pluses represent the monthly average. The
right panels show the cross correlation of the monthly average
with the sunspot number as a function of lag.

for He i is 0.20 ± 0.02, and that for O v is 0.28 ± 0.03.
According to Thompson (2006), Gallagher et al. (1998)
and Raju (2010), the median contrast in the O v line is
higher than that of the He i line which agrees with our
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Figure 5. Temporal variations of the network index are
given in the left panels. The dots represent the individual
measurements and pluses represent the monthly average. The
right panels show the cross correlation of the monthly average
with the sunspot number as a function of lag.

result. This supports the well-known observation that
the network is most prominent in the mid-transition
region (Reeves 1976). The monthly averages show a
complex picture as compared to the previous cases.
The cross correlation with the monthly sunspot number
given in the figure shows a negative correlation with a
coefficient of −0.42 for the He i. The anti-correlation
is rather surprising because the additional flux accu-
mulated at the network boundaries during maximum
periods is expected to enhance the contrast between
the network and the interior. The enhanced network
obtained from Ca ii K chromospheric line show some
evidence of increased contrast with the cycle (Worden
et al. 2014). For the O v line, the correlation coefficient
is 0.12 at zero lag which raises to 0.36 at a lag of ten
months. The positive correlation is expected although
the lag is somewhat surprising as it is not evident in the
previous cases.

Finally, the network indices for the two lines were
obtained from the images. The temporal variations of
the network index are given in Figure 5. The average
value of the network index for He i is 0.31 ± 0.03, and
that for O v is 0.37 ± 0.02. These values are slightly
greater than the value reported for the Ca iiK line which
is about 0.3 (Caccin et al. 1998; Singh et al. 2012). The
higher value of O v again implies the prominence of the
network in the transition region. The monthly averages
of the network index show a negative correlation with

the sunspot cycle for He i line and a lack of correlation
for the O v line. The cross correlation with the monthly
sunspot number plotted in the figure gives a correla-
tion coefficient of −0.58 for the He i and 0.13 for the
O v line. The observations of the chromospheric Ca ii
K line have reported a positive correlation between the
network index and the sunspot cycle (Priyal et al. 2014;
Raju & Singh 2014). So a similar positive correlation is
expected in the case of the transition region lines, He i
and O v. The prominent negative correlation in the case
of He i is interesting and probably reported for the first
time. The He lines are known to show anomalous behav-
ior due to the resonance scattering mechanism of the line
emission and large optical depth (Gallagher et al. 1998;
Patsourakos et al. 1999; Jordan et al. 2001). The nega-
tive correlations of the network contrast and index with
the sunspot cycle for the He i line are further examples
of its anomalous behavior, and are probably related to
each other. The O v line emission is dominated by the
collisional excitation, while the He i line is contributed
by both collisional and photo excitations. Through
resonant scattering, He i emission is affected by the
coronal emission which is different in the quiet-Sun and
the coronal holes. This means that the network regions
in the quiet-Sun are at a higher intensity level than
that in the coronal hole region. Our observational win-
dow includes both quiet-Sun and coronal hole regions
which could make the long-term variation of network
properties somewhat complex. Detailed modelling is
needed to fully understand the implications of the
results.

Network is the main contributor to solar irradi-
ance and they are also known as the source region
of energetic phenomena like jets and spicules. Recent
high-resolution IRIS observations have revealed that
the two dominant contributors to the transition region
emission are fast intermittent jets (Tian et al. 2014)
and rapidly varying loops (Hansteen et al. 2014), both
rooted in the transition region network. Hence studies of
its properties and temporal variations are useful in mod-
elling the solar atmospheric heating, energy transfer and
irradiance. Although the He i line does not always show
the transition region characteristics due to its anomalous
behavior, the results in general show that the network
properties vary with the solar cycle which can affect the
energy budget of the loops and jets.

4. Conclusions

An extensive study of the network properties have been
carried out using the SOHO/CDS SYNOP data for a



29 Page 6 of 7 J. Astrophys. Astr. (2019) 40:29

period of 11 years from 1996 to 2006 which almost
covered the Solar Cycle 23. The physical characteris-
tics of the solar EUV network like the mean intensity,
skewness, contrast and the network index were obtained
in the emission lines He i 584.5 Å and O v 630 Å. The
temporal variations of these characteristics were com-
pared with the sunspot cycle. It has been found that the
mean intensity and skewness of the two lines show a
positive correlation with the sunspot cycle. The average
skewness is higher for O v but the correlation with the
solar cycle is more prominent for He i. The two lines
show different behaviour in terms of lag. The He i line
shows some evidence of lags but no clear evidence of
lag in the case of the O v line. The average value of
the network contrast for He i is 0.20 ± 0.02, and that
for O v is 0.28 ± 0.03. The cross correlation with the
sunspot number shows a negative correlation for the He
i and a positive correlation with a lag of ten months for
the O v line. The average value of the network index
for He i is 0.31 ± 0.03, and that for O v is 0.37 ± 0.02
which are slightly greater than the value reported for
chromospheric Ca ii K line. The monthly averages of
the network index show a negative correlation with the
sunspot cycle for He i line and a lack of correlation for
the Ov line. This is entirely different from the behaviour
of the Ca ii K line which shows a positive correlation
between the network index and the sunspot cycle. The
results generally support the fact that the network is
most prominent in the mid-transition region. The neg-
ative correlations of the network contrast and the index
with the sunspot cycle for the He i line are reported
for the first time which need to be further probed by
observational and modelling efforts.
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