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Abstract

The determination of the area of sunspots is important from several points of view, e.g, in study of the evolution of sunspots and
their effect on solar irradiance. Automated sunspot area measurements are now replacing time-consuming and subjective hand-made
measurements. Also, terrestrial solar observations have been supplemented by observations from space. The resolution of the
ground observations is limited by the seeing, while space-borne observations are limited by the size of the CCD array. The use of
different data sources, as well as of different region identification algorithms, causes discrepancies in reported sunspot areas. An
important task is to determine to what extent these differences can be attributed to different analysis methods and to what extent to
different data. It is also important to establish the required spatial resolution of space-based images.
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1. Introduction

Sunspots are the most easily observable features of
the solar photosphere, while at the same time they are
important manifestations of solar activity. Because of
their importance, they have long been observed and
measured on white-light full-disk solar images in several
ground based observatories. Starting in 1996, space
observations by the Michelson Doppler Imager (MDI)
on SOHO (Scherrer et al., 1995) have also become
available. One of the most important parameters of
sunpots is their area, which is used directly or as a proxy
in many fields of investigation. Precise area measure-
ments are especially important in studies of irradiance
variations; for example, Frohlich et al. (1994) found that
one of the largest obstacles in irradiance modeling is the
incorrect measurement of sunspot area. However, area

*Corresponding author. Tel.: +33-66-361-553; fax: +33-66-311-015.
E-mail address: 1s@bekesnet.hu (L. Gyori).

data obtained with different observation and analysis
methods suffer from substantial systematic differences
(e.g., Baranyi et al., 2001; Chapman et al., 1989; Hoyt
et al., 1983; Steinegger et al., 1996). In order to take
into account (or reduce) these differences, first of all
one should reveal their causes. This paper examines
the differences between the ground-based and space-
borne images analyzed by the same image processing
method.

2. Data sources

In a previous paper (Gyori et al., 2002), we compared
sunspot areas derived from different solar images using
different image processing methods. One of the results of
this comparison is shown in Fig. 1(a). Here, we applied
the same image processing software, Sunspot Automatic
Measurement (SAM) (Gyori, 1998), to different solar
images, namely to full-disk images obtained by MDI
and ground-based photoheliograms. We found that
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Fig. 1. Projected sunspot areas in millionths of the solar disk determined by SAM from DPD photoheliograms versus from MDI figures. (a) Between
0-90° central meridian longitudes. (b) Between 0-40° central meridian longitudes.

sunspot areas derived from MDI images were about
13% larger than those derived from ground-based
photoheliograms. Since the image processing method is
the same in both cases, the found area difference should
be related to the ways the MDI and the Debrecen
Photoheliographic Data (DPD) images are taken.

2.1. DPD images

The DPD images are photoheliograms. The Gyula
Observing Station (GOS) is the main contributor to the
DPD catalogue; gaps are filled from collaborating ob-
servatories. For simplicity, we only deal with photohe-
liograms from GOS in this paper. The resolution of
these images is confined by the diameter of the objective
of the telescope and seeing conditions. The diameter of
objective is 15 cm but it is stopped down to 10 cm be-
cause, according to our experience, this is the diameter
that adapts the heliograph best to the prevailing seeing
conditions. The heliograph contains an interference fil-
ter of 10 nm effective half-width centered at 554 nm.
From these data the Rayleigh criterion for the resolu-
tion of the GOS objective is 1.4 arcsec. But, for sources
of nearly equal brightness, the superimposed airy disks
will appear non-circular for separation of about one
third of Rayleigh’s criterion (Kitchin, 1984). So, during
excellent seeing, GOS can in principle achieve about 0.5
arcsec resolution. Gyula is a small town and GOS is
sited atop a massive water tower 44 m above a grassy
park. Due to its smooth grassy environment, its height,
and the short exposure time of the photoheliograms, the
seeing conditions for solar observations are rather good
here. We estimate that the average seeing is between 1”
and 2”, but there are moments when the seeing is better
than 1”. The best of several photoheliograms taken
during the day is used for the DPD. An SBIG ST7 16
bit/pixel CCD camera is used to digitize the photoheli-

ogram. The plate scale of the CCD image is 0.3 arcsec/
pixel.

2.2. MDI images

The MDI intensity images are created by combining
five narrowband filtergrams, hence they are sometimes
described as quasi-continuum images. These images are
taken by MDI with a CCD camera near the Ni I 676.8
nm absorption line originating in the mid-photosphere
(Scherrer et al., 1995). We use the level 1.5 MDI imag-
ery, which has been further preprocessed at JPL to re-
move several sources of spurious spatial and temporal
variation (Turmon et al., 2002). An image-wide scale
factor accounts for exposure-time jitter and varying in-
strument throughput; limb darkening is removed by a
radial correction, adjusted for the sight ellipticity in-
troduced by the MDI optics; leakage of the Doppler
signal into the intensity proxy is eliminated by a veloc-
ity-dependent scaling; and finally a residual flat-field is
removed. For the purposes of this analysis, these cor-
rections are about equivalent to those used to produce
the level 2.0 MDI data product. Their plate scale is
about 2 arcsec/pixel.

3. Sunspot area analysis

There are three salient differences between the DPD
and the full-disk MDI images: (1) The DPD images
suffer from seeing; (2) the MDI images have lower res-
olution; (3) the MDI images are not continuum images.
We demonstrate below that deficiencies in seeing may
not cause the 13% difference observed in sunspot areas,
and suggest that it is the rather lower resolution of the
MDI images which adversely influences the sunspot area
measurements.
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Fig. 2. Two images of active region NOAA 7981 taken on August 2, 1996 within 17 min. (a) DPD photoheliogram observed in Debrecen at 14:31 UT.

(b) MDI quasi-continuum image observed at 14:48 UT.

3.1. Seeing effects on sunspot area

As the DPD images are taken through the Earth’s
atmosphere, one could try to explain the sunspot area
differences between DPD and MDI by arguing that due
to seeing some small spots are overlooked in the DPD
images while being present in the MDI images. More-
over, it is possible that poor seeing could in fact decrease
the area of all sunspots, causing the DPD sunspot areas
to become smaller. Three considerations lead us to reject
these arguments.

First, we compare the sunspot images in Fig. 2(a) and
(b). These two images were taken only 17 min apart. The
DPD image was taken during average seeing conditions.
It is evident that this DPD image contains more detail
than the MDI image. For example, the small sunspot
below and to the right of the main spot is clearly visible
in the DPD image but has almost vanished from the
MDI image, and the small pair at the left edge of the
DPD image appears merged in the MDI image. Similar
results are seen in other MDI/DPD comparisons; this is
fully to be expected from the specifics of the telescopes.
We conclude that under typical seeing conditions the
small spots are not overlooked in the DPD image (at
least relative to the MDI image).

Second, another way that seeing can influence the
area measurement from the DPD image is through the
so-called visibility loss, which we define as follows. Due
to symmetry, the average total sunspot area should be
the same (within statistical fluctuation) on the Sun for
all longitude bands measured from the central meridian
over a suitably long period of the time (e.g., one year
during the solar maximum). But in fact, the average
corrected total sunspot area steadily decreases from the
central meridian to the limb (Hoyt et al., 1983).This
phenomenon, the visibility loss, can be ascribed to three
interplaying effects: the decreasing intensity contrast of
the photosphere, decreasing resolution (relative to the

solar surface) of the solar image, and the seeing inter-
fering with the previous two as one goes from the center
to the limb.

Fig. 3 shows the total corrected sunspot areas in 10°
longitude bands measured from the central meridian
using sunspot areas from DPD for the years 1988, 1989,
1993, 1994, 1995, and 1996. Beyond 40° from the central
meridian we can observe a steadily decreasing total
corrected sunspot area due to visibility loss. In the band
nearest to the limb, the total corrected sunspot area is
about 85% less than in the central bands. This is a
bookkeeping artifact due to the movement of part of the
sunspot group to the other side of the Sun.

If DPD areas do suffer from a seeing-induced visi-
bility loss, it will become more pronounced at the limb.
To examine how the visibility loss at the limb influences
the area discrepancy between the two image types, we
confine the area comparison to sunspot groups within
40° of the central meridian (see Fig. 1(b)). Comparing
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Fig. 3. The normalized total corrected DPD sunspot areas plotted in
10° central meridian longitude belts for 1988, 1989, 1993, 1994, 1995,
and 1996.
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Fig. 1(a) and (b) we see no sign of difference between
them. The parameter of the regression line does not
change either if the groups between 40° and 90° central
meridian longitudes are considered. Thus, we conclude
that the smaller DPD areas cannot, in this context, be
ascribed to the visibility loss due to seeing. This last fact
might indicate that the visibility loss at the limb can be
attributed mainly to the decreased intensity contrast of
the photosphere and not to seeing — so it is present in
both DPD and MDI photograms.

Third, Steinegger et al. (1997), in their investigation
of the effect of seeing on computed area, find that for
inflexion-point based methods, sunspot area is essen-
tially invariant to seeing parameters. (The small depen-
dence they do find is that poor seeing slightly increases
area.) The method they used to determine the effect of
the seeing on the area of sunspots is as follows. At first
they determined the sunspot area on a high resolution
image (0.062” pixel~!). Then, they degraded the image
by different seeing parameters and determined the sun-
spot area on the blurred images. One of the sunspot area
determination procedures they used in this way is their
inflexion point method (IMF). The results they obtained
with IMF show that sunspot areas are very stable with
respect to seeing in the blurring range they considered
(0"-3"). As its name indicates, IMF gets information
about the border of a sunspot using the steepest inten-
sity gradient in the photogram. SAM is based on the
same idea. Thus, both of the methods use basically
the same information from the image. So the effect
of the seeing on the two methods should be the same.
From this point of view, the sunspot areas determined
by SAM on the DPD photoheliograms are not essen-
tially influenced by the seeing.

3.2. Resolution effects on sunspot area

As we exclude the causes that could make the DPD
areas smaller due to seeing, we conclude that it is the
MDI sunspot areas which are larger than the real ones.
We think that the larger MDI areas are a consequence
of the lower resolution (2" plate scale) of the MDI
continuum images. In fact, from Fig. 4 we can see that
there are many pixels which are covered only partly by
the sunspot. Due to the typically high contrast of sun-
spot regions, even partial coverage will tend to depress
intensity enough to result in a declaration of sunspot. In
the area calculation, these partly covered pixels are
counted as whole pixels which cause exaggerated sun-
spot areas.

It is expected intuitively that in the case of a round
sunspot, the measured area can be calculated as if the
radius of the spot were too large by about half of a pixel.
The relative area difference (the area difference d4 di-
vided by the area A) of two circles with radius » and
r + dr is, to first order,

Fig. 4. A circular sunspot on the CCD matrix.
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If we express 4 in millionths of the solar disk (ud),
then Eq. (1) becomes

d4 2000 dr
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where r, is the radius of the solar disk, measured in the
same units as dr. (The equations of course refer to in-
dividual sunspot areas.) We can try to verify Eq. (2)
using DPD and MDI areas. Fig. 5 shows the relative
area differences of the sunspots measured on the DPD
and the MDI images and the curve described by Eq. (1)
with dr = 0.5 pixel (1” on the MDI images). Spot radius
was determined from the area of the spot. To compile
the figure, we selected DPD and MDI images within 80
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Fig. 5. Relative sunspot area difference versus DPD sunspot area. The
continuous line is the function described by Eq. (2).
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min to decrease the scatter originating from temporal
differences between the two observations. Areas in Fig. 5
are that of individual sunspots identified on both im-
ages. The fit of the curve given by Eq. (2) to the mea-
sured data is pretty much as expected, indicating that
the larger MDI/SAM areas can be explained by the
lower plate scale of the MDI images.

We have observed phenomena related to Eq. (2) in
several cases when selecting the individual sunspots
from the MDI and DPD images for Fig. 5. We found in
several cases that stand-alone sunspots within a DPD
image seemed inside a common penumbra on the cor-
responding MDI image. This occurred even when the
observation times were so close that it was improbable
that the spots really merged. Of course, the consequence
of this resolution-induced merging is that the area of the
combined spot is larger than the sum of the individual
DRD spots.

4. Conclusions

We have given evidence that sunspot areas derived
from MDI images are larger than the true ones due to
the relatively small plate scale. The relative area differ-
ence between the MDI sunspot areas and the true ones
can be described by Eq. (2). The relative error decreases
as 1/ /A with increasing area but the absolute error in-
creases as VA4 with increasing area.

However, it remains possible that another source of
difference between these areas lies in the way these im-
ages are taken. Because the MDI images are averaged
from five slices of the continuum, there could be a non-
linear relation between the two ““intensity’’ observables.
A non-linearity would yield different results in an in-
flection-point based sunspot identification method ap-
plied to the two images. The resulting tendency to push
the sunspot boundaries inward or outward would ap-
pear similar to that shown in Fig. 5. This issue is under
investigation.

We highlight a consequence of Eq. (2). If we reduce
the linear size of a CCD pixel, the relative error in the
sunspot area will decrease by the square of the reduc-
tion. For example, reducing the linear size of a pixel by
half (doubling the linear size of the CCD array) reduces
the relative error by a factor of four. Larger space-borne

CCD arrays are clearly needed to increase the accuracy
of sunspot area measurements from space.
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