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Abstract. A digital CCD all-sky spectrograph was made by
the Polar Geophysical Institute (PGI) to support IPY activity
in auroral research. The device was tested at the Barents-
burg observatory of PGI during the winter season of 2005–
2006. The spectrograph is based on a cooled CCD and a
transmission grating. The main features of this spectrograph
are: a wide field of view (∼180◦), a wide spectral range
(380–740 nm), a spectral resolution of 0.6 nm, a background
level of about 100 R at 1-min exposure time. Several thou-
sand spectra of nightglow and aurora were recorded during
the observation season. It was possible to register both the
strong auroral emissions, as well as weak ones. Spectra of
aurora, including nitrogen and oxygen molecular and atomic
emissions, as well as OH emissions of the nightglow are
shown. A comparison has been conducted of auroral spec-
tra obtained by the film all-sky spectral camera C-180-S at
Spitsbergen during IGY, with spectra obtained at Barents-
burg during the last winter season. The relationship between
the red (630.0 nm) and green (557.7 nm) auroral emissions
shows that the green emission is dominant near the minimum
of the solar cycle activity (2005–2006). The opposite situa-
tion is observed during 1958–1959, with a maximum solar
cycle activity.

Keywords. Atmospheric composition and structure (Air-
glow and aurora; Instruments and techniques) – Magneto-
spheric physics (Polar cap phenomena)

1 Introduction

The spectral characteristics of auroral luminosity inside polar
caps differ from that measured in the main auroral ovals. The
main difference is that in the polar caps the intensity of in-
tegral luminosity and of some auroras is significantly lower
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than in the auroral oval. Besides, a large region of red lu-
minosity in the emissions 630.0–636.4 nm (Yevlashin, 1961;
Sandford, 1961; Sandholt et al., 1993, 2002) appears near the
northern boundary of the oval.

The Polar Geophysical Institute continues the tradition
of spectral observations in Spitsbergen, which were started
by the Russian expedition in 1899 (Chernouss et al., 2005)
and continued in 1957–1959 during the International Geo-
physical Year (Yevlashin, 1961). A meridian scanning pho-
tometer and low light level all-sky TV (SIT) camera are
in operation at the Barentsburg observatory of PGI. The
aim of this paper is to present a new CCD all-sky spec-
tral camera S-180. In addition, a preliminary estimation
of the characteristics of auroral luminosity in the emissions
557.7 nm and 630.0 nm are presented. The data are observed
in the polar cap of the Northern Hemisphere at Barentsburg
(8∼74.4◦ N, 3∼130.7◦ E) during the minimum of solar ac-
tivity (2005–2006) using the new spectrograph. A compari-
son of these spectra with the ones which had been registered
in the years of very high solar activity (1958–1959) in Pyra-
mida (8∼74.7◦ N, 3∼130.8◦ E) is presented.

2 Equipment and methods

A Digital CCD all-sky spectrograph S-180 was made by the
Polar Geophysical Institute (PGI) to support forthcoming In-
ternational Polar Year (IPY) activity in auroral research. The
device was tested at the Barentsburg observatory during the
winter season of 2005–2006. The spectrograph is based on
cooled CCD and a transmission grating. The main features of
this spectrograph are: a wide field of view (∼180◦), a wide
spectral range (380–740 nm), a spectral resolution of 0.6 nm,
background level at 1-min time exposure is about 100 R (see
Table 1). The general view, the optical diagram of the S-180
and samples of auroral and nightglow spectra are shown in
Figs. 1–4. The performance of the spectrograph’s parameters

Published by Copernicus Publications on behalf of the European Geosciences Union.



1122 S. A. Chernouss et al.: CCD all-sky spectrograph at Barentsburg

Table 1. Instrumental parameters of the All-Sky CCD Image Spec-
trograph S-180.

Field-of-view (degrees) 180×0.75
Angular resolution (degrees) 0.25
Spectral range (nm) 380–740, 420–870
Spectral resolution (nm) 0.6
background level for 557.7 nm (R) 100
Dynamic range 65 536
Sampling rate (frame/min) 1
Temperature range −45. . . +30◦C
Power 90–264 V/47–63 Hz

Fig. 1. The auroral CCD spectral camera S-180 at PGI Barentsburg
observatory.

is compared with similar all-sky spectral instruments made
by other researchers: film all-sky spectral camera C-180-S
(Lebedinsky, 1961); all-sky spectrograph ASG (Koizumi et
al., 2004). Figure 5a, b shows photos of the C-180-S spectral
film camera. Figure 5c, d demonstrates examples of auroral
spectrum obtained by the C-180-S camera during the 1958–
1959 years in Pyramida (Spitsbergen). Obviously, the new
device permits us to obtain auroral spectra with higher time
resolution (about two orders). Table 2 gives us a comparison
between spectrographs.

3 Data and results

The red-to-green ratio of auroral oxygen line intensity is a
good indicator of the energy spectrum of the precipitating
electrons. The auroral oxygen emission O[I] 630.0 nm is
excited by particles with energy of few hundred ev and the
emission O[I] 557.7 nm by particles with an average energy
1–10 kev (Rees, 1989; Vallance Jones, 1974; Sandholt et al.,
2002). The aurora with dominating intensity of the red emis-
sion at the top part of auroral forms was classified as “type A
red” aurora (International Auroral Atlas, 1963; Chamberlain,

Fig. 2. Optical diagram of the auroral CCD spectral camera S-180.

Table 2. Spectrograph’s parameters comparison.

Type C-180-S ASG S180

Year 1957 1999 2005
field of view (deg.) 180 180 180
spectral range (nm) 380–680 447–766 380–740

420–870
spectral resolution (nm) 1.4 2.0 0.6
angular resolution (deg.) 0.57 0.72 0.25
background level for
557.7 nm (R) 300 50 100

1961). Type A red aurora are usual for the cleft region pre-
cipitations and they could be a signature of penetration of
the solar wind soft particles into the magnetosphere and up-
per atmosphere. Spitsbergen is one of the best places for
measurements of aurora of this kind. A comparison of an
occurrence rate of auroral events with dominant red or green
emission during both high and low solar activity can give us
valuable information on the primary source of type A red au-
rora. We have a good opportunity to perform this analysis
based on auroral spectra measurements at Spitsbergen in the
1958–1959 winter season (years of high solar activity) and
in the 2005–2006 season (years of low solar activity). The
original data of 1958–1959 (Pyramida) were taken from the
World Data Centre – WDC-B2 in PGI and from the expedi-
tion of PGI to Spitsbergen in 2005–2006 (Barentsburg). The
film camera C-180-S data of 1958–1959 from Pyramida were
analyzed by standard visual comparative photometry method
(Yevlashin, 1961). Digital data of the S-180 CCD camera
from Barentsburg were processed and analyzed by the meth-
ods derived (Roldugin et al., 2006) to compare the old film
spectral data from Pyramida with the new digital data from
Barentsburg. A standard time exposure of the film camera
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Fig. 3. Example of an auroral spectrum registered by CCD spec-
tral camera with 1-min exposure (lower panel) and auroral image
registered by the TV (SIT) camera in Barentsburg (upper panel).

was 10 min. The integration time of the CCD camera data
was also 10 min. The period of observations in Pyramida
lasted from November 1958 to February 1959. The monthly
averaged number of sunspots was 172 in this time interval.
The total number of samples suitable for analysis was 1703.
The period of observations in Barentsburg lasted from De-
cember 2005 to January 2006. The monthly averaged num-
ber of the sunspots was 28. The total number of the inte-
grated spectra was 905. The ratio I 630.0/I 557.7 was calcu-
lated from the data of both stations. The criterion of choos-
ing between “the red” and “the green” aurora was the ra-
tio 1.5. This rough criterion is based on the spectral response
of the human eye and it is connected with a visual detection
level of auroral red color and comparison of this level with
instrumental spectral observations (Sandford, 1961; Hanna
and Anger, 1971). If the intensity of the red line exceeds 1.5
times the green line intensity in an auroral pattern, this pat-
tern was identified as “the red” aurora. “The green” aurora

Fig. 4. Example of the nightglow spectrum registered by CCD spec-
tral camera with integration time one hour (low panel) and night-
glow image registered by the TV (SIT) camera in Barentsburg dur-
ing time without aurora (upper panel).

was indicated in the opposite case, if this ratio intensity of
the red line did not exceed 1.5. A comparative evaluation of
the intensities ratio in 1958–1959 showed that the intensity
of the emission 630.0 nm exceeded 1.5 in 719 spectra, i.e.
42.2% of the analyzed spectra (Fig. 6). It was found that the
number of spectra, in which the intensity of the red emission
exceeded the intensity of the green emission by factor of 1.5
and more was only 2.4% in the 2005–2006 data (Fig. 6).
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Fig. 5. Auroral spectral camera C-180-S(a, b) and typical auroral
spectra obtained in Pyramida(c, d).

4 Discussion and conclusion

A number of auroras under our analysis can conventionally
be considered as red type A aurora, during the periods of both
high and low solar activity. This is coincident with the results
of Yevlashin (1961, 2005); Sandholt et al. (2002), where fea-
tures of the red and the green oxygen emission intensities
in the cleft region were considered. In the present study, it
is shown that the character of the auroral luminosity in the
minimum of solar activity changes significantly compared
to the period of high solar activity. The red type A aurora
occurrence rate is negligible relative to the occurrence rate
of the green aurora near the minimum of solar activity cy-
cle while those occurrence rates are nearly equal near the
maximum of solar activity (Fig. 6). The reason for such a
big difference could be in the different parameters of the so-
lar wind and (or) position and movement of the auroral oval
polar boundaries (Stringer and Belon, 1967; Feldstein and
Starkov, 1968; Vorobiev et al., 1984). The latter supposi-

Fig. 6. Comparison of the relative distribution of auroral events with
red or green oxygen auroral emissions.

tion, unfortunately, is not a part of the results of Yevlashin
(2005), who showed that the average annual number of ob-
servations of type A red aurora completely corresponds to
the solar activity variations in the 11-year cycle on the basis
of Murmansk (8∼64.1◦ N, 3∼126.5◦ E) spectral camera C-
180-S measurements. Therefore, we can suggest that the in-
crease in the occurrence rate of the red type A aurora during
solar maximum years is a common feature both in the po-
lar cap and the auroral zone. This result requires a common
source of soft particle fluxes responsible for the red emission
excitation during both high and low solar activities. One of
the candidates may be an increased value of the solar wind
plasma density during high solar activity and auroral distur-
bances. Such a possibility is pointed out in Khviyuzova and
Leontiev (2002); Vorobiev and Yagodkina (2006), where the
appearance of the red auroral oxygen emission is related to
the solar wind parameters. These results indicate that the so-
lar wind plasma can rather effectively penetrate deep into the
region of closed field lines in the dayside magnetosphere and
into the Earth’s nightside under special conditions. The exact
mechanism remains to be identified.

The new S-180 camera measurements allow, for the first
time, to compare the ratios of the red and green oxygen emis-
sion intensities in the polar cap during the high and low solar
activity. This work will be continued to better understand the
solar wind and magnetosphere contribution to the process of
formation and excitation of the red type A aurora.
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