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Abstract This paper describes the Auroral Station in Adventdalen near Longyearbyen Svalbard
78°N 15°E . The main instruments at the site are for optical observation of aurora and air-
glow but magnetic and radar observations are also carried out. Emission spectra show the differ-
ence between the dayside and nightside optical aurora. A newly compiled mesospheric tempera-
ture series from the station is also presented derived through 20 years of spectral measurements
of the hydroxyl airglow layer.
Key words auroral optics cusp nightside and dayside aurora airglow hydroxyl emissions
triangulation  proton and electron precipitation.

1 Introduction

The Auroral Station in Adventdalen was built in 1978 and has worked as an optical site for
ground — based observations of the dayside and nightside aurora in the polar cap. Figure 1 shows
a photograph of the station together with a typical storm type aurora Simmons et al. 1996 . The
station is in daytime located underneath the average dayside aurora oval. The two months of as-
tronomical darkness at mid — winter makes the location to one of the most ideal places for ground
— based observations of the daytime aurora.

The station has a fairly large group of high resolution low light level optical instruments.
Data from these instruments have been used widely in publications throughout the last two
decades of auroral/space research. Sigernes 1997 determined the publication rate of the sta-
tion to be about 1 paper per month. The number of graduated doctoral candidates using station as
their main laboratory is 10.7 from the Optics Group at the Geophysical Institute University of
Alaska UAF and 3 through the Geophysical Department at the University Courses on Svalbard

UNIS . About 30 masters degree students from several institutions throughout the whole world
have stayed to collect data for their thesis. Numerous scientific campaigns have been carried out
with the station as headquarters. The University of Tromso UiTo is the owner of the site and
the University of Alaska Fairbanks contributes both with instruments and funds. The geophysics
group at UNIS has become one of the new users of the station with both teaching and scientific
objectives as primary goals. The Geophysical department at UNIS has the daily operational re-
sponsibility. A Scientific Station Board SSB is responsible for coordinating the experimental
activity carried out at the station. UNIS leads SSB. Each user is requested to pay an annual fee
to UiT6 to cover the operating expenses of the station.

The main instruments at the site will be presented together with samples of data obtained
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Fig.1. The Auroral Station in Adventdalen Norway. Photograph of Storm — type aurora at 23 48 GMT on January
17 1994  Simmons et al. 1996 .

from the station’ s last two decades of successful operation. Finally we will give a present status
report of the station followed by future recommendations.

2 Instrumentation

The optical instruments at the station are used to study a variety of problems including day-
side and nightside aurora airglow and dynamics of the thermosphere and mesosphere. The in-
struments are grouped into mainly four categories 1 all — sky cameras and narrow field of view
imagers 2 meridian scanning photometers 3 spectrometers/spectrographs and 4 scan-
ning/imaging interferometers.

During the auroral winter season approximately 25 instruments are operated at the station
20 optical and 5 non — optical respectively. A detailed description of the performance and the
scientific objective of each instruments is found at the stations web server http //haldde. unis.
no.

3 Data presentation

Out of the above assembly of instruments there are 5 instruments that qualify as basic or
key instruments in the daily operation of the station. Data from these instruments are fed to the
station’ s main server which produce quick plots on the internet available to ongoing campaigns
and the scientific community. The basic instruments are the Meridian Scanning Photometer

MSP  a All - Sky Camera AILSC and the 3 Ebert Fastie spectrometers. Auroral morphology
is mapped by the camera followed up by the MSP to give intensity ratios between the different
channels. The spectrometers give us the spectral information. As an example of data from the
station Fig.2 shows MSP data obtained from the SCIFER Sounding of the Cleft lon Fountain
Energitization Region sounding rocket campaign in 1995. The launch was from Andéya rocket
range with the station as headquarters. The energetic electron trapping boundary is clearly locat-
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ed between the poleward edge of the pulsating aurora and the equatorial edge of the dayside auro-
ral oval discrete poleward-moving auroral forms first identified by Sandholt et al. 1986 .
These observations were confirmed by the particle data of the rocket. Another powerful technique
is to triangulate with the MSP in Ny-Ulesund located 118 km geomagnetic north of the station

Sigernes et al. 1996¢ . Figure 3 shows the height distribution of the poleward moving auroral
form which was the target of the rocket. The characteristic electron energy of the primary elec-
trons was estimated by the red to green ratio to be around 0.3 keV. This is consistent with the
rocket” s particle data and the altitudes of maximum emissions respectively. The main proton
fluxes were observed poleward of the trapping boundary Lorentzen et al. 1996 . The proton
signatures associated with dayside activity was first observed from ground by Henriksen et al.

1985 . Sigernes et al. 1996a confirmed these measurements and observed that the dayside
proton precipitation have a bursty or pulsed nature. According to figure 4 the width and shape
of the Doppler profile indicate that the initial energy of the precipitating protons are in the order
of 1 keV cf. Sigernes 1996b and believed to be directly connected the reconnection process at
the dayside magnetospause Deehr et al. 1998 .
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Fig. 2. Meridian Scanning Photometer MSP  from the Auroral Station in Adventdalen 25 January 1995. The red
green and blue colors represents the auroral emissions 6300 Ol 5577 U Ol and 4278 U N, 'NG  respectively
Lorentzen et al. 1996 .

Fig.5 and 6 show the typical difference between mid — day cusp aurora and night — time
aurora respectively. The molecular emissions are completely absent on the dayside. Indicating
that the source particles do not have enough initial energy when entering the top of atmosphere to
excite the molecular layers in the lower thermosphere which is consistent with atomic emission
height profiles of figure 3. Also note that the night — time emissions are in the kR range while
the daytime atomic line intensities are around tens of R.

The mesosphere may be the least known parts of our atmosphere partly because of the
problem of obtaining direct in situ observations. On the other hand it appears that this part of the
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Fig.3. The volume emission rate as a function of altitude 25 January 1995 from Ny — Ulesund NYA and the Au-
roral Station in Adventdalen LYR . The OI 6300 U is plotied as + and the OI 5577 Uas *
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Fig.4.  Upper panel shows a spectrometer grayscale plot as function of wavelength and time for 25 January 1995 from
the Auroral Station in Adventdalen. The scaled bar to the left indicates intensities per Ungstrom in Rayleighs. Lower
panel shows the corresponding time averaged Doppler profile of Hg 4861 U.

atmosphere may be most and first affected by changes in the atmospheric content of greenhouse
gases. There are clear signs that these parts of the atmosphere have changed profoundly at least
during the last three decades Gadsden 1990 . Mid latitude rocket measurements by Golitsyn et
al. 1996 reports a negative temperature trend of — 30 K since 1957. On the other hand di-
rect observations by the falling sphere technique which give temperatures up to approximately 95
km does not give any negative or positive trends of the polar mesopause temperatures during
summer Liibken 2000 . Clearly there is need for more long term temperature measurements
from different locations and by different methods .

Atmospheric temperature measurements obtained from OH emission spectra have been car-
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Fig.5. Mid - day cusp auroral spectra from the Auroral Station in Adventdalen. Note the weak OH 6 — 1 emissions
and the narrow H,, profile.
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Fig.6. Night — time auroral spectra from the Auroral Station in Adventdalen. Note the strong N, 05" and N5 emis-
sions.

ried out at the Auroral Station since 1980. The temperature is inferred from the relative photon e-
mission rates of various lines in the OH 6 —2 band by constructing synthetic spectra that best
match the observations. The basis for calculating these spectra is given by Herzberg 1950 with
term values from Krassovsky et al. 1962 and Einstein coefficients from Turnbull and Lowe

1989 . The uncertainty of the above method is approximately =2 K  Viereck and Deehr
1989 . The OH 6 -2 daily mean rotational winter temperature from 1980 to 2001 is plotted in
Fig.7. Large variations in the temperature may occur within each daily average. The temperature
may change more than 20 K within an hour due to the interaction of gravity waves with the emit-
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ting layers. The annual behavior is a relatively low temperature in late December followed by a
warm period in early January as first reported by Myrab¢ 1986  but further analysis is neces-
sary in order eliminate the effects of longer term trends. Nevertheless there appears to be no
dramatic changes in the winter temperatures of the polar mesospause over the past twenty years.
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Fig.7.  Seasonal mesospheric OH 6 —2 airglow winter temperature over Svalbard 1980 — 2001.
4 Present status

New instruments are being tested and compared to the basic ones described above. Both the
spectral and spatial resolution will be improved. A new Ebert-Fastie spectrometer from the Uni-
versity of Tromsé will soon replace the one we have planned to be moved to Ny — Ulesund. This
project involves dual spectral measurements of hydrogen emissions from our station and Ny —
Ulesund in order to study the velocity filter effect of the dayside protons. A new scintillation an-
tenna will be built behind the station by the University of Oslo and the US Air Force Research
Laboratory . It will used to study sub — km scale irregularities in the dayside and night side auro-
ral oval — PIS  Polar lonospheric Scintillation . Near future plans also involve construction of a
control link to the polar orbiting TUBSAT Technical University of Berlin Satellite satellite. It
carries 3 monochromatic cameras and is gyro stabilized to track objects. The aim is to get a bird
watch of the aurora as we track the station operating from the other side.

The activity at the station has steadily increased during the past decade. The SSB has not
been able to accommodate all requests for research activity. The need for more and better space
will very soon limit further expansion. For that reason we have been forced to expand our outdoor
platform to make space to a new French group that will operate a Michelson interferometer PIS

Etudes Polaires per Intererometrie a Svalbard .

5 Recommendation
The plans for a new station were made almost 6 years ago. The long period of uncertainty

has limited the growth of the station at it’ s current location. In addition light pollution from
Longyearbyen is an increasing problem. A new station should be built in order to be able to wel-
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come new scientist/groups and to secure auroral optics at this unique location in the northern
hemisphere .
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