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Abstract

The airglow hydroxyl temperature record from Longyearbyen,
Svalbard, is updated with data from the last seven seasons (2005/2006-
2011/2012). The temperatures are derived from ground-based spectral
measurements of the hydroxyl airglow layer, which ranges from 76 to
90 km height. The overall daily average mesospheric temperature for the
whole temperature record is 206 K. This is by 3 K less than what
Dyrland and Sigernes (2007) reported in their last update on the tempera-
ture series. This temperature difference is due to cold winter seasons
from 2008 to 2010. 2009/2010 was the coldest winter season ever re-
corded over Longyearbyen, with a seasonal average of 185 K. Tempera-
ture variability within the winter seasons is investigated, and the
temperature difference between late December (local minimum) and late
January (local maximum) is approximately 8 K.
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1. INTRODUCTION

The mesosphere and lower thermosphere (MLT) region is a part of the at-
mosphere characterized by strong variability in winter temperatures. Break-

© 2013 Institute of Geophysics, Polish Academy of Sciences



S.E. HOLMEN et al.

ing of tidal, planetary and gravity waves in the MLT region controls the
large-scale circulation and hence actuates vertical motion leading to adia-
batic heating/cooling (Becker 2012). The dynamic connections between
wave activity and temperature variability are particularly obvious during
sudden stratospheric warmings (SSWs). In major SSW events, the polar vor-
tex breaks down and the zonal-mean zonal winds reverse from westerly to
easterly, and the stratosphere warms by up to 60 K very rapidly (Matsuno
1971, Walterscheid et al. 2000, Cho et al. 2004, Liu and Roble 2002). SSWs
are confirmed through several studies to have a strong impact on fluctuations
in the mesospheric airglow layers and hence mesospheric temperatures
(Walterscheid et al. 1994). Solar flux variability is also believed to have an
influence on the thermodynamics of the mesosphere, but the relationship be-
tween mesospheric temperature and the 27-day and 11-year solar cycles is
still not fully understood (Beig et al. 2012, Matthes et al. 2004).

The ground-based spectral measurement of hydroxyl (OH) airglow from
Longyearbyen, Svalbard, started in 1980. The derived rotational temperature
series is one of the longest continuous winter records in the world. Sigernes
et al. (2003) and Dyrland and Sigernes (2007) have earlier reported on trends
and features in the temperature series from Longyearbyen. Also other studies
have been carried out on the OH* temperatures from Longyearbyen, with
focus mainly on tidal and seasonal variations and the influence of SSWs and
gravity waves (Myrabo 1984, Nielsen ef al. 2002, Dyrland et al. 2010).
Myrabg (1986) reported to have identified a seasonal pattern in winter with
relatively low temperatures in late December followed by higher tempera-
tures in January. Diurnal and semi-diurnal variations in the dataset have also
been analysed, with results varying from a 13 K semi-diurnal amplitude
found (Walterscheid et al. 1986) to no considerable periods identified
(Dyrland and Sigernes 2007).

This study, with the supplement of OH* airglow derived temperatures
from the last seven winter seasons, gives an update on the mesospheric win-
ter temperature series from Longyearbyen, Svalbard. The OH* airglow tem-
peratures are presented and discussed in connection with SSWs and wave
activity. The spectral measurement technique is described in Section 2. The
results are presented and discussed in Section 3. Section 4 is a summary of
the results.

2. DATA AND MEASUREMENT TECHNIQUE

In this study, OH*(6-2) airglow rotational temperatures are derived from the
1 m focal length Ebert—Fastie spectrometer located in Longyearbyen. The
temperatures are weighted averages from the height range of the vibrational
state of OH*(6-2). According to Mulligan et al. (2009), the peak altitude of
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the OH layer ranges from 76 to 90 km. The observing season is from the be-
ginning of November to the end of February.

The Ebert—Fastie spectrometer was placed in the Auroral Station in
Adventdalen (78°N, 15°E) in 1983, but it was moved to the new station, the
Kjell Henriksen Observatory (KHO) on the mountain Breinosa (78°N, 16°E)
in 2007. The distance between the two sites is approximately 8 km. The field
of view of the instrument is 5 degrees in the zenith direction. The cone angle
is slightly larger in the direction parallel to the entrance slit. At 90 km alti-
tude the latter corresponds to a measurement area of ~9 x 12 km. The move
of the instrument should therefore have no impact on the comparability of
the time series when it comes to the measurement area. However, the local
weather conditions above the two different sites and contamination by artifi-
cial light sources may be slightly different. The potential impact on the de-
rived temperatures will be discussed further in Section 3.1.

The rotational temperatures are derived from the measured spectra by
calculating synthetic spectra as a function of instrumental bandpass and tem-
perature. Then the background is detected by finding the optimal fit between
the measured and synthetic spectra. The temperatures are derived from the
slope of a linear fit to a Boltzmann plot using P,(2), P1(3), P1(4), and P,(5)
rotational line intensities of the OH*(6-2) band. Energy term values are tak-
en from Krassovsky ef al. (1962), and Einstein coefficients are from Mies
(1974). The basis for the calculation of the spectra is given by Herzberg
(1950).

Some of the spectra are contaminated by aurora or by scattering of
moonlight by clouds. To sort out contaminated spectra, the covariance be-
tween synthetic and measured spectra is calculated. A poor fit between the
measured and the synthetic spectra is either caused by a very high back-
ground intensity or by occurrence of the auroral OI 8446 A emission line,
which is located close to the P(4) line of the OH*(6-2) band. The fit vari-
ance of P, and P; is also calculated for every spectrum in order to ensure lo-
cal thermal equilibrium. Spectra with covariance between measured and
synthetic spectra less than 0.8 are discarded. This is also the case for spectra
with P, fit variance greater than 0.05 and P, fit variance greater than 0.3. For
further details on the instrument and the temperature retrieval method, see
Sigernes et al. (2003) and Dyrland and Sigernes (2007). An example of
a synthetic fit to an hourly averaged measured spectrum from 7 January
2012 at 19 UTC 1s shown in Fig. 1.

Viereck and Deehr (1989) considered the above method to have an un-
certainty of approximately =5 K for 15 minute average temperature retriev-
als. For the more recent data the uncertainties have been calculated for each
hourly averaged spectra from the error in the least squares fit of the Boltz-
mann plot. The error in the daily averaged temperature has been calculated
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Fig. 1. Panel A shows the synthetic fit to an hourly averaged measured spectrum
from 7 January 2012 at 19 UTC. The red curve is the measured spectrum, and the
black curve is the synthetic, fitted spectrum. During this hour there was no contami-
nation of the averaged spectrum due to the auroral OI 8446 A emission line, as can
be seen from the very good fit between the two curves. Panel B shows the corre-
sponding Boltzmann plot to the spectrum in panel A. The straight line is the linear
fit using P, and P, values. A spread of the P, values from the linear fit would indicate
a departure from thermal equilibrium. For this particular spectrum the covariance, P,
fit variance and P, fit variance were 0.99, 0.0003, and 0.1, respectively. Colour ver-
sion of this figure is available in electronic edition only.

by weighting the hourly averaged temperatures according to their individual
uncertainty following the method of Bevington and Robinson (1992). The
errors of the daily averaged temperatures range between 0.2-5 K.



OH AIRGLOW TEMPERATURES FROM SVALBARD

3. RESULTS AND DISCUSSION
3.1 Seasons 2005/2006-2011/2012

In Fig. 2 daily averaged temperatures retrieved from the OH* airglow layer
over Longyearbyen are presented. Daily averages of temperatures are esti-
mated for days with three or more hours of data that satisfy the covariance
and fit variance criteria mentioned in Section 2. Together with the OH* tem-
peratures, 10 hPa stratospheric temperature is plotted. The 10 hPa tempera-
ture is a NASA reanalysis temperature provided through the Modern-Era
Retrospective analysis for Research and Applications (MERRA) project
(NASA 2012).

From Fig. 2 we see that the data coverage over the seven winter seasons
analysed is variable, but especially the 2010/2011 and 2011/2012 winters
have very good data coverage. The reason is partly that the photomultiplier
tube (PMT) of the instrument was changed in January 2011, providing a bet-
ter signal-to-noise ratio that allowed more spectra to be analysed, and partly
the varying weather conditions of the different seasons. The move of the in-
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Fig. 2. Daily averaged temperatures retrieved from OH*(6-2) airglow emissions
over Longyearbyen, Svalbard, for the winter seasons of 2005/2006 through
2011/2012. The OH* temperatures are plotted as black bullets with + 1 standard de-
viation indicated as errorbars. The 10 hPa stratospheric MERRA temperatures are
plotted as red lines. The OH* temperatures are weighted averages from 76 to 90 km,
while the 10 hPa MERRA temperatures are at about 30 km in the stratosphere and
vary by a few km depending on the synoptic meteorological conditions. Colour ver-
sion of this figure is available in electronic edition only.
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strument itself in 2007 may also have contributed to an increase in data
points. Contamination from artificial light from the town is much less at the
KHO compared to the old Auroral Station because of the larger distance to
the town. In addition, there is significantly less light contamination from
snowmobiles and cars. No official cloud cover statistics for the two sites ex-
ists, so it is hard to draw categorical conclusions about the local differences.
It 1s however possible that there may be some local differences in cloud
cover that would bring a bias to the temperatures, but this difference is here
assumed to be small.

The seven seasons reported here appear to some extent to agree with
a hypothesis that some SSWs are preceded by a cooling seen in OH* tem-
peratures a few days earlier, which is reported earlier in literature (Hoffmann
et al. 2007, Walterscheid ef al. 2000). We see that an increase in stratospher-
ic temperature (red line) sometimes succeeds a decrease in OH* tempera-
tures, but this 1s hard to confirm to a full extent because of the lack of data
for some periods.

It must be noted that a change in OH* temperature may be due to either
a temperature change in the height distribution of OH*(6-2), a change in the
height distribution itself, or a combination of both (Baker and Stair 1988,
Mulligan et al. 2009).

The average temperature, standard deviation and maximum and mini-
mum temperatures of all seven seasons are listed in Table 1. We see that the
standard deviation in general is higher in January compared to December.
A reason for this may be a higher occurrence of SSWs and planetary wave
activity in late winter (January—March) (Labitzke and Naujokat 2000,
Kuttippurath and Nikulin 2012), which again is a source of high variability
in OH* temperatures.

Table 1

Average, maximum, and minimum temperatures, including standard deviations,
for seasons 2005/2006 through 2011/2012

Winter Number Mean T Mean T Mean T Max T | Min T

season of days |Nov-Feb [K]| Dec [K] Jan [K] [K] [K]
2005/2006 31 215+13 208+8 211+17 236 193
2006/2007 22 203+12 202+11 208+11 229 177
2007/2008 28 197+9 199+7 196 £ 10 218 176
2008/2009 54 195+9 193+12 187+10 216 170
2009/2010 30 185+9 182+7 180+9 205 166
2010/2011 93 206+11 201+7 212+13 233 180
2011/2012 103 211+11 207+12 210+13 234 184

Note: In addition to the average over the whole winter season from November

through February, the average for December and January is listed.
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Occasionally, the OH* temperatures increase very rapidly over a rela-
tively short time period. This is especially noticeable in January 2012, when
the temperature increases by approximately 50 K in just a couple of days.
This takes place during a minor SSW. These kind of fluctuations in the OH*
airglow are most likely due to propagation and breaking of planetary and
gravity waves in the mesosphere, as reported in literature (Sivjee ef al. 1987,
Hoffmann et al. 2007).

3.2 The updated temperature series 1983-2012

In Fig. 3 annual averaged airglow temperatures from the 1983/1984 through
the 2011/2012 seasons are presented. Only seasons with ten or more daily
averaged temperatures calculated have been included in the plot. The sea-
sonal average is the average of December and January temperatures. Missing
values for the 1990/1991, 1991/1992, 1992/1993, 1993/1994, 1996/1997,
and 1998/1999 seasons can either be explained by too few temperatures re-
trieved or by instrument problems.

The average temperature for the whole temperature series 1s 206 K, when
using Einstein coefficients from Mies (1974). This is by 3 K less than what
was found in the previous work done on the time series by Dyrland and
Sigernes (2007) on the period from 1983 to 2005. The maximum tempera-
ture of the temperature record is 253 K (19 February 2004) and the minimum
temperature 1s 166 K (9 January 2010). We see from Fig. 2 that some of the
latest years analysed are quite cold years, especially the 2008/2009 and the
2009/2010 seasons. This is in accordance with recent publications from other
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Fig. 3. Seasonal averages of OH* rotational temperatures from Longyearbyen, Sval-
bard, 1983-2012, plotted as black bullets with the standard deviation as errorbars.
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locations (French and Klekociuk 2011, Offermann et al. 2010). This may
partly be explained by that during the last decade, an increasing number of
SSWs have been detected compared to the 1990s. Kuttippurath and Nikulin
(2012) investigated the major SSWs in the Arctic observed between
2003/2004 and 2009/2010, and found that the SSW in the 2008/2009 season
was the strongest. Even though the stratosphere was relatively cold in the
first part of the 2009/2010 winter season, this season experienced the largest
momentum flux of all seasons. This took place in the end of January and
beginning of February.

Temperature variations within the winter season were examined by su-
perposing all OH* temperatures by day of year and then applying a 5-day
running mean on the superposed temperatures. This is the same method as
that described in French and Klekociuk (2011) and Azeem et al. (2007). The
superposed temperatures are shown in Fig. 4. The black lines represent + 1
standard deviation, the red line represents the 5-day running mean, and the
blue line represents a 15-day running mean. We see from the lines represent-
ing running means that there are some variations in temperature within the
winter season. There are local temperature maxima in late January and in
February, while there is a local minimum in the end of December / beginning
of February. The local temperature minimum in late December/ early Janu-
ary is consistent with what Myrabg (1986) found for the winter seasons in
the first part of the 1980s in Longyearbyen. The temperature difference be-
tween late December and late January is approximately 8 K when looking at
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Fig. 4. Superposition of the Longearbyen OH* temperatures by day of year. Grey
dots are the daily averaged OH* temperatures, and the black lines represent +1 SD.
The red line is the 5-day running mean, and the blue line is the 15-day running
mean. Colour version of this figure is available in electronic edition only.
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the 5-day running mean. This is in accordance with the climatology Hall et
al. (2012) reported for Svalbard using temperatures from the Nippon/Nor-
way Svalbard Meteor Radar (NSMR) located in Adventdalen near Longyear-
byen.

As mentioned for Fig. 2, the OH* temperatures used in Fig. 4 may be in-
fluenced not only by the temperature change within the height range, but al-
so by a change in height of the OH* layer.

The overall standard deviation of the Longyearbyen hydroxyl tempera-
ture record is 15 K. This is higher than the standard deviations estimated for
other locations (e.g., French and Klekociuk 2011, Bittner et al. 2002). The
reason for this is not completely clear, but one explanation may be that the
mountainous topography in Svalbard favours gravity wave formation and
thus great variability in temperatures. However, when looking at two high-
latitude stations in Antarctica, the Davis and the Amundsen—Scott South
Pole stations, these also experience substantial gravity wave activity (Beldon
and Mitchell 2009, Collins et al. 1994). This occurs even though the stand-
ard deviations are reported to be significantly lower than for Longyearbyen.
An explanation for some of the variability in temperatures may be the
weather regimes. Especially the South Pole station is rarely hit by heavy
storms, which are characteristic for Antarctic coastal areas. Also, there are in
general less clouds above this station compared to over Longyearbyen
(Town et al. 2007, eKlima 2012). Longyearbyen is frequently hit by strong
low pressure systems, which makes the weather during the winter season un-
stable. This may result in higher standard deviations.

Mies was the first to calculate Einstein coefficients for hydroxyl vibra-
tion-rotation bands in 1974 (Mies 1974). Since then, several updates have
been published in order to improve temperature estimates, e.g., Turnbull and
Lowe (1989), Goldman ef al. (1998), and Van der Loo and Groenenboom
(2007). Even though more recent updates on the Einstein coefficients exist,
the coefficients from Mies (1974) were used in this study. This was done in
order to compare the temperatures obtained from the seven winter seasons
analysed with the temperatures obtained from 1983 to 2005. The use of dif-
ferent Einstein coefficients is considered to have a significant impact on the
estimated temperatures. Perminov et al. (2007) state that the use of different
Einstein coefficients may give differences in temperatures as high as 5-14 K.
Several studies have been carried out during the last decade to determine
which Einstein coefficients give the most accurate temperatures, and there is
no general agreement about this matter (French ef al. 2000, Pendleton and
Taylor 2002, Cosby and Slanger 2007). It is important to have this in mind
when looking at the absolute temperatures.

An updated trend of the Longyearbyen temperature record is not present-
ed in this paper. A thorough analysis and discussion about the trend with
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regard to seasonal variations and solar cycle dependence will be published in
a future paper.

4. CONCLUSIONS

The OH*(6-2) airglow temperature record from Longyearbyen, Svalbard
(78°N, 16°E) is updated with data from the winter seasons of 2005/2006
through 2011/2012. The data coverage of these seven seasons is variable, but
the 2010/2011 and 2011/2012 seasons have excellent data coverage. We see
that a decrease in OH* temperatures is to some extent followed by an in-
crease in stratospheric temperatures during SSW events.

The variability in airglow temperatures over Longyearbyen is very high,
both on a day-to-day basis and within a season. In some periods, OH* tem-
peratures can increase or decrease by 30-50 K in just a couple of days. The
standard deviations of each season range from 9 to 13 K. This is significant-
ly higher than standard deviations reported from other locations. The reason
for this is not fully understood, but one explanation may be that the topogra-
phy around Longyearbyen favours gravity wave activity, which again is
a known contributor to variability in mesospheric temperatures. Also weath-
er systems in the Arctic, and thus unstable observing conditions, may explain
temperature variability.

When looking at the whole temperature record from 1983 to 2012, the
overall average temperature is 206 K, by 3 K less than what Dyrland and
Sigernes (2007) reported for their update on the temperature record. It is no-
ticeable that some of the most recent winter seasons were very cold. Espe-
cially the 2009/2010 season was cold, with a seasonal average of 185 K and
a daily averaged minimum of 166 K measured on 9 January 2010. This is the
lowest daily temperature of the whole temperature record. The low tempera-
tures for the years 2008-2010 are in accordance with temperatures reported
from other locations and with the fact that strong SSWs took place during
that time.

There are monthly temperature variations within the winter season. The
data show local temperature maxima in late January and in February, while
there is a local minimum in the end of December/beginning of February.
The temperature difference between late December and late January is ap-
proximately 8 K.
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