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Abstract

The ALOMAR eARI Hotel Payload 2 (HotPay 2) rocket campaign took
place at Andgya Rocket Range, Norway, in January 2008. The rocket was
launched on January 31, 2008 at 19:14 UT, when auroral activity appeared af-
ter a long geomagnetically quiet period. In this paper we present an overview
of the HotPay2 measurements of upper mesospheric and lower thermospheric
(UMLT) electron, atomic oxygen (O) and nitric oxide (NO) densities. [O] and
[NOJ were retrieved from a set of three photometers, Night-Time Emissions
from the Mesosphere and Tonosphere (NEMI). Faraday rotation receivers on
the rocket and the EISCAT UHF incoherent scatter radar provided simulta-
neous electron density profiles whereas the ALOMAR Na lidar and meteor
radar measured the temperature profile and wind. The aurora was also ob-
served with ground-based imagers.
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The retrieved oxygen number density profile has a maximum at 89 kilome-
tres, some 10 km lower than expected from earlier measurements and mod-
elled profiles based on climatological averages (such as the MSIS model), and
the retrieved NO densities are also lower than expected. Satellite measure-
ments indicate that subsidence over the winter pole controlled the densities.
Quantitative chemistry model results based on climatological average atmo-
spheric density and temperature profiles were therefore not in good agree-
ment with the measured profiles. The Hotel Payload 2 measurements thus
confirm the importance of downward transport from the thermosphere into
the winter polar vortex.

Keywords: nitric oxide, oxygen, ionosphere, UMLT

1. Introduction

1.1. Chenustry of the UMLT region

The upper mesosphere and lower thermosphere (UMLT), at some 80—
150 km above the ground, is a region where the weakly ionised plasma of the
ionospheric D and E layers and the neutral components of the middle atmo-
sphere interact. In the auroral zone, ionisation and dissociation of species
in the UMLT is not only by photochemistry but also by low- to medium-
energetic electron and proton precipitation. In this way the composition of
the polar atmosphere depends on auroral activity, as discussed below.

Atomic oxygen is the major carrier of chemical energy in the mesosphere
and lower thermosphere. It is produced in the upper atmosphere through O,
photolysis during the day and recombines during the night to form molecular
oxygen in a number of metastable states. These excited states will then emit
radiation or be quenched to lower lying states by e.g. Oy, Ny or O, giving
rise to nightglow emissions covering the spectral range from the UV to the
IR (e.g. Meriwether Jr., 1989).

Nitric oxide (NO) is another species of major importance in the middle
and upper atmosphere. In the lowermost ionosphere NO™ is the main ionised
species, produced both by direct photoionisation and from the short-lived
main primary ions OF , O* and NJ by charge exchange reactions. Downward
transport of NO from the UMLT has also been shown to be important.
Further down in the middle atmosphere conversion between NO and NO,
takes place, total NO,=(N-+NO+NO,) being long-lived in the winter polar
vortex where it e.g. destroys ozone, which in turn changes the temperature
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profile. Several studies (see Seppélé et al., 2007; Seppélé, 2007) suggest that
this effect of the subsidence of NO, affects the stability of the atmosphere
down to the stratosphere. This may at least in part be the reason why ground
temperatures correlate with auroral activity (Seppélé et al., 2009).

The Hotel Payload 2 rocket, as described in the following section, carried
instruments for measuring the atomic oxygen, nitric oxide and electron den-
sity profiles, and simultaneously campaign measurements with ground-based
incoherent scatter radar (ISR) and optical instruments were undertaken. In
this paper an overview of these measurements is given and the results are
compared with models and satellite measurements.

1.2. The ALOMAR eARI Hotel Payload launches

With EU FP6 funding, Andgya Rocket Range in northern Norway (69.3° N,
16.0° E) launched two so-called hotel payload (HotPay) rockets, HotPay 1
and HotPay 2. HotPay 2 was a two-stage rocket to be launched during the
winter season (polar night). Due to the nature of the hotel payload concept
the project became a tradeoff between research groups with diverse scien-
tific objectives. The rocket carried in total nine different instruments, out of
which some were aimed for studying the upper mesosphere and lower ther-
mosphere (UMLT) region whereas others required a high apogee. The latter
were a cosmic ray spectrometer from the Bulgarian Academy of Sciences,
an electron detector from the Slovak academy of sciences, and two French
instruments aimed for studying waves, a search coil magnetometer from Cen-
tre d’étude des Environnements Terrestre et Planétaires (CETP) and a cur-
rent loop from Laboratoire de Physique et Chimie de I’Environnement et de
I'Espace (LPC2E). This paper, however, concentrates on the results from
the UMLT instruments, which are described in detail below. A collaborative
Finnish-Swedish-UK European Incoherent Scatter (EISCAT) radar and op-
tical ground-based measurement campaign was organised during the rocket
campaign with several objectives: observing the aurora and ionosphere be-
fore and after the launch, modulating the ionospheric D region with the EIS-
CAT Heating facility (Rietveld et al., 1992), and comparisons of high-altitude
winds derived from the tristatic EISCAT UHF radar and Fabry-Perot inter-
ferometers measuring the Doppler shift of the O('S) emission at 630 nm.

During the pre-launch meetings and discussions a compromise was agreed
upon: to launch the rocket after auroral activity and preferably over a stable
auroral arc, providing a dark background on the upleg and if possible flying
through the aurora on the downleg. The HotPay 2 campaign took place
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in January-February 2008. After a long geomagnetically quiet period the
desired conditions were met on 2008-01-31, with clear skies over northern
Scandinavia and auroral activity with a stable arc moving south over Andgya
around 18 UT (see the magnetograms in Fig. 1). The HotPay 2 rocket
was launched at 19:14 UT. During the flight the aurora was weak north
of Andgya, activating only after 21 UT (not shown in the figure). The
rocket trajectory was calculated from the on-board magnetometers and the
WMM 2005 magnetic field model (McLean et al., 2004). Fig. 2 shows a 2-
dimensional map projection of the trajectory. The rocket reached an apogee
of 377 km over the North Atlantic. In the upleg the upper mesosphere
and lower thermosphere (UMLT) region, 75-150 km above the ground, was
traversed at a latitude of around 69.5 degrees, i.e. close to the launch site and
also close to the latitude of the EISCAT radar site at Ramfjordmoen near
Tromsg@, where the ground-based radar measurements took place. During
descent the rocket started falling over already at an altitude of some 150 km,
rendering the downleg data unsuitable for further analysis.

The HotPay2 instruments of relevance to the UMLT region were Fara-
day rotation receivers and a positive-ion probe for measuring electron and
ion density profiles (Mechtly et al., 1967; Jacobsen and Friedrich, 1979), a
charged mesospheric dust particle detector(Lynch et al., 2005), two pho-
tometers for the sodium doublet at 589.0 and 589.6 nm, which unfortunately
failed during the launch, and the main UMLT instrument, a set of three
photometers named NEMI, Night-Time emissions from the Mesosphere and
Ionosphere, built at the Department of Meteorology of Stockholm University
(MISU) in collaboration with Sodankyld Geophysical Observatory, Univer-
sity of Oulu, Finland (SGO).

2. The NEMI photometers

The three NEMI photometers were standard filter photometers (Fig. 3)
optimised for the detection of

e The oxygen atmospheric band emission at 762 nm, for retrieving the
atomic oxygen density profile

e The N first negative band emission in the (0-0) line at 391.4 nm, which
is a direct measure of auroral electron precipitation

e The NO; continuum emission at 540 nm, for retrieval of the NO density
profile
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Figure 1: Magnetograms from the IMAGE magnetometer network stations at Longyear-
byen, Bjgrngya (Bear Island), Sergya, Andenes and Kiruna, showing the vertical compo-
nent (Z). Weak auroral activity with a stable arc moving south started before 18 UT and
the rocket was subsequently launched at 19:k UT (dotted vertical line). During the flight
the activity was weak. Not shown in this scale is the activation and breakup that occurred
after 21 UT.
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Figure 2: The Hotel Payload 2 trajectory from Andgya Rocket Range (ARR): 2-D pro-
jection on a map of northern Scandinavia. Also marked are the locations of the EISCAT
transmitter and receiver sites, the ALIS auroral imager stations at Abisko and Skibotn
mentioned in the text, and Bjgrngya (Bear Island) to show the latitude scale of the flight.
The UMLT region was traversed at approximately the same latitude as that of the EISCAT
transmitter station.
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Figure 3: The design of the NEMI photometers. From left to right the interference filter,
telescope lenses and photomultiplier tube are seen. Also shown is a ray tracing over the
field of view.

On the rocket payload the photometers were positioned under the nose
cone, looking in the forward direction along the rocket axis. Each photometer
had its own pulse amplifier and counter, connected to the rocket telemetry
system. For the conversion of count rates to radiances both the spectral
response and the absolute sensitivity of the three photometers were calibrated
in the MISU laboratory before launch.

3. NEMI analysis and results

After the flight the NEMI count rate profiles were corrected for the so-
called van Rhijn effect (van Rhijn, 1921), i.e. converted to corresponding
zenith rates as function of rocket attitude angle under the assumption that
the emissions are horizontally homogeneous. This can be assumed to be valid
for small coning angles of the rocket. In the absence of auroral emissions
in the field of view, there is still a weak inhomogeneous background from
stars and zodiacal light. This background was removed and the profiles
were then converted from counts to absolute radiance using the pre-flight
laboratory calibrations. Fig. 4 shows the radiance profiles thus obtained for
the three photometers, in 1-km averages with 1-sigma error bars. To check
the validity of the calibration, the 1N total zenith radiance which corresponds
to some 500 Rayleighs was also checked against simultaneous 427.8 nm data
from the Auroral Large Imaging System (ALIS) stations (Brandstrom, 2003)
with fields of view closest to Andgya, Skibotn, Norway and Abisko, Sweden
(marked on the map in Fig.2). During the flight no evident auroral emissions
were observed and thus the data are not shown here. This means that the 1N
radiance was well below the uncertainties in ALIS CCD bias and dark count
rates, or significantly lower than 500 R. The 391.4 nm radiance measured
by NEMI is therefore likely within the expected ratio (= 3) to the 427.8 nm
radiance (Vallance-Jones, 1974).
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Figure 4: NEMI equivalent zenith radiance profiles, 1-km averages, corrected for dark
counts and extra-atmospheric background light. Error bars show 1 standard deviation.

The radiance profiles were smoothed and numerically differentiated to
yield volume emission rate profiles. The volume emission rates from the
three NEMI photometers are shown in Fig. 5. In the following the retrieval
of oxygen and nitric oxide profiles is described.

3.1. O profile retrieval

The atmospheric band system of O, (b1 Z; — X 32;) is one of the strongest
emission features in the night sky spectrum and is dominated by the (0-0) and
(0-1) bands at 762 nm and 864 nm, respectively. To derive the atomic oxygen
concentration from this emission, results from the ETON (Energy Transfer
in the Oxygen Nightglow) rocket campaign in 1982 (Greer et al., 1986) were
used. The ETON rocket campaign simultaneously studied the atomic oxygen
density and oxygen airglow intensity, and the analysis of these measurements
resulted in consistent set of reaction rates describing O, nightglow excitation
processes and quenching mechanisms (McDade et al., 1986b). Using the re-
sults from ETON, the atomic oxygen number density can be derived if the
atmospheric number density and temperature are known (Murtagh, 1989;
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Figure 5: The retrieved volume emission rate profiles from the three NEMI photometers
on the Hotel Payload 2 upleg. Right plot: O5 atmospheric band emission at 762 nm, con-
taminated by aurora (N2 1P band) above 100 km and with a clear peak at approximately
90 km. Middle plot: N;‘ 1IN emission at 391.4 nm. Left plot: The nightglow continuum
emission at 540 nm, showing a peak at approximately 89 km and also probable auroral
contamination above 100 km.
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Hedin et al., 2009). Fig. 6, left plot, shows the retrieved oxygen number
density profile, calculated using data from the ALOMAR sodium lidar as
shown in Sect. 7 below. The error bars include uncertainties of both the
rate coefficients and the Na lidar temperature. The peak number density is
310" ¢cm™3 at 89 km. Above 100 km the error in the retrieved atomic oxy-
gen profile is large due to the low signal-to-noise ratio. The 1N and A-band
profiles also both show auroral emissions above 100 km. It can concluded
that the A-band profile is contaminated by Ny(1P) emissions in the filter
passband. Since the emissions are weak at altitudes above 100 km it would
be difficult to calculate volume emission profiles also in the absence of auroral
contamination. Therefore this contamination is not a major problem.

3.2. NO profile retrieval

Atomic oxygen is also responsible for the NOy nightglow continuum as
this emission is produced in the NO + O air-afterglow reaction. With the
atomic oxygen profile retrieved from the O5 atmospheric band measurement
the concentration of NO can be derived. The nightglow continuum has been
studied from ground (e.g. Krassovsky and Shefov, 1965; Sternberg and Ing-
ham, 1972; Gadsden and Marovich, 1973), from sounding rockets (e.g. Sharp,
1978; Witt et al., 1981; McDade et al., 1984; McDade et al., 1986a) and from
satellites (e.g. von Savigny et al., 1999). The air- afterglow reaction is known
to proceed along 2-body and 3-body paths simultaneously with one path
dominating over the other depending on the third body number densities
(Becker et al., 1970, 1972). At nightglow altitudes the third-body number
densities are such that neither reaction path dominates over the other and
both must be considered. Thus, if the air-afterglow reaction is solely respon-
sible for the nightglow continuum, the local NO concentration is related to
the NOy continuum volume emission rate, V.o, and atomic oxygen concen-
tration by [NO] = Viout/k[O] where k is the combined 2-body and 3-body
temperature dependent chemiluminescent rate coefficient (McDade et al.,
1986a; von Savigny et al., 1999), shown in Fig. 6, middle plot. The derived
nitric oxide density profile is shown in the right plot of Fig. 6. Above 100 km
the signal is much stronger than expected, indicating auroral contamination
also in this emission. This makes it impossible to derive the NO number
density using the relation above. Thus, as seen from Fig. 6, middle plot, the
3-body air-afterglow reaction path is the significant one, with only a small
contribution from the 2-body path. significant. The NO number density at

10
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Figure 6: NEMI O and NO profile retrieval in the altitude range 85-100 km. Left plot:
Retrieved [O] profile, error bars including uncertainties in rate coefficients and lidar tem-
perature. Middle plot: 2-body, 3-body and combined chemiluminescent rate coefficient
profile used in the retrieval of [NO] from the NOy continuum emission rate (Note the
different altitude scale). Right plot: Retrieved [NO] profile. As is seen from the middle
plot the 3-body reaction path is the most significant one below 100 km.

100 km is 1.8 - 108 cm™3. In Fig. 9 the retrieved O and NO density profiles
are also compared with model profiles, as described below in Sect. 6.

4. Faraday rotation and ion probe measurements

As mentioned the Hotel Payload 2 rocket carried Faraday rotation and
positive ion probe measurements. The Faraday rotation measurement is
based on the fact that a linearly polarised wave from a ground-based radio
transmitter is a superposition of the circular o and x modes. In the ionosphere
these have different refractive indices with respect to the electron gyro motion
around the magnetic field lines which gives rise to a rotation of the plane of
polarisation. This rotation can readily be measured by a dipole antenna on
the spinning rocket (Mechtly et al., 1967). Electron densities calculated from
Faraday rotation as well as positive ion number densities calculated from the

11



188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

ion probe current are shown in Fig. 8 together with the coincident EISCAT
measurements described in the following section. In the absence of negative
ions the positive ion and electron densities must be identical. The discrepancy
at 130-200 km is likely caused by payload charging affecting the positive ion
probe. A possible discrepancy may also be seen below 90 km. Electron
attachment to particles of meteoric origin may be part of the explanation for
this. The presence of meteoric smoke particles in the mesopause region is a
current topic of many studies, such as Rapp et al. (2010).

5. EISCAT measurements

During the launch day the Tromsg UHF radar was in its monthly 24-hour
Common Programme experiment mode, providing a whole day of measure-
ment time in addition to the campaign time. The radar experiment used
was the Beata 32-bit alternating code programme, which is optimised for
simultaneous E- and F-region auroral measurements (I. Higgstrom, private
communication). The antenna scan pattern was the three-position CP2,
alternating between magnetic zenith, vertical and low elevation eastward.
Since Beata provides only short lags in the D region, an attempt at run-
ning a better D region experiment on the VHF radar was made during the
launch, but this failed due to interference from the new collocated MORRO
HF radar, which operates at 56 MHz (C. La Hoz, personal communication),
i.e. exactly two octaves below the VHF at 224 MHz.

The Beata data were analysed with the standard EISCAT analysis soft-
ware, GUISDAP (Fig. 7). The GUISDAP fitted electron densities from the
time around the HotPay 2 launch are also shown in Fig. 8 as dots, the colours
of the dots (visible in the online version of this paper) annotating the three
different antenna positions. The theory used in GUISDAP usually works
well in the E region and above, producing useful fits. Basically the short
lags of the radar code give a pseudo raw power which is proportional to the
electron density. In the D region however the fits failed, which is due to
many factors: the poor signal to noise ratio in the absence of excess D-region
ionisation (such as energetic aurora), the Beata code not providing long lags
from the lower ranges, and to the GUISDAP IS theory being insufficient for
the highly collisional D-region plasma, where also negative ions and meteoric
smoke particles may be present. Therefore these points have been excluded.
During the days after the flight, strong daytime electron precipitation ap-
peared when the VHF radar was operating. This will allow retrieval of the

12
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Figure 7: EISCAT GUISDAP electron density analysis of the Beata-CP2 common pro-
gramme experiment for the evening of 20080131. Only data from the field-aligned position

of the antenna scan are shown.

IS spectral shape in the D region, which may also be used as an indication of
the possible presence of meteoric smoke particles (e.g. Fentzke et al., 2009).

6. SIC modelling

The Sodankylé coupled Ion-neutral time-dependent Chemistry (SIC) model
is a tool developed for estimating the chemical effects of short-lived excess
(i.e. additional to photochemical) ionisation and dissociation, caused by
events such as particle precipitation (Verronen, 2006; Seppéala, 2007) and
X-ray flares (Enell et al., 2008). SIC research mainly focuses on changes in

13
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odd nitrogen and odd hydrogen and consequent ozone loss in the mesosphere,
where results have been verified carefully especially in the case of solar proton
events, for example with Envisat/GOMOS (Verronen, 2006; Seppéla et al.,
2008).

SIC is a conceptually simple but comprehensive, fully time-dependent
1-dimensional model of coupled ion and neutral chemistry, solving the differ-
ential equations for almost 400 reactions of 36 positive ions, 27 negative ions
and 14 minor neutral components in the altitude range 20-150 km. The neu-
tral background atmosphere is taken from MSISE-90 and Shimazaki (1984).
The photochemistry in SIC is based on solar spectra which are usually taken
from the Solar Irradiance Platform (SIP), a development of the Solar 2000
empirical model (see Tobiska et al., 2000). Radiative transfer and particle
ionisation are calculated using relations found in Rees (1989). See the thesis
by Verronen (2006) for more details on the model. From the SIC results the
electron density is calculated as the difference between the total positive and
negative ion concentrations.

Each SIC model run is initiated by a control run, starting from arbitrary
concentration profiles of all modelled species and repeating one diurnal cy-
cle, with photochemistry only, until a quasi-steady state is reached. This

14
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procedure converges slowly for midwinter runs but as long as changes in
the quantities we study here, electron density and [NO], the control run is
considered successful. In this study it was natural to use the geographical
coordinates of the EISCAT radar site (69.48° N, 19.22° E). The MSISE-90
model takes the 10.7 cm solar flux and a,, index as inputs, but their effect on
the profiles below 100 km is small.

For the scenario runs the rate of additional electron ionisation, ¢, is di-
vided into individual ionisation rates of the main constituents Ny, O and
O. Dissociation of Ny, and its branching ratio into the N(?D) state which is
a source of NO, is also parametrised from ¢ (Rusch et al., 1981). We here
applied an iterative search for ¢ in the SIC model, searching for the rate that
reproduced dge as estimated from smoothed EISCAT profiles. It must be
noted that this procedure relies on the Eulerian assumption DDJ\Z‘* = dge, ie.
that the same air mass is observed during the whole experiment, as discussed
at some length by Semeter and Kamalabadi (2005). As seen from the meteor
radar measurements described in the following section the rocket flight took
place during the zero crossing of the 12-hour tide, so the horizontal wind was
weak.

Fig. 9 shows the nitric oxide variation calculated by this SIC model run.
Large increases due to aurora are seen mainly after 21 UT. The SIC back-
ground and NEMI results should therefore be comparable. The N, back-
ground profile from 19:15 UT in the 18th cycle of the SIC control run is also
shown in Fig. 8, together with the Faraday profiles and EISCAT results. The
[NOJ, [O] and N, profiles all differ significantly except for the O concentra-
tion at the peaks of the profiles. From the ground based wind measurements
and coincident satellite measurements it is clear that these discrepancies are
caused by the large-scale dynamics of the winter polar vortex.

7. Atmospheric conditions and dynamics

The zonal and meridional winds were measured by the continuously run-
ning SKiYMET meteor radar at Andenes (Singer et al., 2003, 2004), Fig. 10.
From the horizontal wind a first-order back trajectory estimate (not shown)
indicates that the air mass of the flight came from above northern Scandi-
navia. As can be seen the 12-hour tide dominated the horizontal wind in the
UMLT region, as expected. During the time of the launch the tide was at the
turning phase, horizontal winds close to zero. Therefore the EISCAT and

15
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Figure 9: SIC model runs with iterative search for ionisation rate, based on dﬁé estimated

from EISCAT (GUISDAP analysed Ne). The EISCAT Ne profiles have been smoothed by
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differentiation. Upper plot: Electron density profiles. Lower plot: Comparison between
modelled and measured [NO] and [O] profiles from NEMI, 19:15 UT.
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HotPay 2 measurements should be comparable in the absence of structured
auroral precipitation and other small-scale perturbations.

Fig. 11, left panel, shows temperature profiles measured with the ALO-
MAR Na lidar during the day of the HotPay 2 launch. In the right panel the
10-minute average profile around the time of launch is shown together with
the the MSISE-90 model temperature profile used for the SIC modelling in
the SIC range 20-150 km. It is likely that MSISE-90 is not representative of
the deep solar minimum thermosphere of 2008, as the average temperature
as indicated by the lidar is some 10 K lower. An apparent perturbation with
a vertical wavelength of about 5.5 km and an amplitude of 7-8 K is also
seen. The smaller wave-like variations of 1-2 K amplitude and about 1 km
vertical wavelength are near the instrument’s resolution limit and likely due
to photon shot noise.

Temperature perturbations similar to the difference between the lidar and
MSIS temperature were imposed on the SIC model to study whether the tem-
perature dependence of the reaction rates alone could cause discrepancies of
this magnitude, but this cannot be the case. This gives further confirmation
that dynamic processes, that is, meridional transport and subsidence in the
polar vortex, control the nitric oxide and oxygen profiles. Satellite measure-
ments also indicate thermosphere-mesosphere exchange in vortex filaments,
as show in next section.

8. SciSat ACE NO measurements

Remote sensing of nitric oxide from satellites is possible both in the ther-
mosphere above the lower-thermospheric NO maximum using the + band
emission in the UV dayglow, the SNOE satellite being a well-known exam-
ple (e.g. Solomon et al., 1999), and in the middle atmosphere by means of
infrared absorption spectroscopy. The Atmospheric Chemistry Experiment
Fourier Transform Spectrometer (ACE-FTS) on board the Canadian SciSat
(Bernath et al., 2005) is one of few currently operating instruments capa-
ble of measuring nitric oxide profiles by solar occultation spectroscopy. The
instrument is a Fourier transform spectrometer operating in the IR range
2.2-13.3 pum. Fig. 12 shows the [NO] profiles from a latitude of close to 66°,
i.e. close to the latitude of Andgya and EISCAT. The profile from closest
in longitude is shown separately in the right panel. Kerzenmacher et al.
(2008) discuss validation of the FT'S NO profiles. At the profile minimum,
60-80 km, the errors are large, as evident also from this profile. At the peak
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Figure 11: ALOMAR Na lidar temperature analyses. Left panel: 10-minute average anal-
yses for the Hotel Payload 2 launch day. Right: The 10-minute average profile 19:12-19:22
UT shown together with the MSISE-90 temperature profile used in the SIC modelling.

the errors are smaller but the ACE profiles still deviate from those of other
instruments such as HALOE. However, a longitudinal variation is seen and
at some longitudes also evidence of subsidence. The results compare well
with EOS Aura microwave limb sounder (MLS) quick-look data (available at
http://mls. jpl.nasa.gov/) from the 2700 K potential temperature level
(near 60 km), where vortex patches northwest of N Norway show elevated
temperatures and carbon monoxide (CO) mixing ratios as well as low water
vapour mixing ratios, confirming the subsidence of thermospheric air.

9. Discussion and conclusions

The profiles measured by HotPay 2/NEMI are downshifted as compared
with the profiles measured by earlier rocket instruments such as ETON (Mc-
Dade et al., 1986a). The SIC model quasi-steady-state background NO num-
ber density profile is also clearly overestimated. This suggests that subsidence
over the winter pole is not compensated by meridional transport during the
cold and geomagnetically quiet period preceding the campaign. The flight
took place after the passage of a quiet auroral arc. Although the aurora
controlled the E and F layer electron densities after 17:30 UT, as seen from
the EISCAT measurements (Fig. 7), the precipitation was not sufficiently
energetic to affect the UMLT region. Local effects of energetic precipitation
preceding the measurements can therefore be excluded and the composition
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Figure 12: SciSat ACE-FTS nitric oxide profiles at a latitude of 66 degrees and 7 different
longitudes. The longitudinal transect clearly shows the variation in NO in the UMLT
caused by meridional transport and subsidence.
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was dominated by large-scale dynamics. The ACE [NO] profile from the lon-
gitude closest to the HotPay 2 flight agrees with the NEMI profile in that the
number density at 100 km is on the order of 108 cm™3. At some longitudes
the ACE NO peak was also shifted down to altitudes in the range 70-90 km.
The ACE-FTS data therefore further confirm that the UMLT nitric oxide
profile observed at the time of the HotPay 2 was not much affected by the
weak aurora which appeared before the flight after the long quiet period, but
controlled by transport from lower latitudes and subsidence over the pole.
The NEMI experiment, as well as satellite data, therefore give clear evidence
of the importance of downward transport from the lower thermosphere into
the middle atmosphere in the winter polar vortex. Any local measurements
and modelling should take large-scale dynamics into account as necessary.

On the other hand, energetic electron precipitation directly affecting the
UMLT altitude region did appear later during the continued Hotel Payload 2
ground-based measurement campaign in early February 2008. Refined anal-
ysis of daytime EISCAT VHF data from this period will allow estimating,
among other phenomena, the presence of meteoric smoke particles, which
may explain parts of the discrepancy between the measured positive ion and
electron density profiles. This topic is beyond the scope of this paper but
subject to further investigation by the present authors and collaborators (e.g.
Friedrich et al., 2010; Strelnikova and Rapp, 2010). Especially interesting is
that 3-D imaging optical and radar instruments are or will be available for
the purpose of UMLT studies. We aim at developing the use of such data for
remote sensing of NO and other aspects of UMLT composition such as the
presence of negative ions and meteoric particles in the D region.
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