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‘ Abstract |

The mesosphere is of major interest for modelling
and measuring in the SCOSTEP project. The work
presented here deals with measuring mesospheric
O3 and H-O above the Arctic (78.3°N latitude) us-
Ing ground-based millimetre wave radiometry. Data
from one out of three measuring periods since
2006 are presented and first results are shown.
The method yields O3 and H->O profiles up to
65 km with moderate altitude resolution (about
15 km FWHM). Information is sensed up to the
mesopause region (ca 85 km altitude).

The presented O3 data remarkably well match our
in-house chemical transport model (CTM), espe-
cially in light of the mesospheric chemistry being
described in terms of families of species. Yet the
data also indicate how this approach breaks down
in the mesosphere.

The WaRAM measurements hint a diurnal cycle
of in mesospheric HoO which is not supported by
current modelling. However, the data are limiteq,
hence final conclusions can not be drawn from
them so far.

‘ 1. Introduction |

The mesosphere can be considered an interface
between space and Earth’s atmosphere, but also
between “outer” and "inner” atmosphere. The lat-
ter formulation highlights that many properties of
the atmosphere which are taken for granted in the
layer below 50 km altitude start to change in the
mesosphere (e.g. Brasseur and Solomon, 2005).
The mesosphere exhibits phenomena that are un-
known in the regions below the mesosphere, e.g.
chemical heating and Joule heating. Grouping of
chemical species into families, as commonly ex-
ercised in modelling below the stratopause, loses
validity. A full new class of reactions evolves, the
ion chemistry. Calculations in this scheme are
time consuming, because reaction time scales de-
crease to well below one second (Winkler et al.,
2008).

Mesospheric O3 plays an important role with regard
to measuring and modelling. First of all, it is rela-
tively easy to measure because of its strong ther-
mal emission, which is readily detectable by mil-
limetre wave radiometry. This technique allows de-
riving information up to the mesosphere by ground-
based instruments. O3 plays a central role in meso-
spheric chemistry, hence many effects can be stud-
led via their influence on O3 abundance.
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‘ 2. Instrumentation |

The IUP at Universitat Bremen operates millimetre
wave radiometers from the AWIPEV research base
at Ny Alesund (78.9°N 11.9°E) on the Spitsbergen
archipelago.

This work comprises data of two instruments: Ozo-
RAM, tuned to the 142 GHz rotational transition
(1019 — 10p.19) of O3, and WaRAM, tuned to the
22.2 GHz rotational transition (61 g — 52 3) of HyO.
The viewing path is tilted to 20° elevation angle and
an azimuth angle of 113.15 °. The geolocation of
the mesospheric measurement, at 60 km altitude,
is 78.3°N, 17 °E.

The data are analysed using the well established
software package ARTS/Qpack (Bihler et al.,
2005; Eriksson et al., 2005).
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Figure 1: Averaging kernels (AVKs) for OzoRAM
measurements in favourable meteorological condi-
tions. The left panel shows the AVKs with respect
to the volume mixing ratio (VMR) profile, whereas
the right panel displays the AVKs for the profile be-
Ing normalised to a priori VMR levels.

The Instrument function In order to compare
model data with the results from measurements,
the instrument specific restrictions have to be con-
sidered. The instrument and retrieval specific fea-
tures are summarised in the instrumental function
(Rodgers and Connor, 2003; Palm et al., 2005):

C%:.CIZQ—I—A(Q?T—CCCL> (1)

where xp denotes the true (but unknown) profile,
z, the a priori profile, and A = #Z (e.g. Fig. 1) the
averaging kernel matrix.

When retrieved data are compared to a model out-
put, the model output takes the place of x7, hence
the instrument would see z if the model output
were the true atmosphere.
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‘ 3. Selected results of O3-measurements |

OzoRAM has been measuring mesospheric data
during winter in 2006/07 and 2007/08 (cf. fig. 2),
and since September 2008. The intermediate
times have been used to eliminate problems in the
iInstrumental set-up.
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Figure 2: Time series of O3 during the winter
2007/08.

| | | | VMR @65 km
MMJMVNA/WU‘M_W‘”\klk‘[fmrq‘“'l“’mh ‘llllr |-.“‘ l\w “

VMR @55 km

VMR O3 [ppm]

oo

VMR @35 km]|

12/04 12/24 01/13 02/02 02/22 03/13 04/02 04/22
Date (mm/dd) of 2007/08

9
5
0
9
5
O_
9_
5
0
9
5
0
2

Figure 3: Comparison of several layers of retrieved
and modelled Os. The model output has been con-
volved using the OzoRAM instrument function.

In fig. 3, comparisons of the Bremen 3D CTM
are compared with the observed O3. For altitudes
above the stratopause, the breakdown of the fam-
ily model of chemistry is obvious. It overestimates
O3 abundance at the beginning of polar night, but
settles down to reasonable values at the end of the
dark season (end of January).

This feature is to be expected because the pho-
tochemical equilibrium is biased to the O3-side
In darkness, yet O and O3 reactions are con-
sidered interchangeable. To individually consider
their reactions, both species must be handled on
their own, which increases the computational load
of model runs because of the smaller time step
needed.

‘ 4. Selected results of H,O-measurements |
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Figure 4: Time series of H>O during winter
2007/08.
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During winter 2007/08 HO (cf. fig. 4) was mea-
sured in sufficiently good quality to derive daily
mean profiles. The profiles are in accordance
which with the general profile shape reported by
Nedoluha et al. (1995).

In order to search for a diurnal variation, the spec-
tra of ca. 20 min Integration time each have
been re-sorted before they were co-added.
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Figure 5: HoO VMR in the lower mesosphere dur-
ing day, night and twilight conditions. The marks
denote different bins of data during winter 2007/08
in order to examine the influence of the solar zenith
angle. For a further description of the data we refer
to the text.

The spectra were sorted according to solar zenith
angle (SZA) at the time of measurement: smaller
than 90° (fully illuminated), larger than 100° (no il-
lumination up to 100 km altitude) and in between.
For each type of data, spectra have been averaged
over a period of 5 days. In total 30 batches of data
have been created. One half comprise the period

from the 27th of February to the 25th of March. The
results are documented in fig. 5, blue symbols. The
other half correspond to a two-day shift in the pe-
riod of measurements, from the 29th of February
to the 27th of March 2008. They are depicted as
red symbols in Fig. 5. No indication of strong dy-
namic variation is apparent for this period, i.e. the
temperatures and the pressure levels determined
from ECMWEF data remain constant. Also the mean
background and the mean SNR are constant for all
of the co-added spectra.

While there is some indication for a variation of
H>O depending on solar illumination, the data set
IS not sufficient to determine such a variation be-
yond doubit.

‘ References I

Brasseur, G. and Solomon, S.: Aeronomy of the Middle At-
mosphere, Springer, 3. edn., 2005.

Blhler, S., Eriksson, P., Kuhn, T., von Engeln, A., and Verdes,
C.: ARTS, the atmospheric radiative transfer simulator,
J. Quant. Spectrosc. Radiat. Transfer, 91, 65-93, doi:
10.1016/j.jgsrt.2004.05.051, 2005.

Eriksson, P, Jiménez, C., and Buhler, S. A.: Qpack, a
general tool for instrument simulation and retrieval work,
J. Quant. Spectrosc. Radiat. Transfer, 91, 4764, doi:
10.1016/}.jgsrt.2004.05.050, 2005.

Nedoluha, G. E., Bevilacqua, R. M., Gomez, R. M., Thacker,
D. L., Waltman, W. B., and Pauls, T. A.: Ground-based
measurements of water vapor in the middle atmosphere,
J. Geophys. Res, 100, 2927 — 2939, 1995.

Palm, M., von Savigny, C., Warneke, T., Velazco, V., Notholt,
J., Klnzi, K., Burrows, J., and Schrems, O.: Intercompari-
son of O3 profiles observed by SCIAMACHY and ground
based microwave instruments, Atmos. Chem. Phys., 5,
2091-2098, 2005.

Rodgers, C. D. and Connor, B. J.: Intercomparison of remote
sounding instruments, J. Geophys. Res., 108, 4116, doi:
10.1029/2002JD002299, 2003.

Winkler, H., Kazeminejad, S., Sinnhuber, M., Kallenrode, M.-
B., and Notholt, J.: The conversion of mesospheric HCI
into active chlorine during the solar proton event in July
2000 in the northern polar region, J. Geophys. Res., sub-
mitted, 2008.

Acknowledgements

This work has been funded by the German Research Coun-
cil (Deutsche Forschungsgemeinschaft — DFG) projects NO
404/5-1; HO 3323/1-1; NO 404/5-2; HO 3323/1-2 within the
priority program CAWSES — Climate and Weather of the Sun-
Earth-System.

The measurements in Ny Alesund, Spitsbergen, were sup-
ported by the Alfred-Wegener-Institut (AWI) on the research
base AWIPEV.

The base personnel at the AWIPEV station, Ny Alesund,
Spitsbergen, carried out maintanence and calibration proce-
dures.



