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Abstract. WIRA is a ground-based microwave Doppler
spectroradiometer specifically designed for the measurement
of profiles of horizontal wind in the upper stratosphere and
lower mesosphere region where no other continuously run-
ning measurement technique exists. A proof of principle has
been delivered in a previous publication. A technical upgrade
including a new high-frequency amplifier and sideband fil-
ter has improved the signal to noise ratio by a factor of 2.4.
Since this upgrade the full horizontal wind field compris-
ing zonal and meridional wind profiles is continuously mea-
sured. A completely new retrieval based on optimal estima-
tion has been set up. Its characteristics are detailed in the
present paper.

Since the start of the routine operation of the first pro-
totype in September 2010, WIRA has been measuring at
four different locations at polar, mid- and tropical latitudes
(67°22' N/26°38' E, 46°57' N/7°26' E, 43°56' N/5°43' E and
21°04’ S/55°23'E) for time periods between 5.5 and
11 months. The data presented in this paper are daily aver-
age wind profiles with typical uncertainties and resolutions
of 10 to 20ms~! and 10 to 16 km, respectively. A compari-
son between the data series from WIRA and European Centre
for Medium-Range Weather Forecasts (ECMWF) model data
revealed agreement within 10% in the stratospheric zonal
wind. The meridional wind profiles agree within their error
bars over the entire sensitive altitude range of WIRA. How-
ever, significant differences in the mesospheric zonal wind
speed of up to 50 % have been found.

1 Introduction

Wind is a key parameter for the characterisation of the
atmosphere and its dynamics on every altitude level. Re-
cent studies have also demonstrated the influence of middle-
atmospheric dynamics on tropospheric weather patterns (e.g.
Baldwin and Dunkerton, 2001; Hardiman et al., 2011). How-
ever, in the middle atmosphere the only continuous source of
wind data so far has been models. A gap region with a lack of
measured wind information exists in the middle atmosphere
between approximatively 10 and 10~ hPa. Very few mea-
surement techniques covering parts of this altitude range are
or have been operated on a campaign basis. Measurements
from Rayleigh lidars (Baumgarten, 2010) and rocket-aided
techniques (e.g. Goldberg et al., 2004; Chu et al., 2007; Fin-
ger et al., 1975) have been presented. Different upper atmo-
sphere radar techniques provide data above 70 km altitude.
Under special atmospheric conditions measurement ranges
extending as low as 60 km have been reported (Jacobi et al.,
2007; Hoffmann et al., 2007; Nicolls et al., 2010). For a
limited time, microwave wind measurements have been per-
formed from space by the microwave limb sounder SMILES
(Baron et al., 2013). A more extended overview of the differ-
ent wind measurement techniques with their key characteris-
tics and their sensitive altitude range can be found in Riife-
nacht et al. (2012).

A first prototype of the wind radiometer WIRA has
demonstrated the potential of ground-based microwave
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Doppler wind radiometry (Rifenacht et al., 2012). Compared
to the other techniques mentioned above, ground-based mi-
crowave radiometry has the advantage of allowing the acqui-
sition of long continuous time series of wind pro les. Indeed,
the operation of such instruments can be highly automated
and remotely controlled. Moreover, microwave radiometry is
not dependent on daylight conditions and is only weakly af-
fected by cloud cover.

Since the rst prototype of WIRA, described by Riifenacht
et al. (2012), signi cant technical developments as well as
a completely new retrieval algorithm have greatly enhanced
the quality of the wind estimates. Together with the data ob-
tained on extended measurement campaigns held at polar,
tropical and midlatitudes, this gives us the ability to draw
meaningful conclusions on the difference between measured
middle-atmospheric wind and data from models.

The rst part of the present publication will describe the
key characteristics of the receiver, focusing on the new tech-
nical developments; the second part introduces the new op-
timal estimation retrieval. In the third part wind data from Figure 1. WIRA' frontend during its operation at the Observatoire
the different measurement campaigns are presented and cordla Maido on La Réunion island.
pared to model data from ECMWF.

stabilities is smaller than 14 Hz. This leads to a wind error of
2 The instrument a few centimetres per second only, and can thus safely be

neglected in the error analysis.
The ground-based wind radiometer WIRA (see Fig. 1) is For reasons of compactness and reliability, especially
a 142 GHz heterodyne radiometer measuring Doppler shiftsvhen measuring under harsh conditions, WIRA cannot use
in the emission spectrum of atmospheric ozone in order tcan optical sideband lter. Therefore, the instrument was ini-
derive middle-atmospheric wind pro les. In the routine op- tially designed as a double sideband radiometer. Bene ting
eration the duration of one measurement cycle is 60s. Sucfrom recent advances in the construction of low noise am-
a cycle contains the measurement of the signals from theli ers (LNAs) at frequencies beyond 100 GHz, WIRA was
two calibration targets (ambient temperature load and sky atransformed to a single sideband radiometer in summer 2012
zenith) as well as from two or four cardinal directions for by adding a D-band LNA, a waveguide bandpass Iter and
the wind retrieval. The wind retrieval combines the calibratedan isolator before the radio frequency (RF) entrance of the
spectra obtained at two opposite viewing directions (i.e. eastmixer. S-parameter measurements using a high-frequency
and west for zonal and north and south for meridional wind).vector network analyser revealed a good sideband separa-
In this way drifts and uctuations in reference frequency os- tion achieved by the new RF components. The image side-
cillators on timescales larger than 1 min are removed in theband centred around 149.576 GHz is rejected down to 50 dB
wind retrieval. and the re ections in the signal sideband are in the order of

The prototype of the instrument as well as its operation 30dB only.

mode and calibration scheme is described in detail in Riife- Noise temperature tests with liquid nitrogen calibrations
nacht et al. (2012). A block diagram of the current version of revealed that the upgrade had reduced the noise temperature
WIRA is shown in Fig. 2. Since the rst prototype different from 880K double sideband to 740K single sideband. As
frequency sources have been replaced, mainly for the sakthe contribution of the image sideband in a double sideband
of operational robustness. In addition, this led to minor im- receiver can be regarded as noise, the change in the receiver
provements in the total frequency stability. A reassessment ohoise temperature corresponds to a 2.4 times better signal to
the frequency stability was performed after the last upgradenoise ratio for the upgraded instrument.
by using a GPS signal as frequency reference. With this setup The optics of WIRA had been designed for the measure-
Allan standard deviation measurements revealed the resultsient of the complete horizontal wind eld, i.e. for the mea-
displayed in Fig. 3. As drifts and long-term frequency in- surement of the zonal and meridional wind components.
stabilities on timescales longer than one measurement cyclelowever, because of the relatively low signal to noise ra-
are compensated by the comparison of spectra from oppositiéo, the meridional wind, which is generally small, had not
viewing directions in the wind retrieval, we can state that thebeen routinely measured until summer 2012 in order to save
maximum frequency error induced by reference oscillator in-integration time to get a more accurate estimate of the zonal
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