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Abstract.

In this work the stratospheric performance of a relatively new microwave temperature radiometer (TEMPERA) has been
evaluated. With this goal almost three years of temperature measurements (January 2015 - September 2016) from TEMPERA
radiometer were intercompared with the measurements from different techniques as radiosondes, MLS satellite and Rayleigh
lidar. This intercomparison campaign was carried out at the aerological station of MeteoSwiss at Payerne (Switzerland). In
addition, the temperature profiles from TEMPERA were used to validate the temperature outputs from SD-WACCM model.
The results showed in general a very good agreement between TEMPERA and the different instruments and the model with
a high correlation (higher than 0.9) in the temperature evolution at different altitudes between TEMPERA and the different
datasets. An annual pattern was observed in the stratospheric temperature with in general higher temperatures in summer than
in winter and with a higher variability during wintertime. A clear change in the tendency of the temperature deviations was
detected in summer 2015 which was due to the repair of an attenuator in the TEMPERA spectrometer. The mean and the
standard deviations of the temperature deviations between TEMPERA and the different measurements were calculated for
two periods (before and after the reparation) in order to quantify the accuracy and precision of this radiometer along these
almost three years. The results showed absolute biases and standard deviations lower than 2 K for most of the altitudes and

comparisons proved the good performance of TEMPERA to measure the temperature in the stratosphere.

1 Introduction

The thermal structure of the atmosphere is one of the most important atmospheric characteristics for determining chemical,
dynamical and radiative processes in the atmosphere. In the stratosphere, temperature can influence chemical processes, and its
vertical profile is fundamental for investigating other atmospheric species as for example ozone or water vapor (Haefele et al.,
2009; Stihli et al., 2013; Moreira et al., 2015). In addition, stratospheric temperature is also a very important indicator of climate
change (Randel et al., 2009). The temperature trends can provide evidence of the roles of natural and anthropogenic climate
change mechanisms. Several studies have shown a detectable observed pattern of tropospheric warming and lower stratospheric

cooling during the last few decades of the twentieth century which is very likely related to anthropogenic emissions of trace
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gases, ozone and aerosols (Ramaswamy and Schwarzkopf, 2002; Santer et al., 2006; Schwarzkopf and Ramaswamy, 2008;
Randel et al., 2009; Bindoff et al., 2013).

Stratospheric temperatures can present a large variability along the time, specially during winter. For example, the strato-
sphere can experience sudden temperature increases (Sudden Stratosphere Warming, SSW) due to dynamical processes where
the temperature can change by several tens of degrees within a very short time (Flury et al., 2009; Scheiben et al., 2012). These
fast changes require measurement techniques with high temporal and spatial resolution in order to be able to monitor these
processes in the stratosphere.

The in situ technique of radiosonde is extensively used for tropospheric temperature measurements due to its high vertical
resolution. However, in the stratosphere, they are only able to cover the lower part, reaching maximum altitudes of around 35
km. In addition, they present also an important disadvantage against other techniques and it is their low temporal resolution
since in the best of the cases they are only launch four times a day.

At present, stratospheric temperature profiles are mostly obtained by means of remote sensing methods as lidars and mi-
crowave radiometers. Rayleigh lidars have been shown to be a powerful tool to monitor the temperature in the middle atmo-
sphere with a high spatial and temporal resolution (Hauchecorne and Chanin, 1980; Keckhut et al., 2001; Steinbrecht et al.,
2009). However this technique’s main drawback is that they can not be operated either daytime or under cloudy or rainy
conditions. In this sense microwave radiometer measurements can overcome these difficulties, since the measurements in the
microwave region are almost not affected by liquid water and the radiometers can be continuously operated providing tem-
perature profiles with a reasonably good spatial and temporal resolution. Most of the microwave radiometers for stratospheric
temperature measurements are operated on board of satelllites (e.g. MLS instrument on the Aura satellite as described in Wa-
ters et al. (2006), AMSU-A instrument on the Aqua satellite as described in Aumann et al. (2003) and SABER instrument on
the TIMED satellite as described in Remsberg et al. (2003)).

The possibility of ground-based microwave radiometry for stratospheric temperature measurements was shown for the first
time in Waters (1973) and it has been recently implemented (Shvetsov et al., 2010; Stihli et al., 2013). The technique is based
on the stratospheric thermal emission from high-rotational, magnetic dipole transitions of molecular oxygen around 53 GHz.
Ground-based microwave radiometer measurements present as main advantages that they can provide unattended continuous
measurements of temperature profiles in almost all weather conditions with a reasonably good spatial and temporal resolution
in the altitude range between 20 and 50 km above see level (asl). In addition, long-term measurements in a fixed location
allow the local atmospheric thermodynamics to be characterized. In this study we are going to present almost three years
of stratospheric temperature measurements from the TEMPErature RAdiometer (TEMPERA) which has been designed and
built by the Institute of Applied Physics of the University of Bern (Switzerland). This is the first ground-based microwave
radiometer that is able to retrieve temperature measurements in the troposphere and in the stratosphere at the same time.
Tropospheric retrievals from this radiometer have been evaluated in detail in other studies (Stéhli et al., 2013; Navas-Guzmén
et al., 2014, 2016). In this work we will focus on the stratospheric performance of TEMPERA (from 20 to 50 km) comparing
its measurements with the ones from different instruments and techniques as radiosondes, satellite and lidar measurements. In

addition TEMPERA profiles will be used to validate the temperature outputs from SD-WACCM model.
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The results obtained in this study provide a detailed evaluation of the temperature retrievals from TEMPERA radiometer. The
paper has been organized in the following way. The description of the different instrumentation used in this work is introduced
in Section 2. Section 3 presents a detailed description of the methodology used for the microwave temperature retrievals. Sec-
tion 4 presents the results of the different comparisons of RS, MLS satellite, lidar, SD-WACCM versus TEMPERA radiometer.
And finally, we conclude with a summary of the key findings in Sect. 5.

2 Experimental site and instrumentation

A special campaign has been set up at the aerological station in Payerne (46.82° N, 6.95° E; 491 m above sea level (asl),
Switzerland) of the Swiss Federal Institute of Meteorology and Climatology (MeteoSwiss). For this campaign, the TEMPERA
radiometer was moved from the ExWi building of the University of Bern (Bern, Switzerland) to Payerne in December 2013.
The main goal of this campaign is to assess the tropospheric and stratospheric performance of TEMPERA using the versatile
instrumentation available at this MeteoSwiss station (Navas-Guzman et al., 2016). Particulary, in this study we will focus on
the intercomparison of the stratospheric temperature profiles from TEMPERA.

Next, we will introduce the ground-based microwave radiometer called TEMPERA and all the other instrumentation used in
this study. As it was already mentioned, TEMPERA radiometer is the first ground-based microwave radiometer which is able
to measure temperature profiles in the troposphere and in the stratosphere simultaneously (Stihli et al., 2013; Navas-Guzmén
et al., 2014, 2016). It measures the microwave emission of the molecular oxygen in the 51-57 GHz range. The instrument
consists of a frontend to collect the microwave radiation and two backends for the spectral analysis (a filter bank and a Fast
Fourier Transform spectrometer (FFT)). The incoming radiation is directed into a corrugated horn antenna using an off-axis
parabolic mirror. The antenna is characterized by a Half Power Beam Width (HPBW) of 4°. The detected signal in the two
backends is calibrated by means of an ambient hot load in combination with a noise diode. The calibration of the noise diode
is perfomed every month using a hot (ambient) and a cold (liquid nitrogen) load. Figure 1 (left) shows a picture of TEMPERA
radiometer where its different components can be observed: mirror (1), microwave absorbers (hot(2) and cold (3) load), receiver
(4) and styrofoam window (5). Figure 1 (right) shows the isolated room where TEMPERA is located at the aerological station
of MeteoSwiss at Payerne (Switzerland).

The tropospheric measurements by TEMPERA are performed by means of a filter bank. It covers a total of 12 frequencies
uniformly distributed on the wing of the 60 GHz oxygen emission complex. Since tropospheric temperature measurements are
not the topic of this study more details about technical aspects of the filter bank and the measurement protocol for this mode
can be found in Stihli et al. (2013) and Navas-Guzman et al. (2016).

For stratospheric measurements a second backend is used. It consists of a digital FFT spectrometer (Acqiris AC240) which
measures the two pressure-broadened oxygen emission lines centered at 52.5424 and 53.0669 GHz. The bandwidth of this
spectrometer is 960 MHz and has a resolution of 30.5 kHz. The receiver noise temperature 7'y is around 480 K. More technical

details about the different components of the microwave receiver as the IQ-Mixer or the local oscilator (LO) can be found in
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Figure 1. TEMPERA instrument at the MeteoSwiss Station in Payerne, Switzerland.

TEMPERA: 04/02/2014, Integration: 09:00-12:00 UTC
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Figure 2. Spectrum of brightness temperatures measured with TEMPERA on 4 February 2014 from 09:00-12:00 (UTC). Only the FFT
channels of the the first line at 52.5424 GHz and the second line at 53.0669 GHz used in the temperature retrievals are shown.

Stéhli et al. (2013). An example of a calibrated spectrum (brightness temperature) measured with this spectrometer on 2 of
February of 2014 is shown in Fig. 2.
A styrofoam window allows views of the atmosphere over different elevation angles (from 20° to 60°). The operation of the

instrument inside a laboratory presents as main advantage that the radiometer is protected against adverse weather conditions.











































































