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Abstract

ASMUWARA, the All-Sky MUlti WAvelength RAdiometer, is a new ground-based and automatically op-
erating radiometer system designed for tropospheric monitoring. ASMUWARA has ten channels in the mi-
crowave and infrared range and is able to observe the sky in all directions with an angular resolution of 9◦.
No radome is used to allow an optimum view quality at all wavelengths. The purpose of ASMUWARA is to
retrieve temperature and humidity profiles, maps of integrated water vapour and liquid water, and additional
cloud properties. The construction and characteritics of ASMUWARA are described. Special emphasis is put
on the calibration loads, the calibration method, and the correction of antenna beamwidth effects.

Zusammenfassung

ASMUWARA, das All-Sky MUlti WAvelength RAdiometer, ist ein neues bodengestütztes und automati-
sches Radiometersystem zur Beobachtung der Troposphäre. ASMUWARA hat zehn Kanäle im Mikrowellen-
und Infrarotbereich und beobachtet den Himmel mit einer Winkelauflösung von 9◦ in beliebige Richtungen.
Das Instrument hat kein Radom um optimale Messungen im ganzen spektralen Bereich zu machen. Der
Zweck von ASMUWARA ist die Messung von Temperatur- und Feuchteprofilen, von Karten des integrierten
Wasserdampfes und des integrierten Flüssigwassers sowie von weiteren Wolkenparametern. Der Aufbau von
ASMUWARA und im Speziellen die Eichlasten, die Kalibrationsmethode und die Korrektur der durch die
Antennenbreite verursachten Fehler werden beschrieben.

1 Introduction

The microwave and infrared radiation emitted by the at-
mosphere contains information on meteorological pa-
rameters. The shapes of the absorption lines of wa-
ter vapour and of oxygen are suitable to determine the
height distribution of water vapour and temperature, and
the microwave and infrared radiation of clouds allows
for the measurement of the cloud height, its base tem-
perature and its integrated water content. Most of these
possibilities have already been described and exploited
in the past (ASKNE and WESTWATER, 1986). Along
with the improvement of atmospheric absorption mod-
els in the last twenty years, also the microwave and
infrared technology made progress. State-of-the-art ra-
diometers are now very reliable and miniaturised. As
a consequence of this development, multiple radiome-
ters were integrated to automatically operating radiome-
ter systems for meteorological measurements such as the
RPG-HATPRO by Radiometer Physics GmbH (ROSE et
al., 2005) or the TP/WVP-3000 by Radiometrics Corp.
(WARE et al., 2003). An excellent overview of on-going
research in ground-based microwave remote sensing is
given in WESTWATER et al. (2005).
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ASMUWARA (All-Sky MUlti WAvelength RAdio-
meter) is another ground-based radiometer system of
this type. It consists of four microwave radiometers with
channels near the 22.235 GHz water vapour absorption
line, at the lower edge of the oxygen line complex at
60 GHz, at 151 GHz, and an infrared radiometer in the
transmission window around 10 µm wavelength. In ad-
dition, it is equipped with a digital camera suitable for
cloud imaging in the daytime. Due to its rotatable mir-
ror and to its azimuth drive, ASMUWARA is able to
observe the sky in all directions with all sensors. With
antenna half-power full beamwidths (HPBW) of about
9◦ and with a sample rate of 3 s, the sky is gauged
within approx. 15 minutes. Since radome materials are
not sufficiently transparent for thermal infrared radia-
tion, ASMUWARA was constructed without a radome
at all. This makes it unique among comparable radiome-
ter systems. ASMUWARA continuously provides all-
sky images over the entire frequency range from the
microwave through the thermal infrared. The measure-
ments are used to retrieve temperature and humidity pro-
files, maps of the integrated water vapour and liquid wa-
ter, and estimates of cloud parameters.

In this paper, the hardware and the calibration con-
cept of ASMUWARA are described. Special empha-
sis is put on the development of the calibration loads
and the correction of antenna beamwidth effects. More
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