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1 INTRODUCTION

Clouds play a significant role in regulating the
radiation balance of the Earth-atmosphere sys-
tem. Therefore, it is important to investigate
the influence of cloud particle properties on ra-
diative transfer by in-situ measurements. Cir-
rus clouds are challenging in particular be-
cause they may cool or warm the atmosphere
[Solomon et al., 2007]. In order to investigate
the radiative impact of (cirrus) clouds simulta-
neous observations above and below the cloud
are required to obtain optical layer properties
and radiative budget quantities of the clouds. In
this regard the close coordination of the radia-
tion measurements above and below, and the
microphysical measurements within the clouds
is crucial. Usually this is attempted by using
several aircraft in stack as for example in the
CRYSTAL-FACE (2002) or TC4 (2007) experi-
ments. However, the aircraft usually have dif-
ferent speeds which makes it hard to obtain
truly simultaneous measurements around and
in the clouds. Also there are often series flight
safety regulations which additionally complicate
aircraft coordination. Moreover, using several
aircraft is expensive. Therefore, a new tan-
dem measurement platform has been devel-
oped and applied within a measurement cam-
paign funded by the Collaborative Research
Center SFB641 The Tropospheric Ice Phase.
This tandem platform consists of (1) a Learjet
35A aircraft mainly equipped with radiation in-
struments and (2) the AIRcraft Towed Sensor

Shuttle (AIRTOSS) equipped with instrumenta-
tion to measure cloud microphysical properties.
The AIRTOSS sonde is detached from, towed
by, and retracted onto the Learjet. By varying
towing-cable length (maximum length is 4 km)
and air speed, the horizontal and vertical dis-
tance between the AIRTOSS and the research
aircraft can be varied, providing possibilities for
different vertical profile flight patterns. In this
way the measurements conducted on the air-
craft and on the AIRTOSS are truly collocated,
which has not been possible in earlier coordi-
nated aircraft experiments.

By comparing the microphysical properties

Figure 1. Illustration of AIRTOSS operating mode.

derived from a combination of radiation mea-
surements and radiative transfer modelling (e.g.
using the Library for Radiation Transfer calcu-
lations (LibRadtran) model [Mayer and Kylling,
2005]), closure studies of the radiative effect of
cirrus clouds can be performed. Furthermore,



the microphysical cloud properties (such as ef-
fective particle radius and/or optical thickness
of the cloud) can be retrieved and compared to
the simultaneous microphysical measurements
conducted with AIRTOSS.

1.1 Campaign

A ’proof-of-concept’ campaign was conducted
in September 2007 from Hohn, Northern Ger-
many. Three test flights with AIRTOSS have
been made, whereof the first flight was accom-
panied by a second aircraft to closely watch
the flight attitude of the AIRTOSS drag-body.
The duration of the test flights was about two
hours each. Due to safety regulations, flying
with the AIRTOSS sonde underlies some flight
restrictions when not attached to the winch,
as for example, not flying through mixed-phase
clouds due to possible icing and flying over re-
stricted military area in a maximum height of
25.000 feet. Beyond testing the flight charac-
teristics of AIRTOSS, first measurements with
AIRTOSS were performed within low marine
stratus clouds.
For measurements of cirrus inhomogeneities
two additional flights without AIRTOSS were
made in order to be able to fly at higher alti-
tudes.

2 INSTRUMENTATION

The instrumentation for radiation and cloud mi-
crophysics is described in the following section.
Figure 2 shows the locations of the instruments
within the tandem platform.

2.1 Learjet

Instruments on the Learjet are either installed
in the wingpod or on top of the fuselage. Here,
the newly developed Stabilized Platform for
Airborne Radiation Measurements (SPARM) is
used for horizontal stabilization of the down-
welling irradiance sensor (Fdw). Downwelling
irradiances are measured in a wavelength-
range of 350 – 2200 nm. The wingpod contains

Figure 2. Instrumentation of Learjet/AIRTOSS tandem.

the Forward Scattering Spectrometer Probe
(FSSP-100) at the front for measuring size dis-
tributions of particles in the size range of 2 –
45 µm [Dye and Baumgardner, 1984]. Also in-
stalled in the wingpod are the downward look-
ing sensor for upwelling radiances (Lup) and
the multispectral two-dimensional CCD cam-
era [DuncanTech, 2002]. The CCD cam-
era captures pictures at three different wave-
lengths: green (550 nm), red (660 nm), and
near-infrared (880 nm) and has a viewing angle
of 58.1◦. Upwelling radiances are measured in
a wavelength-range of 350 – 2200 nm, the view-
ing angle of the radiance inlet is 1.5◦. The radi-
ation sensors are described in Wendisch et al.
[2001].

2.2 AIRTOSS

The AIRTOSS drag-body is equipped with the
Cloud Imaging Probe (CIP), a Global Position-
ing System (GPS) and a System for Inertial
Navigation, Guidance, Stabilization and Sur-
veying (iMAR system) for measuring the atti-
tude angles of the AIRTOSS. The CIP gen-
erates two dimensional shadow images of
cloud particles with diameters between 25 and
1550 µm. From these images information about
shape and size distribution of the cloud parti-
cles as water droplets or ice crystals can be
obtained [Knollenberg, 1970]. For determin-
ing the exact position of the AIRTOSS a GPS
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Figure 3. Flight characteristics on 6 of September 2007, shaded areas indicate climbing or diving of Learjet, lengthening
and retracting of towing cable. The arrow in the ellipse denotes an example of a slight turn which causes a high
amplitude in roll angle.

is used. The iMAR system provides measure-
ments of the flight attitude as roll and pitch an-
gle as well as heading information of the AIR-
TOSS. Small changes in roll and pitch angle
should not affect the accuracy of CIP measure-
ments. Stable flight conditions are more crucial
for the planned integration of radiation sensors
into the AIRTOSS. The power supply for AIR-
TOSS is given by batteries.

3 OBSERVATIONS

3.1 AIRTOSS flight characteristics

The Learjet/AIRTOSS platform has been tested
for altitudes up to 25.000 feet, aircraft speeds of
180 – 300 knots and a towing-cable length up to
4 km. While AIRTOSS is attached to the Learjet
no measurements are carried out, in this time
the batteries are disconnected in order to save
battery power. The first test flight of AIRTOSS
on 4 of September 2007 has been accompa-
nied by a second Learjet to be able to closely
watch the flight behaviour of the drag-body and
thus to testify the operational capability of the
Learjet/AIRTOSS tandem. No data have been
collected on this flight. About 90 minutes of
continuous data of the GPS, iMAR system, and

CIP are available during the AIRTOSS flights on
6 and 7 of September 2007.
During the AIRTOSS flight on 6 of Septem-
ber 2007 tests were made for different flight
altitudes and airspeeds as shown in Figure 3.
Even slight turns cause high oscillations in roll
angle as pointed out by the arrow. During the
following straight on flight the oscillation dimin-
ishes. The coarse shaded areas denote climb-
ing or diving of the Learjet which can also be
seen in the pitch angle of AIRTOSS. Climbing
causes a higher air resistance on the ’wings’ at
the end of AIRTOSS and thus a positive pitch
angle as the front section looks up, diving of
the Learjet a negative pitch angle, respectively.
Narrow shaded areas denote a change in tow-
ing cable length which adds some noise to the
attitude angles. In Figure 4 the attitude angles
of the flight on 7 of September 2007 are dis-
played. The time segment shows a period with
constant airspeed (∼ 100 m/s) and AIRTOSS
height (∼ 500 m). After flying a turn the roll an-
gle needs about 35 seconds to diminish its os-
cillation. Roll and pitch angles show absolute
deviations up to 4◦ and 2◦, respectively. The
pitch angle is slightly positive at this airspeed.
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Figure 4. Flight characteristics on 7 of September 2007 in
a period with constant aircraft speed and height.

3.2 Microphysics

During several flight legs on test flights on 6 and
7 of September 2007 the AIRTOSS sonde was
dropped into marine stratus clouds. In-cloud
measurements of size, shape, and size distri-
bution of the cloud water droplets were made by
the CIP. As Figure 5 demonstrates mostly small
droplets with a size of about 39 µm in diameter
were imaged. A mean number concentration
of 12.9 particles per litre was observed in the
clouds.
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Figure 5. Mean diameter of cloud droplets measured on
7 of September 2007 in marine stratus clouds.

3.3 Radiation

The radiation measurements focused on obser-
vations of cirrus clouds. The spectral upwelling
radiance (Lup) measured above the clouds on
6 of September 2007 shows cirrus inhomo-
geneities (Figure 6). In the time series of Lup
at 670 nm and 1600 nm wavelength the signal
drops by about 50% within about 30 seconds
(about 4.5 km flight path). The big differences
in the radiances at the two wavelengths result

from the fact that ice is almost not absorbing at
670 nm but strongly absorbing at 1600 nm.
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Figure 6. Upwelling radiances illustrating cirrus inhomo-
geneities measured on 6 of September 2007.

4 CONCLUSIONS AND OUT-
LOOK

The proof-of-concept campaign has shown that
the principle of the tandem measurement plat-
form worked out well. The AIRTOSS sonde was
able to stabilize its flight after several flight ma-
noeuvres. Thus, for future studies of the inter-
action between cloud microphysics and radia-
tion AIRTOSS has proven to be a very useful
platform. To achieve a preferably stable flight of
the AIRTOSS airspeed, height, and towing ca-
ble length should be kept constant in straight on
flight.
A wireless local area network (WLAN) connec-
tion between AIRTOSS and Learjet shall be
made available for the next AIRTOSS mission,
to gain inflight information whether the drag-
body is in a cloud or not. This is of particu-
lar importance for measurements in thin clouds
as for example cirrus clouds. For measure-
ments of cloud-radiation interactions of cirrus
clouds, the allowed maximum flight altitude has
to be extended to 10 – 12 km. This shall be
achieved until the next scientific campaign with
the AIRTOSS which is planned for October



2008. For this campaign, the integration of in-
struments for radiation measurements into the
AIRTOSS sonde is planned. Here, the same
radiation sensors will be used as in the Lear-
jet. These implementations will make the AIR-
TOSS an even more powerful tool for studies of
interactions between cloud radiation and micro-
physics.
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