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ABSTRACT:
To observe the origin, vertical and horizontal distribution and variability of aerosol particles, and especially ultrafine particles
recently formed, we plan to employ the remotely piloted aircraft system (RPAS) Carolo-P360 “ALADINA” of TU Braunschweig.
The goal of the presented project is to investigate the vertical and horizontal distribution, transport and small-scale variability of
aerosol particles in the atmospheric boundary layer using RPAS.
Two additional RPAS of type MASC of Tübingen University equipped with turbulence instrumentation add the opportunity to study
the interaction of the aerosol concentration with turbulent transport and exchange processes of the surface and the atmosphere. The
combination of different flight patterns of the three RPAS allows new insights in atmospheric boundary layer processes.
Currently, the different aerosol sensors are miniaturized at the Leibniz Institute for Tropospheric Research, Leipzig and together with
the TU Braunschweig adapted to fit into the RPAS. Moreover, an additional meteorological payload for measuring temperature,
humidity and turbulence properties is constructed by Tübingen University. Two condensation particle counters determine the total
aerosol number with a different lower detection threshold in order to investigate the horizontal and vertical aerosol variability and
new particle formation (aerosol particles of some nm diameter). Further the aerosol size distribution in the range from about 0.300 to
~5 µm is given by an optical particle counter.

acceptable temporal resolution, and to calibrate the miniaturized
systems.

1. INTRODUCTION
1.1 Motivation
The formation of a large number of new nucleation mode
particles (size range from ~3 to 15 nm diameter) in the
atmospheric boundary layer (ABL) has been observed
worldwide at various sites and constitutes a significant source of
the atmospheric aerosol. Different nucleation processes lead to
the formation and, if sufficient condensable gases are available,
subsequent growth of particles to a detectable size above 3 nm
and to larger sizes within a few hours. Then they act as cloud
condensation nuclei and scatter solar radiation, which
influences the regional and global climate. Thus, being able to
understand and predict new particle formation is a key issue in
understanding and quantifying the aerosol effects on climate
(Spracklen et al., 2008). In the atmospheric boundary layer,
particle bursts have been reported in the entrainment zone, the
residual layer, and throughout the convectively mixed-layer.
The RPAS has the potential to close the gap of atmospheric
aerosol measurements between long-term ground-based
observations
and
long-range
aircraft
measurements.
Complementary to these measurements, RPAS observations
allow for investigating the small-scale and short-term aerosol
variability in vertical and horizontal direction at low cost and
with minimal logistical requirements.
The challenge is to modify small handheld instruments to meet
the mass, power and size requirements of the RPAS, to obtain

1.2 Aims
Overall goal of the project is to investigate the vertical and
horizontal distribution, transport and small-scale variability of
aerosol particles in the ABL using highly flexible RPAS. The
new RPAS ALADINA (Application of Light-weight Aircraft
for Detecting In situ Aerosol, Fig. 1) is currently being
modified at TU Braunschweig and equipped with aerosol
instrumentation.

Figure 1. ALADINA during take-off
Two additional RPAS of type MASC (Multi-purpose
Automatic Sensor Carrier) equipped with turbulence
instrumentation by University Tübingen add the opportunity to
study the interaction of the aerosol concentration with turbulent
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transport and exchange processes of the surface and the
atmosphere.
The three main aims of the project are:
a)
The
development,
characterisation
and
integration of a miniaturized aerosol payload
b)
The characterisation and calibration of the
aerosol UAV system in the field
c)
The investigation of ABL aerosol and its
variability
1.3 Aerosol variability and particle bursts
The earth's surface can act either as a source or sink for aerosol
particles. Aerosol formation, uptake, mixing, growth and
gravitational settling proceed throughout the ABL. The vertical
aerosol concentration is connected to the thermodynamic
structure. It is well mixed in a turbulent ABL and forms layers
of different concentration and properties if the atmosphere is
stably stratified. Aerosol particles modify the ABL in many
ways: Especially particles in the accumulation mode (about
~100 to 1000 nm) interact with solar and terrestrial radiation
and have a direct impact on the radiation budget (IPCC, 2007).
Depending on the aerosol properties and the surroundings, the
effect can be an additional positive (warming) or negative
(cooling) surface forcing (Lohmann and Feichter, 2005),
influencing the driving force of convection and the development
of the ABL structure (e.g. Yu et al., 2002). Aerosol particles
also serve as cloud condensation nuclei (CCN), enable cloud
formation in a saturated environment and modify cloud
properties (indirect aerosol effect, Kerminen et al., 2005).
As the vertical distribution of aerosol in the ABL is strongly
correlated with turbulent activity (Boy et al., 2003),
simultaneous profile measurements of aerosol concentrations
and turbulent parameters serve to identify source altitudes and
transport (Buzorius et al., 2001). In a stable stratified boundary
layer, complex processes involving aerosol take place at
different altitudes, which cannot be monitored by ground-based
observation sites (Corrigan et al., 2008). During subsequent
vertical and horizontal mixing, the particles are redistributed
and reach different locations.
The formation of a large number of new nucleation mode
particles (size range from ~3 to 15 nm diameter) in the ABL has
been observed worldwide at various rural, marine and urban
observation sites and constitutes a significant source of the
atmospheric aerosol (Kulmala et al., 2004). Different nucleation
processes lead to the formation and, if sufficient condensable
gases are available, subsequent growth of particles to a
detectable size above 3 nm and further to the Aitken mode size
(~15 to 100 nm) within a few hours. Then they act as CCN and
scatter solar radiation, influencing the regional and global
climate (Spracklen et al., 2008). Wiedensohler et al. (2009)
showed that new particle formation (NPF) may enhance the
available CCN by an order of magnitude. Being able to
understand and predict is a key issue in quantifying the direct
and indirect aerosol effects on climate. Above a certain particle
diameter volatile material dominates the particle growth
(Wehner et al., 2007). Ground-based observations of particle
bursts were connected to intense solar radiation, high vertical
wind variance (indicating a strong turbulent mixing), downward
particle flux, low water vapour concentration and enhanced
ozone concentration (Boy et al., 2003). NPF was observed with
increased turbulence within the RL (Wehner et al., 2010), while
these particles were mixed downwards and detected at ground
stations. Ground-based observations revealed a mesoscale
horizontal extent of NPF over hundreds of km (Wehner et al.,
2007). Airborne measurements investigated the large scale

variability of the particle concentrations along air mass
trajectories (O’Dowd et al., 2009). Detailed measurements of
the vertical and horizontal variability are recommended for the
implementation of NPF in models (Boy et al., 2006).
2. RPAS FOR AEROSOL OBSERVATION
2.1 Carrier platform
ALADINA provides a unique and flexible tool for
characterizing the vertical and horizontal variability of the
boundary layer aerosol. The Carolo-P360 with a wingspan of
3.6 m was designed at TU Braunschweig (Scholtz, 2009) to
carry up to 2.5 kg of payload in the front compartment (Fig. 2).
With electrical propulsion, it has an endurance of about 40
minutes. The cruising speed is 25 m/s. It is equipped with an
emergency landing system (parachute). An electric motor is
used as it reduces vibrations, and the centre of gravity is
constant during flight. After changing the battery pack and
saving the data, the system is ready for flight again in less than
20 min. With four sets of battery packs and parallel charging of
batteries it is possible to cover the daily evolution of the ABL.
The system starts on an undercarriage released after take-off
without the need of special infrastructure and lands directly on
the fuselage on soft and flat terrain (e.g. grass, snow field) with
a dimension of 60 m x 25 m. In summer 2011, the new UAV
was subject to extensive flight tests demonstrating convincing
flight properties and good reliability. The flight altitudes of the
new platform cover the range of the ABL (up to 3 km). A
typical flight pattern for aerosol detection consists of a vertical
profile up to the top of the ABL to identify altitudes of interest.
Then longer horizontal flight legs of several km are performed
to explore the spatial variability of the aerosol. The same board
computer, autopilot system, and meteorological and navigation
sensors are implemented as for the MASC systems.

Figure 2. ALADINA sensor compartment

2.2 Instrumentation
The aerosol instrumentation consists of an optical particle
counter (OPC) and two condensation particle counters (CPC).
Commercially available instruments are miniaturized at the
Leibniz Institute for Tropospheric Research (TROPOS),
Leipzig. The OPC GT-526 (Met-One) provides 6 channels in
the particle size range from ~0.3 to ~5.0 µm. More channels are
not useful, because on the one hand the miniaturized OPC shall
be fast, i.e., have a relatively high time resolution (~ 0.5 Hz),
which is needed to resolve the small scale aerosol features in the
ABL. On the other hand statistics (how many particles are
counted in one channel) limit both the time resolution and the
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number of channels. The CPCs 3007 (TSI) are handheld
instruments. As the CPCs can only be operated in a narrow
temperature window (10-35°C) the counters must be well
insulated. The temperature difference between the saturator and
condenser of the CPCs is adjusted to achieve two different
lower threshold diameters (e.g. 6 and 12 nm). This operation
mode allows deriving the concentration of freshly formed
nucleation mode particles. The response time of the original
instruments is improved, as the default value of ~9 s is too slow
for resolving the small scale aerosol features in the ABL.
Finally, the two CPCs are calibrated using the TROPOS
calibration facilities.
The whole aerosol payload can be operated as a stand-alone
system. It has its own power supply batteries and can be
operated independently from the RPAS. The payload shall be
finally tested under realistic ambient conditions, i.e.
temperatures down to 0°C and operating pressures down to 800
hPa.

2.3 Current status
A prototype of ALADINA has been extensively tested. The
reliability of the emergency parachute and the start with
undercarriage released after take-off has been demonstrated.
The aircraft that will be used for the aerosol measurements is
currently being modified for housing the aerosol instruments.
Interfaces between the aerosol instruments and the central data
acquisition are exchanged. The aerosol instruments will be
miniaturized and are tested and calibrated. The turbulence
payload and the central data acquisition are ready for
implementation. The next step will be to assemble the
miniaturized aerosol instruments as well as the data acquisition
and turbulence payload in the ALADINA sensor compartment
and fuselage and to perform necessary modifications to improve
the weight and balance.
2.4 Planned campaigns
Field experiments of the aerosol sensor carrier ALADINA in
combination with two meteorologically equipped MASC are
planned to study the influence of turbulence on the particle
distribution. After the implementation and test phase, a first
scientific application is planned for autumn 2013 at the aerosol
monitoring station Melpitz near Leipzig, Germany. The aim is
to identify the location and altitude of the so-called particle
bursts, i.e. events of new particle formation, in the atmospheric
boundary layer. The events will be analysed in dependence of
turbulence properties and in the context of the synoptic
situation. For 2014, a direct intercomparison of vertical aerosol
profiles with other airborne platforms is planned.

future, validation of aerosol properties observed with remote
sensing instruments (multi-wavelength lidar) is planned.
The combination of three RPAS operating simultaneously
provides information on the correlation of various atmospheric
parameters, like aerosol homogeneity, turbulence and
atmospheric stratification.
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