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Motivation: Aerosol acting as cloud condensation
nuclei

Aerosol particles provide nucleating sites for forming cloud droplets

cloud reflectance/albedo goes up, longer cloud life time
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Motivation: Different types of Aerosol

Aerosole under the microscope, Source: PSI
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New Particle Formation

Platis et. al.,2015, An observational case study on the influence of atmospheric
boundary-layer dynamics on the new particle formation, Boundray-Layer Meteo.,
Springer, DOI: 10.1007/s10546-015-0084-y
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Airborne Measurement of a New Particle Formation
Event in the Atmospheric Boundary Layer

Cooperation project with:

This work is supported by the Deutsche Forschungsgemeinschaft
(LA 2907/5-1, WI 1449/22-1, BA 1988/14-1)
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MASC: Multi-purpose Airborne Sensor Carrier
operated at University of Tübingen

(I told the designer, that I don’t care about the colour, as
long as it is well visible ...)

wingspan: 2.7...3.5 m
total weight: < 6 kg
incl. sci. payload: 1.5 kg
cruising speed: 25 m/s
endurance: ≈ 1 hour
electrical engine
autopilot: U Stuttgart

Measurements:

• 3D wind vector

• air temperature

• water vapour

• 100 Hz sampling rate

• data link to ground station
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ALADINA Sensor Unit
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ALADINA Sensor Unit
• complete

thermodynamic sensor
package like MASC

• 1 OPC

• 2 Condenstation Particle
Counter (CPC)

• Particle diameter 5 nm -
10 nm

• turbulence measurement
up to 30 Hz

• live data observation
on ground-station
computer
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Synoptic Situation on 3rd April, 2014

Melpitz, Eastern Germany Clear sky day, with a nocturnal capping inversion
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Ground-Based Measurements
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Evolution of integrated particle number concentrations for N5−10 cm−3 NAIS (red) at
2 m AGL. Black stars indicate the number concentrations for N5−10 cm−3 measured
by ALADINA. Precursor gas SO2 (blue) measured by a gas concentration unit.
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Ground-Based Measurements
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Ground-Based Measurements
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• Sudden increase of newly formed particles in the surface observations

• The ground-based observations without the airborne in-situ measurements
may result in a misinterpretation of location and processes causing the
increase in newly formed particles particles.
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Morning Transition - 08:33 UTC
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Morning Transition - 09:37 UTC
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Morning Transition - 09:58 UTC
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Morning Transition - 10:04 UTC
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Morning Transition - 10:45 UTC
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NPF Event

- We assume that the inversion layer is responsible for creating favorable
thermodynamic conditions for a NPF event.

-By using estimates of the turbulent mixing we can explain that the downward
transport of particles by convective eddies was the cause of the sudden increase of
nucleation mode particles in the surface observations.

-Without UAV: misinterpretation of location and processes causing the
increase in newly formed particles particles.
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Motivation: Different types of Aerosol

Aerosole under the microscope, Source: PSI
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Outlook - Future Projects

• multi-copter with OPC and a
particle sampler (initiated by
INTA - Madrid)

• sample pollens, microbiology,
bacteria, spurs

• pollen propagation, organic
material acting as CCN

Center for Applied Geoscience
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Questions?
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Downward Transport of Newly Formed Particles
We consider the vertical turbulent mixing:

∂tN =−∂zw′N ′ = K ∂ 2
z N, (1)

where K is turbulent exchange coefficient and w′N ′ is the mean vertical turbulent flux
of N, which is approximated by the gradient approach also known as “K-Theory” with

w′N ′ = K ∂zN . (2)

K is calculted by the standard deviation of the vertical wind σw and the wavenumber
peak km, which represents the inverse of the typical length scale for the dominant
eddies.

K = 0.085σw k−1
m . (3)

Reduce 1 to:

∆N
∆ t

=
K

(∆z)2∆N, (4)
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Downward Transport of Newly Formed Particles
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Downward Transport of Newly Formed Particles

∆N
∆ t

=
K

(∆z)2∆N, (6)

With K = 5.8 m2 s−1, Eq. 6 =⇒ ∆N/∆ t ≈ 11.6 cm−3s−1

From ground-based measurements:
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=⇒ ∆N/∆ t ≈ 10.0 cm−3s−1
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