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Why did we do this campaign and why did we use UAS?

MOTIVATION
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Research Background

Funded by Deutsche Forschungsgemeinschaft (DFG) since 2013
Project with TROPOS Leipzig and Uni Tubingen

First part: Set up of the unmanned research aircraft ALADINA and field studies

in Melpitz, Germany
Altstadter et al., AMT, 2015; Platis et al., BLM, 2016
(Application of Light-weight Aircraft for Detecting IN-situ Aerosol)

-> 110 flights at the TROPOS research

station in Melpitz

* New particle formation (NPF)
studies at different weather conditions

* Influence of turbulence on mixing
processes

« BC variability

*Platis et al. (2016): An Observational Case Study on the Influence of Atmospheric Boundary-Layer Dynamics on New Particle Formation, Bound.-Lay.
Meteorol., 158, 67-92, doi:10.1007/s10546-015-0084-y

Second part: Field activity during “MelCol2015”

Barfuss et al., Atmosphere, 2018; Altstadter et al., ACP, 2018
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Research Background

Further 50 flights in Save, West Africa in July 2016

» Meteorological measurements
» Turbulent fluxes in West African Monsoon (WAM) area

« BC variability effected by nocturnal LLJ
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Motivation

-=> Third part: Study of the horizontal and vertical distribution of aerosol
particles in the polar boundary layer over Svalbard

Research goals

Polar boundary layer investigation:

* New particle formation

» Vertical and horizontal variability of aerosol particles

 BC mass concentrations caused by ship emissions

 Small-scale study over open water

 LES model input/validation with SOSAA (one-dimensional
chemistrytransport model in collaboration with Michael Boy, Helsinki)
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Why doing this campaign in Ny-Alesund?

Period: 24 April — 25 May 2018
Operation Temp: -15°C — 0°C
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Why doing this campaign in Ny-Alesund?

Crucial link between remote
sensing and ground observation

* Flexible and mobile systems

* Flights in low altitudes of several
metres possible

« Constant cruising speed

» Vertical profiles: 0-1000 m
» Electrically powered

* Live data observation “epeelngtengg
« Sampling rate of 100 Hz E“:

- Small-scale UAS study

Gruvebadet
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Which measurement platforms did we use?

ALADINA / MASC3
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Unmanned aerial system ALADINA

Technical Facts

« Take-off weight 24.9 kg
 Wingspan 3.6 m

e Payload 4.5 kg

e Flight duration 40 min

e Constant cruising speed 28 m st
« Autopilot Pixhawk 2.1 ,,Cube”

e Redundant Power Supply

Adapted for the polar campaign:
 Heated inner compartment (25°C)
 Upgraded modular payload bay

 Upgraded battery handling
- Fast turnaround time of ~20 min

« 433Mhz / 868 MHz radio frequency
 Wheel Brakes
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Heated Measurement Compartment

Take-Off Landing
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* |solated compartment
* Up to 90W heating power
» Controlled air flow and heating power
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Modular Payload / ALADINA instrumentation

Variable Sensor Measuring range
FWRT, TSYSO01, °
Temperature HMP110 -20 to +50 °C
Relative humidity Rapid P14, HMP110 0-100 % RH
3D Windvector Multi hole probg, T 0-35m st
Braunschweig
2 Pyranometers
Solar (reflex) (EKO ML-020VM, EKO 0-1400 W m*2
radiation
Instruments)
IR thermometer 0
Surface temperature ML X90G14 -70to 380 °C
Aerosol particle CPC1 (model 3007, TSI
. ~7nm -2 um
number concentration Incorporated)
Aerosol particle CPC2 (m2odel 3007, TSI
. ~12 nm - 2 pm
number concentration Incorporated)
Size distribution of OPC (model GT-526S, 0.39-10 ym

aerosols

BC mass
concentration

Met One Instruments)

MicroAeath® (model
AE51, AethLabs)

(6 channels)

0-1 mg BC m=
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How and what did we measure?

R ESU LTS (VERY BRIEF OVERVIEW)
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Current measurements in Ny-Alesund
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 ALADINA:
50 measurement flights,
29 h flight duration

e >250 vertical profiles up
to the height of 850 m ASL
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Measurements in Ny-Alesund, 23 May 2018 - NPF
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Conclusion

 Operation of UAS in Ny-Alesund (24 April — 25 May 2018)

« Upgraded the ALADINA UAS for reliable and robust flight operations
under polar conditions

* Detected events with local pollution by ship emissions and car traffic
 NPF was observed on 55 % of the measurement days

* The aerosol particle number concentrations several orders higher
than measured in previous Arctic studies

» Occurrence in different layers in the whole atmospheric boundary
layer

» Connected to small scale orography
« Associated with multiple inversion layers
Strong Dependencies of particles N_,, on wind directions
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Thank you for your attention!

AWIPEV:

Arctic Research Base Ny-Alesund
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