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Impact of  Biogenic versus Anthropogenic emissions on Clouds and 
Climate: towards a Holistic UnderStanding (BACCHUS)

Objectives:
• Deploy remotely piloted aerial systems (RPAS) to access vertical 

dimension and complement ground-based observations
• Relate in-situ measurements to ground-based and remote sensing 

observations
• Evaluate aerosol-cloud interactions in climatologically contrasting 

environments

www.bacchus-env.eu/
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Linking ground‐based & satellite obs.
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BACCHUS UAS payloads

Standard instruments (all) Standard Parameters
Pressure, temperature, humidity PTU  Tdew  Lifting condens. level
Autopilot & Pitot u, v  horizontal winds
Video camera E, zinversion

Data acquisition data downlink

Atmospheric 
dynamics

3D winds and solar 
fluxes

5-hole probe w supersturation
nD_f(CCN,SS)

Pyranometer (up & 
down)

e  nD x r2 ; F↑ / F↓
 Albedo

Aerosol / charge Aerosol physical 
properties

Optical Particle 
Counter

Number concentration 
(Dp > 0.3 m)

Charge Sensor Atmospheric charge

Aerosol Inlet Size distribution (0.3 < 
Dp < 3 m)

Cloud / charge Cloud microphysical 
properties

Cloud sensor (2-l / 
polarization)

e  nD x r2 ; Reff

Charge sensor Atmospheric charge

Absorbing Aerosol Aerosol optical 
properties

Aethelometer Aerosol absorption (g 
m-3 BC) 

Pyranometer (up & 
down)

Faerosol W m-2

Aerosol Inlet e  nD x r2 ; F↑ / F↓
 Albedo

Atmospheric dynamics Aerosol / charge Absorbing aerosol Cloud / charge



Mace Head Research Station

• Prevailing westerly-southwesterly sources from the Atlantic (about 
51% of the time) 

• Polluted air masses the UK and from mainland Europe during 
anticyclonic conditions

Jennings et al., Boreal Env. Res., 2003 



IAA authorisation
Temporary Restricted Airspace
FL 110 (3350 m.asl)

+  TEMPORARY RESTRICTED AREA (TRA) IN THE VINCINITY 
OF MACE HEAD GALWAY
LATERAL LIMITS 532102N 0095702W, 531729N 
0095702W, 531729N 0095215W AND 532102N 0095215W
LOWER:  SFC
UPPER:  FL110
FROM:  04 AUG 2015 05:00  TO: 06 AUG 2015 21:00
SCHEDULE: DAILY 0500-2100

Mace 
Head 
station

Mace Head Research Station



BACCHUS Mace Head Calender

• 42 research flights (~34 hours; 30 July – 28 August 2015); 50 total flights
• RPA flights complement ground-base aerosol and CCN observations
• Flights coordinated with satellite overpasses to link aerosol and clouds



Mace Head flight plans

Spiral profile
(3350 m.asl)

FL34

Ocean surface flux
(levels at 5 to 50 m.asl)

FL43

6 km legs at cloud base
(1100 m.asl)

FL24

Cloud profiles
(1100 to 1500 m.asl)

FL25



Mace Head Landscape



Mace Head Operations
Bungee / ramp launch

Net landingIn the clouds

Flight area
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Vertical profiles – BL mixing (UAV)

CCN spectra (ground)

Aerosol‐cloud closure studies (11 August 2015) 

Updraft at cloud base (UAV / radar)

UAVs

mCCN at
Mace Head



Mace Head‐UAS‐VIIRS (2015.08.11)

Mace Head, Galway, Ireland

1
2

2

25 km

Air parcel model: Sc ~ 0.25%; NCCN ~ 76 cm‐3; Reff_top ~ 10 um
Satellite retrieval: Sc ~ 0.48%; NCCN ~ 58 cm‐3; Reff_top ~ 18 um

Air parcel model & in‐situ obs.
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1

2 Mace Head Remote Sensing

Air parcel m
odel



Ceilometer: Mace Head 2015.08.21
CloudRainAerosol
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Mixing of aerosol in MBL
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• Cloud layers often at ~ 400 and 
above 2000 m at Mace Head

• Aerosol not always well mixed in 
lower MBL; rarely mixed to 
upper level clouds at 2000 m

2015.08.27Cloud

Cloud

Cloud

well‐mixed
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2015.08.21



BACCHUS UAS flights
• UAS used to study aerosol‐cloud interactions 
• Multiple aircraft instrumented for particular science 

focus (aerosol, cloud, 3D winds)
• Mace Head Station, Ireland (August 2015)
Multiple cloud levels and limited mixing of aerosol 
throughout boundary layer

– One or two aerosol‐cloud‐satellite case(s) 
(low aerosol concentrations –

marine sources)
– Many partial closures 

(aerosol‐cloud or cloud‐satellite)


