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1. Recap of the main scientific objectives

Surveys in Geophysics (2017)



  

1. Recap of the main scientific objectives

During the last years,
additional objectives have emerged

Surveys in Geophysics (2017)



How sensitive is the Earth’s climate?



Some historical context...

1979 : Charney report
ECS : 1.5-4.5C

1989 : Bob Cess (FANGIO)
Cloud feedbacks are the problem

1999-2006 : CFMIP, CMIP, IPCC-AR4 :
Low-cloud feedbacks are the problem

2010-2015 : EUCLIPSE :
cloud-circulation coupling critical 

for low-cloud feedbacks 

2010 : MPI-CIMH set up the
Barbados Cloud Observatory



How sensitive is the Earth’s climate?



How sensitive is the Earth’s climate?

High climate sensitivity models predict a dessication of 
clouds at their base, that depends on the strength of 

vertical mixing im the lower troposphere



Cloud properties
(macrophysical, microphysical, radiative)

What controls trade-wind cloudiness ?

Low-cloud-controlling factors

Lower-tropospheric mixing
Large-scale vertical motion
Inversion strength
Surface wind & turbulence
Free-tropospheric humidity
Sea surface temperature



Cloud properties
(macrophysical, microphysical, radiative)

What controls trade-wind cloudiness ?

Low-cloud-controlling factors

Lower-tropospheric mixing
Large-scale vertical motion
Inversion strength
Surface wind & turbulence
Free-tropospheric humidity
Sea surface temperature

 → Characterization of the large-scale environment in which the clouds form :

Vertical profiles of T, q, P, u, v,
mass divergence and

area-averaged 
vertical motion will be

measured with dropsondes

c1,c2 c3,c4

George et al



Cloud properties
(macrophysical, microphysical, radiative)

What controls trade-wind cloudiness ?

Low-cloud-controlling factors

Lower-tropospheric mixing
Large-scale vertical motion
Inversion strength
Surface wind & turbulence
Free-tropospheric humidity
Sea surface temperature

 → Quantification of the lower-tropospheric mixing by convection:

The convective mass flux at
cloud base can be estimated
from the mass budget of the

subcloud layer

Vogel et al (2019)



Diurnal cycle

Vial et al. (2019) 

Vertical distribution of cloud fraction

ICON Large-Eddy Model Barbados Cloud Observatory

 → A forced variability to be understood (turbulence, convection, radiation, LS dynamics) 



Mesoscale organization of shallow clouds

MODIS satellite imagery,12 Feb 2018



MODIS satellite imagery,9 Feb 2017

Mesoscale organization of shallow clouds



Cloud properties
(macrophysical, microphysical, radiative)

Mesoscale organization

Low-cloud-controlling factors

Lower-tropospheric mixing
Large-scale vertical motion
Inversion strength
Surface wind & turbulence
Free-tropospheric humidity
Sea surface temperature

What controls trade-wind cloudiness ?



Mesoscale organization of shallow clouds

Flowers Gravel Fish Sugar

Most prominent cloud patterns during winter

 → Drivers of the mesoscale organization of convection ?
 → Dependence on the large-scale environment, on subcloud-layer characteristics ?
 → Impact on cloud properties?

Bony, Denby, Rasp, Schulz, Siebesma, Stevens et al.



DLR & LMU (Ewald & Mayer)

Turbulence within the subcloud layer 
(coherent structures, along wind and cross wind)
(Brilouet, Lothon, Malinowski et al)

Development of rain and 
downdraughts, life cycle 
of precipitation cells, 
cold pools, gust fronts, 
detrainment layer
(Acquistapace, Hagen, 
Klingebiel, Konow,
Naumann, Zuidema et al)

Particles : aerosols (size, 
nature, concentration), 
cloud droplets (size, 
(concentration) 
(Bodenschatz, Chazette, 
Delanoë, Feingold, Naumann, 
Quinn,  Schwarzenboeck,
Schröder et al)

PoldiRad (Hagen)

Turbulence, Aerosols, Microphysics and Convective dynamics

EUREC4A-UK (Blyth, Boeing, Parker et al)



Waves – clouds interactions ● What is the composition of the waves background ?
● Discrete, continuous ?
● What does it depend on ?
● How do clouds couple to waves on different scales ?

Stephan, Bellenger,
de Szoeke et al.



What controls the characteristics of the trade winds? 

Interaction between clouds and wind ?
(momentum transport)

 → Understand the coupling between wind and clouds

 → What controls the vertical profile of wind? 
 → implications for wind energy production, cold pools structure, etc 

RICO

Nuijens et al., J. Clim (2009)Nuijens et al., J. Clim (2009)

CloudBrake

Farrell, Forde, Nuijens, Sandu et al.



What controls the water budget of the boundary-layer? 

Determine the relative influences of :
● Surface evaporation
● Unsaturated downdrafts
● Turbulent entrainment
● Extratropical intrustions

 → inferred from the water isotopic composition   
   (dHDO, dH2

18O)

 → MSE budgets will be assessed as well (Emanuel)
Aemisegger, Flamant, Galewsky, Noone, Pfahl, Reverdin, 

Risi, Sodemann, Villiger, Wirth et al.



Satellite validation and retrievals ; Water and energy budgets

● Local & statistical evaluation of satellite retrievals (AMSR2, GPM, ADM-Aeolus..)
● Water and energy budgets of the atmospheric column

Buehler, Crewell, Delanoë, Gross, Jacob, Mace, Mayer, Pincus, Schnitt, Wendish et al.





Satellite altimetry

Sea surface temperature Sea surface salinity Chlorophyll concentration

Ocean–Atmosphere interactions and ocean (sub)mesoscale processes 

Will observe, simulate and advance understanding of:
- Oceanic and atmospheric boundary layers

 → diurnal cycle of the ocean-atmosphere coupled system ?
- Mesoscale ocean eddies, submesoscale (10m-10km)
  and mesoscale (10km-500km) structures

 → their evolution and impact on the ocean structure ?
 → their contribution to air-sea interactions ?
 → their interaction with atmospheric convection ?

Karstensen, Speich, Chen, Couvreux, et al ; ATOMIC



Ocean–Atmosphere interactions and ocean (sub)mesoscale processes 

- How to mesoscale and sub-mesoscale processes influence clouds,
ocean mixing, nutrients, air-sea exchanges of heat, momentum & CO2?

- At what amplitude and scale does the atmospheric boundary layer 
‘feel’ ocean surface heterogeneities ? 

Tobias Kölling (LMU)

Sargassum

Ocean mesoscale and sub-mesoscale structures

ISS  Scully-Power McWilliams, Redelsperger, Renault, et al.



  

2. Present status of the facilities



  

Barbados Cloud Observatory (since 2010) 



  

Barbados Cloud Observatory (since 2009) and PoldiRad

Ewald, Forde, Hagen, Hirsh, Jensen et al.



  

Aircraft

ATR-42
(SAFIRE, FR)

G-5 HALO
(DLR, DE)

WP-3D
(NOAA, USA)

TwinOtter
(BAS, UK)

C-26A
(RSS, Barbados)

Large-scale environment :Large-scale environment :
- dropsondes (HALO, P3)
- water vapor lidar (HALO)
- passive radiometers (HALO)
- meteorology 

In-situ particles and cloud properties:In-situ particles and cloud properties:
- particle sizes : 60 nm – 1280 mm (ATR) ;
0.5 mm – 6200 mm (P3); 10 nm – 1900 mm (TO)
- cloud water content (ATR, TO)

Remotely-sensed particle properties :Remotely-sensed particle properties :
- cloud radars (ATR horiz+vertical, HALO, P3)
- backscatter lidar (ATR horiz, HALO)
- microwave radiometers (HALO, P3)

Turbulence :Turbulence :
- eddy covariances for enthaply, momentum (ATR, TO)
- doppler spectrum from radar (ATR, HALO)

Precipitation:Precipitation:
- scanning precip radar (P3)

Water isotopes :Water isotopes :
- in the atmosphere (ATR, P3)

Radiation :Radiation :
- broadband LW, SW fluxes (ATR, HALO, TO)
- spectrometers (HALO)
- imagers and cameras (ATR, HALO, TO) 

Sea surface temperature: Sea surface temperature: 
ATR, HALO, P3



  

Research Vessels

Atalante (A, FR) Maria S Merian (MSM, DE) Meteor (M, DE) Ron Brown (RB, USA)

+ Barbados Defense Force ?



Wave glidders

SWIFT buoy

PICCOLO

Saildrones

Underwater glidders

OCARINA Cloudkite

Boreal drone

VMP

A blooming of
autonomous 
observing systems

PICCOLO

Boreal UAS



Atmospheric and oceanic modelling (from local to global)

Jonathan Gula (LOPS, Brest) 

Daniel Klocke (DWD) and Matthias Bruek (MPI) 

Sea Surface Temperature (CROCO)

10 m Wind Speed (ICON)

Pier Siebesma (TUD)



Modeling activities: before, during, after EUREC4A

Couvreux, Klocke, Musat, Schemann, Siebesma et al. 



Pre-EUREC4A : outputs from operational forecasts

 → a list of outputs has been proposed

 → files will be shared (AERIS ftp server)

 → quick-looks will be made (scripts welcome)
   and posted on the campaign website



EUREC4A website for operations

Prototype: https://observations.ipsl.fr/aeris/eurec4a/#/

Douet, Ramage (AERIS)



Post-EUREC4A : simulation proposals

● Global models (full EUREC4A period, NWP free/nudged runs)

● Mesoscale models (1-5 km, full EUREC4A period, common domain, free / hindcasts)

● Large-Eddy simulations (circle simulations, large-circle simulations, lagrangian cases)

+ ‘climate change’-like perturbations (Schär et al.) 



Parallel play Cooperative play

EUREC4A

macrophysics
microphysics, patterns, turbulence

LS vertical motion, convective mixing, thermodynamics
waves, shear, organization, ocean, aerosols 

Lots of objectives and many facilities 
 → Important to look at the experiment as a whole without loosing sight of the big picture

How do clouds interact with their environment ?

 → Common playground (connexions easier) 
   + the simplest and most repetitive plans, the better (comparison of the different days)



  

3. Present status of planning



  

Envisionned area of operations



  



  



  



  



  



  



  



  



  



  



  



  


