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We are going after the big fish …

Earth’s Equilibrium Climate Sensitivity … ignorance of no other ‘climate’
quantity (costs) so much and has been so difficult to pin down.
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T. Stocker et al., IPCC WG1 Fifth Assessment report., 2013 (Summary for Policy Makers)

Uncertainty is disproportionately related to low clouds

The difference between the cloud feedbacks in high sensitivity models (red) and low sensitivity
models (blue) is clearly separated in the subsidence cloud regimes.
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Bony et al, (2005),Vial et al., (2012)

Theories for changes in low clouds
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High sensitivity models show a desiccation of clouds at their base, that increases with convective mixing.
This is what we want to measure.
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Rieck, Stevens and Nuijens, J. Atmos. Sci. 2012: Sherwood, Bony & Dufresne, Nature, 2014; see also, Brient and Bony, Climate
Dynamics, 2013; Bretherton et al., JAMES, 2013; Zhoa et al., J. Atmos. Sci., 2014, Gettleman et al., J. Atmos. Sci., 2014

4
EUREC A
(elucidating the role of cloud-circulation coupling in climate)

There have been scores of measurements in field of shallow cumulus and stratocumulus… EUREC4A will be the first
to characterize both the macro and micro structure of the cloud field in a well constrained large scale environment
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EUREC4A (Feb 2020)

•
•

150 Flight Hours (50 h MPG, 50 h DFG, 50 h ESA)
Feb 2020 time window is required to optimize meteorological conditions, coordination with other platforms
(ATR-42, EarthCARE/ADM-Aeolus and Ships) and other missions (HALO-(AC)³).
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EUREC4A (Feb 2020)
• HALO will characterize cloud macroscopic conditions, remote
sensing and dropsondes will characterize large-scale
environment (column mass water and that budgets).
• HALO’s advanced array of remote sensing will inform
reconstruction of microphysical structure and aerosol
environment.
• Low flying ATR-42 will provide first measurements of the
vertical cloud profile in a well constrained large-scale
environment using upward and sideward looking radar, and
sideward looking lidar
• Turbulence and state variable measurements just above cloud
base, and near the surface will test surface flux retrievals and
constrain the sub cloud layer mass budget.
• Microphysical measurements will provide in situ characterization
of cloud properties to calibrate microphysical retrievals from
HALO remote sensing above.
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No other mission will provide as much context and calibration for EarthCARE

HALO (Feb 1-28, 150 flight hours, GAIA Barbados)

• HAMP (60 Ghz, 120 Ghz and 180 Ghz Radiometery)
• Ka-band Doppler Radar
• WALES (aerosol and DIAL water vapor lidar)
• SMART
• SpecMACS
• Dropsondes

• Thermal Imager
• Up and downward broadband irradiances
• Split-Window radiometric SSTs
• Small automated sondes (new NCAR system)
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A key element of EUREC4A is using HALO to characterize the large scale environment
… we tested this during NARVAL-II, which concluded three weeks ago.

A spectacular array of remote sensing …
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WALES (plot from Martin Wirth and Silke Gross)

A spectacular array of remote sensing (NARVAL-II RF07) …

SMART
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SpecMACS (showing HALO’s Halo)

HAMP (showing ice at 197 GHz) and Cloud Radar

Images/Data from Kevin Wolf, Hans Grob, Tobias Kölling, Marcus Klingebiel, Heike Konow and Mario Mech
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After Lenschow, Savic-Jovcic and Stevens, JAOT (2007)
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Lenschow, Savic-Jovcic and Stevens JAOT, 2007

Dropsonde Flights during NARVAL-II
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RF03 (12 August 2016)
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NARVAL-II Analysis by Sandrine Bony

RF06 (19 August 2016)
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NARVAL-II Analysis by Sandrine Bony

RF06 (circles C1/2 vs C3/4)
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looking outside the circle with strong low level divergence
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ω [hPa]

looking inside the circle with strong low level convergence

Leveraging this success for a more ambitious campaign
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• Exploring possibilities for airborne deployment of DLR wind
lidars, either on the Falcon or another platform as part of
CloudBrake. Would enhance the characterization of the large
scale and enhance the link to ESA Earth Explorers (ADMAeolus)
• Applying for Ship Time (Meteor and Merian) also a Dutch
application for time on the Pelagia is planned. This would
provide for fuller characterization of the cloud field, and perhaps
spatial studies (with scanning radar) of precipitation features and
in situ aerosol sampling.
• We propose to also fly a HeliKite from one of the ships (with
the MPI for complex systems in Göttingen/Bodenschatz) to
augment measurements of cloud microphysical properties.
• Ships are adding a secondary component related to the question
of how ocean eddies influence atmosphere-ocean coupling, this
is being discussed at the CliVAR Open Science Meeting

We are planning to add a ship array.
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Summary

El
• We have been building toward EUREC4A for six years, and it will
be a capstone experiment of the WCRP Grand Science
Challenge on Clouds Circulation and Climate Sensitivity.
• EUREC4A will be the first field study to characterize both the
macro and micro structure of the cloud field in a well
constrained large scale environment.
• With the long lead time, mounting interest from the
oceanographic community, and overlap with two flagship Earth
Explorer missions EUREC4A has the potential to be a land
mark, european-led field study.
• If it works we will to back with a similar strategy and get deeper
convection and the ITCZ in August 2023.
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