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This draft white paper is meant to sketch out developing plans for the 2019-2020 EUREC4A
field study. A more complete document is being prepared for inclusion in the International Space
Science Institute Special Volume on ‘Shallow Clouds and Water Vapor, Circulation and Climate
Sensitivity’

1. Synopsis
The EUREC4A (Elucidating the Role of Cloud-Circulation Coupling in Climate) field
study, is a French-German initiative in support of the World Climate Research Programme’s Grand Science Challenge on Clouds, Circulation and Climate Sensitivity. The
core EUREC4A measurements are designed to test hypotheses related to the interplay
between clouds, convection and circulation and their role in climate change. To do so
EUREC4A will build on a decade of measurements in the tropical Atlantic; measurements initiated with the establishment of the Barbados Cloud Observatory in 2010, and
continued with two aircraft-campaigns, NARVAL in December 2013, and NARVAL 2,
planned for August 2016, with the German High Altitude Long Range research Aircraft
HALO.
The core, and presently supported, measurements will focus on quantifying how cloud
amount in shallow cumulus layers responds to changes in the large-scale environment,
how shallow clouds contribute to convective aggregation, and test retrievals of cloud and
atmospheric properties. Through international cooperation complementary objectives
could be explored. These range from tests of ocean mixing processes, to processes
influencing convective organization, to the much broader question of the dynamics of
the Atlantic Tropical Convergence Zone.
The nucleus for the Field Study involves the deployment of two research aircraft, a
research vessel, advanced ground based remote sensing, a new generation of sophisticated
satellite remote sensing and state-of-the-art turbulence-resolving modelling (100 m, over
thousands of km). Operations will focus on an area over the shelf oceans east of Barbados
(57 W 13 N) for a two month period in late 2019 or early 2020. A preferred window of
operations is between December 2019 and March 2020, as this stands the best chance
of overlap with ADM-Aeolus and EarthCARE, two flagship satellite platforms of the
European Space Agencies Living Planet Programme.
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Figure 1. Cartoon, with thermodynamic profiles derived from the RICO
field study, showing important elements of non-precipitating shallow convection.
2. Hypotheses
The central hypothesis that EUREC4A will test is that the maximum in cloud fraction near the base of the trade-wind cumulus layer (as seen for instance clearly in the
measurements during RICO, the Rain in Cumulus Over the Ocean, field study (Fig. 1)
is predominantly controlled by the vigor of cumulus mixing. This cumulus mixing determines the properties of the cloud-layer and thus connects the sub-cloud layer structure
to that of the subsiding free-troposphere. This control, evident to different degrees in
modelling studies, and particularly pronounced in parameterized representations of convection, is thought to explain a large component of the inter-model spread in estimates
of Earth’s equilibrium climate sensitivity.
This hypothesis will combine measurements designed to close the sub-cloud layer mass,
heat and moisture budgets while measuring cloud fraction at the base of the cumulus. It
is centered around the deployment of two aircraft, which will target conditions in which
the vigor of convective mixing (depth of the cumulus layer) varies, and thereby inform our
understanding of a variety of other important questions, such as: (i) how is the entropy
budget of the sub-cloud layer achieved and can it be explained without considering the
role of precipitation?; (ii) to what extent do organized mesoscale circulations influence
cloudiness and precipitation in layers of shallow convection); what is the role of radiative
cooling in controlling surface turbulent fluxes, in deepening the cloud layer, and in
amplifying deeper over-turning circulations.
A central focus of EUREC4A will be to look at how large-scale circulations modulate
small scale diabatic processes, and the ways in which these then feedback on the largescale. It will do so using a single aircraft with a long-range and high-altitude capability
to constraint the large-scale environment, also with remote sensing, and another aircraft
to measure the shallow cumulus cloud fraction at cloud base and to estimate the role
of diabatic processes. By augmenting measurements of the large-scale, for instance
using airborne wind lidar, or a ship sounding array, and through additional platforms to
measure diabatic processes a larger suite of questions could be answered. For instance to
what extent cloud microphysical and aerosol processes influence the cloud macroscopic
state. With a sufficiently large experimental area, or by sampling neighboring areas of
deep convection it may also be possible to gain insight into the interplay between layers
of relatively shallow (below 6 km) and regions of much deeper (above 14 km) convection.
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With sub-surface measurements within the shelf ocean off Barbados, it might also be
possible to investigate the interplay between the mesoscale cloud organization and upper
ocean and surface processes.
3. Backdrop
3.1. Clouds Circulation and Climate Sensitivity. EUREC4A was born out of the
World Climate Research Programme’s Grand Science Challenge on Clouds, Circulation
and Climate Sensitivity. This challenge was initiated by the international community
because of the sense that decades of earlier work has put the community on the threshold
of significant advances in our understanding of clouds, circulation and climate sensitivity.
EUREC4A taps into the same body of research to test key ideas developed over many
generations of modelling studies – in particular, the key findings that the response of
shallow cloudiness in the trades underly inter-model differences in estimates of Equilibrium Climate Sensitivity. Work carried out under the umbrella of this grand challenge
has shown more specifically that the ways in which large-scale models link mixing by
shallow convection to cloudiness at the base of the cloud layer appears to be key to their
divergent response. By testing how cloudiness in the trades couples to mixing and the
heat, mass and moisture budgets of the sub-cloud layer EUREC4A will advance understanding of what is thought to be a key physical process in determining how cloudiness
responds to warming, and hence the feedbacks that govern Earth’s equilibrium climate
sensitivity.
EUREC4A builds on a long term intellectual and infrastructure investment which includes ground base remote sensing measurements; field studies, some of which have and
are being used to develop the proof of concept for the flight strategies to be deployed during EUREC4A and continuing advances in satellite based remote sensing and modelling,
as described below.
3.2. Technical-scientific infrastructure supporting EUREC4A.
3.2.1. The Barbados Cloud Observatory. The Max Planck Institute for Meteorology and
the Caribbean Institute for Meteorology and Hydrology established the Barbados Cloud
Observatory (BCO) on the windward edge of Barbados. At 13 ◦ N in Early 2010. With an
advanced and growing suite of instruments, the BCO samples the seasonal migration of
the inter-tropical convergence zone (ITCZ), from the well-developed winter trades dominated by shallow cumulus, to the transition to deep convection as the ITCZ migrates
northward during boreal summer. The core suite of instruments include surface meteorology and radiation measurements and an advanced suite of profiling instruments,
including a high-power five channel, three-wavelength, Raman lidar (one of the most
advanced ever developed); a high gain polarized, Doppler, K-band cloud-radar, a wind
lidar, a ceilometer, a microwave radiometer, a radar disdrometer, and a scanning S-band
precipitation radar. Beginning in 2016 ground based CCN measurements will be established, complementing long-term dust and filter samples through a cooperation with the
University of Miami. Measurements at Barbados have been central to developing our
understanding of patterns of cloudiness in the trades, and have anchored a number of
international field studies.
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3.2.2. The NARVAL Field Studies. The first NARVAL campaign, NARVAL-S, took
place over two week period in December of 2013 was comprised of flights in and around
the vicinity of the BCO, and cross-Atlantic transects designed to measure the structure
of the trades, test a novel suite of remote sensing instrumentation aboard HALO and
establish the representativeness of the BCO measurements. Altogether eight research
flights were flown for a total of sixty hours, with seven under-flights of A-train of satellites
and sixty-seven drop sonde launches.
A follow on campaign, NARVAL-2 will take place over three weeks in August 2016.
With HALO based out of Barbados, roughly 100 flight hours and nearly 300 sonde
launches are planned, NARVAL2 has a number of objectives, in addition to testing
theories of convective aggregation, by investigating the presence of radiatively driven
circulations in the shallow cloud regimes surrounding deeper convection, it will test the
ability of dropsondes to constrain large-scale heat and moisture budgets, and evaluate
retrievals from remote sensing, aided through the addition (relative to the NARVAL
payload) of a downward looking scanning spectral imager. For EUREC4A the testing
the ability of a single high-flying aircraft to constrain the large-scale environment will
be key.
3.2.3. Satellite Remote Sensing with Profiling Instruments. During the period of planned
EUREC4A field operations it is hoped that both the ADM-Aeolus and the EarthCARE
satellites will be in orbit. Depending on the lifetime of Megha Tropiques it may also be
possible to benefit from its microwave and radiation budget measurements. It is hoped
that ADM-Aeolus greatly improves the analyses of divergent circulations in the tropics,
and thus aids the use of atmospheric analyses to infer the large-scale state. Likewise
the payload on EarthCARE largely mirrors that planned for HALO, and coordinated
underpasses with HALO will facilitate attempts to generalize findings from the field study
to the entire global ocean with the help of the satellite measurements. Moreover, water
vapor retrievals from atmospheric profiling instruments (e.g. IASI or AIRS) are known to
be particularly challenging in the trades, that are characterized by extreme/very strong
vertical gradients of water vapor in the lower troposphere. It is hoped that the highly
vertically-resolved measurements of water vapor during EUREC4A will help improve
satellite WV retrievals in this area of the planet which is critical for the regulation of
the Earth’s radiation balance.
3.2.4. Large Domain Turbulence Resolving Models. A novel component of the planned
EUREC4A field-study is the developing capacity to use turbulence resolving simulations
– large-eddy simulation with grid spacings of about 100 m – on domains of a thousand, or
even thousands of kilometers with boundary forcings and initial conditions derived from
atmospheric analyses. These fine scale, but large-domain, simulations are designed to
resolve four decades of scales and provides a wholly new simulation capacity for studying
the role of the mesoscale in tropical convection. These techniques have been pioneered
through the German national project, HD(CP)2 (high definition clouds and precipitation
for climate prediction) whose second phase runs through early 2019 and has adopted the
NARVAL2 and EUREC4A study areas for test simulations in this second phase. By
using the NARVAL2 experiment to develop and refine this approach we anticipate that
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Figure 2. Envisioned flight strategy for the EUREC4A core measurements.
EUREC4A will have a novel simulation environment, perhaps also including coupling to
high-resolution ocean simulations.
4. Deployment Plans
4.1. Status: The French ATR-42 has been funded by the ERC, through S. Bony’s advanced grant, and is available for a two month period between 2019 and mid 2020. A
pre-proposal for the German Gulfstream 550, HALO, has been submitted and it is anticipated that it will be available for use during the same period, but the exact dates of the
campaign will depend on its availability, which will be determined in September 2016.
To better coordinate with the anticipated presence of EarthCARE and ADM-Aeolus a
four to six week operating period between the 1st of December 2019 and the 31st of
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March 2020 is preferred. The airborne measurements will be supplemented by surface
remote sensing from the Barbados Cloud Observatory, as well as surface meteorological
and soundings from a sea-going Ketch. The 25-30 m Ketch is currently being built for
use by the Max Planck Institute for Chemistry, for the purpose of marine geochemical
studies, and has tentatively been made available for EUREC4A . The Wood Hole NTAS
buoy at 51W and 15 N will provide upwind information.
The basic strategy of these nucleus measurements is outlined with the help of a
schematic (Fig. 2). Here it envisioned for HALO to fly large circles and use its downward looking remote sensing and sondes to constrain the large-scale environment and
characterize cloud macrostructure. The ATR-42 will fly mostly at cloud base and make
use of a newly developed sideways looking lidar to measure cloud amount at cloud base
and characterize the thermodynamic environment at this level. The thermodynamic
structure here is key to closing the heat, moisture and mass budgets of the sub-cloud
layer. Additionally surface measurements are required for this analysis. Some of which
will be performed by the Ketch, but which will also be complemented by surface legs
flown by the ATR-42 as it returns from the area of flight operations. Due to its more
limited endurance we anticipate that on any given day of operations the ATR-42 will
return once to Barbados for fueling and then fly a second suite of legs for each of the
long (9 hr) HALO flights.
4.2. Hopes: Efforts are underway to secure addition ship time to form at least a triangular array with the MPI Ketch, and Barbados as the two other vertices of the propose
array. A proposal will be submitted in September 2016 for ship time using the the German Research Vessel Meteor, possibly combined with oceanographic measurements, for
instance of tracer releases over the shelf or possibly eddy and atmosphere-eddy interactions somewhat south or south-east of Barbados. The region has a gently sloping shelf
that appears well suited to the tracer release measurements, and is influenced by fresh
water eddies from the Amazon. Should the Meteor be secured it would make surface
measurements and serve as the third sounding station, and may also be equipped with
sophisticated surface based remote sensing using active (radar/lidar) instrumentation.
Additionally the possibility of including the DLR Falcon as a platform for the DLR
wind lidar measurements is being discussed. Airborne wind-lidar measurements would
greatly advance EUREC4A as a tropical validation mission for ADM-AEOLUS. Although
ADM-AEOLUS was primarily motivated by its ability to constrain the winds in the tropics, presently there are no validation measurements planned in this region. A component
of EUREC4A which focuses on a much better characterization of the large-scale winds
would improve not only the ability to constrain the large-scale environment for the cloud
and convection studies, but also advance efforts to validate ADM-AEOLUS measurements on one hand, and advance forecast skill through better tropical wind information
on the other.
Discussions with British and US colleagues have also begun to support additional
aircraft and surface based measurements. A possible extension to EUREC4A could be
to explore cloud-microphysical effects on cloud macrostructure, for instance driven by
aerosol perturbations. Here both the NSF C130 and the BAE 146 would be very useful
platforms. Some in situ sampling of cloud microphysical properties, at least at cloud
base, may be possible by the mounting of additional sensors on the ATR-42 but the other
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aircraft would make a fuller characterization of the cloud microphysical structure and
the chemical environment possible. An additional surface vessel is also being explored,
One is the research platform (RP) Flip, which could make surface flux measurements,
oceanographic measurements and serve as a sounding station. The RV Kilo Mana also
offers possibilities to be moored for a longer period, for instance as a marine surface
based sounding and remote sensing environment. Four sounding stations would greatly
complement HALO in constraining the large-scale environment, as would the addition
of a ship borne deployment of an ARM mobile facility.
4.3. Dreams: EUREC4A offers the possibility for a more expansive set of measurements
designed to help constrain understanding of the Spring transition of the ITCZ. Recent
research suggests that the seed of Atlantic ITCZ biases are sewn in Boreal Spring. Here
additional aircraft such as the NSF Gulfstream 500, HIAPER, unmanned arial vehicles, or NASA aircraft and possibly one or two additional vessels could be deployed to
constrain a larger environment, including neighboring areas of much deeper convection.
Combined with the larger-scale view from satellite remote sensing this would provide a
tremendously helpful insight into the processes that determine the structure and evolution of the Atlantic ITCZ and the interaction between regions of deep and shallow
convection.

