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C3IEL (Cluster for Cloud Evolution, Climate and Lightning) is a French-Israeli project of a spatial mission that will provide unprecedented new insights
to outstanding climate questions. This demonstration mission, mainly focusing on convective clouds, aims at characterizing dynamically the clouds
and their environment at high spatial and temporal resolutions of the scales of the individual convective updrafts. The observations of these space-
borne sensors will simultaneously document the vertical cloud development retrieved by a stereoscopic method, the lightning activity and the
distribution of water vapor at a high spatial resolution by exploiting a set of ten to twenty multi-angle measurements.

C3IEL: Principle, Instruments, Orbit sampling

Principe: Documenting the evolution of Earth Instruments on-board the Nanosats Sampling strategy: snapshot of 80kmx80km every
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Simulations of deep convective cloud from Méso-NH model (Verrelle et al. 2017)
and 3D radiative transfer with SDMCPOL (Cornet et al. 2010)

] ] ] Statistical cloud occurrence at 13:30 LT
pelimitedby  *  Water vapor (WV) imagers at 1km resolution with From ground observation (Eastman et Warren, 2014)
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=> Numerous convective clouds and possibility to use JPSS coincidence

Background Lower Atmosphere Upper trosposphere Lightning occurrence at 13:30 LT

From Tropical TRMM-LIS Low Resolution, Diurnal Climatology (period 1998-2005)
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=> 13:30 LT = expected strong electrical activity but not the strongest
=> Night overpass should document numerous medium electrical activity

C3IEL Mission: Scientific Observations and Objectives

2 to 3 CLOUD imagers at high spatial resolution 20m Monospectral water vapor cameras at 1km resolution Lightning imagers and photometers
Stereo-views at high resolution (20m) => convective cloud development retrieval Multi-angular water vapor absorption measurements (1km resolution) Detection and characterization of the lightning activity in regard to its parent
convective cloud development
Expected products: Expected products: Expected products:
» 3D cloud reconstruction => cloud vertical extension > Integrated water vapor column amount at 1km around the convective clouds » Lightning detection and flash activity during day and night
» Cloud development velocity at the scale at which the processes occur » With multi-angular measurements, coarse vertical water vapor profiles including » Temporal and spectral Characterization of lightning flash
» Convective cloud repartition including small clouds water vapor amount in the lower atmospheric layers amounts » Lightning characterization at high latitudes
Science benefits: Science benefits: Science benefits:

Glaciation, Temp,
updraft and drop

» C3IEL measurements will help to improve T » Comparison with simulated clouds - oevelorme  maTuRE e osmme > Lightning physics at multiple temporal
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* Estimates of vertical velocity inside the clouds,

relationships with cloud top velocity > Characterization of lightning source:

* Lightning stereo and cloud shape retrieval
with radiative transfer process to
characterize the lightning source in terms

of position and energy level

» Evaluation and improvement of
parameterizations:

= ¢ Turbulence scheme (eddy diffusivity)
== for Cloud Resolving models: partition
between resolved motion (vertical
velocity) and subgrid transport
= (turbulent mixing)

e ==_+= + Shallow convection scheme (eddy
diffusivity and mass flux) for Cloud
e gzx[kgr:] il b Xkl Reso|ving Models Photons propagation trough a LES CLOUD,

. Simonne Guilbert, Master report

LES of cumulonimbus (Ax=50m) (Verrelle et al, 2017) * Convection scheme (mass flux) for

global models

With VIIRS/JPSS, studies of cloud-aerosol _ Vertical velocity (m/s)
interaction studies: o) e p |

Vertical updraft from CLOUD/C3IEL + Effective
radius from VIIRS/JPSS

=>  Separation of aerosol-cloud interactions
from dynamics processes
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> Improvement/Validation of lightning
and electrification parameterizations in
Cloud Resolving Models

o

Rosenfeld et al., Science, 2008

» With geo-satellite observations:

> With JPPS instruments: : : « Statistical studies of cloud life cycle
i ' ' ' > With JPPS instruments: * Lightning as a proxy of strong vertical wind => study with C3IEL for extension to
Impact of Lightning on NO_X and O3 Concentration with CrIS. o * Convective cloud organization and humidity profile modification with ATMS J ' PTOXY J y
* Study of overshooting using VIIRS IR (stratosphere humidification, CO large . Rejation between CTH and Rain with ATMS geostationary satellite

* Impact of aerosol concentration (AOT), size (Angstrom Exponent) and types
(e.g., fine non-absorbing, absorbing, dust, maritime) on cloud formation and
development

scale transport)




