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Key physical processes governing clouds, precipitation, radiation and their interaction with atmospheric
dynamic remain major sources of uncertainty for robust projections of climate change and forecast of
extreme meteorological events. These processes operate on spatial and temporal scales that are only
crudely observed at global scale by passive remote sensing satellites and crudely represented in
conventional climate models.

The new generation of satellite observations play a central role in observing globally these processes

at high spatial and temporal resolution. In particular, the recently launched EarthCARE (Earth Clouds,
Aerosols and Radiation Explorer, 2024-) satellite, developed through a Japan—European collaboration
carry atmospheric radar and lidar which offer an unparalleled capability to observe vertical structure of
clouds and precipitation, which are essential for understanding clouds, convection, radiation and
precipitation processes. Complementary, the AEOLUS (2018-2023) satellite has recently provided the
first colocated cloud and wind profiles observations at global scale. By analyzing Level 1 data collected
by these two satellites, we will progress in our current understanding of clouds-precipitation-radiation
and atmospheric dynamic.

Model-based studies predict an intensification of high-latitude precipitation under global warming
scenarios (Lau, Wu, and Kim 2013), thus we can expect an increase in the frequency of rainfall. A recent
paper by (Thompson-Munson et al. 2025) supports these projections, providing further evidence of a
clear relationship between surface temperature rise and the proportion of rainfall, with the number of
precipitation events doubling with 2.3°C of warming and accelerating icecap melt. Nevertheless, climate
models contain large biases in precipitation (G. L. Stephens et al. 2010), and observational precipitation
products contain large uncertainties (Behrangi, Lebsock, et al. 2012), which limit the reliability of these
predictions. EarthCare new observations will be used to accurately observe high latitude rainfall
frequency, along with snow—rain phase transitions, which are essential steps to improve our current
understanding of this mechanism.

As another example, model-based studies predict a northward shift in the subtropical jets as well as a
strengthening of the southern hemisphere jet which influence the formation of weather patterns. A
weakening or blocking of the jet stream can lead to prolonged weather events, such as heat waves or
floods. Ceppi and Shepherd (2017) and Voigt et al. (2020) have shown that these changes in atmospheric
circulation are mainly due to changes in clouds, which, through their radiative effect, influence the
baroclinicity of mid-latitudes (i.e., the temperature gradient along a given isobar). However, global
models struggle to realistically represent clouds and their interactions with winds and radiation, which
limits the reliability of these predictions. EarthCare new observations will be used to accurately quantify
cloud-precipitation-radiation interactions and Aelous to document wind-cloud interaction, which are
essential steps to improve our current understanding of this mechanism.

The overarching objective of the project is thus to enhance our current physical understanding of cloud-
precipitation-dynamic and radiation and to deeper understand climate system as a whole through the
advanced and innovative use of the last generation of active remote sensing satellite EarthCare and
Aeolus and climate models. The results will also be used to prepare future lidar and radar sensor satellite
missions dedicated to atmospheric science. The PhD work will consist in:

Step 1: Developing targeted observational diagnostics based on Level 1 observations collected by
EarthCare and Aeolus lidars and radars.

Step 2 : Developing COSP (CFMIP Observation Simulator Package) lidar/radar simulator for EarthCare
and Aeolus and evaluating cloud-precipitation-dynamics-radiation mechanisms in these models



Step 3: Formulating instrumental specifications for future space-based lidars and radars dedicated to
atmospheric sciences.

Collaboration between Sorbonne Université and Tokyo University:

The project is firmly rooted in the core research themes and strengths of each participating laboratory:
the LMD/IPSL and the Atmosphere and Ocean Research Institute (AORI) at Tokyo University. The two
teams collaborate scientifically since 2012 within the joined ESA-JAXA EarthCare Mission Advisory
Group to define and develop the European-Japanese EarthCare satellite mission. They wish to foster
this collaboration now that the EarthCare satellite has been launched (mid-2024) and the first years of
observations collected by this satellite are available for scientific use. The PhD project builds directly
upon the experienced of the Japanese and French expertises in satellite active remote sensing for Earth
observation, climate modeling and climate physics studies, while further expanding these themes
through international collaboration.

Tools:

Observations:

e The proposing team is member of the EarthCare and ALADIN mission groups and has access to L1
and L2 data collected by the various instruments of these missions.

e L1 and L2 observations collected from 2006 to 2023 by the CALIPSO spaceborne lidar (Winker et
al. 2009) as well as observations from the CloudSat radar are also available in the team.

Numerical tools:

e The high-resolution (kilometer) Japanese NICAM climate model from the University of Tokyo and
the French IPSL climate model are available in the team.

e The COSP (CFMIP Observation Simulator Package) lidar-radar-radiation simulator developed by the
proposing team (eg. Chepfer et al. 2008, Bonazzola et al. 2023, Sukuki et al. 2024) is implemented on
both the Japanese model and the French model as well as on others CMIP climate models.




