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Context The challenge is to improve our knowledge of physical processes inside the convective clouds and at 

their edges in relation with turbulence. Turbulent effects are indeed underestimated in atmospheric models 

called Cloud Resolving Models (CRMs), which represent explicitly the convective motions with a kilometer 

resolution.      

Objectives / scientific questions First, this project aims to characterize turbulence in deep convective clouds. The 

second objective is to improve its representation at kilometer and hectometer resolutions for CRMs by using 

Large Eddy Simulations (LES) with decameter resolution as reference simulations. We were interested in many 

scientific questions about the development of convection and its interaction with turbulence:  - What is the 

impact of turbulence on convective clouds? - What type of parameterizations is the most suitable to represent 

turbulence in clouds?  - What are the characteristic sizes of turbulent coherent structures? - How to objectively 

identify these structures and visualize them? These questions have been addressed using relevant 

mathematical methods and LES performed with the Meso-NH research model. 

For that, the project is divided into five main actions:     Action 1: Turbulent flows within convective clouds - 

Action 2: Cloud Edge Turbulence - Action 3: Identification of coherent structures in convective clouds - 

Action 4: Evaluation of the entrainment/detrainment from the LES -  Action 5: 3D scientific visualization 

 

Main results  

The representation of thermodynamic (related to temperature and humidity) and dynamic (related to wind) 

turbulent fluxes in a LES of deep convection (50-m resolution) was investigated by testing three different 

parameterizations at different stages of development of a convective cloud population. The reference fluxes 

have been obtained at different hectometer and kilometer scales by using a coarse-graining method (i.e. 

average per block) on the fields of the LES. We have demonstrated the existence of non-local turbulence within 

clouds at the kilometer scale related to the presence of strong updrafts. By comparing the parameterized and 

the reference fluxes, this study identified the best parameterizations (Strauss et al, 2019).   

We then focused on the effects of turbulence and mixing on the edges of convective clouds by exploiting a LES 

with a resolution of 5 m of a growing cumulus congestus (Strauss et al, 2022). The exchanges on the edges of 

the clouds have been characterized by partitioning the cloud (inner edge, outer edge, convective core) and its 

environment. Specific convective structures have been confirmed and examined: toroidal structure at the top of 

the cloud, subsiding shell surrounding the cloud. At this fine resolution, the dynamic production (from wind 

shear) of subgrid turbulence dominates the thermal production (from buoyancy effects), whereas the situation 

is reversed for resolved turbulence. Interface instabilities were also studied by focusing on different eddies and 

the phase change effects of water were analyzed by running a simulation without evaporative cooling. On the 

edges of the cloud, downdrafts caused by the eddies and by evaporative cooling effects coexist with a buoyancy 

reversal (Fig. 1 c,d) while the cloud interior is mostly rising and positively buoyant (Fig. 1a,b), these known 

mechanisms have been quantified as their respective contributions are still debated.  

With the aim of characterizing the size and the shape of the turbulent coherent structures within convective 

clouds, an objective identification was achieved using wavelet analysis on the LES fields. Within turbulent 

flows, coherent eddies may indeed exist which have a long lifetime, these structures are related to non-local 

turbulence. An original 3D multi-resolution analysis was conducted to quantify the spectral energy in each 

direction for all spatial scales. For vertical velocity, during the initiation phase of the convection, the peak 

energy is located around the scales between 200 and 400 m depending on the horizontal directions. As the cells 

develop, the peak shifts to medium scales (around 1600 m) with a 3D organization but retaining some 

anisotropy (Fig 2). It peaks during the mature phase, then decreases during the dissipation phase, shifting to 

small scales (around 800 m) with convective structures becoming more isotropic. These LES fields have also 



been used to visualize the 3D cloud structures with Paraview. (https://www.umr-cnrm.fr/spip.php?article1185)  



 

 
 

Figure 1 (left): Vertical distribution of vertical velocity W (m/s) (left panels) and buoyancy B (m/s2) (right panels) for the cloud 

interior  (top panels) and for its inner edges (bottom panels). The colors indicate the frequency (high frequencies in red). The 

mean vertical profiles and distributions are shown respectively on the left (same y-axis) and below (same x-axis) each panel. 

Figure 2 (right):  3D multi-resolution analysis with Haar wavelet for a 50-m resolution LES during the mature phase of deep 

convective clouds. Spectral kinetic energy E (m2/s2) for vertical velocity along each direction (represented by different wavelet 

coefficients: ‘aad’, ‘ada’, ’daa’, ‘add’, ’dad’, ‘dda’, ‘ddd’  in z, y, x directions)  at different scales (from 50 to 25600 m). 
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