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Contribution to 

No co-funding by international project, but the 

main theme of the LEFE project is the continuity of the 

TRO-pico (ANR) project (with collaboration and field 

campaign in/with Brazil) which was aiming at studying 

overshoots at local scale to help understanding them at 

a global scale 

 
Other funding sources: no other funding source 

Context: 

The precise understanding of the water budget (WB) in the lower stratosphere (LS) is a key element for both 

stratospheric chemistry and most of all on climate. Overshooting deep convection in the LS is one of the 

mechanism that can play a role on the WB. It is better and better known at the cloud scale but unknown at the 

global one. 

 
Objectives and scientific questions : 

Making the link between from what known (or what need to be better known) at the local scale, from what is 

observed at global scale, or what can be deduced at the global scale.  

 
Main results : 

A PhD thesis was made in GSMA Reims whose topic was central in the frame of the LEFE project and the interaction 

between the participating laboratories. The main idea was to look at the tropical tropopause layer composition at 

different time and space scales to try to deduce an impact of overshooting convection at those scales. The tools 

used were the BRAMS mesoscale model and the balloon-borne measurements gathered during the TRO-pico 

campaign in Bauru, SP. Brazil. A full wet season in Brazil was simulated by the BRAMS model and was 

validated/compared with balloon-borne (H2O, T, wind perturbation by waves) and satellite-borne measurements 

(clouds and overshoots). It shows that, with a grid mesh resolution of 20 km, not allowing the  computation of 

overshoots, BRAMS is able to reproduce the key features of the TTL at the wet season scale (H2O and Temperature 

variability, Tropopause height and temperature, inertia-gravity waves parameters). An interesting result comes 

from a comparison of simulation results with cloud top height and overshoot climatology from GOES -S and MHS 

satellite data: the model reproduces rather well the main cloud tops during the whole season. It is also able to 

compute the highest clouds where HMS have detected overshoots (See Fig 1, after Behera et al. 2018). One 

conclusion of this study is the minority impact of overshoots on the lower stratospheric water budget with respect 

to large scale dehydration during this rather cold Brazilian wet season 2012-2013, and that BRAMS is an adequate 

tool to model the TTL water vapour budget. Thus it will be used in the near future in a new version to nudge the 

impact of overshooting convection in large scale simulations. Another major axe of the LEFE project was to pursue 

the fine scale modelling of overshoots to extract important properties that would help to nudge or to parameterize 

overshoot in large scale model. This was done at LA with the Meso -NH with BRAMS at GSMA. The LA study 

investigated the impact of the tallest updrafts inside the Hector the Convector above the Tiwi Island (Australia): it 

was shown that the tallest updrafts are usually generated on convergence line, and are responsible for the quasi - 

totality of the transport through the tropopause (See Fig 2, after Dauhut et al., 2016). They are usually  associated 

with very high vertical speed and high upward ice content. The GSMA study provided a radiography of overshooting 
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domes during the March 13, 2012 event of TRO-pico. It revealed that only two types of ice particles (pristine and 

snow) can penetrate significantly above the tropopause. The model has shown that typically 1000 t of water vapour 

per event was remaining in the stratosphere after sublimation of ice. Interestingly, the base of the dome at the 

tropopause was typically 400 m2, which correspond to the size of the grid mesh used for the large-scale simulation 

with BRAMS. Finally, the climatology of overshoots provided to the community by Rysman et al. 2017 shows at the 

global scale that 50% of the overshoots are reaching the stratosphere. 
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Figure 2 

Figure 1 : Cloud top distribution within a BRAMS Brazilian scale/ seasonal scale simulation at locations where 

overshoots were detected by the Microwave Humidity Sounder (MHS). Left side : at the exact location. Right 

panel : in the vicinity of the MHS location The MHS overshoot climatology was provided by Rysmann et al. 

(2017). 

 
Figure 2 : Giga-LES simulation of Hector the Convector (After Dauhut et al., 2016) with the M éso-NH Model. 

Vertical cut of an updraft within Hector and mass flux at two different levels accounting for all the updrafts or the 

(two) tallest updraft(s). 

Future of the project: another LEFE (IMAGO) project, so-called “Para-shoot” was submitted and was accepted for 

3 years. It is only focusing on developing parameterization of overshoots for global scale models or developing 

nudging scheme for large scale model or simulation. 
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1 thèse soutenue en début de projet (T. Dauhut, LA) 

1 thèse soutenue (A. Behera, GSMA) 

1 thèse en cours (I. Dion, CNRM) 

Conference presentations: 15 (19 if seminars included) 


