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Context: Despite a continuous improvement of mid-latitude weather forecasts in recent decades, short-term 

prediction of high-impact weather (HIW) events (wind gusts, heavy precipitation) triggered by extratropical 

cyclones is still a major challenge.  One source of errors is the model error associated with the parameterization 

of diabatic processes such as those related to clouds and radiation. To better understand diabatic processes 

within extratropical cyclones, an international field campaign called NAWDEX was conducted in September-

October 2016 in the North Atlantic using the deployment of 4 aircraft and intensive ground-based observations. 

Objectives / scientific questions: The first aim of the project was to help the coordination of the French 

component of NAWDEX and to help French PIs to participate in this major field campaign. Another objective was 

to start collaborations among the different partners by performing numerical modeling of extratropical cyclones 

with different mesoscale models. 

Main results:  

The French component of NAWDEX mainly relied on the deployment of the French SAFIRE F20 aircraft in Iceland 

during the second half of the campaign (28 September – 17 October 2016). During that almost 2-weeks period, 

15 scientific flights were conducted for a total of 46.5 flight hours. 59 dropsondes were released and their 

measurements are complementary to the remote sensing platform RALI on board the SAFIRE F20 aircraft. RALI 

includes a multi-beam 95-GHz Doppler radar RASTA and a high-resolution lidar LNG developed. The radar has 3 

antennas looking down that allow to retrieve cloud winds (see lower panel of Fig. 1) and the lidar-radar synergy is 

used to retrieve cloud microphysical properties from a variational algorithm developed at LATMOS by J. Delanoë. 
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Figure 1: a) Flight tracks of SAFIRE Falcon 20 

during NAWDEX. b) Satellite image of cloud 

system associated with the “Stalactite Cyclone” 

observed on October 2, 2016 by two flights of 

the French Falcon. The blue and green flights 

observed the outflow and ascending regions of 

the warm conveyor belt of the cyclone. c) 

Horizontal wind speed derived from SAFIRE 

Doppler radar RASTA along flight F7 (abscissa: 

time; ordinate: Pressure (hPa)). From Schäfler 

et al. (2018) 

The NAWDEX period was characterized by dynamically-active atmospheric circulations. Deep extratropical 

cyclones associated with intense warm conveyor belts1 developed in the North Atlantic and moved toward 

Iceland. One of the observed cyclones, the Stalactite cyclone, was responsible for the formation of a Scandinavian 

                                                           
1
 Warm conveyor belts correspond to air masses ahead of the cold front that gain heat and humidity in the boundary layer 

and undergo a rapid ascending motion within extratropical cyclones. 
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blocking (Figure 1b) associated to low-predictability weather over Europe (Schäfler et al. 2018). Ongoing studies 

are underway within the ANR project (see future of the project) to analyze diabatic processes inside this cyclone 

and other observed ones. The ability of the models to reproduce the diabatic heating and the observed fine-scale 

structures of the cyclones will be assessed. 

 Another axis of research of the LEFE project was to simulate idealized extratropical cyclones with the mesoscale 

model Meso-NH and, in particular, to simulate sting jet cyclones. These cyclones are characterized by a bent-back 

warm front ahead of which a mesoscale jet may occur, which is called sting jet (SJ). The SJ is associated with 

descending air masses from the cloud head to the top of the boundary layer and often generates strong 

damaging winds in western Europe. The PhD work of Benoît Coronel helped to better understand under which 

circumstances such a SJ occurs. An idealized sting jet cyclone is shown in Figure 2. It is located above the cold 

conveyor belt jet (CCBJ) and has strong amplitude in the frontal fracture region. Coronel et al. (2016) have shown 

that this SJ is formed due to synoptic-scale dynamical forcing added to neutral conditions for mesoscale 

instabilities like the conditional symmetric instability. 

 

 

Figure 2:  Idealized simulation of a sting jet 

cyclone by Meso-NH at 4 km resolution. a) 

Horizontal cross section of horizontal wind 

speed (red and magenta contours: wind speed 

larger than 32 m/s; int: 4m/s), equivalent 

potential temperature at z=1.7 km and the 

average of cloud ice and liquid contents (white 

areas). b) Vertical cross section of the 

horizontal wind speed and the sum of cloud ice 

and liquid contents. From Coronel et al. (2016). 

Future of the project:  An ANR funded project called DIP-NAWDEX (DIAbatic processes during NAWDEX; 2017-

2020; 497 keuros) is ongoing to use the data collected during NAWDEX and a hierarchy of models (convection-

permitting, global Numerical Weather Prediction, climate models) to assess the skills of model forecasts, to 

better understand diabatic processes along warm conveyor belts, and to detect potential model biases.  
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