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Processes leading to Severe Wind Gusts
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 Figure 1. (a) Wind sectors of an extra-tropical cyclone (Gillet-Chaulet and al., 2019); (b) illustration on a satellite picture 
(source: Nasa Worldview).

This article is a translation of an article published in La Météorologie (Kreitz, 2020)

Abstract 

The end of winter 2019-2020 is characterized 
by successive windstorms. The severe winds 
are the consequence of various conceptual 
models: warm jet, cold jet, sting jet, deep 
convection and downslope windstorm. A ca--
se study for each model is discussed here with 
real life examples. 

After a wet autumn, late winter 2019-2020 is cha-
racterized by several windstorms and mild tempera-
tures over France. From storm Hervé on February 
4th to storm Norberto on March 5th, ten windstorms 
cross the country during one month. The most 
severe gusts are the consequence of different 
mechanisms that deserve explanations.

Wind sectors of an extra-tropical windstorm have 
been summarized by Gillet-Chaulet and al. (2019) 
(figure 1), based on Hewson and al. (2015) and 
consist of:

– 1, warm jet: ahead of the cold front, ageostro-
phic circulation leads to an acceleration of the 
flow. A low level jet develops, commonly between 
levels 925 and 850 hPa as the case may be;

– 2, cold jet: the increasing gradient of MSLP around 
the low produces another area of severe winds in a 
cold air mass,  in a western area of the low;

– 3, sting jet: an area of severe winds may occur 
temporarily between the cold jet and frontal frac-
ture (Gillet-Chaulet and al., 2019);

– 4, convective gusts: if showers or squalls are 
present, outflows add to strong synoptic winds. 
Gusts can be severe, sometimes more than in 
other sectors, but much more heterogeneous;

– 5, local winds: an intense synoptic flow creates 
mountain waves and if conditions are satisfied, a 
downslope windstorm is possible. In large valleys, 
winds increase too (Mistral along Rhône valley, 
Tramontane along Aude valley…).

Stormy winds in a warm jet (1): 

Dennis on February 16th 

Storm Dennis is associated with very low MSLP 
far from France, between British Isles and Iceland. 
The pressure drops to the value of 919 hPa, the se-
cond deepest extra-tropical cyclone ever recorded 
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 Figure 2. Top: MSLP and forecasted gusts (knots). Right: vertical profile inland in northwestern France (square on the map) 
for February 16th, 2020, at 13 UTC from Arome run of 12 UTC. Left: maximum daily gusts (km/h) recorded on February 16th, 2020. 
Source: Météo-France.

 Figure 3. Gusts above 60 km/h, radar data and MSLP 
(hPa) forecasted by Arpege, run of March 5th 2020 at 06 UTC for 
11 UTC. Source: Météo-France.

over northern Atlantic, after a low at 914 hPa on 
January 11th, 1993 (Odell and al., 2013). Gusts up 
to 100 and 130 km/h are recorded in northwes-
tern France (figure 2). Stormy winds are located 
just ahead of the cold front, in the warm conveyor 
belt. By looking at observed or forecasted gusts, 
it is unusual to notice that the strongest winds are 
located  along the shore (exposed semaphores) 
as well as inland. This can be explained by the 
fact that there is a small instability in the low layer 
as shown by the vertical profile. Turbulence is en-
hanced and thus gusts by turbulent mixing. Other 
severe gusts blow over northern France, while the 
cold front sweeps the area. This front creates a 
large scale density current.

Stormy winds in a cold jet (2):  

Norberto on March 5th

Even if storm Norberto is one of the less severe 
windstorms of the period, it is a perfect example of 

a strong cold jet occurrence. The low deepens to 
nearly 980 hPa while crossing The Channel. The 
pressure gradient is  tightest along western qua-
drant where cold air wraps around the low (figure 3). 
Gusts blow up to 100 km/h locally over Brittany.
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 Figure 4. (a) Temperature (blue), dewpoint (green) and gusts (knots, 
black) recorded on February 27th at Paris-Montsouris weather station;  
(b) Maximum daily gust on February 27th (km/h). Source: Météo-France.

 Figure 5. (a) Synoptic analysis (Anasyg) on February 27th 2020 at 12 UTC. (b) Gusts (knots, scale proposed at figure 2), verti-
cal velocities at 600 hPa (Pa/s, updrafts in orange and downdrafts in blue) and vertical cross section with vertical velocities and 
wind (knots), for February 27th 2020 at 14 UTC from Arome, run of 12 UTC. Source: Météo-France.

Potential sting jet (3):  

Bianca on February 27th

Storm Bianca deepens while crossing northern 
France and moving along Luxembourg and Ger-
many. But with a pressure around 990 hPa, storm 
Bianca doesn’t seem remarkable. However, winds 
become very strong from the western Parisian ba-
sin to Alsace region with widespread gusts between 
100 and 120 km/h (figure 4b). At Paris-Montsouris 
weather station, a value of 116 km/h was recorded, 
the second highest gust ever recorded in February 
and the sixth highest on record!

Data from weather stations is very useful for a 
better understanding of the physical processes 
that lead to these gusts. At Paris-Montsouris (fi-
gure 4b), the highest gust reaches 60 knots at 
1245 UTC. This gust is correlated to a light drop in 
the temperature but a larger decrease dew point 
(more than 3 °C in a few minutes), without any 
rain. So, it is not a crossing cold front but a phe-
nomenon associated with downdrafts (this vertical 
motion dries the air mass). The synoptic analysis 
(Santurette and Joly, 2002) done at 12 UTC (figure 
5) reveals an extra-tropical cyclone with the cha-
racteristics of a Shapiro-Keyser (1990) low. Fron-
tal fracture is just over Paris and topped by the dry 
intrusion (dark line). This structure is favourable to 
the development of a sting jet (Gillet-Chaulet and 
al., 2019; Coronel and al., 2016), that seems to be 
confirmed by Paris-Montsouris data.

To confirm the occurrence of a sting jet, a simu-
lation of a small scale model like Arome is nee-
ded. The highest gusts are forecast just below the 

downdrafts (figure 5). The vertical cross section 
confirms this analysis: updrafts in the east with a 
large column of moisture (not shown) and by the 
west, downdrafts and drying mid-troposphere up 
to 900 hPa and increasing winds in the boundary 
layer.

Forecasting sting jets is challenging for both NWP 
models and forecasters. That day, the forecast 
gusts  were underestimated and a sting jet was 
not expected (the forecast shown in figure 5 is 12 
UTC run, while the sting jet is occurring). As gusts 
were not forecasted to exceed 100 km/h inland, 
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 Figure 6. Left: geopotential (damgp), temperature (°C), wind (knots), at 500 hPa. Center: MSLP (hPa) and '
w
 at 850 hPa 

(°C) for February 10th 2020 at 15 UTC, from Arpege, run of 12 UTC. Right: maximum daily gusts (km/h, red if  > 90 km/h) re-
corded during the showers generated by Storm Ciara. Source: Météo-France.

no orange warning was issued and  the windstorm 
was not named by France-Spain-Portugal (Kreitz, 
2018). Since the windstorm was not named by 
UKMO which was not concerned, the storm was 
finally called Bianca, the name proposed by the 
university of Berlin. 

Stormy convective gusts  

and one tornado in showers (4):  

Ciara on February 10th

Storm Ciara starts to form early off the eastern 
coast of the United States and crosses the Atlan-
tic, before deepening, falling to 950 hPa between 
Scotland and Scandinavia. Gusts are already 
strong during the crossing of warm and cold fronts 
but remain intense below the showers and are 
locally severe, for example 163 km/h recorded at 
Barfleur semaphore in Normandy (figure 6). In ad-
dition, one tornado is reported in Somme district 
(northern France) according to Keraunos1. The 
situation is favourable to low topped supercells 
and isolated tornadoes (Robert and Calas, 2004). 
A westerly flow blows at all levels (figure 6) and 
leads to huge vertical wind shear with weak ins-
tability caused by cold air at altitude (< -26 °C at 
500 hPa) and mild air in the low levels (wet bulb 
potential temperature, θ’w, around 6 / 8 °C).

Moreover, inland, friction causes backing winds 
at low level and a decrease in wind speed. The 
hodograph (figure 7) shows a very large helicity 

in the three first kilometres, reaching more than 
250 m²/s² while it is already large in the first kilo-
metre. Even if instability is quite weak, in a moist 
air mass, ingredients are favourable to form tor-
nadoes (Thompson and al., 2003).

Donwslope windstorm (5):  

Hervé on February 4th

This storm goes unnoticed over most parts of 
France. The low is not very deep but in the lee of 
French Alps, the pressure gradient increases by 
orographic effects over southeastern France and 
especially over Corsica. Severe winds are recorded 
all over the island, including the eastern coast (fi-
gure 8): 195 km/h at cap Corse (northern cape of 
the island), 169 km/h at la Chiappa semaphore, 
166 km/h at Zonza, 162 km/h at Alistro. The fact that 
gusts are more severe downwind from the moun-
tains, proves that the relief is involved in the occur-
rence of the stormy winds. The increase of winds 
downwind from mountains is named a downslope 
windstorm. As it is associated with downward mo-
tion, a foehn effect occurs with it. Here, according 
to figure 8, a spectacular foehn effect is observed 
with an increase of 10 °C in temperature and a drop 
of 10 °C of dew point in very few minutes. With a 
temperature of 24.3°C, it is the highest value ever 
recorded at Bastia for February!

Even though downslope windstorms (and such 
winds speed) are quite common over Corsica, the 
interesting feature of this windstorm is that all eas-
tern Corsica is concerned in addition to northern 
and southern parts which are more used to these 
effects. Figure 9 shows the favourable environ-
ment according to Arome NWP: 

1. http://www.keraunos.org/actualities/faits-marquants/2020/

tornade-bertangles-10-fevrier-2020-somme-picardie-hauts-de-

france
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  Figure 7. (a) Vertical profile and (b) hodograph 
forecasted close to showers formed in storm Ciara in northern 
Normandy, on February 10th 2020 at 14 UTC, from Arome, run 
of 12 UTC.

 Figure 8. (a) Temperature (blue), dew point (black) at Bastia on February 4th 2020. (b) Maximum daily gusts km/h) on 
February 4th 2020. Source: Météo-France.

– trapped waves downwind with a succession of 
updrafts and downdrafts with a vertical phase;

– isentrops near breaking waves while crossing 
mountains (axis near vertical) and with a nar-
rowing (i.e. an inversion) around levels 750/700 
hPa, that are the maximum height of mountains 
here; 

– stable air mass upwind confirming large stability 
at around 700 hPa;

– stable and drier air mass downwind with en-
hanced stability at a lower level 900 hPa.

As shown by Bernouilli theorem in fluids mecha-
nism, a flow that moves from a large section of a 
pipe to a narrow section of another pipe sustains 
an acceleration downslope which is what is oc-
curring  until the east coast (Auger, 2011 ; Calas, 
2013 ; Markowski et Richardson, 2010). The effect 
is enhanced if an inversion is present upwind at 
the same height as the mountains.
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 Figure 9. Vertical cross section (west-east) perpendicularly to Corsica, along the axis of the wind with iso- (°C, red), vertical 
velocities (m/s, updrafts in green and downdrafts in blue), relief in grey. Vertical profiles upwind of Corsica (left) and downwind 
(right), for February 4th 2020 at 06 UTC from Arome, run of 03 UTC. Source: Météo-France.
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