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Causes of damaging cyclone winds

§ A: cumulonimbus clouds just ahead 
of the cold front

§ B: Shallow non-precipitating cloud in 
the dry slot

§ C: Sting jet

§ D: Cold conveyor belt
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From Browning (1997) 
after Young (1994)

Causes of damaging cyclone winds

Transient (few hours), mesoscale (~50km 
spread) jets of air descending from the tip of the 
hooked cloud head in the frontal fracture regions 
of some extratropical storms (see definition in 
Clark and Gray, 2018).

Cloud head banding suggests mesoscale 
instabilities such as conditional symmetric 
instability (CSI) are being released. Studies have 
provided evidence also of CI, SI and II presence

“Significant destabilization of the lower 
levels occurs beneath DIs, accompanied 
by increased 10-m wind gusts, intense 
surface heat and moisture fluxes, and 
elevated PBL heights” 

Raveh-Rubin (2017)
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Eunice synoptic overview: 
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Mesoscale instability release: SI
Negative PV bands track along the bent-back front towards the cloud 

head tip. Implies presence of (dry) symmetric instability

Colours show PV, red contours are qw, dashed line indicates cloud (all at 700 hPa)
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Mesoscale instability release: CSI

Sting jet precursor diagnostic applied to Met Office global ensemble. 
60h forecast. Numbers in squares are ensemble # of cyclone centres; 

MSLP and tracks are from the control forecast. 
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Low-level wind field evolution

Colours show horizontal wind speed (left) at 850 hPa and (right) along A-B vertical 
section. Red contours are qw, gray shading is cloud.



Low-level wind field evolution

Colours show horizontal wind speed (left) at 850 hPa and (right) along A-B vertical 
section. Red contours are qw, gray shading is cloud.



Origins of low-level wind jets
Lagrangian trajectories 
calculated with LAGRANTO 
(Sprenger and Wernli, 2015)

Forecast start  time 06 UTC 18th

Trajectories start time 12 UTC 6 
hrs backwards and 2 hours 
forwards

Windspeed > 42 ms-1 between 
950 and 800 hPa at start points 
(black dots)
Colours are pressure along 
trajectories

Criteria: none



Origins of low-level wind jets: SJ
Lagrangian trajectories 
calculated with LAGRANTO 
(Sprenger and Wernli, 2015)

Forecast start  time 06 UTC 18th

Trajectories start time 12 UTC 6 
hrs backwards and 2 hours 
forwards

Windspeed > 42 ms-1 between 
950 and 700 hPa at start points 
(black dots)
Colours are pressure along 
trajectories

Criteria: 
descent > 100 hPa from 06-12 
UTC, RHi>80% at 06 UTC



Origins of low-level wind jets: CCB & 
WCB jet

Lagrangian trajectories 
calculated with LAGRANTO 
(Sprenger and Wernli, 2015)

Forecast start  time 06 UTC 18th

Trajectories start time 12 UTC 6 
hrs backwards and 2 hours 
forwards

Windspeed > 42 ms-1 between 
950 and 700 hPa at start points 
(black dots)
Colours are pressure along 
trajectories

Criteria:
descent <100 hPa (which can 
include ascent of course) from 
06-12 UTC, RHi>80% at 12 UTC 

Upper part of 
WCB jet

East CCB jet + mixing 
from weak descent SJ

West CCB jet



Origins of low-level wind jets: DI jet
Lagrangian trajectories 
calculated with LAGRANTO 
(Sprenger and Wernli, 2015)

Forecast start  time 06 UTC 18th

Trajectories start time 12 UTC 
6 hrs backwards and 2 hours 
forwards

Windspeed > 42 ms-1 between 
950 and 700 hPa at start points 
(black dots)
Colours are pressure along 
trajectories

Criteria:
descent > 100 hPa from 06-12 
UTC, RHi<60% at 06 UTC



Summary
§ Storm Eunice was a well 

forecast, intense  and 
damaging windstorm.

§ Two main regions of strong 
low-level winds (>42 ms-1).

§ The more westwards region 
was associated with a CCB 
jet.

§ The more eastwards region 
is due to a mix of different 
airstreams: a stronger CCB, 
SJ and DI at 12 UTC. 

§ There is evidence of 
mesoscale instability 
presence/release (CSI/SI) in 
the cloud head tip: this will 
have strengthened the SJ. 


