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Methodology

Cyclone Vladiana (IOP 3 NAWDEX)

● Convection-permitting simulation
with the non-hydrostatic model COSMO

Δlon = Δlat = 0.02° (~2 km)

● Online trajectories
Miltenberger et al. 2013, 2014

- calculated from 3D wind field at every         
model timestep (Δt = 20 s)
- explicitly capture rapid convective ascent

● WCB trajectories 600 hPa in 48 h
e.g., Madonna et al. 2014, JCLI

● Lagrangian composite analysis
Oertel et al. 2019, WCDD

- Slantwise ‘escalator’-like WCB trajectories
   ‘typical‘ WCB
- Convective ‘elevator’-like WCB trajectories
    >600 hPa in 3 h
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Embedded convection is highly relevant for the surface precipitation pattern

I. How does embedded convection influence the cloud structure?
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Embedded convection forms mesoscale PV dipoles

II. How does embedded convection influence the PV structure?
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III. How does embedded convection influence the large-scale circulation?

1) existence of PV anomaly on a larger-scale 
>> coarse-graining to 60 km

dipole length ~ 400 km

1000 km

elongated PV dipole bands
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III. How does embedded convection influence the large-scale circulation?

1) existence of PV anomaly on a larger-scale 
>> coarse-graining to 60 km

2) Temporal evolution of negative PV
>> neg. PV has a relatively long 
lifetime, can interact with the 
upper-level waveguide and form 
jet streaks

65 ms-1
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I. Embedded convective ascent in WCBs forms a denser 

cloud with higher hydrometeor content and more intense 

surface precipitation

II. Embedded convection in WCBs leads to

 stronger pos. low-level PV anomalies

 mesoscale upper-level horizontal PV dipoles

 

III. On the larger-scale, convectively produced PV anomalies 

aggregate to elongated PV dipole bands around 

elongated convective updrafts, which can

 interact with the upper-level waveguide

 strengthen the isentropic PV gradient

 result in jet streaks



Thank you
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