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Motivation 
 

�  Interest for cross-jet 
motion of  storms 

�  Higher intensity 

�  Klaus, Xynthia, … 

Xynthia trajectory 

Low-frequency (T>8d) 
wind max at 300 hPa 
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Motivation 
 

�  Role of  upper-level PV 
anomalies on 
trajectories 

�  Displacement 
perpendicular to the jet 
due to the upper-level 
dipole advection PV’ (300 mb)>0 

PV’ (300 mb)<0 

Velocity vectors induced by 
the upper PV anomalies 

Jet axis 

12 UTC 27 Feb 2010 
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Hypothesis on the effect of  diabatism 
 

Influence of  the upper-level anomaly Influence of  moist processes 

Nonlinear advection induced 
by the upper-level PV 

Strengthening of 
the upper-level 
anticyclone 
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�  Latent heat release è stronger anticyclone è faster poleward advection 



The Meso-NH model 
 �  Mesoscale nonhydrostatic model within an idealized configuration 

�  Domain: 10000 km * 6000 km * 16 km 
�  Resolution: horizontal 20 km, vertical 500 m  
�  Boundaries: cyclic zonally, walls to the north and south 
�  No surface scheme and no radiative scheme 
�  Idealized zonal jet and geostrophic balance 
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Basic flow profile 



Initial perturbations 
 

�  Two finite-amplitude anomalies 
�  Low-level at altitude 1km 
�  Upper-level at altitude 7.5km 
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�  Comparison between 4 simulations: 
�  Dry simulation with an upper-level anomaly 

�  Dry simulation without upper-level anomaly 

�  Moist simulation with an upper-level anomaly 

�  Moist simulation without upper-level anomaly 

�  Microphysics scheme (ICE3) with 5 pronostic 
hydrometeors (cloud droplets, rain, ice crystals, snow 
and graupel mixing ratios) added to water vapor. 

�  The relative humidity profile is initially set to 60% from 
surface to 6.5 km altitude. 

Description of  the simulations 



Trajectory between 0 and 84h 
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Dry simulation with an upper-level anomaly 
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Sensitivity of  surface cyclone tracks to upper-
level disturbances (dry configuration) 
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�  With the addition of  an upper-level perturbation, the 
cyclone is stronger, and located more to the northwest. 

Dry without upper-level anomaly Dry with an upper-level anomaly 

t=48h 



Sensitivity of  surface cyclone tracks to moist 
processes (with upper-level anomaly) 
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�  With the addition of  moisture, the cyclone is more 
intense and narrower, and located more to the northeast. 

Dry with an upper-level anomaly  Moist with an upper-level anomaly 

t=48h 



Displacement of  vorticity maximum 
 

�  With the addition of  upper-level anomaly, the differences in 
northward displacement are stronger at early times, and in 
westward displacement occur later. 

�  With the addition of  moisture, the differences in displacement 
occur after a few hours. 

 

Eastward displacement Northward displacement 

  Dry without upper-level anomaly    Moist without upper-level anomaly      
  Dry with an upper-level anomaly                Moist with an upper-level anomaly 



Relative vorticity budget (moist configuration) 
 

�  Total tendency 
�  Intensification 

�  Northward 
displacement 

�  Nonlinear advection 
�  Northwestward 

displacement 

�  Vertical terms 
�  Intensification 

�  Eastward 
displacement 
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Nonlinear advection: PV inversion 
 

�  The upper-level PV creates the northward 
displacement tendency. 

 

ζ 800 hPa 

Nonlinear advection 800 hPa 

850 hPa wind from 
the PV inversion 

t=48h 

Upper-level PV anomalies Lower-level PV anomalies 

All PV anomalies 



  
Dry with an upper-level anomaly Moist with an upper-level anomaly 

ζ 800 hPa 

Nonlinear advection 800 hPa 

850 hPa wind from 
the PV inversion 

t=48h 

�  With the addition of  upper-level anomaly, the winds toward 
the northwest are stronger. 

Nonlinear advection: PV inversion 
 



  Dry without upper-level anomaly    Moist without upper-level anomaly      
  Dry with an upper-level anomaly                Moist with an upper-level anomaly 

�  Stronger upper-level PV è Stronger surface winds toward 
the northwest. 

Wind velocities at 850 hPa induced by the 
upper-level PV anomalies 

Zonal wind Meridional wind 



�  Northward motion 
�  Faster with an upper-level anomaly. Stronger nonlinear 

advection. 
�  Faster with moist processes. Stronger nonlinear 

advection. 

�  Eastward motion 
�  Slower with an upper-level anomaly. Westward advection 

tendency induced by the more intense anticyclone. 

�  Faster with moist processes. Eastward diabatic tendency 
partly overwhelmed by the westward advection tendency 
due to the upper-level anomaly. 

 
Conclusion 



�  Nonlinear 
advection 
Northwestward 
displacement 

�  Diabatism 
Eastward 
displacement 

Potential vorticity budget (moist configuration) 
 

a)Total tendency b)non linear advection

c)vertical advection d)diabatic tendency

a b c d 
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Nonlinear advection 
 

Wind from the model Wind from the PV inversion 

�  The nonlinear advection calculated using the PV 
inversion reproduces the nonlinear advection 
calculated with the real wind (from the model). 

 

ζ 800 hPa 

Nonlinear advection 800 hPa 

850 hPa  wind from 
the PV inversion 

t=48h 



  
Nonlinear advection: PV inversion 

 Dry without upper-level anomaly Dry with an upper-level anomaly 

Moist without upper-level anomaly Moist with an upper-level anomaly 

ζ 800 hPa 

Nonlinear advection 800 hPa 

850 hPa wind from 
the PV  inversion 

t=48h 



�  No moisture: slower northeastward displacement 

�  Northeastward displacement: dry < ‘cloud water’ < moist 

Additional sensitivity experiments 
 Eastward displacement Northward displacement 

            Dry      Moist                Moist – dry (30h)   
            Moist (cloud water & water vapor) 



�  More latent heat release in the complete moist 
simulation 

Latent heat release budget 
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Moist configuration 
Comparison with 

‘cloud water’ 

t=48h 


