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Sensitivities of Mediterranean 
intense cyclones:

A systematic climatology
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Intense cyclones database

• From ERA40 (1957-2002):
– Select intense cyclones with

Cmax ≥ 7 107 m2s-1 and        tf-ti ≥ 24 h

1359 Intense cyclones/45 years
30 Intense cyclones/year
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Intense cyclones database
Density of cyclones at the moment of their maximum intensity (ERA40 1957-2002) 



A tangent

Adjoint models

Response functions J(x(t))
● Model error: Xobs -Xmod
● Particular feature of interest

Cyclone's central pressure
Jet stream location and intensity
Temperature at a certain point
...

● Any differentiable function of Xmod 
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Results…
…the weighted mean of 48h sensitivities for intense Mediterranean 
cyclones:



“On demand” Sensitivity
http://redibericamm5.uib.es/adjunts/adjunts.htm



  

   Explicit moisture scheme
IMPHYS=4 Simple Ice
IMPHYS=5 Mix phase
IMPHYS=6 Graupel (gsfc)
IMPHYS=7 Graupel (reisner2)
IMPHYS=8 Schultz

     PBL parameterization
IBLTYP=2 Blackadar
IBLTYP=3 Burk-Thompson
IBLTYP=4 Eta M-Y
IBLTYP=5 MRF
IBLTYP=6 Gayno-Seaman
IBLTYP=7 Pleim-Siu

   MM5  MULTI-PHYSICS  ENSEMBLE



  



  



  



  



  



  

PV perturbations are introduced in I.C and B.C

 PV inversion method + actual PV error climatology

Where?
a) Zones with high PV anomalies or gradients
b) MM5-adjoint derived sensitivity zones

   MM5  MULTI-ANALYSIS  ENSEMBLE



  

Methodology 

    In an attempt to introduce realistic perturbations in the ensemble prediction system, a PV error 
climatology (PVEC) has to be done. This climatology allows to perturb the ECMWF forecast PV fields 
using the appropriated error range. The PVEC is calculated using a large collection of MEDEX cyclones, 
and provides the displacement and intensity error of the PV fields in the study region. 
     The displacement error (DE) corresponds to the displacement of the ECMWF 24 h forectast PV field 
showing local maximum correlation with the ECMWF analysis PV field. The DE presents a clear 
symmetry along South-North and West-East directions. The intensity error corresponds to the diference 
between the displaced ECMWF 24 h forecast PV field and ECMWF analysis PV field. This error 
presents a high symmetry, so the absolute value is used. The %DLE is defined as 
intensity_error/analysis_PV %.
    Analytical functions have been fitted to model the error statistics (percentile levels of displacement 
and intensity errors) as function of pressure level and PV value. An example, at 300 hPa, is shown in the 
following figures.

    This PVEC is used to implement the above mentioned ensemble system by randomly perturbing the 
fields. These perturbations are aplied along the zones with the most intense PV values and gradients.



  

Application to a Mediterranean cyclogenesis 
event

    Original and perturbed PV fields in the three 
dimensional domain through the forecasting period 
are defined, and with the PV Inversion Technique 
the balance fields (temperature, geopotential and 
horizontal wind) are calculated. Then, the difference 
between the original and perturbed balance fields 
provides the initial and boundary perturbations for 
each member of an ensemble of simulations. 
    Preliminary results showing the potential of this 
methodology are presented for the flash-flood 
producing MEDEX cyclone of 9th June 2000. The 
following figures show the original initial state and 
four perturbed ensemble members. (9 th June 2000 
at 00 UTC)
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    The following figures show the MM5 54 h forectasts  from the above initial states.  (11th June 2000 at 06 
UTC)
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