A Quasi-Tropical Cyclone
over the Western Mediterranean:
Dynamical vs Boundary Factors
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~ The event. Observations

@ A small scale cyclone developed in eastern Spain
the morning of 12 September 1996.

@ Strong winds and flash floods affected the
Balearic Islands.

@ Intense convective activity occurred during 11
and 12 September in all the western Mediterranean.
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Objectives

@ Numerical study of the synoptic-scale and mesoscale aspects leading to the small
quasi-tropical cyclone.

@ Anaysis of the upper levels influence on hte cyclone formation through the
application of the PV inversion procedure.

Synoptic Overview
@ Presence of a surface low over the @ PV anomaly advancing towards the
Western Mediterranean and a cold cutoff area at the upper levels
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Numerical experiments configuration

@ The model MM5v3 has been used to perform the numerical simulations.

@ Kain-Fritsch convective parameterization is used.

@ Two domains are defined to obtain high resolution over the area of interest while
maintaining in the simulation the main synoptic features of the event
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Control run

& Model run validation. Accurate simulation | ¢ Surface pressure, rainfall and sea surface evaporation
of the cyclone formation and eastern |during the cyclone formation:
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~ Control Run

@ Strong and deep updrafts are | nhra W (cms?) and PV (PVU) at
detected close to the cyclone center. 200 S ——

@ This reflects the intense convective 400
activity developed in the area.
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@ A column of high values of PV is
identified where most intense latent

~ PVinversion

& Sensitivity of the cyclone formation to the effects of the
upper-levels cutoff is assessed by weakening its intensity and
evaluating the consequences in the model simulation.

& The coherent weakening of the upper levels cutoff is done by
means of the PV inversion process applied on the model initia
conditions.

@ The PV anomaly associated with the cutoff is identified and
appropriately modified in the model IC.
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@ Results of the sensitivity experiments in terms of surface pressure and accumulated
precipitation at 1200 UTC:
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Factors separation
@ The factors separation technique is used to determine the | g Effectson the surface pressure:
individual effects of the upper levels PV anomaly and the [PV --- Evap. — Interaction

evaporation from the sea, aswell asitsinteraction.

& The effect of the factors are calculated as:

Eff oy =S01-Sho with Sy representing the simulation with the
Effo=Si5-Soo evaporation (X) or the PV anomay (Y)
Eff e =S11-(SiotSp1)-Syo  activated (1) or not (0).

@ Evolution of the effects on the central surface pressure: Primary
effect of the PV anomaly alone during the first stages of the cyclone
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Factors Separation

@ The effect of the interaction between the evaporation from the sea and the
upper levels PV anomaly emerges as crucia for sustaining the convective
developments associated with the cyclone. The latent heat release from
convective updrafts is maintaining the cyclonic circulation in a deep and narrow
tropospheric column.

Eff,, on W and divergence of Eff,; on the 3h accumulated
the horizontal wind at 03 UTC precipitation at 06 UTC

Air-Sea |nteraction

@ These results suggest that air-sea interaction instability (Emanuel, 1986 JAS)
was instrumental in the evolution of the quasi-tropical cyclone.

@ Circulation attributed to the PV anomaly aloft is revealed as the triggering
agent of the instability by enhancing values of evaporation from the warm sea

surface.

@ The principal effect of the upper levels
PV anomay was not a direct surface




Conclusions

@ A study of the agents contributing to the developmént of a quasi-tropical
cyclone formation over the Western Mediterranean is presented.

@ Synoptic settings show a cold cutoff over the Iberian Peninsula and a surface
low over the Western Mediterranean.

@ Numerical experiments reveal that intense and deep convective activity
occurred surrounding the cyclone center.




