Relationships Between High Precipitation Events (HPE) and upperupper-level
dynamics in a semisemi-idealized atmosphere.
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Introduction

Southern France is prone to devastating flash-floods during the fall season. The warming and moistening of the boundary layer
through sensible and latent heat fluxes from the warm sea is known as an efficient mechanism for convective destabilization and
further production of heavy precipitation. However the triggering of convection usually requires preexisting synoptic-scale. The
role of the warm advection at low levels, induced by a broad synoptic-scale low over the western Mediterranean sea, as well as
the presence of a cold cut-off low at mid and high levels, were highlighted as the main synoptic-scale ingredients for the

development of severe convection. The demonstration of such a relationship can be given by sensitivity studies of HPE forecast
to the presence of some upper-level Potential Vorticity (PV) features. These studies usually consist in removing PV features from
a reference simulation. Here we suggest to build up an idealized initial state without any synoptic-scale feature. Then, PV surgery
consists in adding PV anomaly with a full control of shape, location and amplitude to the idealized initial state.

Construction of low-frequency situations from different environments

a)

b)

- The goal is to build an initial state quite smooth and very weak in terms of potential vorticity, characteristic of a low frequency situation. The filtering of fast waves will not happen here through a
temporal filter, but by a truncation of the scales.
- To study the impact of initial atmospheric environment on the genesis and maintenance of convective system, several low-frequency situations were constructed from two different situations a), and
b) which are respectively associated to a convective episode over southern France and to a « no precipitation » episode (Figure 1)

Synoptic and mesoscale signatures identified on three low-frequency situations at initial state.
- Simulation 1 is built from case a) with a filter (T5) applied to all model variables.

- Simulation 2 is built from case a) : a filter (T2) is applied to all model variables except the surface pressure.

- Simulation 3 is built from case b) with a filter (T5) applied to all model variables.
Simulation 1

Fig1: 24h accumulated rainfall with a maximum value of 133.7mm for a). No precipitation observed in case b)

Simulation 2
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2)

Simulation 3

3)

Fig2: 1)Geopotential height at 500hPa (continuous brown line in gpm), temperature at 500hPa(shaded area), potential vorticity at 300hPa (continuous black line) and horizontal wind at 300hPa (red vectors). 2)Sea level pressure (continuous brown line in hPa), temperature at 925hPa (blue line), relative humidity at 925hPa and horizontal wind at 925hPa (red vectors). 3)
24h accumulated rainfall with isolines of 5, 7, 10, 15 and 20 mm.

Cyclonic South-Westerly class

Cyclonic Southerly class

Sensitivity of convective systems to Potential Vorticity anomalies
Analytical potential vorticity anomalies are added on the different low-frequency initial conditions. The anomalies are defined by analytic functions of Gaussian shape. Anomalies of
different aspect ratios, orientations and positioning were generated. The anomalies positions were chosen to generate southerly flows over the western Mediterranean basin. Different
locations between the Gulf of Biscay and the south-eastern Spain have been explored, according to the climatology of potential vorticity associated with heavy rainfall (performed using PV
coherent structures associated with Mediterranean episodes between 1958 and 2001).
 Model runs with anomalies more or less elongated with four directions and different aspect ratios were performed.
Synoptic conditions patterns propitious to HPEs
(Boudevillain et al., La Météorologie - n° 66 - August 2009)

 Same PV anomalies were added to low-frequency situations 1, 2 and 3. The synoptic situation at
the initial time exhibits an intense trough and the corresponding positive PV anomaly northwest of
the Iberian Peninsula at mid-tropospheric levels.
1)

Fig3: Density maps of the presence of potential vorticity anomalies at the surface 330K (colored areas,
contour interval 0.1 anomaly per day) and geopotential at 500hPa (interval 50 mgp) for the two classes
of synoptic fields associated with intense rainfall.

3)

Fig4 : Evolution (initial state and ECH24h) of potential vorticity (shaded areas), horizontal wind (red vectors) at 300hPa and geopotential at 500hPa (brown isolines)
for simulations 1, 2 and 3 . Maximum of 24h of cumulative precipitation after 48h forecast with ARPEGE model (isolines of 5,7,10,15,20,30,50 and 70mm). On the
last figure, surface pressure (green lines, every 2hPa), horizontal wind (blue vectors) at 925hPa and relative humidity at 925hPa (pink shaded area above 90%) for
the middle of cumulative precipitation period.

2)

 The trough of case 1) had a relatively large wavelength and evolved very rapidly towards the eastern coast of Spain such that its
meridionaly oriented initial axis became negatively tilted by the time. Given the baroclinicity of the flow a mesoscale size cyclone
developed near the eastern coast of Spain. The combined action of two distinct airstreams enhanced the low-level convergence in
southern France: the moist south-easterly flow induced by the mesoscale size cyclone and the flow turning anticyclonically around
the eastern flank of the Pyrenees.

 The case 2) is also linked to an upper-level system of short wavelength with the trough located over the Atlantic ocean but unlike case a), the trough maintained a closed wave pattern and the accompanying PV anomaly did not become isolated from the high-latitude
reservoir. The resulting surface cyclone was much larger than in the previous event (synoptic scales vs. mesoscale dimensions). An essential component for this case is the progression of a second low sea-level pressure from Atlantic to East France and the southerly
flow associated.
 The synoptic setting of case 3) is also characterized by large-scale trough at mid-upper tropospheric levels but unlike case 1 and 2 but the trough maintained a more open wave pattern. The nature of the surface circulation is different. The low-level humidity
distribution is different: drier conditions in case 3 (vs. cases 1 and 2). The resulting cyclone at low levels can be classified as of mesoscale size although it is much larger than the cyclone developed in the case 1. The southerly LLJ engendred is weaker than the flow in
two other cases. Humidity distribution and flow intensity have an impact on the location of convective systems (with a stonger flow (cases 1 and 2), the system is located over the orography. With a weaker flow (case 3), the system is located over the coast or over the sea.

Simulations with a mesoscale model (AROME-2.5km)
low-frequency run
1)

low-frequency run
3)
Fig5 : Humidity at 925hPa (cyan shaded area above 90%), horizontal wind at
925hPa (red vectors) and sea level pressure (blue line) at initial state (left) and
for the middle of 12h cumulative precipitation period. Maximum of 12h of
cumulative precipitation after 48h forecast with AROME model for sensitivity
experiences (1, 2 or 3) and for low-frequency simulation (right)
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 Case 1 (high humidity, weak low-level flow): A high humidity is sufficient to trigger convective cells by orographic forcing.

3)

 Case 2 (high humidity, strong low-level flow): the action of the Alps range in enhancing the LLJ along its western flank and the role of local topography are dominant
aspects in this kind of events.
 Case 3 (weak humidity): much higher sensitivity to the mesoscale surface cyclone properties are found over the sea (and coastal areas) where the topographical
influence is weak or absent: the trigger of convective system is due to the cyclone itself.

Conclusion
Case 2)

Cases 1, 2) Adding positive upper-level PV anomalies in an environment with
moist environment is sufficient to trigger a convective episode localized from
Cévennes to Var (Figure 6, case 2). Quantatitative precipitation forecasts
appear to be moderatly sensitive to the features of upper-level PV anomalies
(form, position or orientation) while the spatial distribution is essentialy
insensitive. The dominant role of humidity and low-level flow associated to
orographic forcing guarantees a good predictability of this kind of event.

Case 3)
Fig6: In four additional experiences (for cases 2 and 3), we add the
same potential vorticity anomaly (PV at 300hpa, left panel). Maximum
of 24h cumulative precipitation (with ARPEGE model) associated to
each potential vorticity anomaly is displayed on right panel.

Case 3) In a drier atmosphere, the system is located over the coast or over the
sea. Topography has no more a dominant role. Since the main factor of MCS
development in case 3 is a mesoscale cyclone triggered by the upper PV
pattern, the flow generated by this local cyclone leads to a predictability limit:
disturbances in the upper-level PV anomalies lead to appreciable changes on
the spatial and quantitative details of the precipitation field (Figure 6, case 3).

