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those pre-convective environments leading to HPS, whereas dry, shallow boundary layers are 20 found everywhere else. The build-up time and vertical distribution of the moisture changes 21 are found to be crucial for the evolution and severity of the HPSs rather than the amount of 22 total column atmospheric moisture. (also see Chazette et al. 2016b;Di Girolamo et al. 2016;Lee et al. 2016, among others).

274

Details concerning the design of LEANDRE 2 and the standard DIAL signal processing 275 procedure are given in Bruneau et al. (2001aBruneau et al. ( , 2001b)). During IOP12, LEANDRE 2 was 276 operated mostly in zenith-pointing mode, except for a small portion of the flight 277 performed over the Gulf of Lion on 11 October when it performed nadir-pointing 278 observations. LEANDRE 2 carries out water vapour mixing ratio measurements with a 279 precision ranging from less than 0.1 g kg -1 at 4.5 km above sea level to less than 0.4 g 280 kg -1 near the surface for an along-beam resolution of 150 m and accumulation of 100 (Tiedtke 1989), whereas in COSMO-7 km convection is 296 parameterized with the Tiedtke scheme (Tiedtke 1989). Details about the setup for all 297 physical parameterizations are found in [START_REF] Baldauf | Operational Convective-Scale Numerical Weather Prediction with the COSMO 772 Model: Description and Sensitivities[END_REF]. The European Centre for 298 Medium-Range Weather Forecasts (ECMWF) analysis data with a horizontal resolution of 299 about 0.25° is used as initial and boundary conditions for the COSMO-7 km run, while this is 300 used as forcing for the higher resolution COSMO-2.8 km. The COSMO-7 km and 2.8 km 301 model domains extend from about 15°W to 22°E -25°N to 50°N and 10°W to 20°E -30°N to 302 46°N, respectively.

303

Online Lagrangian trajectories based on grid-scale wind velocities are used to study 304 mesoscale flows in the COSMO model (Miltenberger et al. 2013). The Lagrangian depiction 305 of atmospheric processes largely contributed in the last years to advance our understanding.

306

Lagrangian studies allowed the identification of atmospheric rivers (e.g. [START_REF] Ramos | Daily Precipitation Extreme 942 Events in the Iberian Peninsula and Its Association with Atmospheric Rivers[END_REF]; The synoptic situation over the Mediterranean area during the analysed period was generally 336 dominated by a long-wave trough that approached from the west and remained over the 337 Iberian Peninsula for several days, producing favourable conditions for the development of 338 deep moist convection (Figure 2).

339

On 9 October, the WMed was under the influence of a slowly weakening ridge receding 340 before the appearance of a trough approaching from the eastern Atlantic, which developed 341 from a cut off low that moved across the ocean in the previous days (Figure 2a). It merged throughout the whole convective period, which lasted till the end of the day (Figure 4a).

378

The main IOP12 MCS developed in the evening of 11 October over the north-WMed as two 379 initially independent storms. By looking at the 15-min radar reflectivity scan images for this 380 particular analysis (not shown), it could be observed that one of these storms (marked "B1" in In all cases except Area4, the period of severe convection activity was followed by a humidity were up to 45 kg m -2 . All atmospheric levels up to 500 hPa were affected, particularly the 484 mid-and low-atmosphere. In this 36 h period, an increase of about 3 g kg -1 was observed in 485 the 900±50 hPa layer in the last 24 h, the same increase occurred in the 700±50 hPa layer but 486 only in the first 12 h. With the increasing moisture the atmosphere became more unstable, as 487 testified by the raising CAPE values to about 1200 J kg -1 (decreasing KO-index to -10 K). 7b). Instability began to increase over the Iberian Peninsula, reaching CAPE values of 542 ca 1000 J kg -1 and KO-index of about -15 K over Barcelona (Figure 9a). The first storms 543 initiated over this area (Figure 3a) in the presence of some moderate CIN over Barcelona (ca 544 80 J kg -1 ) and a relatively strong one (250 J kg -1 ) over Zaragoza, about 250 km apart. Several 

555

The eastward transport of moist air continued on 11 October (Figure 7c). This eastward 556 gradual moisture increase was strongly correlated (spatially and temporarily) with the moist 557 air advection associated with the surface low accompanied by the shortwave trough aloft 558 (Figure 2). Accompanying the strong increase of moisture along the southern French coast 559 and Majorca, then over Corsica (reaching about 40 kg m -2 from a value of ~ 20 kg m -2 24 h 560 before), CAPE levels increased (between 1000 and 1750 J kg -1 ; Figure 9b) particularly 561 between the Gulf of Lion and northern Algeria. CIN levels in that same region were the 562 highest in the south (up to 150 J kg -1 over Dar El Beïda) and the lowest in the north (between 563 0 and 10 J kg -1 over southern France) where deep convection initiated, which led to the 564 development of the main IOP12 MCS (Figures 3 and4). Also in this case, a convergence zone 565 could be identified from the near-surface wind and buoy observations (not shown) prior to CI, 566 also captured by COSMO 2.8 km. The convergence line southeast of the Gulf of Lion was 567 already present at about 1200 UTC because of the merging of north-easterly and south-568 westerly winds, which additionally advected moist air from over the sea. The 500 hPa level 569 was a region of strong air ascent (between 20 hPa h -1 over southern France and almost 40 hPa observations on the same region on the 14 October). On this day, a short Do-128 flight 599 conducted from 0700 till 1100 UTC over the sea along the north-eastern Corsican coast 600 clearly evidenced that the lower PBL (~ 200 m amsl) in this region was significantly drier, < 5 601 g kg -1 , than the western coast.
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In agreement with this, the LEANDRE lidar on board of the ATR-42 (between ca 0600 and 603 1000 UTC on 11 October over the eastern Gulf of Lion, upstream of convective systems 604 developing over this region at about 1930 UTC) showed a very moist PBL, reaching up to ca 605 1.5 km, with specific humidity levels between about 9 and 15 g kg -1 (Figure 11b1). On the 606 contrary, on 12 and 14 October (as part of IOP13) in the same area, a shallow PBL reaching 607 up to 0.5 km was observed with specific humidity values between 6 and 11 g kg -1 in this layer 608 (Figures 11b2 and11b3). Figure 7d shows that after this period moisture content decreases 609 over the Iberian Peninsula, France and Corsica and Sardinia Islands (by 10 to 20 kg m -2 on 610 average) in agreement with the south-eastward progress of notably drier air. In all those 611 regions, it put an end to severe convection.

612

A change to southerly winds in the lower-troposphere over eastern-Africa and over the sea 613 east of Tunisia, starting at about 1800 UTC on the 11 October, is responsible for the transport 614 of the moist air mass over the sea towards central Italy (an IWV increase of about 15 kg m -2 615 in less than 24 hours is registered). These changes were closely correlated with the drop in 616 instability (CAPE and KO-index) in the western part of the investigation area, and a gradual 617 increase everywhere in the east, beginning over Corsica and moving southeast towards 618 southern Italy (Figure 9c). Under these conditions convection activity over central Italy 
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 Large moisture changes, up to 20 kg m -2 , were identified prior to each convective 677 episode leading to HPS. More intense events were not related to the situations in 678 which higher IWV is reached, but rather the build-up time and vertical distribution of 679 these increases were found to be crucial for the evolution and intensification of the 680 HPS, thus on the severity of the event.
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 The most intense events reveal a rapid, 6-12 h, IWV increase in the order of 10 kg m -2 682 (Area2, Area3 and Area4), whereas less intense events show a larger increase, ~ 20 kg 683 m -2 but in a longer time period 24h to 36 h (Area1). 

  the Mediterranean region is affected by high impact weather mainly in the form 45 of Heavy Precipitation Systems (HPSs). These come often in the form of severe storms absorption lidar (DIAL) LEANDRE 2 was installed on board the 271 ATR-42 aircraft of Service des Avions Français Instrumentés pour la Recherche en 272 Environnement (SAFIRE), which operated from the Montpellier airport during SOP1 273

  281 individual profiles, corresponding to an along-track resolution of approximately 1 km for 282 an ATR-42 flying speed of 100 m s -1 . Systematic errors associated with the LEANDRE 2 283 system are typically not exceeding 0.1 g kg -1 (Bruneau et al. 2001b). 284  Do-128 285 Do-128 (Corsmeier et al. 2001) flew mainly around and over Corsica from 11 September 286 to 11 October 2012 as a part of the Karlsruhe Institute of Technology (KIT) participation 287 in HyMeX-SOP 1. It is equipped with instruments (in a nose boom attached on the front) 288 for measuring air temperature, humidity, wind direction and speed, among others.

  hydrostatic limited-area weather prediction model Consortium for Small-scale 291 Modelling (COSMO), developed by the German Weather Service (DWD, Shättler et al. 292 2008), is employed in this investigation with horizontal grid spacing of about 7 km and 293 2.8 km, and 40 and 50 vertical levels, respectively. COSMO-2.8 km explicitly resolves deep 294 convection (Weisman et al. 1997) and shallow convection is parameterized with the help of 295

307 2016 )

 2016 and warm conveyor belts (WCB; e.g. Wernli and Davis 1997), the evaporative and 308 moisture water sources for precipitation (e.g.Sodemann et al. 2008; Liberato et al. 2012) or 309 the origin of air parcels feeding convective cells (e.g. Wang and Xue 2012). We use in this 310 study the online Lagrangian trajectories module of COSMO to assess the most likely origin 311 and path of air parcels contributing to the occurrence of HPS during the IOP12 on the WMed. 312 A great advantage of the online trajectory contrary to any other offline option is the 313 calculation of the trajectory with wind field inputs at every model time step (~ 25 s for the 314 high-resolution simulations, this value shortens with increasing model resolution), whereas 315 offline trajectories are calculated with temporal resolutions from 1 h to 6 h. Because of the 316 forward computation of the online trajectories, the specification of the starting points is not a 317 trivial task. A priori knowledge of the interesting starting regions and times is required. 318 Following Duffourg and Ducrocq (2013) we started the simulation about 4 days before 319 intense convection activity in the north-western Mediterranean to consider the moisture of the feeding flow provided by evaporation over the Mediterranean and the transport 321 from remote sources such as the Atlantic Ocean and/or Africa. The whole simulation period 322 covers the 8 October 2012 to the 16 October 2012. To avoid missing relevant information we 323 start trajectories every 0.5° over the entire investigation domain every 12 h starting 4 days 324 before the event. In total more than 50000 trajectories are calculated. To identify from all 325 estimated trajectories the contributing air parcels to each HPS and their origins the following 326 criteria are applied, (a) all air parcels are started 10 m over the surface to capture moisture 327 uptake regions. We assume that at this height the trajectories start in the boundary layer and 328 trajectories intersection with the terrain is avoided (Miltenberger et al. 2013), (b) air parcel 329 trajectories have to reach at least ~ 7000 m (Wernli 1997), and (c) air parcels have to release 330 at least 5 g kg -1 of the specific humidity in a 6-hour interval within the target area (Winschall 331 et al. 2014; Sodemann et al. 2008; James et al. 2004).

  342with a quickly approaching and elongating trough over the north-western Atlantic in the 343 course of 10 October. On the following day, the trough over the Atlantic moved further south-0000 UTC its axis stretched along the western Iberian coast). Until late 11 345 October, a weak low-pressure area moved eastwards along the southern French coast reaching 346 the Gulf of Genoa (Figure2b). To the west of it, in the upper levels, a well pronounced short-347 wave trough simultaneously crossed that area, advecting warm and humid air from over the 348 sea. Ahead of it moved an area of strong local lifting (between 20 and 40 hPa in 6 hours). A 349 slight Potential Vorticity (PV) anomaly that accompanied this short-wave trough (not shown) 350 additionally strengthened the already existing instability. During the day, the long-wave 351 trough moved further eastwards so that around 1800 UTC its major axis lay across central 352 France and the eastern coasts of Spain. It was swiftly followed by another secondary trough 353 approaching from the west. On 12 October, this secondary trough was located already on the 354 eastern side of the long-wave trough, crossing over Corsica, central Italy and the Balkan. At 355 0000 UTC, the weak surface low with accompanying fronts was located over the Gulf of 356 Genoa, in the area of strong convective activity of IOP12. It moved ahead of this secondary 357 trough, slightly weakening on its way, and reached the Balkan around midnight. Its presence 358 was related to strong convective activity as well as an HPS over central and southern Italy, as 359 well as over the Adriatic Sea. Westerly and north-westerly mid-tropospheric winds brought in 360 humid air. The upper level pattern from the previous day remained almost unchanged on 13 361 October (Figure 2c). The axis of the main long-wave trough moved further east and, by 362 approximately 1800 UTC, stretched along the western Italian coast.

  13 October 2012, covering the IOP12 period (11 and 12 October), the 365 convective activity in the WMed was very intense. During these days convective activity was 366 observed to move eastwards (Figure3, Table1
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Figure 3b )

 3b Figure3b) initiated at ~1930 UTC also as two separate convective cells, one over the eastern

  464

  465decrease (back to values observed at least 24-h prior to CI) resulting from boundary layer 466 winds turning their direction to westerly. The advection of dry air, thus, the moisture decrease 467 was concomitant with an equivalent potential temperature decrease and an increase in 468 atmospheric stability (CAPE ~ 0 J kg -1 ; KO-index ~ 1 K), not favouring further intensification 469 of convection and suppressing any possibility of CI. In Area4, westerly and south-westerly

  Figure 6 helps us illustrate these findings showing the interdependence between atmospheric

  483
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  Contrary to the observed increase in Area1 the episode of moisture build-up over Area4 was 489 rather sudden (about 10 kg m -2 in ~12 h), short-lived (duration of maximum about 12 h) and 490 the maximum IWV did not reach more than ~ 35 kg m -2 , ~ 10 kg m -2 lower than in Area1. In 491 this area the most intense precipitation event was registered, maximum precipitation of about 492 200 mm in 6 hours was measured around 1200 UTC on 13 October. In contrast to the other 493 regions considered, a rapid and significant moisture increase of about 5 g kg -1 in 6 h 494 characterizes the low-troposphere (in Area1 the same maximum in the lower-PBL was 495 reached after a 24 h period), while a weaker change occurs in the mid-troposphere. This 496 MODIS and GPS-derived IWV allows the reconstruction of the spatial 521 distribution of tropospheric water vapour over a large area, being a well-known limitation of 522 observational networks such as the GPS (Khodayar et al. 2016b). To jointly evaluate both 523 data sets, comparisons have been performed at the location of each GPS-station. Maximum 524 differences of about 2 kg m -2 have been found, which could be related with cloud 525 contamination in the MODIS IR data (dry bias) and with the time sampling differences. No 526 bias correction has been applied in this case. This information is combined with simulated 527 high-resolution, 7 km and 2.8 km, COSMO winds at different levels (500, 700, 850, 950 hPa 528 and 10 m), in order to assess the most likely transport path of the atmospheric moisture during 529 IOP12. Furthermore, the computation of the COSMO online Lagrangian trajectories helped us 530 to further assess the trajectories that air parcels mostly contributing to the HPS followed 531 serving as a qualitative indicator of the most likely transport pathway (Figure 8a) and origin 532 (Figure 8b) of moisture. 533 On the 9 October 2012, MODIS-derived IWV shows two hot-spots with IWV values reaching 534 about 50 kg m -2 , over the Atlanticbetween Portugal and north-Africaand east of Tunisia 535 (Figure 7a). Following the south-westerly transport of humid air from the Atlantic towards the 536 centre and north of the Iberian Peninsula a gradual humidity surge of about 10 kg m -2 could 537 be observed throughout the day, from about 25 to 35 kg m -2 . On 10 October, moisture 538 advection continues over the Iberian Peninsula and the moisture amount over the already 539 relatively humid Mediterranean (30 -35 kg m -2 ) rose up to 45 kg m -2 forming a humid zone 540 along the eastern Spanish coast bending eastward across the Balearic Sea up to Sardinia 541 (Figure

  545orographically induced convergence lines formed over central and eastern Spain on that day, as 12 h prior to the formation of the first storms in the region. The position of 547 these convergence lines did not change much during the day, but winds became stronger as 548 the day progressed (a change from 1 to about 8 m s -1 was measured). This low-level wind 549 convergence in addition to the presence of large scale lifting of about 20 hPa h -1 acted as 550 triggering mechanisms in the area. KO-index in the order of -15 to -20 K and high CAPE (~ 551 900 J kg -1 ) in combination with no CIN occur also over Corsica, in agreement with high 552 moisture values observed e.g. at the INRA radiosounding station (Figure5b). However, no 553 convection developed in this area due to the absence of a triggering mechanism, contrary to 554 the previous situation on the north-eastern Spain.

  570h -1 over the sea) associated with the short-wave through. In agreement with these 571 observations and complementing this information, the computation of the COSMO online 572

619

  started entering in its dissipation stage at around 1600 UTC on 12 October. Preceded by a 620 IWV increase in the area of Sicily, from around 30 kg m -2 measured at 1800 UTC on 12 621 October to around 40 kg m -2 at 0700 UTC on 13 October, and accompanying CAPE values in 622 the range 1500-2000 J kg -1 , KO-index close to -20 K and almost no CIN, the severe MCS 4) producing another HPS, with precipitation sums up to 200 mm in 6 hours, 624 occurred in southern Sicily. Several convergence lines were also present over western Italy 625 and the northern Tyrrhenian Sea prior to the onset convection in the night between 11 and 12 626 October. In this case, these formed only some 3 h prior to convective CI. Their effect was 627 strengthened by a shortwave through aloft and the orography of the area which played an 628 important role in this case. The front approaching from the northwest forced the moist air 629 ahead of it (IWV ~ 40 kg m -2 ) to rise over the western slopes of the mountain ranges 630 stretching along the Apennine Peninsula. On 13 October (Figure 7e), dry air masses 631 continued to flow in from the north-western direction over Spain, France, and north-and 632 central Italy. By the end of the day the IWV levels dropped to values as low as 10 -15 kg m -2 . 633 The most humid air was concentrated over the south-eastern part of our investigation area 634 (Algeria and Tunisia to the south), and over the Tyrrhenian Sea and to the south and west of 635 Sicily, where till noon moisture levels rose up to 40 kg m -2 . In this area, a low-level wind 636 convergence zone could be identified resulting from the merging of southerly winds 637 transporting moisture from the sea east of Tunisia, and northerly winds transporting moisture 638 from the Mediterranean area between Sardinia and central Italy. This convergence zone 639 favoured the concentration of the convective activity around Sicily, especially west of it over 640 the sea. Everywhere the humidity started to decrease in the early evening and remained low in 641 the following days. Figure 9d shows that instability decreased in almost the whole region and 642 CIN increased by 50 to 70 J kg -1 with respect to the values measured 24 hours earlier.643Convection was still active over the Tyrrhenian Sea and Apennine Peninsula in the afternoon 644 and evening of 13 October, but it was no longer as intensive as on the previous day.



  The investigation of the spatio-temporal evolution of atmospheric moisture variability 648 contributing to the HPS over the WMed region is an open question whose progress is 649 generally hampered by the lack of water vapour observations, thus mostly restricted to 650 modelling studies. This study profits from the rare opportunity to gather a diverse set of 651 observational data sets providing a representation of atmospheric moisture across spatial and 652 temporal scales in the framework of HyMeX. This helped us demonstrating that the sampling 653 of water vapour spatial inhomogeneities on different scales is crucial for the understanding of 654 the timing and location of deep convection. With this purpose, we use three types of 655 observations, passive remote sensing water vapour observations such as MODIS, ground-656 based in-situ measurements such as radiosounding profile information, BLPB, ground-based 657 water vapour Raman lidars and GPS-derived IWV, as well as airborne water vapour DIAL 658 measurements. We combine this information with high-resolution COSMO model simulations 659 to provide insight into the origin and pathways of air parcels contributing to the occurrence of 660 the MCSs and their triggering mechanisms. Regarding this last point, the identification of 661 low-level wind convergence lines prior to each deep convection episode in the area turned out 662 to be crucial for the initiation and location of convection in the area, which is in agreement 663 with previous investigations in different mid-latitude regions (e.g. Khodayar et al. 2013). 664 Four areas of intense deep convection activity affect the investigation area during IOP12. 665 Convective activity starts in north-east Spain (Area1) moving eastward toward Corsica 666 (Area2), where intensification is observed and finally affecting central (Area3) and southern 667 Italy (Area4). Italy was the most affected area, with intense precipitation being registered, ~ 668 150-200 mm/6 h, while precipitation rates in the range 50 to 100 mm in 24 h were recorded in 669 the other affected areas.670The main findings of this study are summarized below, The high spatial and temporal coverage of GPS-IWV observations allowed to 672 adequately sampling the west-to-east moisture transport within the north-WMed. All 673 convective episodes leading to HPS occurred in environments with IWV values 674 between 30 and 45 kg m -2 , being these upper threshold values common in the region 675 for the autumn period of 2012 (e.g. Khodayar et al 2016a).

684 703 

 703 Total column moisture changes were mainly related to differences in the lower and 685 mid-troposphere. Almost no change in the atmospheric moisture distribution was 686 observed at ~ 500 hPa or above. The mid-atmosphere, ~ 850 to 700 hPa, remained 687 very moist during the pre-and convective periods, with RH values in excess of 75 %, 688 favouring deep convection development. In the lower-troposphere, changes up to 5 g 689 kg -1 are observed. 690 The atmospheric stability conditions were as expected largely affected by these 691 changes. The larger/faster the increase of the water vapour content in the low-and 692 mid-troposphere, the stronger the impact on the atmospheric stability conditions and 693 the strength of convection. Large-sudden increases in CAPE are identified preceding 694 explosive convection yielding high precipitation amounts in a few hours. A decrease of the LCL and a reduction of LCL-LFC are identified in those situations 696 following an increase of moisture in the lower-troposphere. This suggests that moist 697 air parcels become more easily buoyant, thus favouring initiation of deep convection 698 and the rapid formation of deep thunderstorms. 699 Moister and deeper boundary layers with updraughts reaching up to 2 km are 700 identified in those pre-convective environments leading to HPS, whereas dry, shallow 701 boundary layers are found everywhere else with updraughts not higher than about 1 702 km. Spatial moisture inhomogeneities in the lower PBL, up to 4 g kg -1 in less of 100 km, 704 have been shown to determine the location of CI over the sea. 705 Particularly for this IOP12, the more intense HPS is seen to receive air parcels, hence 706 moisture contributions simultaneously from different sources resulting in a large-707 sudden increase of moisture in the lower atmosphere leading to explosive HPSs, as 708 previously discussed. Whereas in the less intense events advection from a particular 709 direction is seen to control moisture changes in the lower and mainly mid-troposphere 710 probably in relation to synoptic conditions dominating the dynamics of the 711 atmosphere. After the occurrence of heavy precipitation, a strong decrease of 712 atmospheric moisture content is seen with the same or larger magnitude of the 713 previous increase. 714 We can conclude that the combined analysis of the available observational data sets provides 715 on different scales adequate information about atmospheric moisture variability relevant to 716 HPS occurrence. The synergetic analysis of the measurements helped us understanding the 717 mechanisms and pre-convective conditions leading to deep convection in the area. Limitations 718 on the use of single instrumentations are pointed out in this study. The development of a lidar 719network to measure water vapour could be of great help in the understanding and forecast of with the severity of the event and the build-up time has not been previously 730 discussed. Therefore, further analysis regarding these characteristics will be necessary to 731 assess the generality of our results.

  Météo-France & CNES. The SAFIRE staff is thanked for their support during the 755 SOP1. The authors are grateful to D. Bruneau, P. Genau, C. Merlet, T. Deleporte, S. Bastin, 756 C. Kocha, C. Lavaysse and R. Meynadier (LATMOS) as well as F. Blouzon and A. Abchiche 757 (DT/INSU) for operating the LEANDRE 2 system aboard the ATR-42 during the HyMeX-758 SOP1. Finally, we thank EUCLID (EUropean Cooperation for LIghtning Detection) for 759 providing the lightning data and A. Doerenbecher and all teams responsible for the BLPB 760 measurements. The first author's research is supported by the Bundesministerium für Bildung 761 und Forschung (BMBF).
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	370	UTC some 100 km to the west of Madrid and moved in the north-eastward direction. At ~
	371	2000 UTC, it begun to weaken but approximately two hours later it merged with a newly
	372	developed storm, whereupon it turned south-east towards the north-eastern Spanish coast
	373	from where it continued eastwards until it dissipated over the sea at ~0945 UTC on the
	374	following day (marked "A"; Figure 3a). It lasted for about 19.5 h and its anvil grew in this
	375	time to almost 39000 km 2 . This storm produced relatively moderate amounts of precipitation,
	376	i.e. 50 mm of 24-h accumulated precipitation measured by rain gauges and CMORPH
	377	estimates, which occurred only over land. Lightning activity in this area was strong
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	368	Intense convective activity on 10 October was initiated in the early afternoon in the form of
		several storms over central Spain. One of these, with the longest life span, started at ~ 1345
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Table 1 :

 1 Complementary information on storms presented in Figure 3. The lifespan and 1228 maximum anvil surface were estimated based on information contained in the RTD product 1229 (accuracy is ± 15 min for the time estimates and ± 500 km 2 for maximum anvil expansion). Maximum precipitation amounts are inferred from rain gauge measurements over land and 1231 CMORPH satellite derived precipitation observations over the sea. Synoptic forcing 1232 information is based on GFS model output and surface pressure charts (source 1233 www.wetter3.de). Near-surface observations are based on SYNOP wind observations.

	1230				
	1234				
	Storm	Lifespan	Max. surface	Max. prec	Forcing
		[h]	[x10 3 km 2 ]	[mm]	
	A	19.5	39	50 /24h	Near-surface
					convergence line
	B1	7	37	75/6h	Near-surface
	B2	4.5	23	40/6h	convergence line,
	C				secondary trough, surface
	(merged	4	130	50/24h	cold front
	B1&B2)				
	D	8	93	150/6h	Near-surface
					convergence line,
					secondary trough, surface
					cold front
	M	18	140	150-200/6h	Near-surface
					convergence line and
					secondary trough
	1235				
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scales, from the large-to the smaller scale, as well as the lapse rate in which this occurs is 722 crucial to improve our understanding of HPSs. Additionally, this study demonstrates that the 723 misrepresentation of this variability in time and space should be carefully evaluated in model 724 simulations as a crucial factor responsible for wrong CI and precipitation simulations. This 725 study focuses on a complex single IOP; therefore, it would be of interest to extend the 726 investigation to a large number of events, including other types of convective situations.