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Introduction

Hazards due to heavy precipitation play a major role in the socio-economic impacts of extreme meteorological events [START_REF] Easterling | Climate extremes: observations, modeling, and impacts[END_REF]. A precise estimate of the risks associated with extreme precipitation is thus a scientific issue of high relevance for society. Furthermore, it has been shown that, due to changes in the hydrologic cycle [START_REF] Trenberth | Conceptual framework for changes of extremes of the hydrological cycle with climate change[END_REF], the incidence of extreme precipitation in a warmer climate can possibly Leone Cavicchia, Enrico Scoccimarro, Silvio Gualdi, Paola Marson, Bodo Ahrens, Ségolène Berthou, Dario Conte, Alessandro Dell' Aquila, Philippe Drobinski, Vladimir Djurdjevic, Clotilde Dubois, Clemente Gallardo, Laurent Li, Paolo Oddo, Antonella Sanna, Csaba Torma increase even in areas where mean precipitation is projected to decrease [START_REF] Allan | Atmospheric warming and the amplification of precipitation extremes[END_REF][START_REF] Trenberth | The changing character of precipitation[END_REF]. It is thus crucial to estimate the performance of state-of-the-art climate models in reproducing the observed statistics of extreme precipitation events. The performance of models in reproducing precipitation has seen a steady improvement in the last decades following the increase of spatial resolution [START_REF] Giorgi | A investigation of the sensitivity of simulated precipitation to model resolution and its implications for climate studies[END_REF]. On the other hand a number of issues remain, concerning both mean seasonal precipitation, like the excessive contribution from drizzles to the total precipitation amount [START_REF] Dai | Precipitation characteristics in eighteen coupled climate models[END_REF], and the demanding challenge to reproduce precipitation extremes correctly [START_REF] Meehl | Trends in extreme weather and climate events: Issues related to modeling extremes in projections of future climate change[END_REF][START_REF] Li | Impact of horizontal resolution on simulation of precipitation extremes in an aqua-planet version of Community Atmospheric Model (CAM3)[END_REF]. Reasons responsible for the difficulties encountered by climate models in reproducing the tail of daily precipitation intensity distribution, including the role of resolution and subgrid physics parameterisations, have been extensively discussed in the literature (see e.g. [START_REF] Gordon | Simulated changes in daily rainfall intensity due to the enhanced greenhouse effect: implications for extreme rainfall events[END_REF] and [START_REF] Iorio | Effects of model resolution and subgrid-scale physics on the simulation of precipitation in the continental United States[END_REF], and references therein).

The Mediterranean region, due to the complex topography and land-ocean interactions, is known to be an area severely affected by extreme precipitation events [START_REF] Alpert | The paradoxical increase of Mediterranean extreme daily rainfall in spite of decrease in total values[END_REF][START_REF] Lionello | Mediterranean Climate -Background Information[END_REF]. A number of recent works investigated different aspects of heavy precipitation in the Mediterranean area. [START_REF] Scoccimarro | Heavy precipitation events over the Euro-Mediterranean region in a warmer climate: results from CMIP5 models[END_REF] used the CMIP5 models to investigate how climate change might influence the characteristics of extreme events in the region. Their results show that extreme precipitation events might increase in terms of intensity as a response to global warming. [START_REF] Flaounas | Precipitation and temperature space-time variability and extremes in the Mediterranean region: evaluation of dynamical and statistical downscaling methods[END_REF] evaluated the skill of a regional climate model at different resolutions in reproducing heavy precipitation events in the region, finding a weak sensitivity on the horizontal resolution in term of spatial correlation with observations. Evaluation of RCMs capability in reproducing precipitation in the Euro-Mediterranean area in multi-model ensembles from the PRUDENCE [START_REF] Jacob | An inter-comparison of regional climate models for Europe: model performance in present-day climate[END_REF], ENSEMBLES [START_REF] Lenderink | Exploring metrics of extreme daily precipitation in a large ensemble of regional climate model simulations[END_REF] and EURO-CORDEX [START_REF] Jacob | EURO-CORDEX: new high-resolution climate change projections for European impact research[END_REF] projects has pointed out on the other hand the role of horizontal resolution in improving the model skills [START_REF] Rauscher | Resolution effects on regional climate model simulations of seasonal precipitation over Europe[END_REF]. A number of works [START_REF] Mariotti | Mediterranean water cycle changes: transition to drier 21st century conditions in observations and CMIP3 simulations[END_REF][START_REF] Giorgi | Climate change projections for the Mediterranean region[END_REF][START_REF] Marcos | Comparison of results of AOGCMs in the Mediterranean Sea during the 21st century[END_REF], however, showed that studying the features of the Mediterranean Sea by means of global ocean-atmosphere coupled climate models (AOGCMs) or on atmosphere or ocean-only regional models presents some weaknesses. A shortcoming common to the global coupled and regional atmosphere only models is their limited capability to include a realistic representation of the processes associated with the presence of the Mediterranean Sea into the climate of the region. The global AOGCMs used so far, in fact, have spatial resolutions generally not sufficient to resolve the small-scale features and processes that characterise the Mediterranean basin and its climate. Atmosphere only regional models, on the other hand, are forced with prescribed lower boundary conditions (sea-surface temperatures, SSTs) and thus they do not take into account any air-sea feedbacks. Furthermore, the Mediterranean SST used to force the models over the basin are produced with low-resolution AOGCMs. Assessing to what extent the improved representation of physical processes in a regional coupled system has an impact on the modelled precipitation extremes is one of the aims of the present work. The effort to attempt a realistic representation of the Mediterranean climate, including air-sea feedback, was initiated in [START_REF] Somot | 21st century climate change scenario for the Mediterranean using a coupled atmosphere-ocean regional climate model[END_REF] and carried on in the framework of the CIRCE project [START_REF] Gualdi | The CIRCE simulations: regional climate change projections with realistic representation of the Mediterranean Sea[END_REF]. The modelling data used in the present study are provided by the Med-CORDEX coordinated modelling initiative [START_REF] Ruti | MED-CORDEX initiative for Mediterranean climate studies[END_REF], which activities are common with the HyMeX regional climate modelling activities [START_REF] Drobinski | HyMeX: a 10-year multidisciplinary program on the mediterranean water cycle[END_REF]. Conceived as the Mediterranean area contribution to the coordinated regional climate downscaling experiment CORDEX, Med-CORDEX produced a large number of long-term RCM simulations over the area (www.medcordex.eu). Given its importance for reproducing the region's climate features, a particular focus has been devoted within Med-CORDEX to the coupling of atmosphere and ocean RCMs.

The scope of the present work is twofold. On the one hand, we seek to provide an updated spatio-temporal characterisation of the long-term statistics of extreme precipitation events, exploiting the added value of stateof-the-art regional climate models in a multi-model approach. On the other hand we aim to evaluate the respective impact of a number of model features on the models skill in reproducing the observed statistics of Mediterranean extreme precipitation events, including: a very high resolution of the atmosphere, different physical parameterisations employed in atmospheric RCMs, and the coupling with high resolution models of the Mediterranean sea ocean circulation.

The paper is organised as follows. In Sec. 2 the features of the different datasets (observations, reanalysis, and models) used in the study are described, and the diagnostics quantities (the daily precipitation 99th percentile, and the timing of the extremes) that we use to characterise the long-term statistics of extreme precipitation events are presented and discussed, along with the method used to compare the tails of the precipitation intensity probability distribution. Sec. 3 is devoted to illustrate the inter-comparison between the different datasets of the aforementioned statistical properties of extreme precipitation. In Sec. 4 the interpretation of the main results from such inter-comparison is discussed.

2 Data and methods

Model, observation and reanalysis datasets

Modeling data used in the present study is provided by the simulations performed in the coordinated Med-CORDEX initiative [START_REF] Ruti | MED-CORDEX initiative for Mediterranean climate studies[END_REF]. We use data from several different simulations performed with both atmosphere-only regional models and coupled atmosphereocean regional models at different resolutions. All the simulations are driven from the same lateral boundary conditions derived from the ERA-Interim reanalysis1 [START_REF] Dee | The ERA-Interim reanalysis: Configuration and performance of the data assimilation system[END_REF]. For the uncoupled simulations, the lower boundary conditions (sea surface temperature) are also taken from ERA-Interim. The horizontal resolution of the atmospheric model of the analysed simulations ranges between 50 km and 10 km. A summary of the main features of the different model simulations included in the study is provided in Table 1.

In addition to modelling data, the analysis of Mediterranean extreme precipitation events includes three reanalysis datasets: the ERA-Interim reanalysis, also used as a forcing for the Med-CORDEX regional climate models, and two additional recent reanalysis products, NASA's MERRA reanalysis [START_REF] Rienecker | MERRA: NASA's modern-era retrospective analysis for research and applications[END_REF] and the Japan Meteorological Agency JRA-55 reanalysis [START_REF] Kobayashi | The JRA-55 reanalysis: General specifications and basic characteristics[END_REF], both featuring a horizontal resolution comparable to the one of the Med-CORDEX simulations with coarser resolution.

The observational reference dataset is the ECA&D E-OBS gridded dataset, version 11.0 [START_REF] Haylock | A European daily high-resolution gridded data set of surface temperature and precipitation for 1950-2006[END_REF]. The E-OBS dataset is a gridded product providing daily precipitation data obtained interpolating station observations on a regular 25 km resolution grid. The choice of E-OBS as a reference dataset over other products with similar spatial resolution depends on its temporal coverage, extending for the whole time period spanned by the model simulations. The errors and uncertainties of such dataset, arising from many sources (e.g. changes in station locations, measurement errors, interpolation uncertainties) have been comprehensively evaluated in the literature [START_REF] Hofstra | Testing E-OBS European high-resolution gridded data set of daily precipitation and surface temperature[END_REF][START_REF] Hofstra | The influence of interpolation and station network density on the distributions and trends of climate variables in gridded daily data[END_REF]. Regarding the Mediterranean region, [START_REF] Flaounas | Assessment of gridded observations used for climate model validation in the Mediterranean region: the HyMeX and MED-CORDEX framework[END_REF] have compared E-OBS with HyMeX stations in three different zones in the Mediterranean region. The day to day biases were small for semi-arid and coastal stations, while a strong cold bias was obtained for the low elevation stations and high elevation station located in Italy. Although the regions were different, their results show that E-OBS was in better accordance with the observations than for aforementioned studies, probably resulting from the use of an updated version of E-OBS, which contains more station data.

As a reference for the analysis of extreme precipitation, a comparison of the skill of the different datasets in reproducing the mean (Supplementary Fig. S1) and the standard deviation (Supplementary Fig. S2) of seasonally averaged observed precipitation is performed. The two variables, after having been evaluated on the native grids for each dataset, are interpolated on a common grid (E-OBS) performing a bi-linear interpolation; the inter-comparison is then shown by means of Taylor diagrams [START_REF] Taylor | Summarizing multiple aspects of model performance in a single diagram[END_REF]. As a brief reminder, Taylor diagrams allow to show three different statistical properties of a given physical variable on a bi-dimensional diagram: the spatial variance in the selected domain normalised to the reference dataset (represented on both the x and y axes), the spatial correlation between the selected and reference dataset (represented by the angle with respect to the y axis), and the centered root mean square error (RMSE) versus the reference dataset (represented by the circles centered at unity on the x axis). The patterns of precipitation from reanalysis and models, considering both the mean precipitation intensity and its variability, show a good agreement with the one of observed precipitation during summer (correlation > 0.8), while the correlation is decreased to ∼ 0.7 in spring and autumn and ∼ 0.6 during winter. Reanalysis datasets tend to be closer to observations in terms of root mean square error with respect to models. Comparing different model simulations, the ones with higher resolution exhibit generally a higher spatial variance with respect to observations, compared to low resolution simulations, but comparable correlations. Finally, paired coupled-uncoupled simulations using the same model and resolution of the atmosphere show almost identical skills. This is consistent with a realistic representation of the SST in the coupled simulations. This is also consistent with [START_REF] Brossier | Regional mesoscale air-sea coupling impacts and extreme meteorological events role on the Mediterranean Sea water budget[END_REF] who showed that the response of precipitation to variations in sea surface temperature affects mainly precipitation over the Mediterranean Sea, and especially their location and not their intensity. The onshore influence of ocean-atmosphere coupling is felt over a horizontal range limited by the surrounding mountain ranges, therefore leaving the major parts of the European and North African countries insensitive to ocean-atmosphere coupled processes.

Table 1 List of datasets used, and their main properties. For each dataset whose name is defined in the second column the following information is reported. First column: numerical code used to identify the dataset in Taylor plots. Third column: horizontal resolution of the atmospheric fields (in km). Fourth column: whether the data is from a coupled (C) or atmosphereonly (A) model, reanalysis (R) or observations (O). Fifth column: time period included in the dataset.) 

Extreme events characterisation

A number of methods to characterise extreme precipitation events have been used in the literature, based on different indices [START_REF] Alexander | Global observed changes in daily climate extremes of temperature and precipitation[END_REF], underlying properties of the intensity probability distribution function [START_REF] Becker | Understanding the characteristics of daily precipitation over the United States using the North American Re-Acknowledgements The present work has been funded by 576 the Italian Ministry of Education, University and Research 577 and the Italian Ministry of Environment, Land and Sea under 578 the GEMINA and NEXTDATA projects. This work has been 579 partially funded by[END_REF], or extreme value theory [START_REF] Toreti | Projections of global changes in precipitation extremes from Coupled Model Intercomparison Project Phase 5 models[END_REF]. In the present work the following quantities are used: the 99th percentile of daily precipitation intensity (P99) and the timing of extreme precipitation events (T P ). Moreover the tail of the precipitation distribution from the different datasets are compared with observations adopting the non-parametric approach of [START_REF] Toreti | On the evaluation of climate model simulated precipitation extremes[END_REF].

The parameter P99, computed from the time series of daily precipitation for every grid point, considering only wet days (P > 1 mm day -1 ), provides an immediate information about the strength of extreme precipitation in different areas.

The timing parameter T P is defined, for every grid point, as the bin with the maximum value in the twelve months histogram obtained including for the whole simulation period the precipitation events such that P>P99. The timing parameter is computed only if there is a well defined peak in the histogram of the frequency of heavy precipitation days, thus the further condition M max -M min > n/12 is imposed (where M max and M min are 263 respectively the largest and smallest bin counts, and n is the number of values in the histogram).

In the following, we illustrate the outlined diagnostic quantities for the reference observational dataset, E-OBS.

The precipitation 99th percentile (Fig. 1) shows the largest values along the Alps (in particular in the western and eastern sides of the chain) and in the northwestern Italian coast (Liguria region). Other areas characterised by large values of P99 include the north-western part of the Iberian peninsula, and coastal areas on the northern shore of the basin, in particular the Aegean coast of Anatolia, the Mediterranean coast of Catalonia and southern France.

Concerning the timing of extreme precipitation events (Fig. 2), different regimes emerge. In the south-western part of the northern Mediterranean region (including the Iberian peninsula, southern France, the central and southern Italian peninsula and the western Balkans) the majority of extreme precipitation events occur during late summer and autumn months (September, October and November). On the other hand, the north-eastern part of the domain (eastern Balkans and eastern central Europe) shows a regime dominated by summer precipitation. Northern France and the Alpine region show a mixture of the two aforementioned regimes. Finally, the areas facing the southern and eastern shores of Mediterranean (Anatolia, middle east and northwestern Africa) show extreme precipitation activity in both autumn and early winter (December-January).

Few studies on extreme precipitation have dealt with the comparison of tails of the precipitation intensity distribution, based on both parameteric [START_REF] Chan | The value of highresolution Met Office regional climate models in the simulation of multihourly precipitation extremes[END_REF] and non-parametric approaches [START_REF] Toreti | On the evaluation of climate model simulated precipitation extremes[END_REF]. In the present work we follow the approach of [START_REF] Toreti | On the evaluation of climate model simulated precipitation extremes[END_REF]. A modified two-sample Anderson-Darling statistic is used to compare the tails of the precipitation intensity distribution from models and ob- servation. Given two random samples X 1 , . . . X n and Y 1 , . . . Y m the test statistics is defined [START_REF] Pettitt | A two-sample anderson-darling rank statistic[END_REF] 303 [START_REF] Sinclair | Modified An-dersonDarling test[END_REF] as:

A = mn N ∞ -∞ (F n (x) -G m (x)) 2 H N (x) dH N (x) H N (x) = nF n (x) + mG m (x) N (1) 
where N = n + m, while F n (x) and G m (x) are the survival distribution functions respectively of the X and Y samples. Following [START_REF] Toreti | On the evaluation of climate model simulated precipitation extremes[END_REF], to which the reader is referred for further details on the method, the samples X and Y are the tails of the observed and modelled precipitation distributions P O and P M rescaled by the mean value of the tail:

X = P O (x) P O (x) x>x O 90 Y = P M (x) P M (x) x>x M 90 , (2) 
where x M,O 90 is the value corresponding to the 90th percentile of P M,O .

In order to compare the performance of different model and reanalysis datasets in reproducing the statistics of observed extreme precipitation events, the Mediterranean domain has been divided into a number of subregions. It is desirable that such division in sub-regions is representative of physical properties of severe precipitation rather than being only based on geography or political borders. The partitioning of the domain relies on the visual inspection of timing maps of extreme precipitation events. Coherent seasonality clusters of extreme events are assigned to the same sub-region, provided the areas are large enough so that there is a reasonable agreement within the majority of models. As an example, the geographic area of Balkans is divided in two different sub-regions, since in the eastern part of the region extremes are dominated by summer precipitation, while in the western part autumn heavy precipitation prevails. Proceeding as described, nine subregions are defined (shown in the map in Fig. 3): Iberia (IBE), north-west Africa (NWA), France (FRA), great Alpine region (GAR), Italian peninsula (ITA), eastern Balkans (EBA), western Balkans (WBA), Anatolia (ANA), Middle East (MEA).

In order to compare the performance of the different models and reanalysis datasets in reproducing the observed patterns of P99, the variable, after having been evaluated on the native grids for each dataset, is interpolated on a common grid (E-OBS); the intercomparison is then shown by means of Taylor diagrams for the different subregions.

Results

The timing of extreme precipitation events as represented by the different reanalysis and model simulation datasets is shown in Fig. 4 and supplementary Fig. S2. Difference maps are obtained comparing all the datasets on a common grid through a nearest neighbour interpolation. All the datasets reproduce the main dipole feature of timing, i.e. the transition from the area dominated by autumn/early winter events in the southwestern part of the domain to a summer precipitation area in central Europe (Fig. S1). On a finer scale, some differences are visible between the different datasets, with lags in the peak of extreme precipitation events timing in particular in areas characterised by a mixed regime (e.g. Anatolia, northwest Africa, the southern part of east Balkans). Considering the whole domain, for all the datasets the majority of grid points have a lag in the timing of less than two months (Fig. 4 a). Considering the ensemble mean of the timing lag (Fig. 4 b), a limited number of systematic effects emerge (e.g a positive lag in the Middle East and a negative lag in the northwestern sector of the Balkans).

Model inter-comparison for the variable P99 is shown in Fig. 5. Considering the correlation with observations, a number of regions emerges, where most of the datasets appear to be more skilled in reproducing the observed patterns: Iberia, France, the great Alpine region and Anatolia. The largest deviations from observation are found, on the other hand, in the eastern Balkans and north-west Africa regions 2 . Moreover, within the same region, the different types of dataset analysed (reanalysis, high/low resolution coupled/uncoupled models) exhibit generally a correlation with observations comparable to each other, independently on the overall performance in the specific region. In other words, it is found that the skill in reproducing observation exhibits 2 It has to be noticed, however, that in such regions the density of stations is lower, possibly influencing the reliability of the observational reference dataset. Further discussion of this aspect is presented in Section 4. a larger spread between different regions, than between different datasets. Such important point will be further discussed in Sec. 4 below.

On the other hand, focusing on spatial variability, reanalyses tend on average to show a smaller standard deviation compared to observations, while high-resolution models show standard deviation generally larger than observations. The spatial variability values found in low resolution models are equally distributed below and above the one of reference observation dataset. Such behaviour can be explained in part as an effect of varying resolution of different datasets (interpolation and 384 averaging process). However, reanalysis datasets even though they have comparable resolution with the coarser Fig. 5 Taylor plots of 99th percentile of daily precipitation in different datasets, for the nine sub-regions as indicated in the title bar of each panel. Red dots: reanalysis datasets; blue dots: atmosphere-only RCMs; blue circles: high resolution atmosphereonly RCMs; green dots: coupled ocean-atmosphere RCMs. Numerical labels identifying different datasets are defined in Table 1. The label REF indicates the reference dataset (E-OBS).

resolution models, tend to exhibit smaller values of spatial variability.

Concerning the root mean square error, in regions where the patterns are better reproduced (France, Iberia, great Alpine region) most of the models show a comparable error, while the RMSE range spanned by different models increases proportionally to the decrease in spatial correlation.

Finally, we find that, for models for which paired coupled-uncoupled runs are available, the two simula-tions produce generally values of both correlation and spatial variability very close to each other.

Concerning the statistical comparison of the tail of modelled precipitation distribution, the main results are summarised in Fig. 6. A large spread is found in the agreement of different models with the observa-(Fig. 6 a). Considering the ensemble mean of the test statistics, a number of areas emerge where the agreement between the observed and modelled precipitation distribution tails is lower: the Alps, the Balkans, northwestern Anatolia and the northeastern part of the Iberian peninsula (Fig. 6 b). Maps of tail comparison for the different models and reanalysis datasets are shown in supplementary Figure S3.

Discussion

The rest of the paper is devoted to provide some interpretation of the results shown in Section 3. Namely, two main aspects are addressed: the first issue tackled is the coherent dependence on the subregion of the performance in reproducing extreme precipitation events exhibited by all the analysed datasets; the second is-sue is the sensitivity of modelled extreme precipitation on different model configurations, including resolution, coupling and physical parameterisations.

Before discussing the models performance, the quality of observation has to be taken into account. It has been shown in previous works [START_REF] Lenderink | Exploring metrics of extreme daily precipitation in a large ensemble of regional climate model simulations[END_REF] that the used reference dataset is prone to underestimating precipitation extremes in some areas, due to the scarcity of stations in such areas and to the fact that the interpolation scheme adopted is not specifically designed for extremes. Fig. 7 shows the relation between the mean models bias and the station density in the different subregions considered in the present study. Some of the regions where the agreement between models and observation is lower (Middle East, Northwest Africa) are characterised by a very low number of stations in E-OBS, while the mean model bias tends to decrease in areas where underlying observations are more dense. There are however some exceptions to this general behaviour (Italy and west Balkans), showing a larger bias with respect to regions with less stations. This reflects the fact that the spatial complexity of a region is expected to play a role, in addition to station density. Ensemble mean bias has also been computed using a different observational dataset available for Iberia, IB02 [START_REF] Herrera | Development and analysis of a 50-year high-resolution daily gridded precipitation dataset over spain (spain02)[END_REF][START_REF] Belo-Pereira | Evaluation of global precipitation data sets over the iberian peninsula[END_REF], based on a much larger number of stations. The amplitude of the bias averaged over the region is comparable using the two datasets; however, differences in the bias pattern emerge, in particular in areas characterised by a complex orography (not shown). In order to investigate the dependence on the analysed subregion of the skill in reproducing the observed statistics of extreme precipitation events exhibited by the different datasets in a coherent way, we take into account the contributions to the extreme precipitation events from large scale and convective precipitation. In Fig. 8 is shown the ratio of large scale to total precipitation for the extreme precipitation events in the ERA-Interim dataset. As Fig. 8 shows, the regions where the modelled extreme precipitation is in better agreement with the observations (Iberia, great Alpine region, Anatolia, France see Fig. 5) are the ones where large scale precipitation gives a significant contribution to extreme precipitation. Similar results are found for the CMCC model (not shown). Such behaviour has been observed also in previous studies based on global models [START_REF] Iorio | Effects of model resolution and subgrid-scale physics on the simulation of precipitation in the continental United States[END_REF][START_REF] Kopparla | Improved simulation of extreme precipitation in a high-resolution atmosphere model[END_REF]. In order to shed light on the possible dependence on model configurations of the skill in reproducing the observed statistics of extreme precipitation events, we focus in the following on one particular model (the CMCC model), of which several realisations of the hindcast simulation are available. The main features of the different model configurations analysed is reported in Table 2. Beyond horizontal resolution and coupling, the difference between the model versions lies in the change of two different parameterisations. As Table 2 shows, the different simulations use for the parameterisation of atmospheric aerosols either the Tanré parameterisation [START_REF] Tanre | First results of the introduction of an advanced aerosol-radiation interaction in the ECMWF low resolution global model[END_REF], prescribing a fixed aerosol concentration, or the Tegen parameterisation [START_REF] Tegen | Contribution of different aerosol species to the global aerosol extinction optical thickness: Estimates from model results[END_REF], that introduces a seasonal cycle for the different aerosol components. Concerning the convective scheme, the difference is between the Tiedtke scheme [START_REF] Tiedtke | A comprehensive mass flux scheme for cumulus parameterization in large-scale models[END_REF] and the scheme from the ECMWF IFS cycle 33r1 [START_REF] Bechtold | Advances in simulating atmospheric variability with the ECMWF model: From synoptic to decadal timescales[END_REF]. The main differences between the two convective schemes are in the closure and criterium for deep convection and in precipitation microphysics (for further details see [START_REF] Lange | Regional climate model sensitivities to parametrizations of convection and non-precipitating subgridscale clouds over South America[END_REF]).

In Fig. 9 the Taylor plots for P99 as represented in ERA-Interim and different simulations using the CMCC model are reported. As the figure shows, in areas where extreme precipitation is reasonably well represented (Iberia, France, great Alpine region, and Anatolia) the different model simulations give similar results in terms of spatial correlation and RMSE. Neither switching on the coupling nor increasing the horizontal resolution seems to improve the spatial correlation with respect to the driving ERA-Interim reanalysis, coherently with the findings presented in Fig. 5. In some areas (eastern Balkans and Middle East), where extreme precipitation is poorly represented, changing the convective parameterisation results instead in a larger impact, on the increase of correlation, and on the reduction of root mean square error between modelled and observed extreme events. Such behaviour is coherent with the interpretation outlined above, relating the poor model performance to a large contribution of convective precipitation to extreme events in the analysed areas.

Analysing in more detail the bias of precipitation P99 exhibited by the different model versions (Fig. 10), we find that indeed both switching on the coupling and increasing the horizontal resolution of the atmospheric model, lead to very limited changes in the pattern and magnitude of bias. Model versions with a different convective parameterisation on the other hand show biases with different patterns. Investigating in detail the physical processes involved in extreme precipitation, and how they are represented in the different model parameterisations, is beyond the scope of the present work. The results shown, however, give an indication that in areas where extreme precipitation events are driven by large scale precipitation processes the current generation of regional climate models reproduces the observed statistics with reasonable accuracy. On the other hand, in areas dominated by local precipitation processes a better understanding of the representation of convection is desirable in order to increase the agreement between simulated and observed extreme events [START_REF] Emori | Validation, parameterization dependence, and future projection of daily precipitation simulated with a highresolution atmospheric GCM[END_REF][START_REF] Boyle | Impact of horizontal resolution on climate model forecasts of tropical precipitation and diabatic heating for the TWP-ICE period[END_REF].

Table 2 List of CMCC model configurations, and their main properties. For each dataset whose name is defined in the second column the following information is reported. First column: numerical code used to identify the dataset in Taylor plots. Third column: horizontal resolution of the atmospheric fields (in km). Fourth column: whether the data is from a coupled (C) or atmosphere-only (A) model or reanalysis (R). Fifth column: parameterisation scheme for aerosols. Sixth column: parameterisation scheme for convection. 

Conclusions

Exploiting the added value of the Med-CORDEX models ensemble, including several very high resolution and/or coupled simulations, a comparison of the skill of different reanalysis and modelling datasets in reproducing the observed features of Mediterranean extreme precipitation events has been presented and discussed. The characterisation of extreme precipitation statistics is based on the 99th percentile of the wet days precipitation intensity probability distribution function. Moreover, the agreement between observed and modelled extreme precipitation is assessed by performing a statistical test taking into account the tails of the precipitation intensity distributions. As the models resolution keeps increasing, along with their ability in representing heavy precipitation processes, the necessity of observational datasets of high quality and comparable resolution emerges.

The present analysis effort provides two main achievements. First, a novel approach for the subsetting of the domain based on the timing of precipitation (i.e. the maximum in the twelve months histogram of events exceeding the precipitation 99th percentile) is provided. Such approach allows to divide the domain in several subregions by clustering areas characterised by coherent timing behaviours; the resulting areas are thus defined in a way that relies on the physical properties of precipitation rather than on merely geographical criteria, providing a more meaningful insight on the typical variability patterns of the considered diagnostics. Furthermore, it was shown that increasing resolution and switching on the coupling has a mild impact on the long-term statistics of extreme precipitation. Changes of the convective parameterisation on the other hand, turn out to have a relatively larger impact on the correlation of the analysed diagnostics quantities with observations. The effect of physical parameterisations is particularly relevant in areas where extreme precipita-tion events are dominated by convective rather than large-scale precipitation, consistently with the subsetting described above.

More detailed investigation on the different precipitation parameterisations, and their performance in realistically representing the physical mechanisms that lead to extreme precipitation events will be the subject of further work.
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Fig. 1

 1 Fig. 1 Wet days 99th percentile of daily precipitation in the E-OBS dataset. Areas where E-OBS has no data are represented as white.

Fig. 2

 2 Fig. 2 Timing of extreme precipitation events in E-OBS dataset. Areas where E-OBS has no data are represented as white.

Fig. 3

 3 Fig. 3 Sub-regions used in the analysis: France (FRA), Iberia (IBE), north-west Africa (NWA), great Alpine region (GAR), Italy (ITA), eastern Balkans (EBA), western Balkans (WBA), Anatolia (ANA), Middle East (MEA).

Fig. 4

 4 Fig. 4 Timing of extreme precipitation events, time lag between models and observation. Top panel: box plot of timing difference with respect to E-OBS for the different models as indicated in the x axis. For each model the following statistical properties of the set of timing values computed for all the grid points in the domain are represented: median value (red line), interquartile range (blue bar), 1st and 99th percentile (extremities of dashed lines). Bottom panel: ensemble mean of timing difference with respect to E-OBS.

Fig. 6

 6 Fig. 6 Test statistics (as described in Eq. 1) for the precipitation intensity tail comparison. Values closer to zero indicate a better match between the two datasets. Top panel: box plot of the test statistics A for the different models compared with E-OBS, as indicated in the x axis. For each model the following properties of the set of the values of the test statistics A computed for all the grid points in the domain are represented: median value (red line), interquartile range (blue bar), 1st and 99th percentile (extremities of dashed lines). Bottom panel: ensemble mean of the test statistics A.

Fig. 7

 7 Fig.7Average model relative bias (ensemble mean with respect to observation) as a function of the underlying stations number in the E-OBS dataset, in the different sub-regions considered.

Fig. 8

 8 Fig.8Ratio of large scale to total precipitation for extreme events (daily precipitation > P99) in ERA-Interim. Areas where the average daily precipitation amount in ERA-Interim is less than 0.2 mm are represented as white.

Fig. 9 Fig. 10

 910 Fig. 9 Taylor plots of 99th percentile of daily precipitation in ERA-Interim and different versions of CMCC model, for the nine sub-regions as indicated in the title bar of each panel. Numerical labels identifying different datasets are defined in Table 2. The label REF indicates the reference dataset (E-OBS).

Most simulations are performed for the period 1979-2011, with the exception of few models as indicated in table 1.