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Abstract. In this study we investigate the importance of an as Bora, Mistral, Etesian winds (Zecchetto and De Biasio,
eddy-permitting Mediterranean Sea circulation model on the2007), and deep-water formation (Mertens and Schott, 1998;
simulation of atmospheric cyclones and precipitation in a cli- MEDOC Group, 1970).
mate model. This is done by analyzing results of two fully  Global climate models have too coarse a resolution to cor-
coupled GCM (general circulation models) simulations, dif- rectly describe air—sea fluxes of heat and momentum over
fering only for the presence/absence of an interactive maringhe region (Elguindi et al., 2009). Recent studies focused
module, at very high-resolution(1/16°), for the simulation  on the importance of the coupling with a high-resolution
of the 3-D circulation of the Mediterranean Sea. Cyclonesmarine model. For instance, Somot et al. (2008) showed
are tracked by applying an objective Lagrangian algorithm tothat the use of a regional coupled model over the Euro-
the MSLP (mean sea level pressure) field. On annual basidylediterranean region results in an amplification of the cli-
we find a statistically significant difference in vast cycloge- matic signal with respect to analogous simulations performed
nesis regions (northern Adriatic, Sirte Gulf, Aegean Sea andvith an atmosphere-only model. Going in the same direc-
southern Turkey) and in lifetime, giving evidence of the ef- tion, Artale et al. (2010), using the PROTEUS regional cou-
fect of both land—sea contrast and surface heat flux intensitpled model over Mediterranean area, produced more realis-
and spatial distribution on cyclone characteristics. Moreovertic simulations of SST (sea surface temperature), winds and,
annual mean convective precipitation changes significantlyas a consequence, of air—sea fluxes. More recently, within
in the two model climatologies as a consequence of differ-the framework of the CIRCE EU-FP6 project, Gualdi et
ences in both air—sea interaction strength and frequency odl. (2012) and Dubois et al. (2012) investigated the effect of
cyclogenesis in the two analyzed simulations. high-resolution Mediterranean components within fully cou-
pled atmosphere—ocean models on present climate and cli-
mate projection, using the IPCC scenario A1B (IPCC TAR,
2001), which shows that only high-resolution models permit
1 Introduction a realistic simulation of the surface air—sea fluxes.

While the importance of the atmospheric forcing and
The Mediterranean region is characterized by complex orogits detailed representation (both temporal and spatial) on
raphy and coastlines. Its peculiar latitudinal location, in aMediterranean marine circulation (e.g., dense water forma-
transitional area between tropical and mid-latitude variabil-tion and characteristics) have already been extensively in-
ity and its complex geometry are important drivers for local vestigated (Madec et al., 1991 and Artale et al., 2002), the
phenomena characterizing its climate, such as lee cyclogerepposite feedback is still an issue under debate.
esis (Trigo et al., 2002), local winds of sustained speed such
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In the present study we examine a subset of the resultal., 2009), which is comparable to that of the atmospheric
of the CIRCE project, presented by Gualdi et al. (2012).component of the analyzed GCMs.
We recall that the all the models participating in the CIRCE  Numerous previous studies examined the relationship be-
project are characterized by the presence of a very high resween precipitation and cyclones over the Mediterranean
olution component for the simulation of the 3-D Mediter- Basin. Lionello et al. (2003) analyzed the effect of cou-
ranean circulation. Specifically, the results of the CMCC- pling among atmospheric and ocean circulation by imple-
MED model (Scoccimarro et al., 2011) for present climate menting a coupled atmosphere ocean model in the Mediter-
are compared with those of a control simulation (CMCC- ranean region. In their findings SST was increased by the
CM), carried out with the same model but switching off the coupling, and precipitation decreased during the considered
coupling with the high-resolution Mediterranean component.set of events. On the other hand, Jansa et al. (2001) investi-
This permits the investigation of both the effects of global gated the relationship between heavy convective episodes on
atmospheric circulation on the Mediterranean Sea and vicevestern Mediterranean and cyclones, finding that a large por-
versa. tion of convective rainfall is ascribable to MSLP depressions.

In this study we specifically investigate the feedback onReale and Lionello (2012) have investigated the link between
the atmospheric circulation due to the presence of the higheyclones originating within the Mediterranean region and
resolution eddy-permitting marine module, focusing on thethe associated precipitation events, finding that precipitation
effects on cyclones and their characteristics. over eastern coasts is mostly related to cyclones generated

Cyclogenesis in the Mediterranean region is primarily inside the Mediterranean and that an important fraction of in-
caused by orographic effects (Buzzi and Tibaldi, 1978). Nev-tense precipitation events in the southern areas are produced
ertheless, latent heat release is also important for cyclogeby cyclones originating over northern Africa. Lionello and
nesis intensification, especially when high SSTs destabilizeziorgi (2007) found that the reduction of cyclone activity in-
air masses and favor the release of latent heat (Trigo et alside the Mediterranean region in future scenarios is respon-
2002). Such an effect seems to be quite important in the eassible for the lower precipitation at the southern and eastern
ern Mediterranean region (Alpert and Ziv, 1989; Shay-El andMediterranean coast in a regional climate model simulation.
Alpert, 1991). It results in an increase of the available en- This article is organized as follows: Section 1 is devoted to
ergy and moisture for the atmospheric convection and consethe description of the two models and the data used for val-
quently for precipitation. idation. The algorithm used to track cyclones and the statis-

Lebeaupin et al. (2006) highlighted that an SST increasdics used to characterize their features are also described.
induces systematically a CAPE (convective available po-Section 2 analyzes the effects of the high-resolution ma-
tential energy) increase. Giordani and Caniaux (2001) haveine model on the sea surface temperature (Sect. 2a), on the
shown that the differential surface heating/moistening andViediterranean cyclone climatology (Sect. 2b) and on the pre-
thus the spatial variability of surface fluxes can be a signifi- cipitation field (Sect. 2c). Section 3 discusses main results,
cant source of ageostrophy, vertical velocity and vorticity for and Sect. 4 presents the conclusions.
the atmosphere that plays a fundamental role in the cyclone
development.

Our assumption is that an eddy-permitting model, realisti-2 Data and methods
cally simulating the marine circulation, also permits a more
realistic representation of SST structure, in terms of patternsThe models employed in this work are two GCMs: the
gradients and evolution. The SST field feedback on air-se&£MCC-MED and the CMCC-CM. Both models are an evo-
surface heat fluxes and lower atmospheric layer stability willlution of the INGV-SXG (Gualdi et al., 2008; Bellucci et al.,
in turn impact on cyclogenesis and cyclone characteristics2008) and the ECHAM-OPA-LIM (Fogli et al., 2009; Vichi
and eventually on mean atmospheric climate. In particular, @t al., 2011) models.
feedback on precipitation is expected. It is worth adding that The atmospheric model component is ECHAMS (Roeck-
Mediterranean cyclone characteristics, such as intensity oner et al., 2003), with a T159 horizontal resolution, corre-
orographic forcing/interaction, would have benefited from asponding to a Gaussian grid of about 0.750.75°. This
higher resolution than that of the atmospheric models used irtonfiguration has 31 hybrid sigma-pressure levels in the ver-
this study. Unfortunately, dealing with GCMs the huge com-tical and top at 10 hPa. A more detailed description of the
putational power needed to run at higher resolution was unECHAM model performance can be found in Roeckner et
affordable. On the other hand, previous studies such as Floal. (2006).
cas et al. (2010) demonstrate the capability of a dataset such The global ocean component is OPA 8.2 &n PAr-
as ERA40 (Uppala et al., 2005), even when downgraded tallélise, Madec et al., 1998), in its ORCA2 global configu-
2.5degrees resolution, to reproduce Mediterranean cycloneation. The horizontal resolution of X 2° presents a merid-
climatology. Moreover, the observations available for com-ional refinement near the equator, where it approaches a min-
parison come from reanalysis projects, which have a maxiimum 0.5 grid spacing. For more details about the ocean
mum resolution of about 80 km (ERA-Interim, Berrisford et model and its performance, readers are referred to Madec et
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al. (1998; information also available online fattp://www. level pressure (Simmonds and Murray, 1999; Simmonds and
lodyc.jussieu.fr/opa/ Key, 2000). In any case, Mediterranean cyclone climatology
Every 160 min (coupling frequency), time-averaged heat,presents very distinctive features, which arise clearly, inde-
mass, and momentum fluxes are provided to the ocean modglendent of the specific algorithm applied.
by the atmospheric model. At the same time, SST and sea The tracking method applied in the present study is based
surface velocities are provided to the atmospheric model byon the search for MSLP minima, at time interval of 6 h. The
the ocean model. algorithm is based on a nearest-neighbor search procedure: a
CMCC-MED differs from CMCC-CM for the additional cyclone trajectory is determined by computing the distance
presence of a very high resolution eddy-permitting marineto cyclones detected in previous chart. For further details
module (MFS, Oddo et al., 2009) for the Mediterranean Seapn the technique used, the reader is referred to Lionello et
in order to better represent the dynamical processes that chaal. (2002). This tracking procedure is a rather simple one
acterize this region. This model has a T/h®rizontal reso- and presents some limitations. MSLP is a field strongly in-
lution and 71 levels along the vertical. In the coupling with fluenced by large-scale features and, because of this, small-
MFS, only SST is provided to the atmospheric component.scale fast-moving systems can be missed. Moreover, it is
It is worth noticing that the improved information due to the an extrapolated field, possibly very sensitive to the extrap-
very high resolution of MFS is partly deteriorated in the cou- olation procedure, especially over steep orography regions.
pling procedure by averaging the SST over the coupling fre-On the other hand, a plethora of previous climatologies are
quency time and by interpolating the field to the coarse atmobased upon MSLP, and this offers a useful basis for com-
spheric model. On the other hand, Dubois et al. (2012), exparison. Hoskins and Hodges (2002), investigating a series
amining the performances of CIRCE models in terms of sur-of tracking methods for extratropical cyclones in the North-
face heat and water budgets over Mediterranean Sea, showetn Hemisphere, found that MSLP and relative vorticity at
that the presence of an underlying marine model, which real850 hPa produced similar results. Nevertheless, it is worth
istically simulates the small-scale spatial structures over thementioning that our tracking methodology, neither establish-
Mediterranean, is still beneficial in terms of the air—sea inter-ing a threshold for minimum cyclone intensity nor for ter-
actions. rain elevation (see Pinto et al., 2006) is subject to counting
Both model integrations start from an equilibrium state, all lee depressions forming on Genoa sea (which in most of
obtained after a spin-up period of 200yr (with greenhousethe cases do not originate proper extratropical cyclones) and
gasses (GHGs) concentrations, corresponding to 1950s cothermal lows as proper cyclogenesis events. The algorithm
ditions), which is an order of time commonly considered suf- used in this study is applied to both model results for the pe-
ficient to reach a state of statistical equilibrium in GCMs riod 1981-2010 and to ERA-Interim (same period). Results
(Trenberth, 1992). Then they have been integrated for there examined in terms of cyclogenesis density and usual cy-
period 1951-2010 using prescribed GHGs according to ob<lone feature statistics such as lifetime, maximum deepening
servations until 2000 and to A1B SRES scenario from 2001rate, depth, and MSLP at minimum.
to 2010. In this study we focus our analysis on the period
1981-2010.
Model results are verified against ERA-Interim for MSLP 3 Main effects of the Mediterranean
and other atmospheric fields, HadISST for SST (Rayner et eddy-permitting model
al., 2003), SOC datasets (Josey et al., 1996) for sea surface
heat fluxes and CMAP observations (Xie and Arkin, 1996) 3.1 Effect on SST climatology
for precipitation. Results are tested for statistical significance
with ar test (Mon Storch and Zwiers, 1999) at 95 % signif- We analyze the accuracy of the SST in the two GCM simula-
icance level, where normal distribution is involved (namely tions (CMCC-MED and CMCC-CM) by comparing its dis-
for mean climatological fields), and with a non-parametric tribution and annual cycle with the HadISST climatology.
Kolmogorov—Smirnov test (Von Storch and Zwiers, 1999) at Figure la shows the difference between the control
90 % significance level, where cyclone distributions are ana+un (CMCC-CM) and the observed climatology for the pe-
lyzed. riod 1981-2008 (HadISST being available only until 2008).
The method used to identify and track Mediterranean cy-The control run underestimates the observed SST almost ev-
clones relies on an objective algorithm with Lagrangian ap-erywhere, with values ranging from1°C at the southeast-
proach. Basically, all tracking algorithms for extratropical ern and western coasts te3°C in the central and north-
cyclones are characterized by two steps: cyclone identifiern parts of the basin (lonian Sea, Aegean Sea, Tyrrhenian
cation and tracking. Some methods use MSLP (Petterserand Northern Adriatic seas). Figure 1b shows the difference
1956; Gulev et al., 2001; Maheras et al., 2001; Campins et al.between CMCC-MED and HadISST. The eddy-permitting
2011) or geopotential height at 1000 hPa (Alpert et al., 1990;model, with its higher horizontal resolution, more vertical
Trigo et al., 1999), others use relative vorticity at 850 hPalevels and more accurate surface process parameterizations
(Sinclair, 1997; Flocas et al., 2001) or the Laplacian of seathan CMCC-CM, allows a better representation of the
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Fig. 1. Average SST bias in CMCC-CM (pareland in CMCC-MED (paneb) for the 19812008 period. Negative values indicate that both
model simulations are colder than observations. Papshws the average SST difference between CMCC-MED and CMCC-CM (positive
values in areas where CMCC-MED is warmer that CMCC-CM). Colored areas denote differences that are statistically significant at the 95 %
confidence level (atest was used).Values according to color bars. P@)edhows the SST annual cycle difference between HadISST and
CMCC-MED (blue curve) and CMCC-CM (red curve).

Mediterranean dynamics, with a positive feedback on SST The improvement of CMCC-MED with respect to CMCC-
simulation. The cold bias of CMCC-CM is clearly reduced CM is expected to have a beneficial effect on all the phenom-
by CMCC-MED everywhere, especially in the central and ena affected by the SST annual cycle, such as cyclogenesis,
northern part of the basin, but it is still around@. On the  latent heat flux and precipitation.

other hand, Dubois et al. (2012) found that all CIRCE models

simulate SSTs (and air temperatures) that are cooler than th&.2 Effect on cyclones and their characteristics
observations. Such a shortcoming encompasses several rea-

sons, ranging from radiative forcings to the marine albedo,This subsection analyzes the effect of the eddy-permitting
but the problem is still under debate and a clear understandecean circulation component on frequency of cyclogenesis,
ing of its reasons is still missing. cyclone lifetime and maximum deepening rate.

Figure 1c shows the difference between the two simu- The monthly frequency distribution of cyclogenesis events
lated SSTs and evidence that the eddy-permitting circulatiorhas been computed as the number of the MSLP minimum
model produces substantially higher SST in the northern andirst detections in each 25 2.5° lat.—long. cell of the
central part of the basin, and marginally lower SST (almostMediterranean region, following Trigo et al. (1999). Differ-
everywhere within .25C) offshore from the southern coast ently from Trigo et al. (1999), and analogously as Campins
of the basin and in the Levantine Sea. et al. (2011), we include in our analysis also cyclones lasting

Figure 1d shows the annual cycle of the basin-averagedess than 24 h. The analysis has been applied to both model
SST difference between CMCC-CM (red curve), CMCC- results and ERA-Interim.

MED (blue curve) and HadISST. The negative bias of Results (shown in Fig. 2a on annual basis for the control
CMCC-CM presents a clear seasonality, with a stronger un+un) are in agreement with previous findings (Trigo et al.,
derestimation of SST during summer. CMCC-MED reduces1999; Maheras et al., 2001; Campins et al., 2011). The main
the cold bias and improves the annual cycle especially durcyclogenetic regions (Gulf of Genoa, Cyprus, Atlas Moun-
ing summer, but it has a small detrimental effect in the wintertains, Black Sea and Balearic Sea) are correctly represented
season. In any case, the amplitude of the annual cycle of thend also the seasonality of cyclogenesis is realistically re-
bias with respect to observations is reduced from approxifproduced. Consistent with observations, Genoa cyclones are
mately 2°C in CMCC-CM to .5°C in the CMCC-MED. present throughout the year, with a peak in the winter sea-
son, whereas Saharan and Cyprus cyclones mainly are found
during spring and summer months. Compared to the recent
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Fig. 2. Panel(a): annual mean number of cyclogenesis events, tracked in CMCC-CM climatology.(Bantference (CMCC-MED minus
CMCC-CM) in mean number of cyclogenesis events per year (reference period 1981-2010). Only statistically significant differences (KS test
non-parametric, 90 %) are shaded. Pdoglas pane(a), but for differences between CMCC-CM and ERA-Interim. Pddglas pane(a),

but for differences between CMCC-MED and ERA-Interim. In par{e)sand (d), differences are shaded in grey, where the difference
between CMCQOMED and CMCC-CM is not significant (see pana).

climatology by Campins etal. 2011 (namely their Table 2 andobserved annual mean cyclogenesis. CMCC-MED is more
Fig. 2), our methodology overestimates the number of cyclo-accurate than CMCC-CM over the Gulf of Sirte, the lonian
genesis over Cyprus and over the Atlas Mountains. This isSea, the northern Adriatic (where the presence of the eddy-
most likely due to the fact that their procedure removes verypermitting model increases the cyclogenesis frequency and
weak centers adding a criterion based on a pressure gradiepartially compensates the underestimate of CMCC-CM), and
threshold, while in our case all low centers are accounted forworse than CMCC-CM over Greece and the Levantine Basin.
However, our analysis deals with a different period (namely Figure 3a shows the difference in yearly mean lifetime
1981-2010 versus 1957-2002). between the two models. The CMCC-MED simulation has
Compared to ERA-Interim (Fig. 2c), the control run more (almost 2 %) short-lived events (that is, cyclones last-
presents a tendency to underestimate the number of eventsg less than 30 h) than the CMCC-CM simulation. An exam-
which is in line with the results found in previous modeling ination of the spatial distribution of these short-lived events
studies (e.g., Raible et al., 2010; Pinto et al., 2006; Bengtssofnot shown) indicates that some are located over the sea and
et al., 2006) and is likely to be due to model resolution lower are probably spurious local minima due to the shortcoming
than the real orography. of the methodology applied. Others originate along the coasts
A comparison between CMCC-MED and the control run and are likely to be due to low-level baroclinicity, induced by
results shows that cyclogenesis on annual basis is affectethermal land—sea contrasts, which are likely to be enhanced
by the resolution of the marine component. Figure 2b showsby the higher resolution and better coastal line definition of
that CMCC-MED, with respect to CMCC-CM, increases the CMCC-MED.
frequency of cyclogenesis over the sea around Sardinia and CMCC-MED has more (almost 6 %) long-lived events (
to its southeast, over the northern Adriatic and Austria, overs days, Fig. 3a) than CMCC-CM, probably related to warmer
a large portion of the Mediterranean Sea north of the GulfSST in the CMCC-MED simulation because of the stronger
of Sirte and over Greece, while decreases it at the southsea surface fluxes associated. It is worth noticing that the
ern coast of Turkey. Colored areas denote differences thabverall resulting number of such long-lived events is about
are statistically significant on annual basis. Figures 2c and cyclones yr®. This number can be apparently small, being
d show the difference in annual cyclogenesis between ERAthe Mediterranean one of the regions of the world with the
Interim and the two models. In order to focus on the bene-highest frequency of extratropical cyclogenesis. On the other
ficial or detrimental effect of the high-resolution model, the hand, a cyclone lasting 5.5 days is a very rare event in the
areas where the difference between the two model simulaMediterranean, where cyclones typically last 2—3 days (see
tions is not significant (blank areas in panel a) are maskec.qg., Trigo et al., 1999 and Campins et al., 2011).
(grey) in Fig. 2c and d. Both models tend to underestimate the
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in both models for the spring season. Pdiegl as pane(b), but for September. Black dots mark statistically significant differences.

Maximum deepening rate is shown in Figs. 3b and c,tive precipitation. Figure 4c and d show the difference be-
for the spring season and September, respectively; that igween the observed latent heat fluxes (SOC climatology) and
the only periods where these statistics significantly differthe two models (CMCC-CM and CMCC-MED). The valida-
between the two models. In particular, spring maximumtionis done over the period 1981-2005, with the observations
deepening rates in CMCC-MED are always higher than inbeing available only until 2005. The comparison with the
CMCC-CM, giving indication of a higher number of cy- observations shows that the presence of the high-resolution
clones in that season in the CMCC-MED configuration. Onmarine module reduces the bias with the climatological ob-
the other hand, September (Fig. 3c) shows a different distriserved values all over the western and central Mediterranean
bution in CMCC-MED with respect to CMCC-CM, with an basins, while the simulated latent heat flux over the Levantine
increased number of cyclones with maximum deepening ratdasin seems to be almost unchanged, if not partly degraded,

around 7-8 hPa 6 ht. in CMCC-MED configuration.
In order to explore the link between changes in cyclogen-
3.3 Effect on precipitation esis intensity and precipitation, we focused on the Sirte Gulf

(namely 10 W=222 E, 31° N-37 N, hereafter the SICYC
In general, the effect of the eddy-permitting marine model on&rea), where the largest effect of the eddy-permitting model
mean atmospheric variables is modest, with small and non©n cyclogenesis occurs and the bias of the control simulation
significant differences in the 500 hPa geopotential heightWith respect to observations is reduced. For each convective
MSLP and wind fields (not shown), with the exception of €Pisode in the 30yr simulated by CMCC-MED and CMCC-
convective precipitation, where an increase of up to 50 % inCM, occurring in the SIPREC area, we looked for the near-
the mean annual value with respect to CMC® is found est cyclone within a radius of about 600 km and, following
in some locations (Fig. 4a). backward its trajectory, we found the associated cyclogenetic
Convective precipitation exhibits large and statistically area. The choice of the radius value is made following Jansa
significant differences in five regions: the northern Adriatic, €t al. (2001). Results are shown in Fig. 5a as the mean an-
the Gulf of Sirte and lonian Sea (hereafter SIPREC area)nual difference (CMCC-MED minus CMCC-CM) in cyclo-
the region around Sardinia, the Aegean Sea and the easgenesis density. Increased precipitation over SIPREC is re-
ern Levatine Sea (Fig. 4a). All changes are positive, withlated to differences in cyclogenesis over two main areas: the
the exception of the eastern Levantine Sea. The overall pat?orthwestern Mediterranean and the central Mediterranean
terns of the difference in convective precipitation and of la- (including the SICYC area). On the one hand, cyclogenesis
tent heat flux are very similar (Fig. 4b). In particular, areas differences in the northwestern Mediterranean are not signifi-
with stronger/weaker flux in CMCC-MED than in the con- cant. Therefore, the increased precipitation triggered by these
trol run correspond to areas with more/less intense conveccyclones cannot be explained in terms of higher cyclogenesis
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a) CONVECTIVE PRECIPITATION b) LATENT HEAT FLUX
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Fig. 4. Climatological differences. Pandh): convective precipitation. Values are expressed in percentages (CMCC-MED-CMCC-
CM)/CMCC-CM. Panel(b): surface latent heat flux (Wattﬁn Panel(c) and (d) show differences between SOC latent heat fluxes and
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Fig. 5. Panel(a): annual differences (CMCC-MED-CMCC-CM) in cyclogenetic regions associated to precipitation over SIPREC area (de-
fined in the text and shown in Fig. 4a). Pa(i®l: annual mean track density of cyclones originating from SICYC area (defined in the text) in
CMCC-MED climatology. Only densities greater than .5¥1(lower than -.5 yr'1) are shaded. Isolines according to colorbars.

density, and it is likely to be due to enhanced air—sea in-available. Differences are statistically significant only over
teractions in CMCC-MED (such as surface latent heat flux)small portion of the Mediterranean area, specifically over
over the SIPREC area. On the other hand, cyclogenesis isouthern France and northern Italy, near Sardinia, over a part
the SICYC area occurs more frequently in the CMCC-MED of the central basin, over the Aegean Sea and along the east-
simulation than in the control simulation, which is consistent ern coast of the basin. With the exception of the latter region,
with the increase of precipitation. This result suggests that atlifferences are always positive, indicating an increase of to-
least part of the increase of convective rainfall occurring overtal precipitation up to 20 %. On the other hand, Fig. 6b shows
SIPREC area is caused by more frequent cyclogenesis in thine difference between the observed total precipitation clima-
SICYC area. In order to corroborate our reasoning, we com+tology and the control run (CMCC-CM), giving evidence of
puted the track density of cyclones originating in SICYC for an overall underestimate. These results confirm that the ef-
CMCC-MED simulation (Fig. 5b), which is clearly consis- fect of the eddy-permitting model is beneficial also on the
tent with precipitation over SIPREC area. precipitation field.

We finally verified the model performance at simulating
the total precipitation field, comparing the two model clima-
tologies with the observed CMAP dataset. Figure 6a showgt Discussion of results
the difference between the mean fields of the two models for

the period 1981-2005; that is, where the observations arés the Mediterranean cyclogenesis is primarily orographic,
the main cyclogenetic areas (Gulf of Genoa, Cyprus, Atlas
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Fig. 6. Difference in mean total precipitation. Parfe): difference between the two models. Values are expressed in percentages (CMCC-
MED-CMCC-CM)/CMCC-CM. Panel(b): CMAP — CMCC-CM total precipitation (1981-2005). Values are absolute differences in
mmdays L. Isolines according to colorbars. Only statistically significant differenceest 95 %) are shaded.

Mountains) are not affected by the introduction of the eddy-fluxes favor the destabilization of the boundary layer, which
permitting Mediterranean model. Nevertheless, strongeffacilitates the release of convection and allows continuous re-
land/sea contrasts together with steeper SST gradients, dysenishment of the buoyant energy, favoring the maintenance
to better resolved coastal lines and marine circulation, aref convection. Similarly, Jansa et al. (2001) found that a cy-
responsible for an increase in the mean number of cyclogenelonic center may contribute to low-level organization and
esis over large sectors of the basin (such as the SICYC areatensification of low-level warm currents that feed and sus-
where the orographic forcing is a less critical cyclogenetictain convective rain.
factor. Here surface heat fluxes (basically latent heat), SST Giordani and Caniaux (2001) investigated the effect of
gradients and lower atmospheric instabilities can influenceSST on open-ocean extratropical cyclogenesis, performing
the capability of a model to reproduce the observed cyclogea set of sensitivity modeling experiments. In their findings,
nesis. SST affects cyclone trajectory, its intensity and precipitation.
Moreover, changes in marine representation have a cleaWarm SSTs significantly enhance the convective activity and
effect on cyclone characteristics, such as lifetime and maxproduce intense lows, which is consistent with our findings.
imum deepening rate. In particular, while lifetime distri- In this study we observed a clear feedback of a warmer
bution is affected by the higher resolution of the Mediter- SST on convective precipitation through the analysis of cy-
ranean model throughout the year, maximum deepening ratelone climatology. Our results indicate that the effect of cy-
presents different behaviors. We found indications of an in-clones on convective precipitation is due to either differ-
creased number of cyclones during spring, while a modifica-ences in genesis frequency within the basin area (such as
tion of the distribution is found in September. Both results in the SICYC area) or differences in cyclone features. Cy-
are consistent with an intensification of heat fluxes, whichclone characteristics (lifetime and deepening rate) do change
are typical in those periods, because the thermal contrast bexs a consequence of different SST and surface heat fluxes
tween the lower atmospheric layers and the underlying seand their gradients. The climatological difference in latent
reaches a maximum. Stronger latent and sensible heat, fromlaeat fluxes between the two simulations (Fig. 4b) presents a
warmer underlying sea, favor destabilization of lower tropo- pattern that is clearly related to that of convective precipita-
spheric maritime air, decreasing the static stability and leadtion. Where SST is warmer, stronger evaporation and latent
ing to more favorable cyclonic conditions. heat release occur, both destabilizing the atmospheric bound-
The link between the strength of air-sea fluxes andary layer and providing the atmosphere with higher moisture
cyclonic activity has been previously found and dis- content available for convection. On the other hand, colder
cussed (e.g., Yao et al.,, 2008). For instance, surface he@®ST (as in the Levantine Basin) induces weaker heat fluxes
fluxes can trigger diabatic instabilities, initiating small and reduced precipitation.
marine cyclones even in the absence of upper-level forc- The overall effect on mean atmospheric climate is not rel-
ing (Mak, 1998). This destabilization mechanism is strongerevant as far as dynamic fields such as geopotential height at
in CMCC-MED than in CMCC-CM, probably due to variouslevel (MSLP and 500 hPa) and surface winds are con-
stronger SST and heat fluxes gradients. cerned. On the other hand, a statistically significant and rel-
The mechanisms through which sea surface fluxes can leaevant difference (20 % order) affects the total precipitation,
to intensification of convection are illustrated by Miglietta mainly attributable to its convective component (where dif-
et al. (2011). Investigating the effect of SST on a medicaneferences reach 50 %). This result is corroborated by previous
(Mediterranean hurricane) by means of numerical simulafindings of Winschall et al. (2012), showing that Mediter-
tions, they show that the sensible and latent heat fluxes fronnanean evaporation accounts for most of the precipitable
the sea surface are efficient mechanisms for convective destavater that rains during Mediterranean convective events,
bilization. In particular, moistening the low levels, the heat while for large-scale precipitation events other sources of
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