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AB                       Abruzzo
AB-n                    n-th warning area over Abruzzo
AIP                      Areal Intensity Precipitation
CCA                     Canonical Correlation Analysis
DJF                      December – January - February
EOF                     Empirical Orthogonal Function
ER                        Emilia Romagna
ER-n                     n-th warning area over Emilia Romagna
EWE		Extreme Weather Event
EWI          	Extreme Weather Indicator
GCM      	General Circulation Model
IPCC       	Intergovernmental Panel on Climate Change
JJA                        June – July - August
MA                       Marche
MA-n                   n-th warning area over Marche
MAM                   March – April - May
RCM      	Regional Climate Model
RMSE                   Root Mean Square Error
RCP		Representative Concentration Pathways
SON                     September – October - November

1. [bookmark: _Toc469409309][bookmark: _Toc457730517][bookmark: _Toc457728783][bookmark: _Toc457728749][bookmark: _Toc444528652][bookmark: _Toc391846345]
Introduction 
The present report of Action A1 overviews past and future climate variability over the territory of the three regions participating to the project: Emilia-Romagna, Marche and Abruzzo (ER-MA-AB). This information are used to evaluate the main risks and impacts of climate change and variability over the above regions. The focus is on extreme events, that produced relevant damages during the last two decades. The key of PRIMES project is disaster risk management and adaptation to climate change, obtained by reducing exposure and vulnerability, and increasing resilience through an active participation of the community in the operations of Early Warning.
The first step of the action is the construction of a common observed data set of the main meteorological variables and the setup of climate indices, with focus on extremes, those events that produced damages on infrastructure, habitats, tourism, health and people over the pilot areas. Once, the most important climate indices have been selected over the three regions and a clear picture of present climate variability is outlined, the second important step is the construction of future climate projections using common models. Two representative concentration pathways have been chosen in the project: RCP4.5 and RCP8.5, and scenarios are produced for the future period 2021-2050. Since within this project future scenarios should be delivered at high resolution so as to solve possible differences between the chosen pilot areas, they will be produced by applying both statistical (CCAReg) and dynamical (COSMO-CLM) downscaling to specific GCM outputs, namely to the CMCC-CM (Scoccimarro et al., 2011).










2. [bookmark: _Toc468362606][bookmark: _Toc469409310]Observational data set
The observational data set of the project includes marine-coastal-hydrological and climatological data. Five working groups have been created in the project in order to collect and analyze the data over ER-MA-AB. The data collection and analysis requested more time than expected, due to the great amount of data and to the fact that data came from different databases presenting different standards, formats, and data qualities. This produced a delay in the delivery of the preliminary products of Action A1, resulting on a delay in the start of activities related with the second part of the action, namely the validation of COSMO-CLM and the production of their downscaled scenarios. An extension of the A1 deadline for the delivery of all A1 products had been requested and was approved.
The present report is focused only on the results obtained for observed climatological data, while the results obtained for the other data and indices (marine, hydrological) will be described and analyzed in a second report that will be made available within A1 action.
Daily data of precipitation and temperature over the period from 1961 to present have been analyzed over the whole area covered by the project. Figure 1 presents the three regions together with the local pilot areas of the project: Santerno and Reno basin, Lido di Savio, Senigallia, San Benedetto del Tronto, Scerne di Pineto, and Torino di Sangro.
[image: ]
[bookmark: _Toc469157023][bookmark: _Toc469408942]Figure 1: Maps of Primes regions (ER-MA-AB) and the local case studies
As regards the precipitation data set, daily precipitation from stations that belong to the three regions ER-MA-AB have been collected for the 1961-2015 period. The total number of stations with daily precipitation over the three regions is about 670 stations (all stations shown in Figure 2 either as white or red dots). Some stations have data over whole period, while others not. In order to reduce the impact on final results of changes in the monitoring network, especially in terms of station density, it was decided to describe observed precipitation climate variability only using daily time series covering at least 80% of the total period. Time series could be formed by the data recorded at one or more monitoring stations, located one next to the other, eliminating all overlapping periods. Each time series has been tested for consistency, quality and statistical homogeneity and series not passing the tests have been eliminated (Figure 2, red circle). Standard Normal Homogeneity Test with Craddock and Vincent tests as support were the main statistical methods used in order to check the statistical homogeneity of time series. A detailed description of the quality checks done on the data can be found in Antolini et al., (2015). As a result of this selection were identified around 140 series in Emilia-Romagna, 80 in Marche and 60 in Abruzzo, satisfying the required quality standards. The stations contributing to these series are represented in Figure 2 by the white dots. As can be noticed from Figure 3, presenting the number of stations used as input of the analysis in each region as a function of the years, the density of stations is quite constant in time, with the exception of the Abruzzo region after 2010, and Emilia-Romagna region in 2015 when it is possible to detect a substantial decrease in the number of active stations contributing to the study. In Emilia-Romagna the problem is related to the delay in the publication of validated data on the Annale Idrologico Parte I for year 2015, while in Abruzzo it is related to a difficulty in the recovery of data from mechanical instruments still contributing to the climate monitoring network of the region after 2010. Although a strategy has been currently identified in order to improve data consistency in Abruzzo, results from it are not expected to be available in time to contribute to the present project. For this reason it was decided to focus all analysis based on observational data on the period from 1961 to 2014. Before the end of the project the analysis will be completed including at least data for year 2015 for Emilia-Romagna.
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	[bookmark: _Toc469408943]Figure 2: Maps with stations over ER-MA-AB (circles).

	[bookmark: _Toc469408944]Figure 3: The temporal evolution of the number of stations available to gridded process


Starting from stations that have long time series and good quality/homogeneity (around 280 stations), a gridded daily analysis at 5x5km resolution has been produced, by applying  the Shepard interpolation method in which distances are computed following local topography, as described in Antolini et al. (2015). This gridded daily precipitation dataset represents the common data set of Primes project. 
As regards daily minimum and maximum temperature, data from E-Obs daily gridded data set with a spatial  resolution of 0.25°x0.25° (Version 12) (http://www.ecad.eu/download/ensembles/ensembles.php) is used, available over 1951-2015 period. Figure 4 presents the spatial distribution of temperature grid points over ER-MA-AB. 

[image: ]
[bookmark: _Toc469408945]Figure 4: Spatial distribution of E-OBS grid points










3. [bookmark: _Toc468362607][bookmark: _Toc469409311]Indices selected to define the climatological framework of ER-MA-AB
A set of precipitation and temperature climate indices has been selected in the project (Extreme Weather Indicators, EWI). These indices are focused more on extreme and intense precipitation, important in order to describe the risks and vulnerabilities of the three regions with respect to intense precipitation phenomena. The indices have been defined with the partners of the projects and take into account also their experience in the management of the local alert warning system. Table 1 presents the final selection of precipitation and temperature indices, relevant for project purposes. A definition of each index is also included in the table. Seasonal and annual time series of indices have been produced for each grid points, with the exception of the areal intense precipitation index (AIP) that is defined at seasonal level, on early warning-areas (macro-areas). The indices based on climatological percentiles are defined using 1971-2000 as climate reference. Temporal and spatial variability over 1961-2014 has been analyzed and the significance of trends has been tested (Kendall-Tau test). As underlined before, it has to be taken into account also that after 2010 the number of stations from Abruzzo decreases substantially, so that the interpolation at 5km resolution uses a different number of station that in the previous period, a fact that could result in artificial trends in local daily precipitation amounts.
[bookmark: _Ref469403411][bookmark: _Toc469151773]Table 1: Meteo - climatological indices 
	[bookmark: _mokbnfef33dk]No.
	Index (acronyms) 
	Description

	1
	Amount of precipitation (prcptot)
	Total amount of precipitation (seasonal/annual).

	2
	Extreme precipitation (p95thprc)
	95th percentile of daily precipitation. Only rainy days are used (precipitation is at least 1 mm) (seasonal/annual).

	3
	Frequency of extreme precipitation (r95p)
	Number of days when the daily precipitation exceed 95th climatological percentile of daily precipitation. Climatological period= 1971-2000) (seasonal/annual).

	4
	Frequency of areal intense precipitation (AIP) 
	Number of days in which the areal average daily precipitation exceeds warning threshold (50 mm/day) (seasonal/annual).

	5
	WET days (cwd)
	Maximum number of consecutive wet days (the precipitation is at least 1 mm) (seasonal/annual).

	6
	DRY days (cdd)
	Maximum number of consecutive dry days (seasonal/annual).

	7
	Seasonal minimum and maximum temperature (Tminav and Tmaxav)
	Mean minimum and maximum seasonal values.

	8
	Heat wave duration (chd95p)
	Maximum number of consecutive days with maximum temperature greater then 95th percentile of daily temperature in the base period 1971-2000 (annual).


[bookmark: _qem23yenzigd]
[bookmark: _8ln9aokjkjd]The Frequency of Areal Intense Precipitation (AIP) index has been identified by the partners of the project as a relevant index and it describes not only intense events of precipitation but it is also correlated to the vulnerability of the territory.
As mentioned before, the index is computed over the warning areas (macro-areas) of the regions, defined and used by the respective regional operational Functional Centers. As could be noted from Figure 5 (left), eight warning areas were identified in Emilia-Romagna region (ER_1 to ER_8), four in Marche (MA_9 to MA_11) and six in Abruzzo region (AB_13 to AB_16). Daily precipitation from the analysis data set at 5km resolution has been used in order to compute the index. The distribution of the grid points over the warning areas is presented in Figure 5 (right). For each macro-area it was computed the number of days in which the areal average precipitation exceeds 50 mm in 24 hours. In Emilia-Romagna region, this quantity of precipitation corresponds to an event with about 2-years return period. The index is computed at monthly, seasonal and annual level and results are described below. The period considered is from 01/01/1961 to 31/12/2014.

[image: ][image: ]
[bookmark: _Ref469403499][bookmark: _Toc469408946]Figure 5: Spatial distribution of warning areas for each region (left) and the distribution of grid points used in the computation of AIP index (right).














4. [bookmark: _Toc468362608][bookmark: _Toc469409312]Climate variability of observed mean and extreme precipitation and temperature
4.1 [bookmark: _v6oh5sj9tp63][bookmark: _Toc468362609][bookmark: _Toc469409313]Precipitation
The daily precipitation has been used in order to compute seasonal and annual precipitation, over 1961-2014. Trends of seasonal precipitation in each grid point have been estimated and its significance tested. In order to produce an overview of trends over the three regions it is computed also a time series of seasonal precipitation, as a mean of precipitation using all grid points from ER-MA-AB. In this last case a slightly negative trend has been detected during winter (Figure 6a) and summer (Figure 6c) while a slightly positive trend has detected during spring (Figure 6b) and autumn (6d) over 1961-2014.Trends are not significant from the statistical point of view.
	a)
	b)
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	c)
	d)
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[bookmark: _Toc469408947]Figure 6: Trends in seasonal precipitation (mean over all grid points)
[bookmark: _bkcb33gm3x6b]Similar analysis have been done in each grid point and the spatial pattern of trends reveals that (figures not shown): 
•	winter presents negative trends over great part of ER except the Appennino Tosco-Emiliano and the Ferrara area, featuring positive trends which are also present locally over coastal area;
•	spring presents negative trends over the eastern part of Emilia and Appennino Umbro Marchigiano, while all other areas feature positive trends;
•	summer presents significant negative trends over ER, MA and parts of AB;
•	autumn presents positive trends everywhere, statistically significant over Ferrara and few other isolated areas.
At annual level, negative trends prevail over the three regions with exception of some isolated areas from the Appennines and the Ferrara province (Figure7). Particular care should be taken evaluating the positive trends over the Fucino basin in Abruzzo, an area which, at the present stage of the project, is badly covered by the climate monitoring network. A strategy has been designed in order to reduce this problem by gaining access to daily climatological data collected by a regional agronomical center, but results from this activity will not be available within the PRIMES project.
	[image: Descrizione: prec_ann_trend_1961-1990.tif]


[bookmark: _Toc469408948]Figure 7: Spatial distribution of trends of annual precipitation
Another aspect analyzed is the comparison between the 1981-2010 and 1971-2000 periods. The results show that summer was “drier” everywhere while the other seasons presents a mixed pattern.
4.2 [bookmark: _yfjp0l9uivt7][bookmark: _Toc468362610][bookmark: _Toc469409314]Extreme precipitation: magnitude and frequency 
One example of the distribution of the 95th percentile of daily precipitation over 1961-2014 is presented bellow for winter and autumn season.
	[image: Descrizione: prec_95p_DJF_mean_1961-2014.tif]
	[image: Descrizione: prec_95p_SON_mean_1961-2014.tif]
	[image: Descrizione: prec_95p_SON_trend_1961-2014.tif]

	a)95th perc –winter(mm)
	b)95th perc –autumn(mm)
	c) trends in autumn 95th perc (mm/yr)


[bookmark: _Toc469408949]Figure 8: Spatial distribution of winter and autumn p95thprc
As could be noted from Figure 8, autumn is the season where the value of 95th percentile is greater in magnitude, starting from 20 mm/day and reaching 65 mm/day in the mountain area (Figure 8b). The trend analysis done at seasonal level emphasizes a greater signal during autumn season, associated to a slight increase over large part of the case studies (see Figure 8c). Another important index is the frequency of extreme events, defined as the number of days during season when the daily precipitation exceed the 95th daily climatological percentile. The climatological period taken into account is 1971-2000. The spatial distribution of the index reveals a similar distributions during each season, with great part of events registered over the mountains (up to 3 days). One example is presented in figure 9 for winter and autumn seasons.
	[image: ]
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	Freq. of 95th perc-Winter 
	Freq. of 95th perc-Autumn


[bookmark: _Toc469408950]Figure 9: Spatial distribution of the frequency of winter and autumn 95th percentile
Trends computed for this index are not shown and in general reveal a complex pattern, with areas of positive and negative trends mixed together.  Winter and spring present similar patterns of trend, namely  negative trend over ER-MA-AB, except Ferrara and isolated areas from the Adriatic coast and the Apennines featuring positive trends (at 90% significance level). Summer is characterized by positive trends over great part of Emilia Romagna and Abruzzo regions and over the south-south east part of Marche. As regards autumn, an intensification of the events (positive trends) is detected over Piacenza, Parma and an isolated area close to Ferrara, while the rest of the study areas are characterized by negative trends (Figures not shown).
4.3 [bookmark: _ard0v9md6yeu][bookmark: _Toc468362611][bookmark: _Toc469409315]Frequency of Areal Intense Precipitation 
As mentioned at in Section 3, this index has been computed over warning macro-areas of ER-MA-AB and is defined as the number of days in which the areal average daily precipitation exceeds warning threshold (50 mm/day). The analysis performed at monthly time scale emphasizes that the autumn months registered more events than the other months of the year. Figure 10 presents as an example, the distribution of the total number of events at monthly level for each macro-area of Emilia-Romagna, during 1961-2014 period. As can be noticed the first half of the year registered a small number of events, between 1 and 7 during each month, while high counts are concentrated in the second part of the year reaching a maximum total number of 32 events in November. In particular, an elevated number of events were registered in macro-area ER_7 (west Apennine-see Figure 10), especially during the months of October and November.
[image: ]
[bookmark: _Toc469408951]Figure 10: The number of cases with AIP greater than 50mm/24 hours for each warning areas from ER and each month over 1961-2014 period.

The seasonal distribution of the frequency of intense areal precipitation (AIP index) for each region is presented in Figure 11. As can be noticed, autumn is the season when a great part of events registered more than 55% in the case of Emilia-Romagna and around 50%in the case of Marche and Abruzzo. As regards the other seasons, summer is the second season when more events were registered in Emilia-Romagna and winter is the second season for Marche and Abruzzo (Figure 11).
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[bookmark: _Ref462734387][bookmark: _Toc469408952]Figure 11: Seasonal distribution of AIP frequency, computed over 1961-2014 period (region level).
Figure 12 a, b and c shows results for this index for all macro-areas, seasons and region, including an analysis at annual level.
[image: ]
a) 
[image: ]
b) 
[image: ]
c)
[bookmark: _Ref462734506][bookmark: _Toc469408953]Figure 12: Seasonal and annual distribution of the cases of AIP for each macro-area,1961-2014.
From the above figures can be observed that more annual cases were registered in macro-area ER_7 for Emilia Romagna (situated in the Apennines), MA_12 for Marche (situated in the Apennine) and AB_13 for Abruzzo (coastal area). Similar conclusions can be drawn from Figure 13 that presents the distribution of the annual number of cases for each macro area.

[image: ][image: ][image: ]
[bookmark: _Toc469408954]Figure 13: Annual distribution of the number of cases of AIP for each region.

Another interesting aspect is to investigate if there are any changes in the time series of this index over the period 1961-2014. The annual time series for ER, MA and AB are presented in Figure 14. As could be noted ER presents higher variability than  MA and AB.
[image: ]
[bookmark: _Toc469408955]Figure 14: Temporal variability of annual index over the regions.
Each time series has been divided also into time slices of 30 years: 1961-1990 and 1986-2014 and the change in total number of cases over the time slices has been analyzed. As could be observed from figure 15, there are macro-areas, especially in ER and MA, where more events were registered in the period 1986-2014 with respect to 1961-1990.
	[image: ][image: ]


[image: ]
[bookmark: _Toc469408956]Figure 15: Distribution of AIP over macro-areas for the 2 periods 1961-1990 and 1986-2014.
Summarizing the changes in AIP index, it could be said that the number of intense events is concentrated more during autumn for all regions, followed by summer for Emilia-Romagna, winter for Abruzzo and Marche. 

4.4 [bookmark: _8a7mk5uz36zb][bookmark: _Toc468362612][bookmark: _Toc469409316]Dry and wet days
Other indices analyzed in the project are dry and wet days, defined as the maximum number of consecutive dry/wet days during a season. One day is considered dry if the precipitation registered in that day is below 1 mm. The index is defined as the maximum number of consecutive dry days during season. The climatological values computed over the period 1971-2000 reveals that the highest value of consecutive dry days is registered during summer, when average values up to 29 consecutive days were registered in some areas. Figure 16 presents the spatial distribution of the index during summer (left) and the associated trend (mean of the index over all grid points) averaged over the three regions during summer(center) and autumn ( right), over 1961-2014.
[image: ] [image: ][image: ]
[bookmark: _Toc469408957]Figure 16: Spatial distribution (left) and summer (center) dry days; trends in autumn (right) dry days
As can be noticed, summer presents positive statistically significant trends in the index; a similar but not significant signal is detected during winter and spring. Autumn registered a decrease in dry days as can be noticed from Figure 16 (right).
An opposite index is that of wet consecutive days, one day is considered wet if the precipitation registered in that day is equal or greater with 1 mm. The index was computed at seasonal and annual level. The spatial distribution of the climatological values (1971-2000) reveals a similar distribution during the seasons that follows the topography of the regions. Figure 17 exhibits the spatial distribution of consecutive wet days during winter.
[image: ]
[bookmark: _Toc469408958]Figure 17: The spatial distribution of the climatology of winter wet days (period 1971-2000).

The trend analysis performed over 1961-2014 period shows negative trends over Emilia Romagna, Marche and Abruzzo during spring (isolated area significant at 90%) followed by spread negative trends during  summer (see figure 18a).  Autumn is the only season with a general positive trend, statistically significant only in isolated areas (Figure 18b).
[image: ][image: ]
a)                                                                 b)
[bookmark: _Toc469408959]Figure 18: Trends in summer (a) and autumn (b) maximum number of consecutive wet days over 1961-2014 period.

4.5 [bookmark: _yknmu6vrcthd][bookmark: _nyc3xmuoqx78][bookmark: _5h7t4t78gu3q][bookmark: _Toc468362613][bookmark: _Toc469409317]Minimum, maximum temperature and heat wave duration 
The E-OBS data set of daily minimum and maximum temperature is used in order to compute the climatology and trends of seasonal temperature over the three regions of interest. The 1971-2000 has been used as reference period. Figure 19 bellow shows the distribution of seasonal climatology of minimum temperature, while the coefficient of trends is presented in Table 2.
a) Winter                                  b) Spring
[image: ][image: ]
c) Summer                                       d) Autumn
[image: ][image: ]
[bookmark: _Toc469408960]Figure 19: Climatology of seasonal minimum temperature over pilot areas

[bookmark: _Toc469151774]Table 2: The trend coefficient (°C/decade) of seasonal minimum temperature 1961-2015.
	Season
	Trends
(°C/decade)

	DJF
	0.2

	MAM
	0.3

	JJA
	0.4

	SON
	0.3


 
[bookmark: _gn2f3q70mtnf]A positive trend has been detected in minimum temperature over all seasons, more intense during summer when it shows an increase of 0.4°C/decade). As regards maximum temperature, Figure 20 presents the spatial distribution of the climatology of seasonal maximum temperature over the three areas of the project computed from E-OBS data set.
	[bookmark: _tr1sxwk4z5tp][image: ]a) Winter
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[bookmark: _Ref462735528][bookmark: _Toc469408961]Figure 20: Climatology of seasonal maximum temperature over pilot areas.
As in the case of minimum temperature, it was computed the trends of the time series obtained as a mean of seasonal temperature using all grid points from ER-MA-AB.
[bookmark: _Toc469151775]Table 3: The trend coefficient (°C/decade) of seasonal maximum temperature 1960-2015 of the time series averaged over all regions Emilia-Romagna, Marche and Abruzzo
	Season
	Trends (°C/decade)

	DJF
	0.3

	MAM
	0.4

	JJA
	0.6

	SON
	0.3


Analyzing the results presented in Table 3 it could be observed an increases in maximum temperature during all seasons, more intense during summer (0.6°C/decade) followed by spring season. We must remember, that the resolution of  data set is 0.25°x0.25°, maybe an increase of the resolution could lead to small changes in the magnitude of signal. Taking into account this intense signal detected in seasonal maximum temperature the attention was focused on heat wave duration, especially during the summer season. There are many definitions used to describe heat waves, some of them are based on percentile thresholds (90th or 95th), others are based on a fix value (greater than 30°C). In this work it is used as threshold the 95th percentile of daily maximum temperature (see definition from Table 1). This index was computed for each grid point and trends have been evaluated. Figure 21 presents the trends of this index, mean over all grid points, during summer season.  As could be noticed, positive trends are registered over historical period, with intense signal after 1995. Some peaks of the index could be noted on 2003, 2006 and 2012.
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[bookmark: _8ma3jibya844][bookmark: _Toc469157042][bookmark: _Toc469408962]Figure 21: Summer heat waves over Primes areas (mean of the grid points that belongs to the 3 regions)
The above results present a climatological framework derived from data available over 1961-2014. Some critical aspects have been noticed, such as:  a slightly decrease in summer precipitation, a slightly increase of intense precipitation (AIP index) especially during autumn over Apennines and some coastal areas, an increase in temperature, more intense in maximum temperature and during summer season associated with an increases in heat waves. 
The second step of the work is concentrated on the future projections of these indices. Two different approaches have been used: both of them taking into account the same GCM (CMCC-CM) and ICPP RCP4.5 and RCP8.5 as radiative scenarios.
5. [bookmark: _9jzw1pax8r][bookmark: _Toc468362614][bookmark: _Toc469409318]Downscaling tools used for future scenarios: theoretical considerations of the statistical and dynamical approaches
5.1 [bookmark: _j992vyn06a4r][bookmark: _Toc468362615][bookmark: _Toc469409319]The statistical approach
The statistical downscaling model used in this study is a multivariate regression based on canonical correlation analysis (von Storch, 1996). This method finds the optimum linear combination of two multidimensional vectors (predictands and predictors) and selects pairs of spatial patterns so as their coefficient time series are optimally correlated (Barnett and Preisendorfer, 1987). Before the analysis, the local and large scale fields are projected onto their empirical orthogonal functions (EOFs) to eliminate unwanted noise and to reduce the dimension of the data space. The input data in EOF analysis are the anomalies of predictands/predictors, calculated as deviations from the long-term mean. Those EOFs explaining most of the total observed variance are retained for CCA. A subset of CCA pairs is then used in the multivariate linear statistical model (CCAReg) to estimate the predictand anomalies from the predictor anomalies (Tomozeiu et al.,2014). The anomalies are computed with respect to 1971-2000 period, for both phase, those of set-up and future projections. The performance of the downscaling model is evaluated through Spearman rank-correlation coefficient, BIAS and root-mean square-error (RMSE), computed over the validation period. The set-up of the statistical scheme has been done using predictors (T850, MSLP, Z500) from ERA40 and ERA-interim data set, while the predictands are the seasonal indices of extreme and mean value of temperature and precipitation computed from observed dataset of the Emilia-Romagna, Marche and Abruzzo. The setup of the statistical model had been done over 1961-1978 +2000-2010 period while the validation had been done over 1979-1999 period. Ones, the schemes have been built using observed data and selected the best ones, these are then applied to the predictors simulated by GCM CMCC-CM model, in the framework of RCP4.5 and RCP8.5 over the period 2021-2050. The changes are evaluated with respect to 1971-2000 climate period.

5.2 [bookmark: _bwmr1666hegq][bookmark: _Toc468362616][bookmark: _Toc469409320]The dynamical approach
The dynamical downscaling approach considered in this study uses nested modeling in which Regional Climate Models (RCMs) are driven by boundary conditions derived from GCM. GCMs simulate planet-wide climate dynamics: they are powerful instruments to simulate the response of the global climate system to external forcing (Giorgi, 2005). However they are generally unsuitable to simulate local climate, since they are characterized by resolutions generally around or coarser than 50 km, which is too poor for impact studies, since many important phenomena occur at spatial scales of few tens of km. Moreover, GCMs do not account for vegetation variations, complex topography and coastlines, which are important aspects of the physical response governing the regional climate change signal. On the other hand, RCMs represent one of the most effective tools that provide high-resolution climate analysis through dynamical downscaling. The dynamical downscaling is computationally expensive, but offers a self-consistent approach that captures fine scale topographic features and coastal boundaries. Many studies have demonstrated that RCMs can realistically simulate fine-scale climate features and climate statistics in comparison to observations (Semmler and Jacob, 2004, Früh et al., 2010 and Kunz et al., 2010). Moreover, RCMs show the capability to provide a detailed description of climate extremes (Rummukainen, 2010; Soares et al, 2012). 
The RCM used in this work is COSMO-CLM (Rockel et al., 2008), the climate version of the COSMO-LM weather model (Steppeler et al., 2003). The use of a non-hydrostatic scheme (explicit description of vertical acceleration of air masses) and the fine horizontal resolution are expected to allow a more realistic representation of orographically controlled local meteorological features (Kotlarski et al., 2005). The simulations have been performed using a horizontal resolution of 0.0715° (about 8 km) over a computational domain including the Italian peninsula. These simulations were forced by the GCM CMCC-CM (Scoccimarro et al., 2011) covering the period 1971-2100 in accordance with IPCC RCP4.5 and RCP8.5 scenarios. More specifically, the common period 1971-2005 (historical) was simulated following the IPCC 20C3M protocol, while the period 2006-2100 was simulated by forcing the model according to the aforementioned scenarios. The model configuration for COSMO-CLM was optimized by CMCC with a sensitivity analysis over northern Italy. Assessment of the above simulations in terms of mean temperatures and total precipitation, which is a precondition for further analyses, has been performed in Bucchignani et al. (2016) with satisfactory results. Assessment in terms of extreme events over Italy was performed in Zollo et al (2016), finding that the results were broadly dependent on resolutions, forcing data and regions analyzed
6. [bookmark: _Toc468362617][bookmark: _Toc469409321]BIAS of the two downscaling tools for selected indices
In this section, the evaluation of the BIAS (synonym: systematic error) for the two downscaling tools selected and described in the previous paragraph, are reported. For what concerns the statistical downscaling, the BIAS is evaluated over the period 1979-1999 (21 years), while for the dynamical downscaling the bias is evaluated over the period 1981-2010 (30 years). Taking into account the amount of information, only some maps are presented, while comments for the other results are included. 
Simulated precipitation indicators have been evaluated against a gridded dataset at the resolution of about 5 km based on a high number of raw precipitation data. Since the dataset does not include temperature data, the BIAS of the simulated temperature extreme indicators have been obtained through the comparison with the E-OBS observational dataset (vs. 12) (Haylock et al., 2008).
This activity is useful to quantify the ability of the two downscaling tools to represent the pattern of the indicators selected in the areas of interest.
6.1 [bookmark: _2u2fivkkxuku][bookmark: _Toc468362618][bookmark: _Toc469409322]Statistical approach (CCAReg scheme)
The statistical downscaling model has been constructed over 1961-1978 +2000-2010 and validated over 1979-1999 period. Predictors from ERA 40 and ERA-Interim and predictands at local scale have been used in the setup of the model. The work done in the setup of the scheme underlies that mean sea level pressure combined in some cases with T850 is a good predictor for precipitation, while T850 is a good predictor for seasonal temperature (mean and extreme values). 
As regards precipitation, winter and autumn are the seasons with best skill in terms of correlation coefficient computed between downscaled and observed data ( up to 0.8) , higher for  mean than  extreme, while during spring and summer the correlation is  lower. As regards BIAS, some maps for summer and autumn precipitation (seasons with important changes in precipitation, one as drier and other as wetter) are presented bellow.
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[bookmark: _Toc469408963]Figure 22: BIAS (%) of summer (left) and autumn (right) amount of precipitation during validation period
As could be noted during summer the BIAS vary between -5% and 15% while during autumn is comprised between -5% and 5%. Analyzing in details the maps it was observed that the BIAS is higher especially on mountain tops and lower belong to the coastal area.  Similar results has been obtained during spring and winter with values comprised between -2% and 15% (figure not shown). For minimum and maximum temperature, good skill have been obtained during all seasons, with correlation coefficient between downscaled and observed values between 0.4-0.9 (over 1979-1999). Seasonal minimum and maximum temperature, downscaled over the same period, emphasis a BIAS comprised between -0.2°C and 0.6°C. Figure 23 and 24 presents as an example the BIAS for summer and autumn seasons. It could be observed that generally the temperature is quite well reproduced except isolated area from Apennine and coastal area of Abruzzo (see figure 23).
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[bookmark: _pp6uxn4aujhx][bookmark: _Toc469408964]Figure 23 : BIAS (°C) of summer (left) and autumn (right) minimum daily temperature during validation period
	Bias  Tmax JJA(°C)
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[bookmark: _Toc469408965]Figure 24: BIAS (°C) of summer (left) and autumn (right) maximum daily temperature during validation period

6.2 [bookmark: _8y9jka57h3yx][bookmark: _Toc468362619][bookmark: _Toc469409323]Dynamical approach bias (COSMO-CLM model)
In this section it is briefly summarized the bias registered by the dynamical downscaling over the control period 1981-2010 for the different atmospherical variables of interest. 
Also for dynamical downscaling, winter and autumn are the seasons with best skill for mean amount of precipitation, in terms of correlation coefficient computed between downscaled and observed data (up to 0.8), while during spring and summer the correlation is lower.
More specifically, the total amount of precipitation in winter and spring (Figure 25), it is quite well reproduced, being the bias generally between +20 and -20% (Kotlarski et al., 2014) with the exception of the mountainous area of Abruzzo and Emilia Romagna, where some localized higher peaks (about 30%) are recorded. Seasonal precipitation is generally underestimated (about 20%) over the whole area of study in summer and autumn seasons, up to localized peaks of -40%.

[image: Immagine23.png]
[bookmark: _Toc469408966]Figure 25: BIAS (%) of winter (left) and spring (right) amount of precipitation over the validation period
For minimum and maximum temperature, a good skill has been generally recognized in the all seasons, with correlation coefficient between downscaled and observed values higher than 0.9 ( over 1981-2010) with the exception of minimum temperature during winter season (0.7). 

More specifically, seasonal minimum temperature (Figure 26) is underestimated in all seasons over the internal part of Abruzzo region, while is generally well represented elsewhere (bias lower than 1.5 °C, absolute value). 
[image: Immagine28.png]
[bookmark: _Toc469157044][bookmark: _Toc469408967]Figure 26: BIAS (°C) of summer (left) and autumn (right) minimum daily temperature over the validation period
 
The seasonal maximum temperature is affected by a cold bias (Figure 27) in all seasons (in particular over the internal areas). 

[image: Immagine29.png]
[bookmark: _Toc469157045][bookmark: _Toc469408968]Figure 27: BIAS (°C) of summer (left) and autumn (right) maximum daily temperature over the validation period

7. [bookmark: _gz5sc2s7tmf6][bookmark: _Toc468362629][bookmark: _Toc469409324]Future projections of precipitation and temperature over pilot areas, RCP4.5 and RCP8.5 scenarios, period 2021-2050
In  this section, future climate changes regarding extreme weather events expected under IPCC RCP4.5 and RCP8.5 greenhouse gas concentrations (Moss et al., 2010), over the period 2021-2050, are investigated. For what concerns the statistical downscaling, anomalies are computed with respect to 1971-2000 period, while for the dynamical downscaling anomalies are computed with respect to 1981-2010 period, over the three regions. 
7.1 [bookmark: _Toc468362630][bookmark: _Toc469409325]Statistical approach
7.1.1 [bookmark: _Toc468362631][bookmark: _Toc469409326]Projections of seasonal amount of precipitation  
The maps bellow show the future projections of the total amount of seasonal precipitation under RCP4.5 scenario, over 2021-2050 with respect to 1971-2000 periods. As could be noted, a slightly increase in precipitation (up to 5%) is projected during winter season over Romagna and coastal areas from Abruzzo (South part) and Marche while a slightly decrees is expected to occur over the Apennine mountains that lies over the three regions (up to 5%). 
A decrease in precipitation is expected during spring and summer seasons, more intense over Emilia-Romagna during spring and over Appennino Umbro -Marchigiano and Abruzzo during summer (up to - 20%). On the other side, the climate projections highlight an increase of autumn precipitation over the whole area of study, with peaks of 30%, exception done the mountains area of Abruzzo region while a slightly decrease is projected (Figure28).
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[bookmark: _Toc469408969][bookmark: _Toc469157046]Figure 28 : Projections of seasonal amount of precipitation, 2021-2050 respect to 1971-2000, RCP4.5
The climate projections of seasonal precipitation constructed through statistical downscaling in the framework of RCP8.5 emphasis similar changes as RCP4.5 during spring, summer and autumn. Exception is winter season, when the scenarios reveals a slightly decrease. Figure 29 presents an example, the scenarios for summer and autumn precipitation (the extreme seasons from trends points of view). As could be noted, spring is projected to be poor in precipitation while autumn is projected to be wetter (up to 35%), exception doing the south-west part of Abruzzo (mountains area) where a small decrease (up to -5%) is projected.
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[bookmark: _Toc469408970]Figure 29 : Projections of summer (left) and autumn (right) amount precipitation, 2021-2050 respect to 1971-2000, RCP8.5

[bookmark: _Toc468362632]Taking into account the projections of amount of precipitation, especially those of autumn from the project point of view, it is interesting to understand if the frequency of extreme and intense events will change over 2021-2050 with respect to 1971-2000. In the following, the results are concentrated on extreme and intense indices, with focus more in autumn season.
7.1.2 [bookmark: _Toc469409327]Projections of the frequency of extreme seasonal precipitation
As pointed out at the beginning of the report, the index count the number of days during season when the daily precipitation is greater than the 95th percentile of daily precipitation computed over 1971-2000. Analyzing the climatology of the index presented in the first part of the document it could be observed that the climatology is around 2 days per season, so a small number of cases. 
Figure 30 presents the seasonal projection of the index computed in the framework of RCP4.5 scenario. A slightly increase during winter season can be observed over great part of areas (around - 5%) exception doing the mountain areas where a decrease is projected up to 10%. The pattern change in the framework of RCP8.5 scenario, when it is projected a decrease up to -10 % (pattern that follows those of precipitation). During spring, even if the skill of the model is low, the pattern of changes emphasis an increase of the frequency over plain and hill area of Emilia Romagna (around 50%) and a decrease, more pronounced over Abruzzo. No significant differences are noted between the projection of the index in RCP4.5 and RCP8.5. Summer presents a slightly increase of the index over coastal area of Emilia –Romagna and Marche, more pronounced in the RCP8.5 and a decrease up to 20% for the other part of the studied regions. With all uncertainties associated to this index, autumn seems to be the season with higher intensity of changes, especially in the framework of RCP4.5, namely an increase of the frequency of extreme events over great part of regions around 30% (more in the northern part of Marche). The pattern is less intense in the RCP8.5 (figure not shown).
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[bookmark: _Toc469157047][bookmark: _Toc469408971]Figure 30 : Projections of seasonal frequency of extreme precipitation, 2021-20050 respect to 1971-2000, RCP4.5
7.1.3 [bookmark: _Toc468362633][bookmark: _Toc469409328]Projections of the frequency of seasonal Areal Intense Precipitation 
The index is defined taking into account the number of cases when the daily areal precipitation exceed 50 mm. This threshold is higher than those associated to 95th percentile, is a threshold correlated with hazard situation. We have to take into account that this index is difficult to predict and project, due to its poor statistics. Therefore, with all the uncertainties, the statistical model had been applied and the results are presented bellow.
The figures 31 describe the changes projected for the index areal intense precipitation over the macro-areas identified over the three regions. The plots include the number of days registered during present climate (1971-2000) and the changes for RCP4.5 and RCP8.5 over 2021-2050 with respect to 1971-2000. As could be noted, a general decrease is foreseen during winter and summer over quite all macro-areas for both RCPs. Spring and autumn are the seasons when the index present a complex pattern. An increase is projected during spring over Apennine Tosco-Emiliano, Appennino Umbro-Marchigiano and costal area of Romagna. Similar signal is projected during autumn, with an increase over the Appennino Emiliano, Apennino Tosco-Emiliano, costal area of Romagna and Marche and Appennino Umbro-Marchigiano.
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[bookmark: _Toc469157048][bookmark: _Toc469408972]Figure 31: Projections of the frequency of seasonal Areal Intense Precipitation for the different areas
7.1.4 [bookmark: _Toc468362634][bookmark: _Toc469409329]Projections of dry days
The projections of maximum number of consecutive dry days reveals in the framework of RCP4.5 a slightly increase during spring and summer (up to 10%) over the period 2021-2050 respect to 1971-2000. No significant changes had been detected during autumn.
The patterns of projected changes in the framework of RCP8.5 maintain the same sign during winter, but is less intense. As regards spring the pattern is not significant , with a small increase noted in Abruzzo ( up to 5%).The projections for summer maintains small intensity, with a slightly increase (up to 8%) except the mountains where a slightly decreases is noted. Autumn, is the season where a decrease in consecutive dry days is presented everywhere, even if the intensity is small (up to -8%), as could be observed from figure 32. The decrease seems to be more intense along the Emilia-Romagna coast and in the Apennine.
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[bookmark: _Toc469157049][bookmark: _Toc469408973]Figure 32: Changes in maximum number of consecutive dry days 2021-2050 vs. 1971-2000, of RCP8.5

Summarizing, the scenarios presented above underlies that autumn is the season with more intense signal of changes, characterized by an increase of amount of precipitation, followed by a decrease of consecutive number of dry days and an increase of the frequency of extreme precipitation. In addition, the projections of areal intense precipitation, underlay a possible increase along the coastal area and in the Apennines. An interesting signal of increase of extreme and intense precipitation has been founded also during spring, while summer is projected to maintain a drier behavior.  For some indices, the signal is more intense in RCP8.5 emission scenario.
7.1.5 [bookmark: _Toc468362635][bookmark: _Toc469409330]Projections of minimum and maximum temperature 
The future projections of temperature have been constructed at an horizontal resolution of 0.25°x0.25°, based on E-Obs data set. The CCAReg scheme has been applied, as in precipitation case, to CMCC-CM global climate model. The results reveals a possible increase in minimum and maximum temperature, over whole area of ER-MA-AB during all seasons, over 2021-2050 respect to 1971-2000.
As regards seasonal minimum temperature, the increase projected in the framework of RCP4.5 scenario vary between 1.5-2°C in Emilia-Romagna and Marche, but tends to be a little higher especially during summer and over coastal area of Abruzzo. Figures bellow presents the changes projected over 2021-2050 respect to 1971-2000, as a mean over whole points that belongs to Emilia-Romagna, Marche and Abruzzo. The signal of changes of seasonal maximum temperature is not very different of those of minimum temperature, as concerns RCP4.5 ( see figure 33).The projected changes vary between 1.5°C to 2.°C, with peak of changes during summer and especially over Abruzzo where the changes could reach 2.5°C . 
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[bookmark: _Toc469157051][bookmark: _Toc469408974]Figure 33: Seasonal projections of minimum (left) and maximum (right) temperature over Primes area (mean over grid points), 2021-2050 v.s. 1971-2000, RCP4.5
As regards the signal projected in RCP8.5 framework, the signal is similar with those of RCP4.5, but slightly higher. The seasonal increase is around 2°C for minimum temperature, except the Abruzzo where the increase is higher (up to 3°C), while for maximum temperature this is around 2 °C, except summer maximum temperature from Emilia Romagna, where the values of changes tends to be around 2.5°C. The changes are computed also in the above cases with respect to 1971-2000 period.

[image: ][image: ]
[bookmark: _Toc469408975]Figure 34: Seasonal projections of minimum (left) and maximum (right) temperature over Primes area (mean over grid points) 2021-2050 v.s.1971-2000, RCP8.5
[bookmark: _8nc66xpl1i35][bookmark: _qazwta8jbb4w][bookmark: _Toc468362636]
[bookmark: _Toc469409331]Dynamical approach 
7.1.6 [bookmark: _9l0ze2rc5a4p][bookmark: _Toc469409332][bookmark: _Toc468362637]Projection of seasonal amount of precipitation 
The following maps show the seasonal climate change anomalies for the period 2021-2050 with respect to 1981-2010 for the precipitation indicator prcptot, respectively under the RCP4.5 and RCP8.5 scenarios. According to the RCP4.5 scenario (Figure 35), maps highlight small anomalies of these indicators in DJF and SON (up to 20% on the coastal areas of Marche and Abruzzo region in autumn season). On the other side, maps highlight a general decrease of the prcptot value over the whole area for MAM and JJA seasons, more pronounced (up to -30%) in JJA over Emilia Romagna. 
[image: Immagine12.png]
[bookmark: _Toc469157053][bookmark: _Toc469408976]Figure 35: Seasonal climate change anomalies of precipitation for the period 2021-2050 with respect to 1981-2010, under the RCP4.5 scenario.

According to the RCP8.5 scenario (Figure 36), the values of seasonal precipitation anomalies do not differ too much from those obtained with the other scenario, but with slightly smaller values (especially in summer, with the exception of the Abruzzo coastal area and in spring).
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[bookmark: _Toc469408977][bookmark: _Toc469157054]Figure 36 : Seasonal climate change anomalies (summer and spring) of precipitation for the period 2021-2050 with respect to 1981-2010 under the RCP8.5 scenario.

7.1.7 [bookmark: _qfmint3fx5m1][bookmark: _Toc469409333][bookmark: _Toc468362638]Projection of the frequency of extreme seasonal precipitation 
The following maps show the seasonal climate change anomalies for the period 2021-2050 with respect to 1981-2010 for the precipitation indicator p95thprc, respectively under the RCP4.5 and RCP8.5 scenarios. According to the RCP4.5 scenario (Figure 37), generally no appreciable seasonal variations are recorded, with the exception of the internal area of Emilia Romagna and coastal area of Abruzzo region where a more pronounced decreasing is observed in DJF e SON. 
[image: Immagine9.png] 
[bookmark: _Toc469157055][bookmark: _Toc469408978]Figure 37 : Seasonal climate change anomalies for the indicator p95thprc, for the period 2021-2050 with respect to 1981-2010, under the RCP4.5 scenario.

According to the RCP8.5 scenario, no appreciable seasonal variations for this indicator are generally recorded with the exception of Emilia Romagna region in DJF and Romagna in SON, since in these cases an increase of the 95th percentile is projected.

7.1.8 [bookmark: _Toc469409334][bookmark: _Toc468362640]Projections of the frequency of seasonal Areal Intense Precipitation 
The following graphs (Figure 38) show the climate change anomalies for the period 2021-2050 with respect to 1981-2010 of the seasonal number of days in which the critical precipitation value (50 mm/day) is exceeded in several warning zones (shown in Figure 5). In SON (characterized by high values of AIP also in the reference period), a general increase of this indicator is expected in most of warning zones for both scenarios, with the exception of some warning areas (ER_1, ER_7,ER_8) located in Emilia. In DJF, a general slight decrease for the RCP4.5 scenario is projected (with the exception of MA_12 and AB_13) in contrast to a general increase for RCP8.5. In MAM, there is a general decrease for both scenarios. In JJA, the absolute values of the indicator over the reference period is generally small (lower than 4 days) and the anomalies have generally low values. The signal is quite noisy, with a difficult interpretation. 
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[bookmark: _Toc469157056][bookmark: _Toc469408979]Figure 38: Seasonal climate change anomalies of the number of days in which the critical precipitation value (50 mm/day) is exceeded in the defined warning areas, for the period 2021-2050 with respect to 1981-2010.

7.1.9 [bookmark: _Toc469409335][bookmark: _Toc468362642]Projection for the dry days 
The following maps show the seasonal climate change anomalies for the number of consecutive precipitation dry days (cdd), for the period 2021-2050 with respect to 1981-2010, under the RCP4.5 and RCP8.5 scenarios. 
According to RCP4.5 scenario (Figure 39), in SON and DJF, no changes are generally expected, with the exception of the Emilia Romagna where the value of indicator is projected to decrease slightly. 
On the other side, in MAM and JJA, cdd is projected to increase over wide parts of the area of study, especially in MAM, with peaks of 55% over Emilia Romagna.
According to the RCP8.5 scenario, for all the seasons there is not a clear climate signal, with the exception of the internal part of Abruzzo region in JJA and of the Marche region in SON.
[image: Immagine2.png] 
[bookmark: _Toc469408980][bookmark: _Toc469157057]Figure 39: Seasonal climate change anomalies for the indicator cdd for the period 2021-2050 with respect to 1981-2010, under the RCP4.5 scenario

7.1.10 [bookmark: _ux38enqf7h3b][bookmark: _Toc468362643][bookmark: _Toc469409336] Projection of minimum and maximum seasonal temperature 
The following graphs (Figures 40) show the seasonal climate change anomalies of the average value of daily minimum temperature (Tminav), for the period 2021-2050 with respect to 1981-2010, as a mean over whole points that belongs to Emilia-Romagna, Marche and Abruzzo, respectively under the RCP4.5 and RCP8.5 scenarios. According to the RCP4.5 scenario, graphs generally highlight an increase of the seasonal average value of daily minimum temperature between 1-1.5°C for each region, especially in JJA, with peaks of 1.5 °C over Emilia Romagna. The increase of the seasonal average value of daily minimum temperature is projected to be larger under RCP8.5, especially in DJF, with peaks of 2 °C over Abruzzo.
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[bookmark: _Toc469157058][bookmark: _Toc469408981]Figure 40 : seasonal climate change anomalies for the minimum daily temperature for the period 2021-2050 with respect to 1981-2010, under the RCP4.5 scenario (left) and RCP8.5 (right)
[bookmark: _ft5avjdgtmuh]
For what concerns the anomalies of the average value of daily maximum temperature (Tmaxav) (Figure 41 ) an increase is highlighted especially in JJA season, with a peak over Emilia Romagna, under the RCP4.5 scenario.
The increase is generally larger under RCP8.5, especially in DJF and MAM with anomalies in the range of 1.5°C-2 °C.
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[bookmark: _Ref469404856][bookmark: _Toc469157060][bookmark: _Toc469408982][bookmark: _Toc468362646][bookmark: _Toc469409337]Figure 41 : seasonal climate change anomalies for the maximum daily temperature for the period 2021-2050 with respect to 1981-2010, under the RCP4.5 scenario (left) and RCP8.5 scenario (right)
8. Conclusions 
[bookmark: _9b97yi8q7f02]The analysis of present climate variability over the Primes case studies stresses the following:
· a slightly negative trend in the amount of precipitation during winter and summer and a slightly positive trend during spring and autumn, over 1961-2014 period;
· annual amount of precipitation registered a negative trend over the three regions with exception of some isolated areas from the Apennines and the Ferrara province;
· positive trend in the number of days with precipitation greater than 95th percentile during autumn season;
· the frequency of areal intense precipitation underlies that the number of cases is concentrated more during autumn for all regions, followed by summer for Emilia-Romagna, winter for Abruzzo and Marche;
· a slightly increase of the frequency of areal intense precipitation has been recorded in the last period 1986-2014 over certain warning areas; the Apennines and coastal areas are more influenced by such kind of events;
· the maximum number of consecutive dry days presents positive trends during summer; autumn registered a decrease of dry day;
· the maximum number of consecutive wet days presents an opposite signs, with decrease during summer and increases during autumn;
· positive and significant trends were registered in minimum and maximum temperature, more intense during summer associated with and increases in the number of summer heat waves.
As regards future scenarios the synthesis of projections provided by both tools, dynamical and statistical, emphasize in general similar signal for 2021-2050, even if in some cases the magnitude is different. It has to be take into account that different reference periods are used to evaluate the changes, namely: 1971-2000 (CCAReg) and 1981-2010 (COSMO-CLM). 
Summarizing the results of both tools the following conclusions could be drown as regards scenarios constructed in the framework of RCP 4.5 and RCP8.5:
· the projections of precipitation highlight a future decrease especially during spring and summer (around -15%) and an increase during winter (slightly) and autumn (around 15%);
· autumn is the season with more intense signal of changes, characterized by an increase of amount of precipitation, followed by a decrease of consecutive number of dry days and an increase of the frequency of extreme precipitation. In addition, the projections of areal intense precipitation, underlay a possible increase along the coastal area and in the Apennines. 
· an interesting signal of increase of extreme and intense precipitation has been founded also during spring, while summer is projected to maintains a drier behavior.  
· an increase of the average value of daily minimum temperature is projected, especially in summer under RCP4.5. Stronger increases are projected under RCP8.5;
· an increase of the average value of daily maximum temperature is highlighted especially in MAM season and JJA, with peaks over Emilia Romagna under both scenarios.
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