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SUMMARY The aim of this report is to analyze the sensitivity of the
precipitation and the 2-meters mean temperature on the variation of some
physical, numerical and tuning parameters in the regional climate model
COSMO-CLM over the north and center Italy. The simulations, at a spatial
resolution of 8 km and concerning the period 1996-2000, are driven by
ERA40 Reanalysis. Five different sub-areas inside the computational
domain have been selected, chacterized by different orographic features;
the seasonal cycle has been calculated for each simulation and compared
with three different data sets: E-OBS, ETH and ARPA-EMR data set.
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1 - INTRODUCTION

The sensitivity study described in this research
paper concerns the regional climate model
COSMO-CLM [11], adopted by the division
ISC-CAPUA of CMCC for its research activi-
ties.
COSMO-CLM is the climate version of the non-
hydrostatic (explicit description of vertical ac-
celeration of air masses) COSMO model (COn-
sortium for Small-scale MOdeling) employed by
several European weather services for numeri-
cal weather predictions [13].

It is the only documented numerical model
system in Europe designed for spatial resolu-
tions down to 1km with a range of applicability
encompassing operational numerical weather
prediction, regional climate modelling, the dis-
persion of trace gases and aerosol and ide-
alised studies. It is applicable in all regions
of the world for a wide range of available cli-
mate simulations from global climate and NWP
models. It allows to set different options for a
simulation changing parameters in the so called
NAMELIST blocks, each for a particular area of
expertise.

In previous works, sensitivity studies on the pa-
rameterizations of COSMO-CLM have already
been performed, especially to analyze the
precipitation. For example, in Suklitsch at al
[14] several different runs have been executed
changing physical and numerical parameteri-
zations, vertical resolution and domain size, to
find a suitable setup of COSMO-CLM on the
European Alpine region using a configuration
with a horizontal resolution of 10 km. For all
the simulations, a spin up period of four months
is considered and an evaluation period of one
year.
In Bachner et al. (2008) [1], the sensitivity
of the summer precipitation features over
Germany to the parameterizations has been
evaluated, analyzing also some extreme

precipitation indices. A COSMO-CLM configu-
ration with grid size of approximately 18 km, 20
atmospherical vertical levels and 9 soil layers
is investigated. The analyses are performed
for the period of June, July and August of one
year, leaving one month of spin-up time to the
model.
The aim of this work is to find an optimal setting
of COSMO-CLM to simulate temperature
and precipitation in the northern and central
part of Italy, including Alpine region and Po
Valley. The analysis is performed leaving
one year of spin-up time to the model with an
evaluation period of four years. The need to
optimize the COSMO-CLM configuration over
this area comes from the analysis of previous
simulations that showed a strong bias in these
areas.
In order to match this purpose, we have tested
more than 20 different configurations, differing
one another for the choice of physical, nu-
merical and tuning parameters. The 2-meters
mean temperature and the total precipitation
have been analyzed and compared with three
different observational datasets; in this way, it
has been possible to obtain a large amount
of results for the determination of the best
configuration on the area of interest.
The optimized namelist, successively, has
been used in a long-term simulation on the
northern Italy (see the Research Paper of
CMCC [10]), covering the period 1971-2000,
whose aim was the comparison between ob-
servations and model output in a very complex
orography area such as the Alps.

This report is organized as follows: section 2 is
devoted to the description of the investigated
domains and observational datasets; in section
3, the settings of the several configurations
tested are described; in section 4, the results
of the sensitivity study are shown comparing
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model and observations value of 2-meters
mean temperature and total precipitation.
Finally, in section 5, a summary of the main
results and conclusions is presented.

2 - AREA OF INTEREST AND
OBSERVATIONAL DATASETS

The computational domain, on which the sim-
ulations have been performed, includes the
northern and central part of Italy, more specif-
ically an area whose longitude ranges from
4.7◦E to 16.7◦E and the latitude from 40.8◦N
to 48.3◦N. (see Figure1).
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Figure 1:
The orography of the domain

Temperature and precipitation have been ana-
lyzed on five sub-domains selected inside this
area (Figure 2), characterized by different oro-
graphic and climatic features:

NORTH: 8.5 to 14.5◦E, 46.2 to 47.5◦N. It
is located on the Alps, close to Austria;

WEST: 5.9 to 7.4◦E, 44.2 to 46.7◦N. It is
located on the Alps, close to France;

CENTRAL NORTH: 8.2 to 10◦E, 45 to
45.6◦N and 10 to 12.2◦E, 44.6 to 45.4◦N,
on the Po Valley;

CENTRAL: 9 to 10◦E, 44.4 to 45◦N and 10
to 11.5◦E, 44.1 to 44.55◦N, close to Po
Valley;

SOUTH: 13 to 14.4◦E, 41.3 to 42.3◦N,
close to Appenine area.

A further analysis has been performed con-
sidering the sub-domain composed by the five
ones described above.
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Figure 2:
The orography of all areas analyzed.

The time period investigated is 1996-2000,
but the first year has been neglected in the
analysis to avoid the spin up effects of the
initial conditions.
All the simulations are driven by the ERA40
Reanalysis [15] in order to have "perfect"
boundary conditions. In this way, it is possible
to prevent the introduction of the global model
error, analyzing only the error of the regional
one.
The computational grid of ERA40 Reanalysis
is characterized by 320 x 160 grid points at a
resolution of 1.125◦ (about 128km), with 49
atmospherical vertical levels and 3 soil levels
(at the depth of 0.035, 0.175, 0.64 and 1.945
meters).
The computational grid of COSMO-CLM is
characterized by 130 x 108 grid points at a
resolution of 0.0715◦ (about 8km), with 40
atmospherical vertical level and 5 levels of soil
(at the depth of 0.03, 0.19, 0.78, 2.68 and 6.98
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meters).

The validation of the results has been per-
formed with 3 different datasets:

1. E-OBS gridded dataset at a resolution
of 0.25◦ (about 28km) for daily values
of temperature on the period 1997-2000
(Figure 3). This dataset provides the best
estimate of grid box averages of temper-
ature and precipitation to enable direct
comparison with RCMs [8] (for more infor-
mation see the Research Paper of CMCC
[16]);

2. Alpine Precipitation Analyses from High-
Resolution Rain-Gauge Observations,
here also called ETH (created by ETH,
[5]) at a resolution of 0.25◦ x 0.17◦ (about
28x20km) for daily values of precipitation
on the period 1997-1998 (only two years
because the ETH datasets is available
from 1971 to 1998). This dataset is one
of the densest meteorological observing
systems over complex topography world-
wide (Figure 4) (for more information see
the Research Paper of CMCC [16]);

3. ARPA-EMR data set (daily temperature
and precipitation) on an irregular triangu-
lar grid, interpolated at 8km on the pe-
riod 1997-2000 (data provided courtesy
of ARPA-EMR).

A grid has been extracted from E-OBS and ETH,
and the data of COSMO-CLM have been bilin-
early interpolated on these grids.
Concerning the ARPA-EMR, instead, there was
no need to interpolate the data, being the re-
gional climate model and observations at the
same resolution.

Figure 3:
The complete gridding region, showing the station

network for (a) precipitation and (b) temperature of the
EOBS dataset.

Figure 4:
Station coverage of "Alpine Precipitation Analyses from

High-Resolution RainGauge Observations".

3 - DESCRIPTION OF THE
CONFIGURATIONS TESTED

3.1 - THE REFERENCE NAMELIST

We have started this activity considering a ref-
erence namelist, which has been used in pre-
vious works concerning Italy and Alpine region
and the whole Mediterranean area. This con-
figuration is named Run 2 (while Run 1 was a
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preliminary experiment).
The mean settings, common to all the configu-
rations, are listed in Table 1. The main features
of Run 2 (both INT2LM and COSMO-CLM) are
described here, while the main features of the
other configurations are described in section 3.2.

Table 1
Main features of the COSMO-CLM configurations.

Model version of interpolator INT2LM 091216 1.10 clm2
Model version of COSMO-CLM 090213 4.8 clm13
Driving data ERA40 Reanalysis
Num. of grid points 130 x 108
Horizontal resolution 0.0715◦

Num. of vertical levels in atmosphere 40
Num. of soil levels 5
Soil scheme TERRA ML
Time step 40 s
Melting processes yes
Convection scheme TIEDTKE
Frequency of radiation computation 1 hour
Time integration Runge-Kutta (2rd ord.)
Frequency update boundary cond. 6 hours
Frequency of writing output 3 hours

Mean features of INT2LM configuration Run 2
The sub-grid scale orography scheme used
[9] deals explicitly with a low-level flow, which
is blocked when the sub-grid scale orography
is sufficiently high. For this blocked flow, a
separation occurs at the mountain flanks,
resulting in a form drag.
A multi-layer soil level has been used. Finally,
a pressure based vertical coordinate on input
(hybrid sigma-pressure co-ordinate) is used.

Mean features of COSMO-CLM configuration
Run 2
In the COSMO-CLM model reference config-
uration, a 2 time-level Runge-Kutta time-split
scheme is used, with a third order horizontal
advection scheme.
A domain mask is used to reduce the standard
coefficient for numerical diffusion for u,v and
w, temperature and pressure and humidity and
cloud water smoothing.

Concerning the physics, a grid-scale precipi-
tation scheme is adopted, with a Kessler-type
warm parameterization scheme without ice-
phase processes. Cloud cover, water content
and ice content are calculated by the default
diagnostic scheme.
Concerning the specific vertical turbulent
diffusion parameterization, a prognostic
TKE-based scheme, including effects from
subgrid-scale condensation/evaporation is
used. The surface-atmosphere transfer is
based on diagnostic TKE in the surface layer.
Subgrid-scale processes are included: the
model is run with a moist convection parame-
terization, which computes the effect of moist
convection on temperature, water vapour and
horizontal wind in the atmosphere, and the
precipitations rates of rain and snow at the
ground.
Soil processes are included by running the
multi-layer soil model TERRA ML, which
includes melting processes within the soil.
A BATS version is used, for the evaporation of
bare soil and the transpiration by vegetation.

3.2 - THE SEVERAL CONFIGURATIONS
IMPLEMENTED

Starting from the setting of Run 2, several nu-
merical, physical and tuning parameters have
been modified, obtaining more than 20 config-
urations: some of them vary from the other in
just few parameters, whereas other ones are
very different.
In the following, each configuration and its set-
tings is briefly described, highlighting only the
changes respect to Run 2. Each configuration
is identified as Run n.

Run 3
The description of the forests has been intro-
duced; furthermore, some parameters for the
setting of the turbulent heat and for the evalua-
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tion of the moisture fluxes have been modified,
such as the variables for the representation of
the clouds.

Run 4
In this configuration, some tuning parameters
have been changed, such as additional initial
and boundary data.
As for the Run 3, the setting of the turbulent
heat and of the evaluation of the moisture fluxes
have been modified, in addition to some param-
eterizations within numerics and turbulent diffu-
sion, the cloud representation and the radiation
scheme used.

Run 5
In addition to the variations inserted in Run
3, only the cloud representation has been
modified.

Run 6Bis
In this case, some parameters for the setting of
the turbulent heat and for the evaluation of the
moisture fluxes have been modified, in addition
to numerical and turbulent diffusion parameter-
izations and cloud representation. Moreover,
the description of the forests has been intro-
duced, along with a subgrid scale orography
processes too.
The Runge-Kutta scheme has been replaced
with the Leapfrog scheme. Finally, the dynam-
ical bottom boundary condition, the order of
horizontal advection scheme and the Rayleigh
damping in upper levels have been modified.

Run 7
The only modification with respect to Run 2
configuration is the filtering of the real orogra-
phy in the interpolator INT2LM.

Run 8
In addition to the variations inserted in Run
3, the turbulent diffusion parameterization has
been modified.

Run9

In addition to the variations inserted in Run 8,
the filtering of the real orography in the interpo-
lator INT2LM has been modified.

Run10
This configuration is like Run 9, but the time
step has been halved.

Run12
In addition to the variations inserted in Run 9,
the dynamical bottom boundary condition and
the numerical parameterizations have been
modified, in addition to the order of horizontal
advection scheme and to the Rayleigh damping
in upper levels.

Run13
In addition to the variations inserted in Run 9,
the Runge-Kutta scheme has been replaced
with the Leapfrog one.

Run15
In addition to the variations inserted in Run
6bis, the Leapfrog scheme has been replaced
with the Runge-Kutta one. Moreover, the filter-
ing of the orography has been modified, such
as also a numerical parameterization.

Run16
In addition to the variations inserted in Run 9,
some numerical parameterizations have been
changed, such as the type of cloud water diag-
nosis too. Moreover, the subgrid scale orogra-
phy processes have been introduced.

Run 17
The only difference respect to Run 2 is the hor-
izontal resolution, now at 0.125◦ (about 14km)
instead of 0.0715◦ (about 8km).

Run 18
This configuration is like Run 2, but the orog-
raphy filtering has been modified, such as also
some parameterizations within numerics and
tuning and some parameters for the setting
of the turbulent heat and for the evaluation
of the moisture fluxes. Finally, the order of
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the horizontal advection scheme and the fre-
quency of calling of convection scheme has
been changed.

Run 19
With respect to the Run 2, the number of verti-
cal and soil levels has been increased.

Run 20
The only difference with respect to Run 2 is the
use of ERA-Interim as forcings, in substitution
of ERA40 Reanalysis. ERA-Interim ([2], [3])
data are reanalysis of the global atmosphere
covering the period 1979-2012, with several im-
provements with respect to the ERA40 as a re-
sult of a combination of factors. Their resolution
is 0.703125◦ (about 79km), in contrast with the
ERA40 resolution of 1.125◦(about 128km).

Run 21
This configuration is like Run 2, but a two-step
nesting approach has been utilized: a first step
has been implemented at 0.28◦ of resolution
(about 32km), then a second step at 0.0715◦.

Run 22
This configuration is like Run 2, but with
change in tuning parameters, additional ini-
tial and boundary data, numerical parameter-
izations and modification in boundary defini-
tion. The Runge-Kutta scheme and its order
have been changed, such as the description
of the forests, some parameters for the turbu-
lent diffusion parameterization and for the cloud
representation. The frequency of convection
scheme and the soil scheme have been mod-
ified; finally, the subgrid scale orography pro-
cesses have been introduced.

Run Fin
Finally, the settings of the configurations that
seems to lead to better results have been uni-
fied.

In this list, there are two missing configurations,
Run 11 and Run 14: the first one has been ob-
tained from Run 6bis changing only a parameter

regarding the concentration of CO2, but without
any differences in the results; the second one
aborted for a wrong setting of a numerical pa-
rameterization. For these reasons, the results
of these two namelists have been excluded.

4 - ANALYSIS OF THE RESULTS

The performances of the simulations imple-
mented for this study of sensitivity have been
evaluated with three different observational
datasets, according to the variable and to the
area of interest.
The temperature values obtained have been
compared with E-OBS in all the five subdo-
mains defined in Section 2. Then, the ETH
dataset has been used to validate the precip-
itation on NORTH and WEST areas. Finally,
both temperature and precipitation have been
compared with the ARPA-EMR dataset only on
the Emilia-Romagna region.

4.1 - VALIDATION OF THE
TEMPERATURE WITH E-OBS DATASET

The E-OBS dataset is available on the whole
Europe; for this reason, it has been possible to
validate the temperature values of all the areas
identified in Section 2: five small areas and
one including all of them.
The legend of the several configurations
implemented is presented in Figure 5. Figures
6-11 show: (left) the seasonal cycle obtained
with different configurations, along with the
observations; (right) the seasonal cycle of
the differences between model outputs and
observations.

In Figure 6, the seasonal cycle in the NORTH
region is shown: it is well captured by all con-
figurations.The bias is always negative. A peak
of cold bias is reached in February, when a
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group of configurations exceeds 2◦C. The sev-
eral Run differ one another less than 1◦C in
all the months, but from May to December this
distance become lower. However, the underes-
timation never exceeds -2.2◦C.
Also in the case of the WEST region (Figure
7) there is always a cold bias. In this area,
the peak is reached in March (-2.1◦C). With re-
spect to the previous case, in the summer and
autumn the bias is lower: for some configura-
tions, the difference between temperature val-
ues of observation and COSMO-CLM is smaller
than 1◦C.
In the CENTRAL NORTH region (Figure 8), in-
stead, there is an underestimation from Novem-
ber to March (with a peak in February of -1.8◦C)
and an overestimation from April to October
(with a peak in July of 2.7◦C). All configurations
have the same trend, but for some of them the
error is higher.
In the CENTRAL region (Figure 9), the sea-
sonal cycle is very well captured. The bias is
between -1.5◦C and 1.5◦C. In detail, in gen-
eral there is a cold bias, with the exception of
summer months and September but, unlike the
other regions, the behaviour of one configura-
tion (Run 17) is very different from the other
ones (with a general overestimation); with the
other configurations, the bias doesn’t exceed
1◦C.
In Figure 10, the seasonal cycle of SOUTH re-
gion is represented. Except the winter period,
there is an underestimation always lower than
0.9◦C: only for three configurations the bias is
positive, and only in some months.
Finally, considering a domain including all five
areas (Figure 11), there is a good agreement
between observations and model, especially in
the central months: from April to October the
difference between observations and model are
always under 1◦C. The highest bias is reached
in February, as seen also in the previous fig-
ures; moreover, the configurations differ one

another less than 1◦C.
Run 4, Run 6bis and Run 13 have a larger bias
than others in most of the regions (except for the
CENTRAL NORTH): they show a higher under-
estimation in almost all the months. The Run
22, instead, is a good compromise between all
the configurations in all the regions.
It is important to highlight that Run 19 and Run
20 (characterized by a higher number of verti-
cal and soil levels and by the ERA-Interim as
forcing respectively) show very good results in
all the regions, except for the summer months
in the CENTRAL NORTH, demonstrating the
importance of these components in the simula-
tions with a regional climate model.

Figure 5:
Legend of the several configurations implemented.
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Figure 6:
Temperature seasonal cycle (left) and bias (right) of the

NORTH region.

Figure 7:
Temperature seasonal cycle (left) and bias (right) of the

WEST region.

Figure 8:
Temperature seasonal cycle (left) and bias (right) of the

CENTRAL NORTH region.

Figure 9:
Temperature seasonal cycle (left) and bias (right) of the

CENTRAL region.

Figure 10:
Temperature seasonal cycle (left) and bias (right) of the

SOUTH region.

Figure 11:
Temperature seasonal cycle (left) and bias (right)

considering all five regions.
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4.2 - VALIDATION OF THE
PRECIPITATION WITH ETH DATASET
ON ALPINE REGIONS

The ETH dataset is available only for NORTH
and WEST areas, so only these two subdo-
mains have been considered for validation
of precipitation. Moreover, a further area
composed by these two sub-domains has been
analyzed.
Also in this case, the first year has not been
considered to exclude the spin up effect. In
this way, only the two years 1997 and 1998
have been analyzed, being the ETH dataset
available from 1971 to 1998.
The legend of the several configurations is
shown in Figure 12.

Figures 13-15 show: (left) the seasonal cycle
obtained with the different configurations, along
with the observations; (right) the seasonal
cycle of the percentage variation between
model and observations.
In the case of the NORTH region (Figure 13),
there is almost always an overestimation of the
precipitation, except for two Run (Run 17 and
Run 20) from September to November.
This overestimation is highlighted in two
configurations, Run 5 (that reaches two peaks,
one in May and one in August, respectively
of 90% and 80%) and Run 13, leading to the
conclusion that the use of a particular cloud
representation (Run 5) and of the Leapfrog
scheme (Run 13) brings to very different results
in the analysis of the precipitation on the Alpine
regions.
Almost all configurations have the same trend;
in summer and in autumn the bias is lower than
30%, whereas in spring there is a stronger
overestimation.
In Figure14, which refers to the WEST region,
the bias is less strong than in the NORTH
region: it is almost always between -25% and

25%. Also in this case, in the summer period
there is a better agreement between model
and observations. Moreover, the strongest
bias is reached by the same two configurations
that in the NORTH region showed a strong
overestimation.
These general comments can be derived from
Figure 15 too, where the results have been
obtained considering the area composed by
WEST and NORTH sub-domains.
Run 17 (characterized by a different reso-
lution (14km instead of 8km)) and Run 20
(characterized by the use of ERA-Interim as
forcing) show a very good agreement with the
observations, except in the summer months in
the WEST region, in which they show a high
underestimation.
Then, also in the case of the precipitation, the
simulation forced by the ERA-Interim leads to
a better result. Instead, for the Run 17, the
good quality of the results is maybe due to two
reasons: first, there is a lower difference in
resolution between precipitation observed and
modeled; then, the resolution ratio between
the global model and the regional one is lower.

Figure 12:
Legend of the several configurations implemented.
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Figure 13:
Precipitation seasonal cycle (left) and percentage

variation (right) of the NORTH region.

Figure 14:
Precipitation seasonal cycle (left) and percentage

variation (right) of the WEST region.

Figure 15:
Precipitation seasonal cycle (left) and percentage

variation (right) considering all two regions.

4.3 - VALIDATION OF TEMPERATURE
AND PRECIPITATION WITH ARPA-EMR
DATASET ON THE EMILIA-ROMAGNA
REGION.

The ARPA-EMR dataset is available only on the
Emilia-Romagna region; for this reason, a mask

has been created to select only the grid points
included in the observations (Figure16).
The results have been analyzed on the period
1997-2000.
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Figure 16:
The orography of COSMO-CLM on the area covering the

Emilia-Romagna region.

Figure 18 shows the legend of the several
configurations implemented.
In Figure17, the seasonal cycle and the bias of
the temperature is represented. As highlighted
already in the case of the E-OBS, there is
an overestimation in the central months and
an underestimation in the others. Comparing
the results of the model with the ARPA-EMR
dataset, the error is lower with respect to the
E-OBS. The bias is between -1.8◦C and 1.6◦C:
the two peaks are reached in February and in
July respectively. The results are sensitive to
the configurations, with differences up to 1◦C.
For what concerns the precipitation (Figure19),
instead, there is a general underestimation,
with two peaks in March and especially in
September, where a bias of -65% is reached.
In the summer period, the bias is lower than
-35% for most of the configuration. However,
in general, some Run have strong differences
with respect to the others.

Unlike the results obtained making the compari-
son with the other observations, Run 13 doesn’t
exhibit the same error in this region, such as
also the Run 5. Instead, the Run 19, character-
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ized by more levels in the atmosphere and in
the soil, shows the highest overestimation for
the summer temperature and almost the high-
est underestimation for the precipitation in all
months.
The Run 20 leads to the highest underestima-
tion with respect to the others, in contrast to the
results obtained with the other observations in
all regions; the Run 6Bis shows the best results.

Figure 17:
Temperature seasonal cycle (left) and bias (right) of the

Emilia-Romagna region.

Figure 18:
Legend of the several configurations implemented.

Figure 19:
Precipitation seasonal cycle (left) and percentage

variation (right) of the Emilia-Romagna region.
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5 - CONCLUSIONS

A sensitivity analysis has been performed, in
order to find an optimal configuration over north
and center Italy for the regional climate model
COSMO-CLM. More than 20 configurations
have been defined (changing numerical and
physical parameters) and tested over the
time period 1996-2000, assuming the ERA40
reanalysis as driving data.
An analysis of the results has been performed
in different geographical areas, investigating
the bias of temperature and the percentage
variation of the precipitation in the seasonal
cycles.
According with the results shown in the pre-
vious sections, it is difficult to choose the
best configuration, as it should represent an
optimal compromise among several factors
(variables, geographical area and seasonal
periods). Keeping in mind these difficulties,
the configuration Run 22 seems to be the best
one and it is therefore recommended for the
execution of further simulations. Run 22 is very
close to the CORDEX [6] configuration used
by the CLM community for simulations over
different European domains.
In this study, it shows a very good agreement
between the simulated and observed temper-
atures, both for the EOBS and ARPA-EMR
datasets, leading on the mountainous regions
to a lower underestimation in winter and
summer seasons and in Emilia-Romagna to a
lower summer overestimation with respect to
other configurations (the error is always under
1.5◦C). Moreover, concerning the precipitation,
Run 22 highlights a low percentage variation
(under 30%) in all the regions investigated
and in almost all the months; only in May (in
the comparison with the ETH dataset) and in
March and September (in the comparison with
the ARPA-EMR dataset) the bias is higher.

Of course, the sensitivity activity could be
carried out in several others ways, following
other methodologies. For example, in Stein et
al [12] a method to compute and distinguish the
interactions among various factors influencing
the atmospheric circulations has been devel-
oped. Unfortunately, for several reasons, it was
not possible to implement a complex algorithm
to find the best configuration of COSMO-CLM
in the analyzed domains. In this case, the
kind of sensitivity study has been performed
following Dierer et al [4].
However, a more completed and detailed
analysis of the big amount of results obtained
will be carried out, following the methodologies
of the other works in literature and calculating
other indices and synthetic values.

After this study, five sets of simulations have
been performed:

an ERA40-Reanalysis driven simulation
over the Alpine space (including Italy,
France, Germany, Switzerland) at 8 km
of resolution for the period 1971-2000 (for
more information see the Research Paper
of CMCC [10]);

an ERA40-Reanalysis driven simulation
over Italy, at 8 km of resolution for the
period 1971-2000;

a CMCC-MED ([7]) driven simulation over
Italy, at 8 km of resolution for the period
2001-2100 with the RCP4.5 and RCP8.5
scenarios;

an ERA40-Reanalysis driven simulation
over Mediterranean region, at 14 km of
resolution for the period 1971-2000;

a CMCC-MED driven simulation over
Mediterranean region, at 14 km of res-
olution for the period 2001-2100 with the
RCP4.5 and RCP8.5 scenarios.
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