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1 Abstract

The goal of this work is to estimate systematically the sensitivity of COSMO model over a
large number of expected high impact parameters, using objective criteria for their selection.
The proposed methodology is based on the relative average values of certain meteorological
fields over a considered model domain and time period. Its main advantages are its economy
as well as its flexibility, due to its ab initio character, as observations do not enter into the
decision process. In this way, the calibration procedure is considered as a separate indepen-
dent stage of the model optimization according to the computational resources available to
the user and in reference to the available observations. Another important feature of the
method deals with the selection of the proper domain in case of nesting by employing the
similarities of the parameter sensitivities between the wider and the internal domain. Twelve
parameters were examined over the wider Mediterranean area for a period of 62 dates from
February, June, and December of 2013 and a horizontal grid of 0.0625° (~ 7 K'm). The va-
lidity of the method is demonstrated via the resulting sensitivities of this domain compared
with those of internal domains over the areas of Greece, Italy, Israel and Switzerland leading
to a distinet hierarchy regarding the parameter choice as well as the dominant interaction
terms of the parameter combinations.

2 Introduction

Numerical weather prediction (NWP) models are tools of exceptional complexity both from
the computational perspective regarding the applied numerical schemes as well as the phys-
ical processes included along with their approximations. From the operational standpoint,
the physical processes are implemented by means of parameters that are either user defined
or hardcoded into the model software (defaunlt values herein). However, the optimization of
the model performance depends significantly on these parameter values. The process of find-
ing the default parameter values is generally addressed as model tuning (Skamarock 2004;
Duan et al., 2006). The more physical processes are included in the NWP model, the larger
is the number of parameters expected to be tuned to control and optimize its performance.
This feature leads usually to a task of employing complicated methodologies of relatively
high computational cost (Annan and Hargreaves 2007). This is also the case for COSMO, a
state of the art non-hydrostatic local NWP model developed and supported by the synony-
mous COSMO eonsortium (COnsortium for Small-scale Modeling, www.cosmo-maodel.org)
consisting of the national meteorological services of Germany, Greece, Israel, Italy, Poland,
Romania, Russia and Switzerland. In our previous works (Khain et al., 2015, 2017; Voudouri
et al., 2016, 2017, 2018, 2019), there have been performed extensive efforts to increase the
performance of COSMO model over the area of Switzerland and Northern Italy through the
choice of an optimum set of tunable model physics parameters. The optimization process was
based on the use of an objective calibration procedure that has been applied for a regional
climate model (RCM) (Bellprat et al., 2012a and 2012b). This calibration methodology
relies on a meta-model (MM) that approximates the parameter space, using a multi-variate
quadratic regression in an N-dimensional model (Neelin et al., 2010 and 2010a; Box and
Behnken, 1960; Mayers et al., 2009) where the dimension N of the model is the number
of the parameters that are chosen to be optimized. The number of simulations required to
create the quadratic polynomial necessary to construct the MM for calibrating N parameters
varies from a minimum of 2N4+N(N-1)/2 to a maximum of 2N+4+2N(N-1) plus a simulation
standing for the default parameter values combination. In principle, the first step is to per-
form the runs of COSMO model with the default parameter values for the time period and



domain under consideration and then repeat the process, first by changing one parameter
at a time to its maximum and minimum limits values and then changing two parameters at
a time to account for the interaction between these parameters. Although the approach is
rather straightforward, its computational cost rises practically in analogy to N? providing
significant constraints in its realization if the number of the parameters rises, especially when
relatively large domains are considered along with fine grid spacing.

In the present approach, a strategy is developed on how to decrease the computational
cost of the above process by providing realistic options towards the truncation both of the
number N of the parameters chosen as well as the choice of the interaction terms. The
key concept of this mechanism is the relative sensitivity of the minimum and maximum
parameter values with respect to their default values in reference to certain meteorological
fields that are considered as the most important ones from the operational perspective of
the user (e.g. cloud cover, precipitation, 2m temperature ete.). In this work and in analogy
to the work of Dierer et al (Dierer et al., 2009), this sensitivity is defined as the ratio of the
dilference of the average area values of the considered meteorological fields between their
limit parameter values and their default ones over the total period of the model runs. A
direct insight regarding the relative sensitivity among the parameters is visualized in the form
of spider-graphs. Another feature of the methodology is the possibility to use the parameter
sensitivities to relate meteorological similarities among internal domains in reference to the
wider area of the model run and potentially attribute criteria for their optimum position
and extent in case of the application of nesting techniques to further increase the local
maodel performance. Towards this direction, the relative sensitivities of domains over the
areas ol Greece, [taly, Israel and Switzerland are presented in reference to the domain of the
Mediterranean.

3 Model setup

3.1 Configuration

In this work. Version 5.0 of COSMO model was used that forms the reference version of the
current operational applications of the model. Extensive physical parametrizations, as well
as refined numerical schemes are induced in the model making it particularly applicable for
the current study, since it is mainly designed to be applied operationally in the Meso-3 and
Meso-7y scales (Steppeler et al., 2003; Baldauf et al., 2011; Gebhardt et al., 2011; Schittler et
al., 2013; Collaud Coen, 2014). The model runs were performed for 48hr periods starting at
00 UTC over the wider Mediterranean area (Fig. 1), the domain used operationally by the
Hellenic National Meteorological Service (HNMS), on a 0.0625° (~ 7 Km) horizontal grid
spacing, 649x393 grid points with 60 vertical levels and a 30 second integration time step.

This configuration has also been used for research purposes that highlight the value of the
model towards the further understanding of storm surges (Calafat et al., 2014), cloud schemes
(Avgoustoglou and Tzeferi, 2015), tornadoes (Avgoustoglou et al., 2018) and non-adiabatic
atmospheric processes (Kouroutzoglou et al., 2018). The model was initialized from 6-
hour analysis of the ECMWTI operational model (www.ecmwf.int /en/forecasts/datasets/set-
i) over a 0.150° (~ 15 K'm) horizontal grid, while the outputs were produced in 3-hour time
intervals. The model runs were performed at ECMWLE’s High Performance Computing
Facility (www.ecmwf.int /en/computing/our-facilities /supercomputer) and are equivalent of
approximately 6 years of model runs.
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Figure 1: Domain of model runs over the wider Mediterranean area (DO) along with specific
test domain for areas around: Switzerland (D1), ltaly (D2), Greece (D3), Continental Greece
(mainly) (D4), Crete (D5), and Israel (D6).

3.2 Parameter selection and model tests

A set of twelve parameters was selected (Table 1) that practically envelops the most signif-
icant physical processes of COSMO model over a general domain selection (Schittler et al

2013).

PARAMETER INTERPRETATION TEST VALUES
a_stab stability correction factor of horizontal length seale 0.0 ,0.5, 1.0
crsmin minimum stomatal resistance 50, 150, 300
¢_soil surface area index of evaporative soil 3.0
entr_sc mean entrainment rate for shallow convection 5.107°,8.107%,2.107°
mu_rain shape parameter of the rain drop size distribution 0,1,2
q.crit eritical value for normalized oversaturation 1.6, 2.8, 4.0

rain_nl_factor factor to reduce the evaporation of raindrops 0.02, 1.0, 5.0
ral_sea ratio of laminar sealing factors for heat over sea 1,20, 100
rlam_heat scaling factor of the laminar boundary layer for heat 0.1, 1.0, 2.0

tkmmin minimal value of diffusion coefficients for heat and

.1,0.4, 1.0
tkhmax momentum (kept equal)
tur_len asymptotic maximal turbulent length scale (m) 100, 150, 1000
visnow factor in the terminal velocity for snow 10, 20, 30

Table 1: List of the 12 parameters of tested sensitivity based on their code names (first column),
interpretation (second column) and test values range (third column). The default values are
denoted with bold italic characters.

However, the application of a MM for the calibration of COSMO model over such a large
number of parameters is prohibitive, especially when a domain with the complexities and



size of the Mediterranean should be considered. In our previous works (Voudouri et al.,
2017 and 2018), the reduction of the parameters was decided mainly on heuristic arguments
based on the works of Bellprat et al (Bellprat et al. 2012a, Bellprat et al. 2012b) as
well as the climatological and meteorological characteristics of the considered domain of
Switzerland and Northern Italy. The choice of the parameters to be tuned was an essential
task and a considerable effort was given regarding their selection since there are numerous
parameters in COSMO model specifically related to sub-grid scale turbulence, surface layer
parametrization, grid-scale clouds, precipitation, moist and shallow convection, radiation,
the soil scheme ete. (Doms et al., 2011, Gebhardt et al., 2011).

Therefore, the consensus regarding the selection of parameters turns out to be the most
crucial task to control the number of the model simulations and the consequent computa-
tional cost. In the present work and under this motivation, the domain parameter sensitivity
(DPS) is introduced as the key term. DPS is considered that leads to the desired most con-
venient parameter choice in an objective manner via a consequent imposed hierarchy over
the resulting DPS of the considered parameters.

For a model field F the domain parameter sensitivity DPSp is defined as |

< F >rpst — < F >ppravrr

DPSp =
! < F >peravrr

100 (1)

where < I' >ppepravpr stands for the temporal domain areal average of F' for the default
parameter values, while < F' >pper stands for the test run where one of the parameters
has been set equal to its limit values given in Table 1, while the other parameters are kept
with their default values (Avgoustoglou et al., 2016). Although, there is no constraint on the
model fields attributed for consideration, the applicability of the method is presented upon
the choice of rather common meteorological features related with cloud cover precipitation
and temperature (Table 2},

0-24 hr period aceumulated precipitation (kg m™ =) TOTPREC
0-24 hr periods accumulated grid-seale snow (kg m ™) SNOW_GSP
Low cloud cover (%) average of 3hr time steps 03-24 hs CLCL

Medium cloud cover (%) average of 3hr time steps 03-24 hs CLCM
High cloud cover (%) average of 3hr time steps 03-24 hs CLCH
Total cloud cover (%) average of 3hr time steps 03-24 hs CLCT

Maximum 2m temperature (°C7) for 0-24 hr periods TMAX2m

Minimum 2m (°C') temperature 0-24 hr periods TMIN2

Table 2: List of the examined meteorological fields. Their encoded names in COSMQO model are
given in the second column.

Regarding TMAX2m and TMIN2m the denominator of (1) changes very little relative to the
absolute temperature and it was considered more convenient to define DPS simply as,

J')PS[ TMINZm (2)

TMAX2m

[ TMIN2m

B TMIN2m
TMAX2m | rpor

TMAX 2-m} DEFAULT

For the sake of seasonal coverage, the model tests were performed over a total of 62 days in
continuous periods of 20, 20 and 22 days over February, June and December 2013 respectively.
Periods from spring and autumn were not included in order to avoid any complexities due
to the transitional nature of these seasons.
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4 Methodology

4.1 Elemental application over one meteorological field

In order to present the essence of the method, we focus on a single meteorological field, the
precipitation (TOTPREC) for the domain of the Mediterranean (D0). After completion of
the tests, the resulting DPSs are presented in a standard column graph at the upper part of
Fig. 2. from which it is obvious that for DO the parameters are divided practically in three
groups with respect to their sensitivities. According to the magnitude of the DPSs, the first
group includes the two most sensitive parameters rat_sea and rlam_heat, the second group
includes the five less sensitive parameters ¢_soil, entr_se, v0_snow, rain_n0_factor and crsmin
while in the third group the five least sensitive remaining parameters are included. Although
this preponderance regarding the sensitivities of rat_sea and rlam_heat is directly visible from
this graph, it has also been supported by previous works especially regarding rat_sea and
rlam_heat parameters (Dierer et al., 2009; Kouroutzoglou et al., 2018) directly from physical
arguments regarding mainly non adiabatic atmospheric processes. Of particular importance
to our approach is the presentation of DPSs in the form of a spider-graph as given in the
lower part of Fig. 2. In this graph the DPSs are given as bullets, the positive ones over
and the negative ones under the red polygon of “no sensitivity”. The line that connects
the dots defines the domain parameter sensitivity polygon (DPSP). It is drawn to address
visually a geometrical morphology to the DPSs that is considered to be important over the
next stages of the procedure. The limit parameter values are given as the extensions of the
parameter names addressed in the tables and figures of the present work. In case the goal
is to optimize the model performance with respect to TOTPREC using a MM, there is also
the demand to consider tests with pair parameter combinations (Voudouri et al., 2017 and
2018}, an essential task that becomes more and more complicated as the number of sensitive
parameters is rising. This requirement is accounted by the creation of the domain parameter
sensitivity priority board (DPSPB) presented in Table 3 where the absolute differences of
the different parameter pair limit values are given in descending order. It can be easily
shown that for N parameters, the number of pairs is 2N(N-1). So in the present case (12
parameters) the number of pairs is 264. Due to the large number of parameter pairs, only the
first 20 are given in Table 3. As also shown in Fig. 2, the largest differences correspond to the
most sensitive parameters (shaded rows) while there are also large differences between these
parameters and those of very low sensitivity. Additionally, in the third column of Table 3,
the relative sensitivity of the pairs of the DPSs is addressed by attributing the value -1 if the
sensitivities have opposite signs and 1 if the signs are the same. In principle, the couples of
the parameters with the highest DPS differences and with opposite sign sensitivities should
be considered as the most appropriate choices in the optimization process via the use of a
MM (highlighted rows in Table 3). According to the above analysis, upon the application
of a model optimization technique, the initial choice of 12 parameters regarding DO can be
truncated from two to seven most sensitive ones and in case of the use of a MM the dominant
parameter pairs are the ones addressed with the highlighted rows in Table 3.

4.2 Extension of the methodology over several meteorological fields

Although the precipitation has a standalone value regarding the optimization of model per-
formance (Dierer et al., 2009), in principle, it is necessary to account for the model cal-
ibration with respect to more meteorological fields. In that case the parameter selection
method can be readily generalized. Under this requirement, the meteorological fields of grid-
point snow (SNOWGSP), minimum 2m temperature (TMIN2m), maximum 2m temperature



(TMAX2m), high, medium and low cloud cover (CLCH, CLCM, CLCL respectively) are also
included modifying the method accordingly.

TOTFPREC

ratsea_ 1 - rlam. heat 0.1 28.380 -1
rat_sea_100 - rlam_heat_2.0 25.164 | -1
cs0il 0 - rat_sea_100 25.023 | -1
entr_se_5E-5 - rat_sea_100 24.617 =1
es0il 0 - rlam_heat 0.1 23.195 -1
entrsc_5E - 5-rlam_heat_0.1 22.789 | -1
rat_sea_100 - vOsnow_10 gards | =1
rlam_heat_0.1 - vOsnow_10 20,915 | -1
rain_n0_factor_5.0 - rat_sea_100 20.732 -1
ersmin_300 - rat_sea_100 20,686 | -1
mu_rain_0 - rat_sea_100 20.029 -1
rat_sea_100 -tur_len_1 000 19.872 -1
rat_sea_100 - tur_len_100 19.509 -1
rat_sea_100 - tkhmin_tkmmin_1 19.592 -1
astab 0.5 - rat_sea_100 15.910 1
rain_n0_factor_5.0 - rlam_heat_0.1 | 18.904 | -1
astab 1.0 - rat_sea_100 18.862 1
crsmin_300 - rlam_heat_0.1 18.858 | -1
rat_sea_100 - tkhmin_tkmmin_0.1 18.792 1
q-crit_2.8 - rat_sea_100 18.463 1

Table 3: DPSPB for TOTPREC, i.e. the absolute values, in descending order, of DPS differences
of temporal area 24-hour means for pairs of different parameter combinations for precipitation
(TOTPREC) over the wider Mediterranean area D0 and over the 62-day period. The highest
20 values of the total of 264 combinations are displayed (second column) along with the corre-
sponding parameter pair (first) column and their relative sensitivity signs (third column) denoted
with -1 if they are opposite and 1 they are the same.

The corresponding DPSs are given in Table 4 and are shown in Fig. 3 where the spider
graphs are referenced with respect to TOTPREC as it is given in the lower part graph of
Fig. 2 and placed again in the head of Fig. 3. From the DPSs given in Table 4, it can
be noticed that the most sensitive parameters (in gray shade) are essentially the same with
those assessed from Table 3 with the inclusion of the minimal value of diffusion coefficients
for heat and momentum (tkhmin & tkmmin) which have a significant impact in middle and
low cloud cover, a feature that was the central point of a previous work (Avgoustoglou and
Tzeferi, 2015). Moreover, towards the selection of the dominant interaction terms, a compiled
DPSPB for all the meteorological fields is given in Table 5 as an extension to Table 3 and in
reference to Fig. 3. Although the content of this table is considerably broad, the hierarchical
display of the DPSs differences for several meteorological fields in adjacent places provides
the framework to place consistent quantitative criteria on the interaction terms that should
he considered.

5 Discussion of the relative sensitivity of different domains

As a sequel to the previous analysis regarding the establishment of a parameter ranking for
model tuning of a particular domain, there is the possibility to use the DPSs for inducing
similarities among different internal areas of the wider domain. These similarities may pro-
vide a valuable insight regarding the application of nesting techniques. In Figs. 4-10 the



spider graphs for domains D0 to D6 are presented for the meteorological fields of precipita-
tion (TOTPREC) (Fig. 4), grid-point snow (SNOWGSP) (Fig. 5), high, medium, low cloud
cover (CLCH, CLCM, CLCL respectively) (Figs. 6, 7, 8), minimum (TMIN2m) (Fig. 9) and
maximum 2m temperature (TMAX2m) (Fig. 10).

PARAM TOTPREC | SNOW.GSP | CLCH | CLCM | CLCL | TMAX2m | TMIN2m
a_stab_0.5 0.1511 -00.2403 0.1904 | 0.3191 | 0.1767 0.0003 -0.0341
a_stab_1.0 0.1988 -0.4219 (0.3066 | 0.3665 | 0.2914 -0.0022 -0.0853
ersmin_300 -16.255 0.0182 0.2097 | 0.6191 | 0.1221 0.0818 0.0014
crsmin_50 25,727 0.05895 0.3373 | 10.707 | 0.1045 -0,1294 -0.0046
c_soil 0 -59.616 -30.841 0.3787 | 55.408 | 0.1548 (.2641 0.0644
es0il_2.0 3.05 15.448 0.2361 | 29.961 | 0.0753 -0.1242 -0.031
entr_sc_2E-3 23.585 0.9937 22.646 | 62.603 | 15.248 0.0027 0.0031
entr_sc_5E-5 -55.557 0.7613 BT.764 | 14.055 | 4.354 -0.0242 0.0006
mu_rain_0 -0.9676 0.2466 0.0088 | 0.409 | 0.0441 -0.0036 -0.0017
mu_rain_2 (.6006 -0.0872 (L0074 | 0.2646 | 0.0282 0.0025 0.001
qcrit_1.6 1.144 -13.807 (L8898 | 12.745 | 0.5128 -0.0161 -0.0061
q-crit.2.8 0.5978 -0.5607 0.4207 | 0.4144 | 0.3494 -0.0088 -0.0035
rain_nf_factor_0.02 38.139 -0.7431 0.0045 | 14.879 | 0.1475 0.0176 0.0073
rain_n0_factor_5.0 -16.706 0.3933 0.0193 | 0.6899 | 0.0723 -0.0063 -0.0037
rat_sea_l -111.563 0.0619 10.611 | 31.985 | 22,331 -0.1486 -0.1196
rat_sea_100 190.612 0.0206 16.945 | 31.229 | 2.493 0.1323 0.0023
rlam_heat_0.1 172.325 0.3037 15.349 | 31.584 | 23.333 0.1309 0.0633
rlam_heat_2.0 -61.031 -(1.2522 0.5916 | 18.652 | 11.356 -0.076 -0.0264
tkhmin_tkmmin_0.1 0.2694 13.823 0.68 56.307 | 12.637 -0.0726 -0.0646
tkhmin_tkmmin_1.0 -0.5307 -21.134 10.701 | 95.062 | 21.172 0.133 0.129
tur_len_100 -0.5381 0.3148 0.4474 | 0.7197 1.178 0.0045 0.0069
tur_len_1000 -0.8106 -21.356 17.747 | -2.316 | 12.931 0.1205 -0.0749
visnow 10 -36.822 -27.122 0.4876 | 0.0536 | 10.252 0.0037 0.0023

Table 4: DPSs for min and max parameter values for precipitation (TOTPREC), grid-point snow
(SNOWGSP), minimum 2m temperature (TMIN2m), maximum 2m temperature (TMAX2m),
high, medium and low cloud cover (CLCH, CLCM, CLCL respectively) over the wider Mediter-
ranean area DO and over the 62-day period.

In addition to the wider area of the Mediterranean D0 where the corresponding spider-
graph is placed on the top of the figures, D1 refers to an area around Switzerland; D2
refers to an area around Italy, D3 to an area around Greece, D4 to an area constrained
mainly to continental Greece, D5 to the area of Crete and D6 to an area around Israel as
shown in Fig. 1. All graphs are scaled with respect to the most sensitive parameter of
the specific meteorological field and particular domain to provide a better perspective of the
analogies and similarities of the DPSs among the domains. For TOTPREC all domains show
comparahble DPSs and similar corresponding polygons (DPDPs) with the exception of D1
that exhibits considerably lower DPSs from the other areas. In addition, the areas of Italy
(D2) and Greece (D3, D4) are very close in DPSs. An interesting aspect with this analysis
are the close similarities between D5 (Crete) and D6 (Israel) which most probably addresses
climatic characteristics between the two areas directly from the model parameters. This is
also highlighted in Fig. 5 regarding SNOWGSP although this parameter might have certain
spurious features due to the small number of events for the particular time sampling of 62
days including 20 days in summer. The situation is similar with the rest of the meteorological
fields although for low cloud-cover (CLCL) the domains associated with the areas of Greece
(D3, D4, D35) and Israel D5 denote sensitivity for several parameters however in good analogy
with the reference domain DO.

9



MOUSOA +— ZTd * US[4NT +— TTd ‘(unwwyl yum 1y19801) unuyyl + OTd ‘1esy wep + f0d ‘8957184 +— 80d 40128 QU UIRl + J0d ‘Mo"b + 90d
‘UIBINW +— G 'I5741UR +— p0d '|!05™D < £0d ‘UIWSSID +— Z0d 'qeISE + T0d ‘Puodssiiod am ‘sjuieiisuod adeds 03 ang "uSis awes syl Jo sI ¥ JI T pue
ayusoddo ay3 Jo S1 3 1 T- YIm pajousp (UWINJOD paiyl) SSIPAINSUSS SAITE[RL J13Y3 pue uwnjod (3say) Jied s93sweled Suipuodssiiod syl yum Suoje uwnjod
(puo2as) padejdsip aie suoneulquod $9Z Y3 JO €101 33 JO SaNjea (7 I1SaYSIy 3y | 'O e24e ueaueLPI| 43P 3yl sano (ApAnadsas 17D ‘WD
‘HD1D) 42A02 pnop mo| pue wnipaw Yy ‘(wgxy L) 24ntesrsdws) wz wnwixew ‘(wzn|w 1) 24messdws) wg wnwiud (4SHOMONS) mous juiod-pud
‘(934d101) uonrendinsud Buipsedas suoneuiquiod Jied Jsjswueled USSP 10 SIN|BA 31INJOSAR SSIURIBIHIP S Y3 4o sdnoud uwnjod-ssay| ¢ 9[qe],

T JTET0) XVINOTA-NINEO | T- |OS8°0] NINGOA-NINZOA | T JTFEL] NTINGOA-N I 88| NIWFOA-XVYINGOd | T | 9208 | NTINTEA-XNVINOT | T- 90078 | XVINSOA-NIINEGd | T 80091 | XVINSOA-XVINGGd
1= [EET O XVYINOTA-XVYINSOd | T JT220| XN YIWFOd"NIWEDD | T |988°L) NIWN90d" I 6870 NIWPOA"XYINEQ | T= | DES'R | NIWNOTJ"NINEDA | 1= 90078 | NIWETd"XVINLO | T [E62°8T| NIWNOTd-XVNS0d
- RO VINOLL-XYINLOd] T (iesalXyYIend-MInEod ] T o600 =] NINOTL L IEHE | XVINLONINEG] | T | L8928 IXVINGTS-XYINTOJ] 1~ JA0TE | X YVINOTI-NVINFO] 1- [RG33T | NINGO] X VINTO]
T= |PET0] XVINOTJ-NIINEDL | T= | T80 X VINSOJ-NINTOd| T |BRE"8] NIWETANINI | T I10TE°F| NIWNSOJ-NIWFOg | T | OVT'6 | XWINOTJ-"XVINTOg] 1= |OETE | XWINTTJ-XWINFDg| T [Z98°BT| X VNI X WINTOd
1- 1SET0) XYWINOTI-NINGOT [ T- (TS0 0 NYINOT-NINEOd] T |98 R INYINSOJ-NIINFOJ] T~ [T88 T [ X VNGO NTINF L | 2916 | XWINOTJ-NINTOL | - [SPT°8 ] NINEOJ-NINGG] | 1- [FOG'ST | NIMGO00-X YLD

= 8810 XVINTTA-NINGO | O PS50 NINSOA-NUNTOL | T 687 8] NIWFOJ-NINGOS | 1= J0GFF | XVIWNOTA-NINGGL | T | TPE'6 [XWINOTA-NVINGOA] 1= |9P°8] NIWSOI-NIWNEGD | T 01691 | X WVINSOI-NTA 1O
1- |6ET"0) NVWINTTJ-NINED | T- (998 0) MIIEDg " NVINTOG] T (GO S| NN X WINTOJ] 1- [8SFF| NINFOJ-NIINGO | 1- | 6916 | NISOJ-XVINFOJ | 1= |TEE"E | NI S0 -NIINED] XWINOTJ- X VNSO
Lo 18rT 0] NINGOd-XYINIOL | T~ 905 0] NYINETI-NIINEO | T [0vG ] NIINFG "X VINEQ] ] 1~ NIUNZOJNIWNEOL | T | 006 [XYVINELIXVINOL] T [S888] NGO NTINEG] NIV NS0
1- |60T"0) NIWNEOJ X WINTOL | T- [RGE0] NIWSOd-NINEDG | T [985™8)| NINVFOd NI | T- NINFO-NIWEO] | 1 | 099°6 | NIINGTJ-XWVINO T | 1 |G6EE] MINTLd-NINEG] XWINIT-XVINSOd
1= JSST O XVINOTA-XNYINGOd ] T- |695°0 | X YINTT-NIPNSO 1 jeieg| NIWNLOS-NINFOg | T NIWFOS-NINTOA | T ] ST6°6 | NWINOTA-NIINGOd | I- [ELF 8] NIWNE LA -NINTOL R VINSO G- NN S0
T JAGT0] NINOTd-XWINSOd | T- 0480 NVINIOA"NINEO ] T~ (8848 | NV INGOJNIAFO]] T NIMGO"NINSO0] | T | 00676 |XVINOTd-XVINGO] I- (4408 | XVINLOI-NINSG | 1= 989708 | NY NS0 XY NSO
I- |09T O X VINOTJ- X WINEO] T- |ELE 0 X VINIOJ-NIINEOG ] T- | 98L 9] NTINSOJ-NIINFO] | T EIXVINOTS-XVINSOG | 1 196 T 0T ) XWINOTS- X VINLO) T- ISTSE] XVINTTANINOTG | T- |2EL'08 ) X VNSO~ X WINLO
1= |89T°0) XVINOTJ-NINTIOL | T- |08E 0] NIWNSOd-NUNSO | T~ |964 2 I X VINLOJ-NINFOD ] T NIWFOAXYVINTG] | T~ (42907 | NWVINOTA"NINEOD | I~ |RG0°E | XVINO L XVINEO] | T [ST6° NINEL g NTINGOS
1= AT O XVINTId-XYVINSO ] = |JOBRE'0| NINGOd-N I= |68 2| XYINTTd"NIMFO]) T+ KVING T "NINEOT | 17 COT | XVINOT"MNINGOc] | 1° JIRFE | NWVINTI " XWNED | 17 NMINGT "X WIS
I- LT O VNSO - WVINTOJ] T- IERE O] N VINOT - 1- |96 S| NTINFOS-XVINTOJ) 1 VOO -NINEFO] | T- 12T 1T MIINOT-NTINEO] | T 190078 ] MIMETJ- XKW | T~ NI G0N O]
17 JE8T0] NINGOA"NIINSOd | 1= |SHE0] NINFOS"NINED] | 1= |S9ST°6] NINFOI"NINED | 1 MINSOININTO] | 1 1108 1TT] NWINFOJNINEO | 1= JGFRE POl "NINEDT | 1~ NN GO NTINED]
1= |PR1T°0] NIWNEBOI-NIWNEG | T= |LEE°0] NIWOTJA-NITNED] | T= |EEE6] NIWTTA-NINF | T KVINEOd-NINFO] | T JE0TET | XVINOT "N VINEQD] 1= 182070 | XVINFOJ-NIINEO | T= 1LT9FE]| X YINSOJ-NINFOJ
- 1 POE O X YINTT - NWINOTL T- 10760 N VNGO NINEO] T- 898G | N VNGO NIJFO] T- XYWITA-NIN®TOG | T- 6T ST X WINOTI N VINSOJ) T 17507F] NINTTJ-NIWOT] | T- |ET0°S8 | N YIS0 NINEO]
1= |PIE O XVINOTJ-XYINTO] 1= |JEGE™0| NIWEOJ"NIINED] | T= |LER'G] NIINSOA-NIINTD | 1= NVINOTANIINPGS | 1= [POOET| XWINOTA-NIINGO | O [LZGEF) NINETS"XVINED | 1= |POTGE ] NV INGOdXWINSO A
1- 16FE 01 XKVINCTJ-NINSO | T- [RTF 0] NINSOI-NIJNEDT | T- [9F66 ] NYINOTJ-NIIFOJ) T- NINBSOL- NI | T- (994 ST [ XWNOTJ-NVINFO] T- 199FF] NINOTJ-NINEG] | 1- |68 88 | NING0J-NINS0J

INENTWLL WEXVIALL HOTo WOTD TOTD ASDTAMONES OdHdLOL

10



6 Conclusions

In the present study, a method was given aimed to restrict consistently the number of
parameters chosen for COSMO model optimization especially via the use of a MM. The
criteria were based on parameter sensitivities with additional insight of their relative val-
ues via spider-graphs. The method was developed analytically for the meteorological field
of precipitation and was generalized to more meteorological fields where an internal con-
sistency regarding the parameter choice was displayed. A decision process with respect
to the interaction terms was also provided based on the differences of parameter sensitiv-
ities as well as their relative sign via the domain sensitivity priority boards. Finally, it
was shown that the domain sensitivity spider graphs provide an important direct visual in-
sight to certain similarities among them. These similarities might turn out to be important
on the domain choice for the application of nesting techniques. This methodology is cur-
rently utilized in the development of CALMO-MAX project of COSMO (http://www.cosmo-
model.org/content /tasks/ priorityProjects/calmoMax/).
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Figure 2: : DPSs for 24-hour precipitation (TOTPREC) over the wider Mediterranean area DO

in standard column form and in the form of spider-graph.
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Figure 3: : DPS spider-graphs for temporal area 24-hour means of precipitation (TOTPREC),
grid-point snow (SNOWGSP), minimum 2m temperature (TMIN2m), maximum 2m temperature

(TMAX2m), high, medium and low cloud cover (CLCH, CLCM, CLCL respectively) over the wider
Mediterranean area DO and over the 62-day period.
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Figure 4: : DPS spider-graphs for temporal area 24-hour means of precipitation (TOTPREC),
over the wider Mediterranean area DO, Switzerland (D1), Italy (D2), Greece (D3), Continental
Greece (D4), Crete (D5) and Israel (D6) over the 62-day period.
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Figure 5: : DPS spider-graphs for temporal area 24-hour means of grid point snow(SNOWGSP),
over the wider Mediterranean area (D0), Switzerland (D1), Italy (D2), Greece (D3), Continental
Greece (D4), Crete (D5) and Israel (D6) over the 62-day period.
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Figure 6: : DPS spider-graphs for temporal area 24-hour means, in 3-hour intervals, for low
cloud cover (CLCL), over the wider Mediterranean area (D0), Switzerland (D1), Italy (D2),
Greece (D3), Continental Greece (D4), Crete (D5) and Israel (D6) over the 62-day period.
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Figure 7: :DPS spider-graphs for temporal area 24-hour means, in 3-hour intervals, for medium
cloud cover (CLCM), over the wider Mediterranean area (DO0), Switzerland (D1), ltaly (D2),
Greece (D3), Continental Greece (D4), Crete (D5) and Israel (D6) over the 62-day period.
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Figure 8: : DPS spider-graphs for temporal area 24-hour means, in 3-hour intervals, for high
cloud cover (CLCM), over the wider Mediterranean area (D0), Switzerland (D1), ltaly (D2),
Greece (D3), Continental Greece (D4), Crete (D5) and Israel (D6) over the 62-day period.
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Figure 9: : DPS spider-graphs for temporal area 24-hour means, for minimum 2m-Temperature
(Tmin2m), over the wider Mediterranean area (D0), Switzerland (D1), Italy (D2), Greece (D3),
Continental Greece (D4), Crete (D5) and Israel (D6) over the 62-day period.
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Figure 10: :DPS spider-graphs for temporal area 24-hour means, for minimum 2m-Temperature
(Tmin2m), over the wider Mediterranean area (D0), Switzerland (D1), Italy (D2), Greece (D3),
Continental Greece (D4), Crete (D5) and Israel (D6) over the 62-day period.
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