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1. Introduction.

Within the CLIM-RUN project three modelling partseare developing new modelling

tools for application to specific targeted simwas in support of the CLIM-RUN case

studies. The three partners are: CNRM (Centre Naliole Recherche Météorologiques,

Météo-France, France), ENEA (Italian National Ageifar New Technologies, Energy and

the Environment, Italy) and ICTP (International @erfor Theoretical Physics, Italy). Some

of the model developments derived directly from tlee=ds expressed by the stakeholders

involved in the case studies and emerged aftefisteround of stakeholder workshops. All

these new modelling tools are based on the usesedxyisting and enhanced regional Climate

Models (RCMs) capable of reaching relatively higloribontal resolution over the

Mediterranean area. In the previous deliverable ghlexhaustive list of possible model

improvements was provided and discussed, anditngmarized in the following Table:

Ingtitut | Interactive  fully  coupled | New components Resolution I mproving/test
e modelRCSM's (space/time)
ENEA | Atmosphere: RegCM up to 25knSea level (pressurdJp to 1/16° (fon SST skin layer
Ocean: MITgcm-1/8° effect) stand-alone oceani®iurnal cycle
Land+ Hydrology:BATS Wave model simulations)
River: IRIS Tides effect
ICTP RegCM4 Interactive chemistry10-15 km RegCM4
(coupled with interactiveand tiling - 1km New and modified physics options
aerosols, vegetation (convection clouds, Planetary Bou
Lake; Urban land use Layer (PBL), land surface)
Sub-grid land surface, tiling) | Ocean (ROMS)
CNRM | Atmosphere: ALADIN-50km Urban Atmosphere: 10 km| Cloud
Ocean: NEMOMED-1/8° Lake Diurnal cycle: every Snow cover
Land + Hydrology: ISBA-50km | Aerosols 3h Shortwave radiation
River: TRIP-50km Wave Surface tiling Air-sea fluxes
Sea level (SURFEX) Extremes

snow cover (off-line

Convection
Boundary layer

Aerosols spectral nudging

Table 1: List of the possible improvements which & carried out by the different CLIM-RUN climate

modelling partners.
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In this deliverable we now detail for each modgjlpartner what improvements were actually
implemented and what new targeted simulations demnpd within the CLIM-RUN

framework.
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3. Models

3.1 The CNRM model.

3.1.1 Main new developments

The stakeholder meetings performed by WP5 (Tourign)Forest fire) and 7 (Energy), 8
(Integrated case study) and synthetized with WR#hduhe first year of CLIM-RUN allowed

WP2 to precise the list of the required new devalepts of climate modelling tools. Among

the stakeholder needs, we decided to focus orotlmeving issues:

Improvement of the regional sea surface temperaiBST) representation (Tourism
case study and integrated case study): we develifigecoupled Regional Climate
System Models (RCSM) with free interaction betwdbka ocean and atmosphere
components leading to an improved SST variabiliy ehange

Improvement of the sea level representation (iBourcase study and integrated case
study): we developed fully-coupled Regional Clim&gstem Models (RCSM) and
improved the representation of the regional seallgvthe ocean component of the
model.

Improvement of the extreme weather events (adecstudy): we developed higher
resolution RCM (12 km) and we focused on the ewalnaand improvement of the
heavy precipitation Mediterranean events and tteagtwinds (over the sea)
Improvement of downward solar radiation simulatad the models at the surface
(energy case study): we tested new parameterizétionhe cloud cover (without
success up to now) and we improved the representafi the aerosol fields used in
the model

Improvement of the wind field (energy case study tested new parameterizations
of the air-sea exchanges and we focused on thaluaon with respect to the
representation of the winds in the RCSM

Delivery of higher resolution regional climate deb outputs (all case study): we
developed higher resolution RCM (12 km) and we $aclion the evaluation of their
added-value. We also the surface tiling techniquelfe land-surface model using the
SURFEX land surface scheme instead of ISBA.

Delivery of information on the lake summer tengiare (Tourism case study): we
started to investigate the possibility to add lak@lelling within the CNRM RCSM.
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For each of those new developments, we gave sotaisdaelow.

3.1.2: Model configurations and simulations:

The main models used at CNRM are ALADIN-Climate fbe atmosphere (50 and 12 km
resolution), the NEMOMEDS8 model (10 km) for the ane the IBSA or SURFEX land
surface (50 km) and the CNRM Regional Climate Systdodels for the fully coupled
version. These models have been described in si@taideliverable D2.1. With these 3 kind
of models, we performed hindcast simulations (&lslbed poor-man regional reanalysis) to
study the past climate variability and scenarioauitions to study the regional climate

change.

Hindcast simulations:

- ALADIN 50 km, 1979-2011, CORDEX framework

- ALADIN 12 km, 1979-2011, CORDEX framework

- NEMOMEDS 10 km, 1961-2011, Med-CORDEX framework

- CNRM RCSM, 1979-2011, Med-CORDEX framework

Scenario simulations:

- ALADIN 50 km, 1950-2100, RCP4.5, RCP8.5, CORDEXmework

- ALADIN 12 km, 1950-2100, RCP4.5, RCP8.5, CORDEXnfiework

Other improvements concerning the cloud physiagssea interaction physics, aerosols, tiling
have been tested on shorter simulations (10 yaadcdst) and are ready for use. Note that
some developments are not ready yet (lake modglamg that some other developments
proposed in D2.1 have been abandoned as not rddurany case study (urban modelling)

or because of priority choices (wave modellingndkiyer SST).

3.1.3 Evaluation of the SST and wind over thefee& NRM RCSM

Here is an example of evaluation of the CNRM RCSMcoupled and fully coupled
simulations have been compared to the two Méténderaveather buoys (LION and AZUR)
dataset for the last decade (1999-2010). Thus,effects of the horizontal resolution,
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coupling, spectral nudging and sea surface fluxasameterization on the very local
meteorology over the Mediterranean Sea have beghlighted (Fig. 1 and 2). This

comparison evidences in particular:

* A better representation of the wind speed and ttres with the fine resolution (12
km instead of 50 km);

* A ssignificant increase in the wind speed in simolas with spectral nudging;

* A decrease in evaporation when using the ECUMEmeterization instead of Louis.
This induces in the coupled runs an increase oS®E€ locally compared to the buoys
data and at the basin scale in better agreememthégtMarullo and EN3 dataset.

« With ECUME reduction of the wind stress is alsodeviced, associated with an

increase in the low-level wind speed.

uncpl/50km/Louis/NoSN  bias:-0.33m/s
. uncpl/12.5km/Louis/NoSN bias:-0.25m/s
ot } cpl/50km/Louis/SN bias:-0.17m/s

\\ . cpl/50km/Louis/NoSN  bias:-0.42m/s
: cpl/50km/Ecume/SN  bias:0.48m/s

g os| z
\ : bias:0.24m/s

Fig. 1: Taylor diagram for the daily 10m-wind spe@als) compared to the LION buoy dataset

~ observations

cpl/50km/Louis/SN bias:-0.56C

cpl/50km/Louis/NoSN  bias:-0.14C

cpl/50km/Ecume/SN  bias:0.09C
bias:0.36C

SST (degC)

10
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Fig. 2: SST daily time-series in coupled simulasicomparison to the LION buoy dataset.
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3.1.4: Improvement of the surface radiative fluingsa more realistic aerosol field

We developed and implemented in ALADIN a realistéierosol climatology over the
Mediterranean basin. The final goal is to improte mean value and the variability at
different temporal scales of the downward surfasargadiation in the model. We evaluated
the new results for the year 2006 for which goodeoations (satellite and stations) are
available. Figure 3 compares two simulations (witheerosol and with the new climatology)
with respect to the SRB-QC satellite products dedGarpentras BSRN surface station. The
figure shows the improvement obtained with the $iton with the new aerosol climatology
for all seasons and compared with both referentasda

(a) (b)
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Figure 3: Biais map of the downward surface shosevdlux (W/rf) for ALADIN compared with the SRB-QC
reference for the year 2006 for (a) the simulatigithout aerosol and (b) with the new climatologgaSonal
cycle of the same bias (c) averaged over the Meditean Sea and (d) over the Carpentras city (Egnbut
compared to the BRSN local station.

3.1.5 Higher horizontal resolution RCMs for the Medanean area (12 km atmosphere)

CNRM developed a configuration of ALADIN with a K2n horizontal resolution over the
Mediterranean area. This configuration based orsthealled Med-CORDEX domain covers

all the geographical case study of the CLIM-RUNj@cb(see Figure 4).
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models (mis)

Fig. 1.34 Quantile de précipifations quotidiennes (mm/jour) @ 99.8% pour la saison d'automne
(SOND). A gauche : FRAS0; au centre FRAI12: a droite : SAFRAN.

THEEE]

4 6 8 W o owm
QuikSCAT (mis)

Figure 4. (a) Orography and land-sea mask of thev di@km resolution configuration of ALADIN develojed
CLIM-RUN. (b) Added-value of the 12 km run withpesst to the simulation of the wind over the seateryear
2000 (quantile-quantile plot of the daily wind s@der a coastal point 3.7°E-42.6°N), extracted frel@rrmann
et al. (2011) (c) Added-value of the 12 km run wétpect to the simulation of extreme precipitaii@®.8%
guantile for the season SOND) in the SE of FraB&&ih-RCM left, 12km-RCM centre, SAFRAN observation
analysis right), extracted from Colin (2011).

3.1.6 Improvement of the representation of extraereather events

The impact community is very much interested by thmate change impact on
weather extreme events such as strong wind, hesagiptation, drought and heat wave.
Within CLIM-RUN, one demand arising from the sta&kter meetings was the need to a
better representation of the extreme events spebtiehvy rainfall for the North Adriatic case
study and the Savoie case study and strong windtbgesea for the energy case study. Using
the 12 km resolution RCM ALADIN, we demonstrateé ttidded-value of such a resolution
with respect to more classic 50 km resolution fa tepresentation of heavy rainfall (South-
East of France was used for the study as hightgugiidded observations are available and
the Cevennes is known for its very heavy rainfaérés) and of strong sea wind (year 2000
was used as high-quality Quikscat dataset is aMajlaFigure 4b and 4c show illustration of

the main results summarized in Colin (2011) andidann et al. (2011).
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To go one step further in the improvement of theesre events in climate models,
CNRM has submitted in May 2012 a project to thenEhenational research agency (ANR)
targeting the improvement of extreme events (drtsjdieavy precipitation, extreme sea level
events). The project has been accepted recently validstart in 2013. For extreme
precipitation, the project will work on the linketwveen the convection parameterization and
the precipitation distribution function in the Méeglranean area focusing on the Cevennes

area (France).

3.1.7 Improved representation of the Mediterrar®ea level

The Mediterranean Sea is an evaporation basin, etf@oration volume being
compensated by the Atlantic inflow through the @ltar Strait. In a regional ocean model
like NEMOMEDS8 (CNRM regional ocean model), a spetiaatment must be added to be
sure that the volume is conserved and thus théeseh(or Sea Surface Height) can be used
as an output of the model. One method is to putettagporated volume of the Mediterranean
part in the Atlantic part of the model grid, asiaput of precipitation. The consequence of
this method is that the seasonal cycle of the $gheoAtlantic part is the opposite of the
seasonal cycle of the Mediterranean water budget,tlhe seasonal cycle of the ssh of the
Mediterranean part is almost flat what is non st@li The second method, described in
Beuvier et al., 2012, in the NEMOMED12 model, amvravailable in NEMOMEDS, is to
apply an ssh relaxation in the Atlantic part, tod¢aan observed ssh. In the CLIMRUN
simulations, the NEMOVAR-COMBINE reanalysis is usta the ssh relaxation in the
Atlantic part, as well as for the relaxation in f@mrmature and salinity on the Western side of
this Atlantic part, ensuring a coherence betweasdhboundary conditions. The figure 20
shows the improvement of the ssh representaticn @mnsequence of the ssh relaxation in a
2003-2008 experiment performed with the ERA-Intedinven CNRM-RCSM.

© CLIM-RUN consortium

Date: 30/11/2011 CLIM-RUN (Dissemination Level XX) Page 9 of 27



4 | T T \
23 [ a) Meditetranean water budget A
EH s h
8 | I
0 | | | | | | | ]
e 3 4 b
g{g [ b) Mean ssh of the Atlantic part =
£0.17 N E
0,16 - =
015 7
o1 'I' I3 L _‘s (‘3 ‘7 {s ; 10 11 2
0.08 = T T T 1 1 1 T 1 E
004 E ¢) Mean ssh of the Mediterranean sea E
= op
004 B S ! ! ! ! ! I
T T e e e R
0.1 d) Net transport through the Gibraltar Strait =
> E /\
I N1 L 3
£ TTe— J
oL | | | | | | | | | |
1 2 3 4 5 6 7 8 9 10 11 12

Figure 5: 2003-2008 seasonal cycle of the Meditesian water budget, Atlantic and
Mediterranean mean ssh, and Gibraltar Strait netewdransport, for the old method in blue
and the improved method in green. The water budgehe same for both experiment.
Reference dataset AVISO (produced by Ssalto/Duagspk and the reanalyze NEMOVAR
(COMBINE project) in dashed green have been addeddasure the added-value for the ssh
representation
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3.2. The ENEA contribution:

In the Deliverable 2.1 the list of possible moubgjltools that can be developed by ENEA
group comprised:

* PROTHEUS regional coupled simulations for diffdaramme periods with new
improved configuration for the Euro-Mediterraneagion;

» Stand alone time-slices atmospheric simulationsopeed by RegCM3 with a SST
skin layer module and with hourly surface fieldgputs to better describe the diurnal
temperature cycle.

» Stand-alone oceanic simulations performed by a newroved version of
MEdMITgcm with a spatial resolution up to 1/16°tevimodules for considering the
tidal forcing and the explicit representation of ttmospheric surface pressure on the
oceanic surface elevation.

« Wave model (WAM model) up to 1/16°x1/16° resolutiéorced by operational
analysis and by regional simulations.

Starting from the users needs came out in the faghd workshop for the different case
studies, and as better finalised in the CLIMRUN &ah Assembly of Barcelona 2012,
ENEA group has performed the following activities:

1) New regional coupled PROTHEUS simulations forrd=Mediterranean region, as
requested by:

i) Tourism case studies in Tunisia, in Savoie anob@a ;

i)Energy case studies;

iii)North Adriatic integrated case studies.
2) Wave model (WAM model) up to 1/16°x1/16° resmntforced by operational analysis, as
requested by Tourism case studies in Tunisia .

1): PROTHEUS Simulations
As already reported in Del2.1, the PROTHEUS coughlstem is composed of the RegCM3
atmospheric regional model and the MITgcm oceanahdebr a complete description of the

coupled system the reader is referred to Artalal.e2010). The coupling of RegCM3 and
MITgcm is done with OASIS3 coupler (Valcke and Redl2006) that performs both the
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synchronization of the two models and the interfataof coupling fields from the source to
the target grid. Every 6 hours, the ocean modeives the wind stress components and the
total heat and freshwater water fluxes from the csfphere. At the same frequency, the
atmospheric model updates the sea surface tempenaatierns with those produced by the
ocean model. No relaxation to climatology is appli€#he model configuration adopted for
the present purposes has a uniform horizontalspating of 30 km on a Lambert conformal
projection and 1&-levels. The simulation is performed over the enttediterranean Sea.

The domain and the topography are shown in Figurel.
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Figure 1: a)Domain for the PROTHEUS simulation wétrresponding topography and bathymetry. Units are
m. b) Mediterranean catchment basin (TRIP dataset).

The fresh water flux passed to the oceanic madileariver mouths is obtained consistently
with the simulated atmospheric branch of the hyaymal cycle by computing runtime

monthly river discharges from the RegCM3 total rfiin&iver discharge is calculated by
spatially integrating the simulated monthly meataltounoff field over each catchment basin.
Such integration is based on the Total Runoffgraeed Pathway (TRIP) dataset, which
maps information on land water flow directions o0at6.5°x0.5° regular global grid (Oki and
Sud 1998). By following the TRIP classification, wkentify 148 river mouths discharging

into the Mediterranean Sea (Fig.1b), and 50 riveutins discharging into the Black Sea.

Starting from the river mouths, the catchment kmsare reconstructed using TRIP
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information and mapped onto a 0.25°x0.25° inter@iedgrid. The total runoff is interpolated

onto the intermediate grid by using an inverseadis¢ interpolation procedure. To derive a
realistic estimate of the freshwater flux that rescthe Mediterranean Sea from the Black
Sea through the Dardanelli Strait, the value fertthtal discharge in the Black Sea is rescaled
(runtime) using coefficients computed from a preidRegCM3 standalone simulation forced

by reanalysis to match the Stanev climatology (8taet al , 2000). The rescaled water flux is
then treated as a single river mouth for the Aedg=a The effect of the rescaling is to reduce

the total discharge in the interior of the BlaclkaSeith larger impact during winter.

Here we report some results from the validationOPREUS run driven by ERA40 global
Reanalysis dataset (hereafter P_ERA40). In paaiiciwe address here the capability of
PROTHEUS to describe the high spatio-temporal Bbdig of the Mediterranean system. To
this aim, we compare simulated and observed daita dor the year 2000, when a large
amount of observational data is available. Wethealaily OISST data computed by Marullo
et al. (2007).

BASIN = MED

T T T T T T T
— OISST
— PROTHEUS CPL
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0
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SST anomaly (C)
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2000

BASIN = MED

06

0.4r

0.2

0

spatial correlation
PROTHEUS-OISST

-0.2

| I | I I I I I
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
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Figure 2a). Time series of SST anomalies (seefeexdetails) for P_ERA40 simulation (red line) a@dSST
(black line). Values are averaged over the wholeditderanean basin. b) Time series of spatial caatign
between the daily P_ERA40 SST and OISST for the2988 computed over the whole Mediterranean basin
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In terms of representation of surface ocean teatper intraseasonal variability , Figure 2a
shows the evolution of the daily SST anomaliesykar 2000 computed by removing a 30-
day running mean. Even if the SST in P_ERA40 shawdetectable bias compared to
observations the daily SST anomalies are well wyed, both in terms of amplitude and
timing (temporal correlation of 0.83 obtained afittering). This is confirmed also in Fig. 2b,
where we report the time series of the spatialetation PROTHEUS —OISST for the whole
Mediterranean basin. During the first months of @@Be spatial correlation reaches low
values with small variability: in this period th&E patterns are characterized by feature at
too small scales to be captured by the model. Affterend of March, the correlation reaches

higher values in correspondence of the formatiolamgfer scale patterns of SST anomalies.
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P_ERA4(SST ¢-7-200( OISST 9-7-2000
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Fig 3. SST anomalies (degrees C) between 09/07/20@D 17/07/2000 in P_ERA40 and in fine scale
observations (see text).
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A closer inspection of the cold windy and rainy mvef July 9th -17th further demonstrates
the capability of PROTHEUS to describe SST featutésservations show a .7°C decrease of
basin SST during this period (Fig. 2a). P_ERA4O0resents correctly an SST decrease,
actually stronger than observed (-1.2°C in P_ERAZ@g maps of SST anomaly during this
episode (Fig.3) show that P_ERA40 correctly repoeduthe daily evolution of the spatial
pattern of this event associated to a strong cgadlinthe northwestern area. In particular,
P_ERA40 describes well the increasing negative atpover the Gulf of Lions that in some
days extends up to the Tyrrhenian sea and mokeofiestern basin, eventually affecting also
the Adriatic region. We then note that also somecomitant features in the eastern basin
(over Aegean sea and around Cyprus) are well repestd In those days the spatial
correlation P_ERA40 -OISST over the whole basirchea a relative maximum of .57 (Fig.
2b)
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Fig.4 Seasonal cycle of total runoff (surface +idege) mrro integrated over the Po catchment badie. also
report the map of the associated catchment badRiRdataset). The green line represents the P_BR#dle
ERA4O0 is also reported as light corresponding slidgiions The thick line is the average seasonelecyand
the thin lines mark +/- 1 std above or below theam The black line panel is the average seasoy@é of the
observed Po discharge in Pontelagoscuro.

Just as example of possible information can beaetgrby the PROTHEUS model output, we
report here estimated river discharge, which i final outcome of a whole range of
processes described by climate models, from alr-sdéraction to condensation and
atmospheric convection, with a relevant role plalggdhe description of steep orography and
snow melting. We choose here to focus our anatysithe case of the Po river whose water

sources are mainly in the Alps. The Po river isoptimal case to test the improvements for
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impact studies coming from the downscaling of glotlimate models. Moreover, the Po
discharge plays a key role in affecting the oceanmulation of North Adriatic (Artegiani et
al 1997). The correct reproduction (as well aslialike projection in the future climate) can
be a useful information, among others, for integpaase study people (CLIMRUN WPS).

In Figure 4, the average seasonal cycle of riveoffuis compared to observed climatological
values of the Po river discharge observed at thgost of Pontelagoscuro (close to the Po
delta) from RivDIS dataset (Voroésmarty et al 1998 P_ERA40 the mean level of total
runoff is consistent with an observed average rdischarge of about 1500 m3/s whereas in
the global reanalysis the aggregated total runioffariver is consistently lower (light shaded
curve). The seasonal cycle of the Po discharge shaao significant differences in the
comparison between the global Reanalysis and thenal downscaling . In the case of
P_ERA40 the minimum is reached in August-Septembdeelative maximum is also present
during fall, while during November-December, weabta decreasing Po discharge, related
with the snow precipitation on Alps, occurs. Théssures are in quite good agreement with

the observations.

Finally, we have verified the ability of the cougleystem in reproducing the sea level
variability comparing the P_ERA40 output againsthwsatellite altimeter data over the
Mediterranean sub-basins. As reported in Fig. Spwagrall agreement turns out, with the
highest correlation with total sea level data ai#diin them, eastern Mediterranean, where

also the highest range of values is present.
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Fig 5. Sea level anomalies for the Mediterranean-kasins. Values computed from P_ERAA40 (black, i&e)
altimeter data (red line).
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As already specified in Del2.1 the model can bealusereconstruct past or produce reliable
projection fo future climate.
» For past and present climate, the period coveredas
0 ERAA40 period (1957-2001)
o the ERA Interim period (1982-2011)

* For the scenario, the period covered is betweef-2360.
- The period 1860-2005 is forced by observed greesé gases concentrations,
- for the period 2005-2100 is forced by a greenbogases concentrations
following the emission scenario RCP4.5.

2) Wave model (WAM model)

WAve prediction Model (WAM; WAMDI group 1988), habeen implemented on the
Mediterranean area at a resolution of 1/16°x1/I8fe model has been forced with wind
fields coming from ECMWF analysis to perform a ftfivalidation analysis. A climatological
simulation has been performed for the period 200162using the WAM Cycle 4.5.3 model.
The domain covers the entire Mediterranean Seéhasdeen discretized with a regular grid
in spherical coordinates at a uniform resolutioril4f6°x1/16°. The model has been forced
with six-hourly wind fields obtained from ECMWF apéional analysis at %° spatial

resolution.

© CLIM-RUN consortium
Date: 30/11/2011 CLIM-RUN (Dissemination Level XX) Page 18 of 27



32 34 36 38 40 42 44 46 32 34 36 38 40 42 44 46
(=1 I
(=1
=) o
o I
=1
=
= w = L.
= =
@ —_—
= .=
o = =
=2 2
L1 N
-- o
oo -3 5
S
o
on
=z =
D =
a‘) L]
(=1
[
T
F &n
3 B I
(=]
= I o
= T e
< z £
g I E
= = I
S S =
— (o]
- (2]
o
o I
=] =
(o5 ]
N

oe <ce vE 92 8 O v v+ oge <ce e 9 8t OV o v

Figure 6: Climatological maps of the Significantwesheight for the period 2001-2010

In Figure 6 seasonal climatological maps of thenficant wave height computed over the
entire simulation are shown.

3.2.4: References

Artale V., Calmanti S., Carillo A., Alessandro DAtjuila, Marine Herrmann, Giovanna Pisacane, Pablo
Ruti, Gianmaria Sannino, Maria Vittoria Struglialifpo Giorgi, Xungiang Bi, Jeremy S. Pal, Sara &zher,
2010. An atmosphere-ocean regional climate modethi® Mediterranean area: assessment of a prelimate
simulation.Clim Dyn35, 721-740, DOI: 10.1007/s00382-009-0691-8

Artegiani, A; Bregant, D; Paschini,. Pinardi EN,i®eh F., and Russo A. 1997 The Adriatic Sea gdnera
circulation .1. Air-sea interactions and water nstsscture J. of Physical Oceanography, 27 (8)21¥®14

© CLIM-RUN consortium
Date: 30/11/2011 CLIM-RUN (Dissemination Level XX) Page 19 of 27



Marullo, S., B. Buongiorno Nardelli , M. Guarragjrand R. Santoleri, 2007: Observing the MediteraanSea
from space: 21 years of Pathfinder-AVHRR sea sarfamperatures (1985 to 2005): re-analysis andatadin.
Ocean Sci., 3, 299-310

Oki, Taikan, Y. C. Sud, 1998: Design of Total Runlotegrating Pathways (TRIP)—A Global River Chahne
Network.Earth Interact, 2, 1-37

Stanev, E. V., Le Traon, P.-Y., and L., P. E.: &l variations and their dependency on meteoicégnd
hydrological forcing: Analysis of altimeter and fagce data for the Black Sea., J. Geophys. Res., 105
17,20317,216, doi:10.1029/1999JC900318, 2000.

Valcke S., R. Redler, 2006: OASIS3 User Guide, RRSuppport Initiative Report No 4, 60 pp.

Voérosmarty, C.J., B. Fekete, and B.A. Tucker. 19R8/er Discharge Database, Version 1.1 (RivDIS v1.0
supplement). Available through the Institute foe tBtudy of Earth, Oceans, and Space / UniversitiNei#
Hampshire, Durham NH (USA).

© CLIM-RUN consortium

Date: 30/11/2011 CLIM-RUN (Dissemination Level XX) Page 20 of 27



3.3. The ICTP model:

Here we summarize the basic configuration of thEHGnodel along with the improvement

implemented particularly after the needs expresseithg the stake-holder meetings.

3.3.1: Model configuration:

3.3.1.a: The ICTP-RegCM4 basic configuration ardnitprovements:

As described in D2.1, the basic modelling toolizgitl by the ICTP for CLIM-RUN is
the latest version of the RegCM modelling systemg®M4 (Giorgi et al. 2012). This is a
compressible, hydrostatic model which has beenldped for the last 2 decades and used by
a large community for a wide variety of applicasoover virtually all land regions of the
World. The model was used from short seasonal app$ied to process studies to centennial
long climate change projections. Since it is a bgtatic model, RegCM4 has a grid spacing

of ~10 km as limit of application.

RegCM4 can use a number of different physics optatetailed in Giorgi et al. (2012),
and can run with lateral boundary conditions eitliem reanalysis of observations (ERA-
Interim, ERA-40, NCEP) or from different GCMs (e4dmong such GCMs currently are
HadGEM, GFDL, MPI, EC-Earth). Upgrades to the coafe RegCM4 were recently
implemented which make it a fully parallel code e@iscales well up to several hundred
processors. This enhancement is especially impovwaen the model will be used for the

high horizontal resolutions envisioned in CLIM-RUN.

A particular feature of RegCM4 for the CLIM-RUN peot is the capability of using a
sub-grid tiling scheme (Giorgi et al. 2003), in wiithe model grid box (e.g.10 km size) is
divided into a regular grid of land surface subdgries (e.g. 10x10 1 km boxes) accounting
for sub-grid scale variations in land surface tgpe topography. This feature can be used to
obtain a first order evaluation of local land sudgaffects and processes, and to produce high
resolution scale climate information. The sub-gilthg has been tested for a number of

regions, including the Mediterranean, and has shawncapability of improving the
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simulation of land surface processes, in particaelamcerning the snow cover cycle, thus

providing improved information for winter tourismssessment studies.

A number of potential improvements were mentiomeD2.1 for possible use in CLIM-RUN:
* Inclusion and testing of an urban land type (KuepR€08)
* Inclusion and testing of the Tiedtke (1989) conimtscheme
* Inclusion and testing of the University of WashogtPBL scheme (O-Brien et al.
2011)
* Improvement of cloud microphysics
* Inclusion of aerosol indirect effects
* Coupling with a full gas phase chemistry model (Sinaet al. 2011)
* Coupling with the ROMS ocean model (Shchepetkin MowVilliams 2005)

» Activation and testing of the interactive biospheoeponent of CLM

Of these, the first three (urban type, UWPBL scheand Tiedtke convection scheme)
have been achieved and are fully operational. Tpled gas-phase chemistry module
has also been successfully implemented, howewuerviery computationally demanding
and therefore it is unlikely that it will be usedthin the CLIM-RUN context. Some
optimization and simplification of the scheme isrently under way to make better
suitable for climate-long simulations. The othepmwements in the list are still currently

under development or testing.

Below we detail two other features of the model #xaerged as needs from the stake-

holder meetings.

3.3.1.b: The coupled aerosol scheme:

RegCM4 includes a simplified aerosol module whikoupled both dynamically and
radiatively to the climate component of the mo@dI(non et al. 2006; Zakey et al. 2006;
2008). The aerosol scheme includes sulphate, arganbon (OC) and black carbon (BC)

particles, desert dust, and sea spray. It has dyggred to a variety of studies over different

© CLIM-RUN consortium

Date: 30/11/2011 CLIM-RUN (Dissemination Level XX) Page 22 of 27



regions, such as Africa (e.g. Konare’ et al. 208&@mon et al. 2008), East Asia (Giorgi et al.
2002; Zhang et al. 2009), South Asia (Nair et @lLl), and Europe (Solmon, work in
progress). Figure 3.1 shows examples of aerosaabptepth and aerosol radiative forcing
over the Mediterranean region calculated in a RegGvhulation driven by ERA-Interim
boundary conditions for the period 2000-2009.

Surface TOA

TVIOL

Figure 3.1. Upper panel: Aerosol optical depth edited over the Mediterranean with RegCM4 for
the period 200-2009. Lower panels: Surface (lefi) éop of the atmosphere radiative (right) radiativ
forcing for the same simulation.

This aerosol scheme can be used in the calculafidepletion of solar radiation by aerosols

for application to solar energy estimations insb&r energy case study.

3.3.1.c: The coupled lake model:
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RegCM4 includes as an option a coupled one-dimaatlake model (Hostetler et al.
1993) including vertical turbulent and convectiviximg as well as heating by solar radiation.
This coupled lake model can be used in the casty sfa summer tourism in the Savoy
region. An example of application for the Caspea is shown in Figure 3.2, which
compares observed and RegCM-simulated lake seacsutgmperatures for the period 1995-
2008.
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Figure 1: Seasonal averages of lake surface tenipergC®) for the period 1995-2008 in ARCLAKE
observations, R20 (20 km grid spacing) and R5kB@rid spacing) simulations along with their difface

1 http:/iwww.geos.ed.ac.uk/arclake/
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3.3.2: Simulation strategy:

The simulation strategy was better defined comp#&rdd?2.1, particularly in response to the
needs emerged in the stake-holder meetings. Tvgoo$simulations will be carried out, both

for the entire Mediterranean region so as to patytprovide data for all case studies. In

both cases the priority scenario will be the higd & CP8.5, which will allow us to examine a
greater range of radiative forcing and climate oesg. Candidate driving global models are
MPI and HadGEM.

In the first, the model will be run at a relativelgarse horizontal resolution of 50 km. In this
case the simulation is relatively inexpensive dngtwill allow the completion of a relatively
large set of experiments for different driving ghbmodels and RegCM4 configurations. This

will provide information necessary to charactetineertainties in the climate scenarios.

In the second approach, the model will be run gth nesolution (grid spacing of 12 km + land
sub-grid at 2-3 km). In this case, due to the largmputational resources needed to run the
model, only relevant multidecadal time slices fae®r two scenarios and global models will
be performed. These simulations will allow us toyile fine scale information for the case
studies, particularly regarding land surface coodg, and a better representation of extreme

events. All the data will be made available to¢hse study groups.

3.3.3: References:

Giorgi F, Bi X, Qian Y (2002) Direct radiative fangy and regional climatic effects of anthropogeagrosols

over East Asia: A regional coupled climate/chemgisterosol model study. J. Geophys Res 107:4439.

Giorgi F, Francisco R, Pal JS (2003) Effects ofua-grid scale topography and landuse scheme oacgurf
climate and hydrology. Part I: Effects of temperatand water vapor disaggregation. J Hydrometegyolo
4:317-333.

Giorgi F and co-authors (2012) RegCM4: Model degtian and preliminary tests over multiple CORDEX

domains. Climate Research 52:7-29.

Hostetler SW, Bates GT, Giorgi F (1993) Interactiesting of a lake thermal model within a regioclghate
model for climate change studies. J Geophys re5@85-5057.

© CLIM-RUN consortium
Date: 30/11/2011 CLIM-RUN (Dissemination Level XX) Page 25 of 27



Konare A, et al. (2008) A regional climate modedlistudy of the effect of desert dust on the wesicAh

monsoon. Journal of Geophysical Research 113: D8.220

Kueppers LM (2008) Seasonal temperature resporsadeuse change in the western United States.abboin
Planetary Change 60:250-264.

Nair VS, Solmon F, Giorgi F, Mariotti L, Babu SSrighna Moorty K (2011) Simulation of South Asia @sols

for regional climate studies. Submitted to Jounfabeophysical Research.

O'Brien TA, et al. (2011) A new turbulence paramizt&ion for RegCM. Part |: Validation and stratonuus
validation. Submitted to Clim Dyn.

Shalaby A, et al. (2011) Implementation and evédmadf on-line gas phase chemistry within a regiafisnate
model (RegCM-CHEM). In preparation.

Shchepetkin AF, McWilliams JC (2005) The Regionale@n Modeling System: A split-explicit, free-sudac
topography following coordinates ocean model. Oddadelling 9: 347-404.

Solmon F, Giorgi F, Liousse C (2006) Aerosol madglifor regional climate studies: Application to

anthropogenic particles and evaluation over a EeanfAfrican domain. Tellus B 58:51-72.

Solmon F, et al. (2008) Dust aerosol impact onaeali precipitation over western Africa, mechanisamsl

sensitivity to absorption properties. Geophys Rets 85:1.24705.

Tiedtke, M (1989) A comprehensive mass-flux schdorecumulus parameterization in large-scale models.
Monthly Weather review 117:1779-1800.

Zakey AS, Solmon F, Giorgi F (2006) Implementatsord testing of a desert dust module in a regiolialate
model. Atmos Chem Phys 6:4687—4704.

Zakey AS, Giorgi F, Bi X (2008) Modeling of seatsal a regional climate model: Fluxes and radiafweing.
J Geophys Res 113:D14221.

Zhang D, Zakey AS, Gao X, Giorgi F, Solmon F (208@nulation of dust aerosol and its regional feettba
over East Asia using a regional climate model. Agr@them Phys 9:1095-1110.

© CLIM-RUN consortium

Date: 30/11/2011 CLIM-RUN (Dissemination Level XX) Page 26 of 27



4. Conclusions:

This deliverable details the new climate modellingls which have been developed in
order to provide improved information for the CLIRIJN case studies. Some of the
developments were specifically implemented ancetesd meet the needs expressed in the
stake-holder meetings. As a result of this procesgond state-of-the-art modelling tools are
available for CLIMRUN, in particular allowing us tepresent coupled ocean-atmosphere and
sea level processes in the Mediterranean, very dtigiospheric (dx=12 km) and land surface
(dx=1-3 km) resolution which allows a better reprgation of surface hydrology and extreme
events, interactively coupled lake models and cadiplerosol models. These modelling tools
will be used to produce a new generation of tadysiemulations to support the CLIMRUN

impact case studies.
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