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Abstract: The Radiological and Chemical Impact lrabary (LIRC) of the French Atomic Energy Commissi@CEA) is in charge of the

development of modelling tools to evaluate the egnences on human health of releases of radioeschd toxic chemicals in the

environment, for emergency planning and for saéefgiuation. In this context, the laboratory haseligyed the operational meteorological
forecast system MEDICIS (French acronym for “mebdémgy at mesoscale dedicated to human health imgsseissment”) to provide, in
case of emergency, meteorological input condittorradiological and chemical impact assessment mafeloped by the laboratory.
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INTRODUCTION

The Radiological and Chemical Impact Laboratory (LIRE}he French Atomic Energy Commission (CEA) is iveal in
many programs including, among others, the assegsmi¢he health impact of releases of CEA centritgimva regulatory
framework and the struggle against CBRN threat (tesmoand malevolent actions). The laboratory is atscharge of the
development of modelling tools to evaluate the egngnces on human health of releases of radiomsatidtoxic chemicals
in the environment, for emergency planning andsfafiety evaluation. In this context, the need formatomatic mesoscale
meteorological forecast system appeared followimy abservations:

1. Need to perform, in accidental situations, numérgmulations ranging from a few tens of km to tmle of a
country. The problem could be related to theseescalr could be more local, but in this case, sitrhs at finer scale
should be initiated by wind fields at a larger saasing a nesting method,

2. From an accidental situation, need to assess thesaheric dispersion of the resultant plume duanfgw days
following the event.

To meet this need, the laboratory has developedpkeational meteorological forecast system MEDI(HE&nch acronym
for “meteorology at mesoscale dedicated to humaitth@npact assessment”).

THE MODELLING SYSTEM

The forecast system MEDICIS is designed to provigteraatically meteorological forecasts at high re8oh, over an area
covering the French territory. The output datadlatata at the location of CEA centres and 3D wielti§) are then input
data for models such as the CERES platform (Monfdrt,et al, 2010) developed by the LIRC and devoted to the
radiological and chemical impact assessment. Tllese are also input data for 3D urban models ofdwirlds and
atmospheric dispersion such as MICRO-SWIFT-SPRAY (Blaffr. et al. 2007) and SIRANERISK (Cierco, F.-Xt al.
2010).

The meteorological modelling system is based orPBE/NCAR Mesoscale Model (MM5). The well known MMgstem
is a parallelized, limited area, nonhydrostatictai@ following and sigma-coordinate model desigtedimulate or predict
mesoscale atmospheric circulation (Dudhigtdl, 2005). Pre-processors are used to define congpgtids, to assimilate
global scale hydrostatic models outputs (globallysig and forecasts), topography, land use data thnd prepare
initialization and boundary conditions input filew MM5. In MEDICIS, NCEP/GFS global data with 6 heuand 0.5%
0.5° resolutions are used. The simulations areopmd in a nested domains mode, which allows t@iden, in a single run,
both large calculation domains and high resolutidie inner domains at high resolution are defiiméal a larger domain at
lower resolution (coarse domain). Simulations dse performed in a two-way mode: calculations fbdamains are carried
out simultaneously, so that boundary conditions@amvided at each time step to inner domains al Inggolution. This
method also allows feedback on the coarse domairin® forecast calculations, a weak relaxation tolwahe global model
outputs is applied outside boundary layer for tharse domain.

To perform forecast simulations over the Frenchittay, the following domain setup has been defif@the current version
of MEDICIS (Figure ). The horizontal resolution ftine coarser domain (D01) is 81 km, close to the GiBit data
resolution. Inner domains D02 and D03 have respelgti27 km and 9 km resolutions. The geographizsdre of the finer
domain D03, centered on France, covers largelycthentry. In order to catch cyclonic structures aognirom West, DO1
domain covers a significant part of Northern Atlarcean. D02 domain covers a large part of Wedkemope and a small
Eastern part of Atlantic Ocean. All domains havev8itical levels defined from soil to 10 000Papjaximately 15 000m).
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The following physical schemes have been used:

—  Grell scheme (D01 and D02) for microphysics,

- RRTM scheme for radiation,

- MRF PBL scheme for planetary boundary layer (PBL),
— And Five-layer soil model.

Convection is explicitly solved for

carried out in forecasting mode for 4 days.

Once the mesoscale run has ended, calculated ieidg fire
automatically post-processed. Local data are exiraat the
location of CEA centres and at the location of sigepioints
defined by the user. 3D wind fields are converede used
as input boundary conditions for Atmospheric Tramsp
Modelling Systems (ATM) and for more refined urbaimd
field and dispersion models. Moreover, specific tpos
processing treatments allow the automatic prodnaifomaps
(wind, pressure, temperature, rainfall fields abugrd level
and geopotential at 850hPa), curves (local evaistio time

domain DO03. Witlthis
configuration, wind fields are calculated with arlhesolution
(24 outputs per simulated day) for a total periédb alays. Runs are
initialized for 24hr over a period correspondingatualysis input data
(global model outputs with observations assimitd@ti@and are then

Figure 1. Domain setup
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Figure 2. The MEDICIS Flow Chart

Finally, all processed data (local data and 2D maps made available for consultation at any monbenisers through an
interactive and ergonomic html bulletin (Figurdhe bulletin is automatically updated every 6hr.
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Figure 3 Examples of pages of the automatic htriétia provided by MEDICIS

EXAMPLE OF COUPLING WITH IMPACT ASSESSMENT MODELS

In most cases, studies of radiological or cheniioglact are carried out using average or simplifaedl weather conditions
(wind roses, fixed atmospheric stability class, dvitirection and wind speed). These methods arelsianm conservative
but well appropriate to estimate the health impaihin a regulatory framework. However, these methonay be
inadequate in case of crisis such as malevolenbrector real accidental atmospheric releases. th situations, the
objective is to determine as quickly as possiblgotential danger zone. Taking into account averagé&o simplified
weather conditions can lead to an underestimatfaie consequences, especially when these conslitioe specific (eg.
rapid changes in wind direction and atmospheriouignce) or unusual for the studied area. Emergeasgs require having
the most accurate possible weather forecast conditi
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Among the possible uses of MEDICIS outputs, we classan example the coupling between MEDICIS foremafgtuts and
the CERES platform devoted to the impact assesstaoh MEDICIS run produces at the location of evamtie CEA, an
extraction file containing local meteorological ditfons during the 5 simulated days. Other spedd@ations (i.e. outside
CEA centers) can also be defined as extraction gmm the html interface. In all cases, results pmavided to the puff
Gaussian dispersion model included within the CEREBS8orm as text files describing meteorologicajpst in terms of wind
direction, wind speed, humidity, temperature oredéhlevels, rainfall and atmospheric stability otsssThe coupling between
MEDICIS and CERES is illustrated by an example of higptical accidental release from the CEA reactoatied at Saclay,
France. In this example, a partial fusion of thacter is assumed, causing a significant release &w hours of
radionuclides within the atmosphere. During theasg, local meteorological forecasts provided byDMHS were a North
West and North East wind with moderate wind spe&igure , wind rose produced by MEDICIS), mainly Zms wind
speed< 5ms?, occasionally 5mb< wind speedk 8ms! and rarely 0m$ < wind speeck 2ms*. The expected radiological
consequences are then calculated from the airitgatimncentration and deposition fields at grouexkl.

Figure shows the result in terms of short terraltdbse (in mSv) provided by CERES.
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Figure 4. Wind rose expected on the day of fiatisioelease Figure 5. Radiological consequences: total dose/JmS

VALIDATION CRITERIA
The most immediate way to assess the quality ofilsition results is to compare, retrospectively &owhlly, calculated
weather forecasts with observations from meteoictdgtations as METAR stations located at airports.

The comparison can be visual, for example by pigtthe curves of the temporal evolutions of simedaand observed wind
direction and wind speed. Figure shows the wirréation and wind speed calculated by MEDICIS andeoledd at the
METAR station LFBG (Cognac, South-West of France) myihe tempesKynthia (February 27-28, 2010). MEDICIS
results are presented for a "Reference run" andftwerasts initiated 12hr and 24hr before. Theehaice run" is the last
execution provided by MEDICIS and available whéynthia took place. A quite good agreement is obtainedvéen
simulations and observations showing thus a goallilgy of forecasts. The increase in wind speed anhange of wind
direction during the morning of February 28 haverbwell reproduced by the mesoscale model. Thisalisomparison can
be done at the location of 68 selected METAR statlonated in France. These stations have beenrchdgethe condition
that they have sent at least 8760 observationggagr(one observation every hour).
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Figure 6. Wind direction and wind speed observatirandelled at LFBG station location from Februaryt@ March 03, 2010
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Nevertheless, to characterize the agreement measnte / modelling at the scale of a country andassess local

discrepancies between modelling and observatiormaay be more suitable to calculate some critetrith@ location of a

cluster of selected meteorological stations. Initaafd other criteria must be introduced to chagsge the current weather
forecasts, for which the observations are not yatlable. In this scope, two types of indexes ar®matically calculated by
MEDICIS.

Characterization of the quality of past forecasts

A first set of criteria is calculated to characterithe quality of past forecasts provided by MEDICh@&sed on the
comparison between past simulations and obsengfiom the cluster of 68 selected METAR stationsied in France.
The methodology is based on the comparison of sitadland observed wind roses at a given point.pfoposed criteria
have values ranging from 0% to 100%, which is prteted as follows: if the simulated wind-rose repres perfectly the
observed wind-rose the score is 100%. If thermisommon class, the score is 0%. At the locatfaeaoh METAR station,
three criteria, based on Météo-France ones (Souland C. Lac, 2004), are calculated. They arenéefias follow:

138 METAR MM5
Cuwind direction :100_5[2 ‘Wdi _Wdi ‘ @
i=1

Equation (1) concerns wind direction (YWdrhe simulated wind directions (MM5) and obseioé (METAR) are compared
on 18 classes of 20 ° wide.

e METAR MM5
Cwind speed™ 100_5[ > ‘Wsi ~Ws; ‘ @
i=1

In equation (2) concerns wind speed (MWEhe simulated and observed wind speeds are qedipa 4 classes: Ofhs: W5
<2ms! ; 2mst <Ws<5ms! ; 5mst < Ws<8ms! and Ws< 8 ms..

1184
Cuwind :100_5{ Z (Wdj vWSi)METAR - (Wdj ,WSi)MMSU (3)
i=1

In equation (3) simulated and observed pairs (wdiréction, wind speed) are compared on 72 claseasisting of 18
classes of direction and 4 classes of speed. Titgsion G,i.q, iS quite restrictive, since there is agreemeiy drfor a given
class of direction, both simulated and observedivgipeed classes are identical. It is also more oaimepsive than the other
ones criterion because it characterizes the witbvédirection and speed).

All these criteria are cumulative and are updateeaah new MEDICIS run. On an operating period ggraximately one
month, the calculated average crite@ying ranging from 70% for the “Analysis” part of runs 66% for the 4-day

forecasts part. These results are quite satisfaetod show that we can be confident in the forecpsiduced by MEDICIS
(the scores obtained for the analysis-part andy4fatecasts are rather close).

Figure shows the criteri&€,yinq obtained for a 1 month period at the location afheaelected METAR station for the
analysis-part of runs, 2-day forecasts and 4-descfsts. For each part of runs, lowest scorestdesned for some stations
located in coastal regions (45% at LFMN, Nice, 8idbast and 47% at LFMP, Perpignan, South) or inrmenoous areas
(49% at LFLS, Grenoble, French Alps). Highest ssa@ obtained from South West to North-centraispafr France where
the topography is quite smooth (example, 81% at&HParis Charles de Gaulle Airport)
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Figure 7: Cwind indexes automatically provided biEMCIS and calculated for a 1 month period
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Estimation of the quality of current forecasts

The quality of forecasts is assessed by calculatingrrelation coefficient (Bravais-Pearson) betwinencurrent forecast (x
data) and the previous ong @ata). According to equation (4), indexes areuwdated for the four days of forecasts (from N =
1to N = 4) of the current run (n=number of avdialllM5 output in considered forecast day).

Indexes are calculated for the temperature on tlaéride n
levels, humidity, wind speed and precipitation rateground 3 (% _m)(yi _m)
level. Calculations are made at the location of CEAtes and i=1

specific extraction points. An average index R entlsalculated. N~
A score of R=100% is reached when the two consesutiv i(x, —x_)2 i(y_ _y—)z
forecasts are identical, showing thus the stabdftgimulations. et 17N et 1=YN
When no linear correlation is observed R=0%.

(4)

Scores commonly observed up to now range from 58%dastal or mountainous regions) to almost 108#hough this
index allows to estimate the quality of the curréarecasts, the method will however have to be owed to take into
account the wind direction.

FUTURE WORK
The lowest scores obtained during the charactéizatf the quality of past forecast€ing) may result from the used

spatial resolution of the finer grid (9 km may bresuitable in some areas) or from chosen physicalnpeterizations in MM5
that may not be optimal in coastal or mountainegions. This may be also due to the fact that sstaons METAR
reflect local weather such as sea breezes and/\@kezes or more local flow (not coupled to thessoseale flow). Tests are
underway using spatial resolutions of grids of 4% k5 km and 5 km for domains D01, D02 and D03 (#s®lution of 45
km for the domain D01 is also in better agreemattt the resolution of used input data 0.5° GFSgliRrinary tests seem to
show an improvement of results in mountainous astal areas. Moreover, depending on time compudingdditional grid
at a finer resolution (~1.5km) could be added @ndbuth-eastern part of FranEsentually, MM5 may be replaced by the
WRF mesoscale model.
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