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1. Rapport scientifique

Résumé

Le Centre d’Enseignement et de Recherche en Emeéroent Atmosphérique (CEREA)
est un laboratoire qui dépend de I'Ecole natiordds ponts et chaussées (ENPC) ;
'ENPC étant un membre fondateur de I'Universitéis&st et de I'Institut des Sciences
et Technologies de Paris (ParisTech). Le CEREA¢é @@ 2004, est un laboratoire
commun de 'ENPC et d’EDF R&D. Il accueille un prbjcommun avec lInstitut
national de recherche en informatique et automati@NRIA) depuis décembre 2005,
I'équipe-projet CLIME. Le CEREA est ainsi implargér trois sites en région parisienne
(Champs sur Marne pour 'ENPC, Chatou pour EDF R&D Rocquencourt pour
I'INRIA).

L’activité principale de recherche du CEREA estiadélisation de la qualité de I'air et
de la dispersion atmosphérique sur des échellastalli local au régional. Cette activité
inclus les techniques d’assimilation de donnéesimiages satellitaires et la modélisation
inverse. Par allleurs, le CEREA est actif dansdmadine de I'étude de la couche limite
de l'atmsophére (mesures et modélisation) avec desnps d'application comme
I'estimation du potentiel éolien.

Partenariats

Le CEREA s’appuie sur deux partenaires stratégiquéscipaux avec lesquels la
collaboration s’est traduite par des contrats gnnuels.

* L’Institut de radioprotection et de slreté nucléeglRSN)

» L’Institut national pour I'environnement industried les risques (INERIS)

L'IRSN et I'INERIS fournissent un support technigad’administration pour des études
de risque environnemental (nucléaire et chimiquebmlogique, respectivement). lls
disposent de cellules de crise et de plates-fodegzévisions et sont en charge d’études
d’'impact le plus souvent pour les besoins de I'astiiation. L’apport du CEREA a leurs
activités réside dans le développement d’outilsraelélisation et la mise en ceuvre de
nouvelles méthodologies (modeles d’ensembles pourédvision de la qualité de I'air,
assimilation de données pour I'optimisation desaés de surveillance).

Le CEREA a créé des partenariats avec divers ages scientifiques et administratifs :

* Un partenariat avec Ilnstitut Pierre-Simon Lapla@BSL) formalisé par un
contrat sur 4 ans qui concerne principalementivVaétinstrumentale sur le site de
mesures SIRTA a Palaiseau, au sud de Paris. L'égiepmesures du CEREA a
déployé ses instruments de mesures au SIRTA ddiif 8t a participé a la
campagne de mesures ParisFog en 2006/2007.

* Le CEREA participe au réseau sur les études d’inpaar le ministére des
Transports.



Le CEREA a un partenariat avec un Centre d’Etudmhiiiques de 'Equipement
(CETE Nord-Picardie). Ce projet concerne la modéls de la qualité de I'air &
des échelles régionales mettant I'accent sur I'thpdl aux transports. Le
CEREA est membre actif du réseau R2DS (Réseau deerahe sur le
développement soutenable, financé par la régidillelele France).

Le CEREA a contribué a plusieurs projets financéas ges programmes de
recherche nationaux : le Programme national surcHanie atmosphérique
(PNCA) de [lInstitut national des sciences de Kwers (INSU) pour des
recherches sur les aérosols et I'assimilation deées, Primequal pour le projet
PAM sur la modélisation des aérosols et les sumises des avions, le projet
Atlas de I'Agence nationale de la recherche (ANREcal’Ecole normale
supérieure d’Ulm et le programme LEFE de I'INSU ptaucampagne ParisFog.
Le CEREA a un partenariat de longue durée avec E@lfka (la branche d’EDF
en Pologne)

Le CEREA est membre de plusieurs projets européEasque HEIMTSA et
EXIOPOL sur la modélisation intégrée (en partiauéigravers des collaborations
avec l'université de Stuttgart).

Le CEREA a aussi des partenariats avec des paysafigue du Sud (STIC-
AmSud avec des organismes au Chili et en Argenete)Asie (EMS-Beijing
avec I’Académie des sciences de Chine).

Activités académiques

Plus de 50 articles publiés dans des revues intenades avec comité de lecture.

1 livre sur la pollution atmosphérique

12 théses de doctorat et deux habilitations a efirides recherches (HDR) ;
plusieurs prix ou nominations ont été recus pardibestorants. Tous les docteurs
du CEREA ont publiés leurs travaux de théses dassrevues internationales
avec comité de lecture.

Plus de 200 heures de cours par an ont été dopaéekes membres du CEREA
(a I'Université Paris-Est, a ParisTech et a d'auirestitutions). Certains de ces
cours en pollution atmosphérique et en modélisatiathématique sont nouveaux
et ont été créés par des membres du CEREA.

Applications et valorisation

Le CEREA participe a plusieurs projets EDF R&D ¢éponse aux attentes des
directions opérationnelles d’EDF dans les domathesucléaire, du thermique a
flamme et de I'éolien). De tels projets incluent pxemple les projets Impact
THF et AREA sur les impacts potentiels de centratesmiques a flamme, le
projet DIAMAN sur I'impact potentiel de centralesaiéaires, le projet LIBECIO
sur I'énergie éolienne et le réeseau EDF R&D suiresrtitudes en modélisation.
Le CEREA effectue un nombre d’études appliquées des partenaires tels que
la DTEP (thermique a flamme) et le CIDEN (nuclépidtEDF, I'Agence de
'environnement et de la maitrise de I'énergie (ADE), le Commissariat a
I'énergie atomique (CEA), le Centre d’études demaéls (CETU), la Délégation
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générale pour I'armement (DGA), I'Office nationakétlides et de recherches
aerospatiales (ONERA), I'INERIS, I'IRSN et le Semwi d'études sur les

transports, les routes et leurs aménagements (SETRA

La méthode pour la modélisation d’ensemble réabise€EEREA est actuellement
a l'essai pour le systeme national de prévisioradgualité de l'air (Prév’air) a

'INERIS.

Les méthodologies développées au CEREA pour I'apétion de réseaux de
surveillance de la pollution atmosphérique ontueficé le déploiement des
réseaux de mesures de I'IRSN.

Des modeles de dispersion atmosphériqgue du CEREAténutilisés pour des
études d’'impact de plusieurs centres de produthiermique d’EDF

Le systéeme de modélisation de la qualité de I'ailCEEREA est 'un des modeles
utilisés par ’Académie des sciences de Chine fmuyarévision de la qualité de
I'air pendant les jeux olympiques de Beijing etasssi utilisé par Météo Chili..



1. Scientific Report
Summary

The Research and Teaching Center in Atmospheria@ment (CEREA) is a center at
Ecole nationale des ponts et chaussées (ENPC); ENP& founding member of

Université Paris-Est and of the Paris InstituteTe€hnology (ParisTech). CEREA was
created in January 2004 as a joint laboratory betwENPC and the Research &
Development branch of Electricité de France (EDFRA&t hosts a joint project with the

Institut national de recherche en informatique etomatique (INRIA; the national

computer science institute) since December 20@5CIhME project. CEREA has three
locations in the Paris region (ENPC at Champs samigl, EDF R&D at Chatou, INRIA

at Rocquencourt).

The main research activity of CEREA is air quaétyd atmospheric dispersion modeling
from short-range to long-range scales, includintp dessimilation, the assimilation of
satellite images, and inverse modeling. Researthitaes are also dedicated to studying
the atmospheric boundary layer (notably for applbces related to wind power

estimates).

Key Partnerships

CEREA has two important strategic partners, withclwhit has multi-year multi-task
agreements:

» Institut de radioprotection et de sureté nuclégdlRSN; Agency for nuclear
safety).

* Institut national pour I'environnement industri¢lles risques (INERIS; Agency
for the industrial environment and risk analysis).

IRSN and INERIS are the national technical centieas support the French government
for specific environmental risks (nuclear and chehor biological risks, respectively).

Both agencies include forecast emergency centefichware also in charge of

environmental impact studies. The joint projectslude model development, and the
development of new methods (for air quality foreices monitoring network design and

environmental impact studies).

CEREA has also other partnerships with variousnifie and government organizations:

» CEREA has a joint agreement with the Pierre-Simaplace Institute (IPSL),
which pertains mainly to meteorological measuremextthe observational site
(SIRTA) in the southern suburb of Paris at Palais8de measurement team of
CEREA has deployed its instrumentation at SIRTAcsirarly 2006 and has
participated in the field campaign ParisFog in 20007.

» CEREA participates in the network monitoring of guality impacts for the
French Ministry of Transportation.



CEREA has a long-term partnership with a Techni@ahter of the Ministry of

Transportation for northern France (CETE Nord-Riegt The projects address
air quality modeling at regional scales with a fecon the impact of

transportation. CEREA is an active member of thd8xetwork (Research
Network for Sustainable Development, funded bylkbele France region).

CEREA has also taken part in many projects fundeddiional public research
programs including the National Program for Atmaat Chemistry (PNCA) for
research on aerosols and data assimilation, Priahefqu the PAM project

devoted to aerosol modeling and a project devatedirtraft soot, the National
Research Agency (ANR) for the Atlas project devdiganachine learning with
“Ecole Normale Supérieure d’'UIm”, and the LEFE Reog of the National

Institute for Geosciences (INSU) for the ParisFampaign.

CEREA has a long-term partnership with EDF Poldka EDF electric utility in

Poland).

CEREA is a member of the European projects HEIMEB4 EXIOPOL devoted
to integrated modeling of air quality impacts (espky with IER Stuttgart).

CEREA has also partnerships with organizationsouats America (STIC-AmSud
with organizations in Chile and Argentina) and AgEMS-Beijing with the
Chinese Academy of Sciences).

Academic Activities

More than 50 articles have been published in imtigonal peer-reviewed journals.
1 textbook on air pollution

12 Ph.D. theses and two certifications to act Bb.®. thesis advisor
(“Habilitation & diriger des recherches”, HDR) hdeen completed; several
awards or nominations for Ph.D. students. All Ptls.bom CEREA have
published their work in the peer-reviewed literatur

More than 200 teaching hours per year are giveGIBREA staff (at Université
Paris-Est, ParisTech and other institutions). Softhose courses in air pollution
and mathematical modeling were created by CERE/Adtiaing the past 4 years.

Applications and Technology Transfer

CEREA participates in many projects of EDF R&D @ted to the requirements
of EDF operational departments, for nuclear, théraad wind power for
electricity production). Such projects include fastance the Impact THF and
AREA projects (for the impact of thermal power ginthe DIAMAN project
(for the impact of nuclear power plants), the LIBEQoroject (for wind power
production) and the EDF R&D network “Uncertainties”

CEREA carries out many applied projects with padrgich as the Fossil-Fuel-
Fired Generation and Engineering Department of HDFHEP, not a part of EDF
R&D), ADEME (the French Agency of Energy and Enwineental Management),
CEA (Agency for nuclear energy), CETU (Researcht@efor Tunnels), DGA
(Ministry of Defense), ONERA (Institute for Aeronas), INERIS, IRSN,
SETRA (a technical center of the French MinistryToansportation in charge of
road management), etc.
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The ensemble method developed at CEREA is currdiyg tested at INERIS
for their national air quality forecasting system.

The methods developed for monitoring network desmin CEREA have
influenced the development of monitoring networkglemented by IRSN.
Atmospheric dispersion models developed at CERE&ehbeen applied at
several EDF fossil-fuel fired power plant sites.

The CEREA air quality modeling system was one @& thodels used by the
Chinese Academy of Sciences to forecast air qudiityng the Beijing Olympics
and is also used by the Chilean national weathercse
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1. Scientific Report

This scientific report summarizes the researchvigiets of CEREA. Section 1.1 presents
an overview of CEREA. Sections 1.2 through 1.5 dbsecspecific research activities
conducted in the four main research areas at CERE#®elf-evaluation is presented in
Section 1.6. A list of acronyms used in this rep®#evailable at the end of this document.

1.1 Overview of CEREA

1.1.1 Organization

The Research and Teaching Center in Atmosphericir@inment (CEREA) was
established in 2004 as a research center at Eatittnale des ponts et chaussées (ENPC;
which is a founding member of both Université R&s$ and the Paris Institute of
Technology/ParisTech). CEREA is a joint laboratbegpween ENPC and the Research &
Development Branch of the French electric utiliBDF R&D). It hosts a joint project
with the national computer science institute (INRB\ce December 2005, the CLIME
project. CEREA has three locations (ENPC at ChasapdMarne, EDF R&D at Chatou,
INRIA at Rocquencourt). Figure 1 depicts the orgahon of CEREA according to the
three host organizations.

The main research activities of CEREA are devotediit quality and atmospheric
dispersion modeling from short-range to long-rasgales. Research activities are also
dedicated to studying the atmospheric boundaryrl@yatably for applications related to
wind power estimates) and the assimilation of Séinages.

A special focus is given to the assessment of enmental impacts of transport and
energy production (thermal or nuclear). These #s/are connected with the programs
of EDF R&D and with research units and technicaltees of the French Ministry of
Transportation through its Research Directorate.

Key relationships have been developed for speajiglications, for example with IRSN
for the simulation of the atmospheric dispersiomamfionuclides and with INERIS for air
guality impact and forecast studies.

As a research laboratory co-funded by a privatepaom (EDF) and a graduate school
(ENPC), CEREA has a double focus on:

* Academic activities (exemplified by scientific pidaltions and Ph.D. theses)

» Applied projects with end-users (from impact stgdie development of models
and methods for environmental forecast or monigpnatwork design).
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Oversight Committee
-ENPC
-EDF

!

Director bf CEREA
Christian Seigneur

v

Deputy Director - EDF
Luc Musson-Genon

2 researchers (1 HDR)
1 research engineer
2 engineers
2 technicians
2 Ph.D. students

h 4

v

Deputy Director - ENPC
Marc Bocquet (HDR)

2 researchers
3 post-docs
1 research engineer
2 engineers
5 Ph.D. students
1 administrative assistant

Project Director - INRIA
Isabelle Herlin

1 assistant professor
2 researchers
1 post-doc
1 engineer
1 Ph.D. student
1 administrative assistant

Figure 1. Organization Chart of CEREA



1.1.2 Overview of Research Activities

Research activities are organized according to rimjor areas:
* Atmospheric fluid mechanics and short-range dispers
* Air quality modeling at urban, regional and contited scales
» Data and image assimilation and inverse modelindNIE project)
* Observation of the atmospheric boundary layer

CEREA conducts modeling activities mainly with twomerical models: an atmospheric
CFD (Computational Fluid Dynamics) tool, Mercuretu8ae, for short-range

applications (urban air pollution, risk assessmevitjd power estimates), and an air
quality modeling system, Polyphemus. Polyphemuasn®odeling system, which includes
different models ranging from short-range dispargi@aussian plume and puff models)
to long-range dispersion at regional and contirlestales (the Chemistry-Transport
Models Castor and Polair3D). CEREA researchers Idpveew parameterizations for
physico-chemical atmospheric processes, which la@e tncorporated in these three-
dimensional models.

The resulting models are evaluated by comparisoravailable measurements and used
for environmental impact studies or forecastinge Tasearch activities devoted to data
assimilation (i.e., integrating observations irft@ imodeling process) aim at improving

the ability of the models to provide high-qualitgrécasts and/or performing inverse

modeling to optimize model inputs.

The measurement team participates in several cgmpalesigned to improve the
understanding of the atmospheric boundary layer @ndupport the evaluation of
Mercure_Saturne.

The research activities at CEREA have been extrempedductive over the past four
years, resulting in:
* More than 50 articles published or accepted folipation in international peer-
reviewed journals (see detailed list in Section 2)
* A textbook on air pollution
» 12 Ph.D. theses and two certifications to act BR.®. thesis advisor
(“Habilitation a diriger des recherches”, HDR) (skailed list in Section 2)

Several CEREA Ph.D. students have received awadis@minations:

» Maya Milliez, Best Young Scientist Presentatiomha NATO Advanced Study
Institute — Flow Transport Processes in Complext@bted Geometries, Kyiv,
Ukraine, 4-12 May 2004

 Emmanuel Bouzereau, Prix Jacques Gaussens SFEN20€6té Francaise
d’Energie Nucléaire

« Vivien Mallet, nominé, Prix de these ENPC, 2005

* Maya Milliez, nominée, Prix de these ENPC, 2006

* Maryline Tombette, nominée, Prix de thése ENPC200



1.1.3 Overview of Teaching Activities

CEREA staff organize and teach courses in air fjoluand mathematical modeling at

Université Paris-Est, ParisTech (ENPC is a foundmgmber of both), and other

institutions. More than 200 teaching hours are njiby CEREA staff per year. These

courses are new courses in air pollution and madtieed modeling created during the

past 4 years (see detailed list in Section 3). S®unaterial has been developed by
CEREA teachers, which is available on the CEREA sigh As mentioned above, a new
textbook was published by Dr. Bruno Sportisse fitis¢ Director of CEREA.

1.1.4 Applications and Technology Transfer

CEREA patrticipates in many projects of EDF R&D &ted to the requirements of EDF
operational departments, both for nuclear prodactend thermal production of
electricity). This includes for instance the ImpddiF and AREA projects (for the
impact of thermal power plants), the DIAMAN projgébr the impact of nuclear power
plants), the LIBECIO project (for wind power prodion) and the EDF R&D network
“Uncertainties”.

CEREA conducts many applied projects with partrersh as the Fossil-Fuel Fired
Generation and Engineering Department of EDF (DTRR®)EME (the French Agency

of Energy and Environmental Management), CEA (rarcladustry), CETU (Research
Center for Tunnels), DGA (Ministry of Defense), ORE (Institute for Aeronautics),

INERIS (Agency for the industrial environment arnskranalysis, which is in charge of
chemical and biological risks), IRSN (Agency forchear safety and radiological
protection), SETRA (a technical center of the Fhemdinistry of Transportation in

charge of road management), etc.

The practical aspects of those applied CEREA s@iemictivities can be exemplified by
several major operational results:
* The ensemble method for air quality modeling depetbat CEREA is currently
being tested at INERIS for their national air qiyaiorecasting system.
» The methods developed for monitoring network desin CEREA have
influenced the development of monitoring networkplemented by IRSN.
» CEREA atmospheric dispersion models have beeneapptivarious EDF sites.
* The CEREA air quality model (Polyphemus) was uswdafr quality forecasting
by the Chinese Academy of Sciences during the Beilympics and is used by
the Chilean national weather service.

In addition, INRIA, in collaboration with CEREA, bhacreated two short movies to
educate the public on the modeling of air quality.

1.1.5 Key Partnerships

CEREA has two strategic partners:
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* IRSN (nuclear safety)
* INERIS (air quality modeling; chemical and biologiicisks)

Long-term (3 to 5 years) agreements exist with firet two partners, which are the
technical centers in support of the government depnts in charge of a specific risk
(nuclear, chemical or biological, respectively) tiBoclude Forecast Emergency Centers
(CASU at INERIS and SESUC at IRSN) also in charfiengpact studies. The joint
projects are devoted to model development to beaedhdespecially within the
Polyphemus system), to developments of new metlgoodh for forecast and impact
studies) and to dedicated applied studies (seeeatomvexamples of technology transfer
of CEREA scientific products).

CEREA has a specific relationship with EDF Polska @he consortium of associated
universities, especially AGH (Akademia Gérniczo-kiaza) University of Science and
Technology, Krakow, Poland. Those research projacidress air quality issues in
Poland.

CEREA has a Joint Agreement with the IPSL Institutdis mainly concerns the
observational site (SIRTA) in the southern suburParis at Palaiseau. The measurement
team of CEREA has deployed its instrumental tobISIRTA since early 2006 and has
taken part in the field campaign ParisFog in 200872 CEREA patrticipates in the
network devoted to air quality and impacts of theri€h Ministry of Transportation. The
involvement is driven by the Agreement with the &aesh Directorate of the Ministry
(specific to CEREA).

CEREA has a long-term partnership with the Techn{Canter of the Ministry of
Transportation for northern France (CETE Nord-Riegr The projects are devoted to air
guality modeling at regional scales with a focusttom impact of transportation. CEREA
is an active member of the R2DS network (Researaiwbrk for Sustainable
Development, funded by the lle de France regiorBREA has taken part in many
projects funded by public national research prograncluding PNCA for aerosols and
data assimilation funded by the National Institiste Geophysics (INSU), Primequal for
the PAM project devoted to aerosol modeling andagept devoted to aircraft soot, the
Atlas project funded by the National Research Age(&NR) devoted to machine
learning with ENS Ulm, and LEFE funded by INSU the ParisFog campaign.

CEREA has also developed several internationahpeships. For example, CEREA is a
member of the European Integrated projects HEIMT&®&I EXIOPOL devoted to
integrated modeling of air quality impacts (esplgiaith IER Stuttgart). CEREA has
also participated in an air quality model intercamgon in Asia (MICS Asia). Moreover,
the CLIME project includes a strong cooperationhw@MM (Chile) and University
of Cordoba (Argentina) to establish air quality doast systems and data assimilation
capabilities in Chile and Argentina. This coopematiis currently supported by the
research project STIC-AmSud. The objective is theedast of air quality using data
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assimilation techniques in South America. This ¢@cbjinvolves CMM (Chile),
the Chilean weather office (DMC, Chile), the Unsigy of Cordoba (Argentina), and the
environmental monitoring group of CNEA (Argentina).

1.1.6 Financial Data

Table 1 summarizes the main features of the CEREgiyét for 2004-2007, as presented
to the Oversight Committee of CEREA at the end adheyear. The total budget also
includes the salaries of the permanent staff. “@theefers to other sources of funds
besides those of EDF and ENPC (contracts, INRI#&),. @verall, EDF contributes about
[40-50] %, the ENPC contributes about [25-30] % atiiter funding sources contribute
about [25-30] %. On average, CEREA obtains abo00{600] kiloeuros of outside
contracts per year, including [200-350] kiloeuroeded by EDF for specific projects and
[200-350] kiloeuros funded by other partners amajgmts. ENPC funding (for traveling
expenses, training equipment, etc.) amounts tdlpPA]J-kiloeuros.

Table 1: CEREA Budget for 2004-2008.

Year Total budget (k€)| ENPC Contribution EDF Cdmnttion Others
2004 1530 46% 43% 11%
2005 1586 30% 45% 25%
2006 1702 28% 50% 22%
2007 1675 30% 45% 25%
2008* 1928 30% 45% 25%

*Forecast for 2008.

1.1.7 Management

CEREA is currently led by a Director (Christian @sur) and two Deputy Directors
(Luc Musson-Genon, EDF, and Marc Bocquet, ENPQ)nF2004 to 2007 the CEREA
was managed by Bruno Sportisse (Director) and Lus3dn-Genon (Deputy Director).
The joint project with INRIA (CLIME) is led by Isatie Herlin, INRIA, Project Director,
and Marc Bocquet, ENPC, Deputy Project Director.

Meetings for the whole staff are organized 4 tantes per year. Each research group
organizes, when necessary, its own meetings.

The Oversight Committee of CEREA includes 3 repneséeves each from EDF and
ENPC. The Director, the Deputy Directors and thed M Project Director attend the
meetings of the Oversight Committee. It meets tveiogear: in July for the presentation
of a Progress Report and in December for the ptasen of the results for the past year
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and a forecast of the activity for the coming ydaour reports are then submitted for
approval by the Oversight Committee: the Activitg@®rt of CEREA and the Budget
Report for the past year, a Program Report anddg@&uReport for the coming year.

The operation of this joint laboratory is goverrmda contract between ENPC and EDF
R&D. The first contract covered 2004-2007, thereat contract covers 2008-2011. At
the end of each quadrennial period, an evaluatfoBEREA past activities and future

plans is conducted by an international scientibenmittee; the resulting report by this

scientific committee is then submitted to the stiencommittees of EDF and ENPC.

1.2 Local Scale and Fluid Mechanics

The activities in this research area are relatetthaointerests of the French Ministry of
Transportation (urban pollution) and those of E@ISgersion at an industrial site). They
mainly rely on the development and application ofuanerical model, Mercure_Saturne
(developed at and maintained by EDF). This codébdsed on a general purpose
computaionl fluid mechanics (CFD) tool, CodeSaturhre this framework, the team
adapts or develops parameterizations suitable for &tmospheric environment
(roughness wall law, drag urban canopy parameterirg transport equation for
concentration and fluctuations, microphysical closcheme, atmospheric radiative
scheme, chemistry model, aerosols model...).

In 2006, in addition to efforts in pre- and posbqessing (creation of mesh for complex
terrain and buildings), a new scheme for atmosplradiative transfer in the presence of
buildings was developed. In 2007, through the npenosource version of code Saturne
1.3, the atmospheric part Mercure evolved to a niotegrated version in Saturne in
order to facilitate future developments and maiate@. This modeling activity is
strongly connected with the atmospheric measurenteatn at CEREA for the
observation of the atmospheric boundary layer (Sedt.5).

Cloud Scheme for Cooling Tower Plume and Fog

A detailed microphysical parameterization for wateras first developed in
Mercure_Saturne (Ph.D. thesis of Emmanuel Bouzer2@04) for the simulation of
cooling tower plumes. This parameterization degsritine liquid water content in clouds
and rain. The droplet size distribution is alsodwted. This parameterization was
extensively validated by a detailed comparison wika from the field campaign around
the cooling tower of Bugey (in the 1980s), whicklided aircraft measurements in the
plume (Figure 2). A second application is the satioh of orographic precipitation with
data available in the literature. This work wasf@ened with the former version of
Mercure_Saturne and the transition to the new uaotired version was done as an
additional task and the results successfully coeghar

The warm cloud microphysical scheme previously tper for the simulation of
cooling tower plumes was then applied to a firstecaf fog development and dissipation
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observed during ParisFog experiment in the win@622007 These first simulations

were performed in one dimension and showed thas¢theme, that can also predict the
droplet distribution, is suitable for both applioats. The nucleation, settling/deposition

and accretion parameterization have been impravedder to take into account fog and
aerosols specificities on SIRTA site (Section 1/%ata assimilation method based on a
nudging technique has been implemented. Three dimreal simulations are ongoing.

fra)

Figure 2. Water droplet plume from cooling towatsthe Bugey power plant. Left:
plume photograph taken from the measurement aepl&ight: iso-surface of liquid
water concentration from numerical simulations gdutercure_Saturne (Ph.D. thesis of
E. Bouzereau).

References: Bouzereau et al. (ACL-17); Bouzereai+4 Y

Dispersion in the Urban Environment

The topics related to atmospheric dispersion irudran environement were developed
through the Ph.D. thesis of Maya Milliez (2006),igéhaimed at simulating dispersion in
an atmospheric environment with obstacles. A fatt was the simulation of the Mock
Urban Setting Test (MUST) experiment in the USAg(f¥e 3). An array of shipping
containers (12 rows by 10 columns) was represerdaimgdealized urban quarter. A
special unstructured grid was set up to simulateséh120 buildings with a still
reasonably sized grid of around one million cellBhe results obtained with
Mercure_Saturne were compared to the availablerodisenal data for several days and
good comparison statistics were obtained. An oalgaspect of this work was the ability
to simulate fluctuations of concentrations through additional Eulerian transport
equation for the variance of concentrations, wratdo compares reasonably well with
the observations of MUST. In the course of this kyosome tools for handling
unstructured meshes were developed.

The last part of this Ph.D. thesis was devotedéosimulation of thermal and radiative
effects in complex geometries of the urban canopgrder to take into account both the
solar and infrared radiations in a complex geoméiyldings and street canyons). It is
derived from numerical techniques used for combusand adapted for atmospheric
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applications. The numerical results were compaocedimple experiments and existing
measurements giving the variation of albedo asnation of solar zenith angle and to

temperature measurements taken on several contamEs during the MUST
axYnariment
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Figure 3. Diurnal time evolution of the temperatof various faces of a container during
MUST. Top left: observations during the MUST expeent. Top right: numerical
simulations using the new atmospheric 3D radiatisgeheme developed in
Mercure_Saturne for the urban canopy (Maya Millieh.D. thesis, 2006). Bottom:

experimental set-up of MUST (Mock Urban Setting tTESperiment, 25 September
2001).

References: Milliez et al. (ACL-25, ACL-38), Millte(TH-8)
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Dispersion around an Industrial Site

In the Ph.D. thesis of Emmanuel Demael (2007), fire¢ objective was to compare
Mercure_Saturne with models which are typicallydugar simulating dispersion from
industrial sources (Gaussian plume models). Théerdices were quantified and
explained, in particular for the behavior very nées source (Figure 4).

distance from the source : 400m
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Figure 4. Top left: view of the wind tunnel expeeint (ECL/IRSN). Top right: simulated

concentration field. Bottom: comparison of concatitn profiles between wind-tunnel

data, MercureSaturne and ADMS 3.0 simulationsterrelease on the chimney (vertical
profile at 400 m in built-up area) (Emmanuel Dem&é&l.D. thesis).

Subsequent work addressed the simulation of twoahandustrial sites, including
buildings and topography, for which the mesh amdusation domain were constructed.
One of these sites is in the center of France mitklerate topography; the other one is on
the coast of Normandy and constructed on the fdotaocliff and is therefore
characterized by a very complex topography. Fosdhadustrial sites detailed wind
tunnel measurements are also available and are fosdtle comparison for both the
dynamical fields (wind and turbulence) and the eispn fields (concentrations and
fluctuations). Several sensitivity studies haverbgerformed. A rigorous uncertainty
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analysis on the simulation results for the conediun values using Monte Carlo
techniques has also been performed (to be useonfmact studies of actual industrial
sites).

References: Demael and Carissimo (ACL-39), Deniaet10)

Wind Potential Estimates (Ph.D. thesis of Laurent bBporte)

Most current operational studies of wind poteng@atimates use very simple linearized
models, which fail in complex terrain and along tbeast where local circulations
induced by the thermal contrast can develop. Oual ggas to develop a new
methodology based on the use of an atmospheric €&fee. First, the classical case of
the Askervein hill has been carried out to cheek tiodeling results. Then, a program
including both measurements and simulations witldiee_Saturne has been initiated in
2007 on a complex terrain located in the southrah€e. The field campaign involving
several meteorological masts and sodars is presentenore detail in Section 1.5.
Simulations were forced with hourly ALADIN analysasd forecasts. Examples of maps
of wind speed and turbulent kinetic energy at halglt (80 m) are shown in Figure 5,
for a North-West incoming wind. These maps averamet a long period (at least one
year) can help in the definition of the lay-outtbé turbines. In order to simulate such a
long period, a clustering method has been appbethé ALADIN outputs of the year
2007. The simulation of the clusters representatitgations is under way. Thus, a first
wind resource estimate with Mercure_Saturne will diained and compared to the
measurements and to the operational linear codeRIVAs

vitesse turbulence

Figure 5. Wind speed (left, in m/s) and turbuleiniekic energy (right, in Ais?) at 80 m
above ground level (hub height), for a North-Westoming wind. Small white circles
represent the position of future wind turbines (legu Laporte Ph.D. Thesis).

An additional objective of this work was to bettprantify the effect of "mask” created
by wind turbines, which can lead to a large unaetyson the energy production estimate
and an increase of the mechanical loads on thinegbespecially in very large offshore
wind farms. The masking effect was treated in Me¥c&aturne by ways of a drag within
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the flow. This drag term is calculated accordinghte Blade Element Momentum theory
using geometric and aerodynamic characteristitheblades. A comparison with wind
tunnel measurements has been performed for a tangie MW turbine in the framework
of a partnership with Polytech’Orléans. A globaflgod agreement is found although
some differences in the magnitude of the speeditsfill need to be investigated.

References: Laporte et al. (AFF-59), Laporte (AR)15

Short-Range Dispersion of Reactive Air Pollutants Bitted from
Vehicles

A chemical mechanism describing the fast atmosphsremical reactions was coupled
to Mercure_Saturne. The focus is on the NOJNOnversion just after emission. This
reactive version of Mercure_Saturne was comparediaita measured in a Copenhagen
street, Jagtveg Street. This data base has altesaty used for box models. The results
were satisfactory and the reactive version of Mexc8aturne clearly led to a much
better estimation of chemical concentrations inegehwhen the chemical regime is
standard (just a few cases were found anomalous).

Additional diagnostics were performed. Computedtiabaverage concentrations in the
street canyon were found to be close to singletpafues found next to the windward
side. The NQ@ roof fluxes were found to be very sensitive to rezobackground
concentrations. The Mercure_Saturne reactive vergocurrently used to study the
efficiency of new building materials proposed tduee NQ pollution near busy streets
(some comparisons have been performed with datatine PICADA experiment).

In addition, for the simulation of the formationwdry small particles at the exhaust of a
vehicle, a coupling has been performed between MerS&aturne and the Modal Aerosol
Model (MAM). The results (Figure 6) show the evadat of the spectrum of the particle

size distribution as a function of the distancenfrthe tail pipe. Several meteorological
conditions (winter/summer) and different humiditavie been studied. A sensitivity

analysis showed that semi-volatile organic compsuwah significantly contribute to the

growth of nanoparticles by condensation,

References: Albriet and Sartelet (AFF-37, AFF-#lbriet (TH-9)
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Figure 6. Evolution of the number concentratiorPd1 as a function of distance from
the vehicle exhaust (X i m) obtained by numericahutation by coupling the
atmospheric model Mercure_Saturne et and the maeadsol model MAM (Bastien

Albriet, Ph.D. thesis, 2007)

Tunnel-Induced Air Pollution

A project was conducted with CETU to assess thiifiah induced by tunnels. The flow
velocity inside a tunnel fluctuates due to the eady forces related to the vehicular flux.
Periodic boundary conditions at the tunnel exit evestablished in order to take into
account heavy duty vehicles passing through thediuportal. The reactive version of
Mercure_Saturne was used to describe the impactwinel plume. Passive and reactive
dispersion results under various pollution condsiovere compared to estimate the
impact on the N@concentrations. NQis systematically underestimated in the case of
passive dispersion, especially when the ozone otratens are high. The discrepancy
between the reactive and the passive models is pessounced when the ozone
concentrations are low. Box models were also enguidp give rough estimates of NO
concentrations around tunnel portal. The resultewaken into account for the “User’s
Guide of Air Pollution Study for Tunnels” writteryCETU.

An alternative approach, based on a short-ranggoreof Polair3D, was developed for
impact studies of roads and tunnels. A classificatf pollution was proposed in order to
distinguish the "background” component and the dllbcomponent. Some strategies
were proposed in order to simulate the long-termaicd of such infrastructures. Artificial
measurements were elaborated with a Gaussian ntbdelsimulates the dispersion
around a tunnel portal with noisy and variable esenf meteorological/emission inputs.
The yearly concentrations and its variability aoenputed from these results at different
locations near the emission point.

References: Lacour (AP-18, AP-34)
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Traffic-Induced Air Pollution

Impact studies for roads focus on the effects affitr but few data are available for
emissions from road work. Road work, which occurmeehr a traffic air quality
monitoring station in Northern France (Dunkerqueas used as a case study. Data on
vehicle flows and work schedule and devices weret@gether with atmospheric data
(concentrations and meteorological parameters)ecidt by the local monitoring
network in order to build a database. In collaboratvith the “Laboratoire central des
ponts et chaussées” (LCPC, the laboratory of thaeidi#ty of Transportation), some
guantitative elements about the atmospheric potutelated to conventional species near
a road work place were extracted from this databids@-parametric regressions were
used to select the data suitable for linking amasmtrations to emissions. A dispersion
model was used to find out the maximal impact oasueed concentrations.

Reference: Lacour et al. (AP-148)
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1.3 Air Quality Modeling

The activities in this research area focus on #weslbpment, application and evaluation
of mathematical models of air quality. Model dey@hent has focused so far mostly on
(1) the development of models of the chemistry phgsics of atmospheric particulate
matter (PM) and (2) the development of a moduladefiog platform, Polyphemus. We

present first aerosol model development activitiben we describe the development of
the Polyphemus modeling system and some air qualityel applications.

Development of MAM and SIREAM

Atmospheric PM consists of solid or liquid partglan suspension in the atmosphere
(aerosols) with sizes of a few microns or less. dBl@applications have been conducted
mostly with the three-dimensional grid-based aialiiy model POLAIR which is part of
the Polyphemus modeling system. Two new aerosolefsodave been developed at
CEREA. They differ mainly in the discretization thie size distribution of the particles:
log-normal distributions for MAM (Modal Aerosol Met) and size-resolved distribution
for SIREAM (Size Resolved Aerosol Model).

The main part of the model development was perfdrmethe framework of the PAM
project (Multiphase Air Pollution), funded by thereRch research program
Primequal/Predit (2001-2006) and led by Bruno Sgeet Apart from the modeling
activities at CEREA, the PAM project took part iretLISAIR Campaign in Paris (led by
Partick Chazette, LSCE)lhe development of the models MAM (by Karine Kata-
Sartelet) and SIREAM (by Edouard Debry and Brunor8gse) first focused on the
General Dynamic Equation (GDE) for aerosols, whilelcribes the time evolution of the
aerosol distribution in a box under nucleation, demwsation/evaporation and Brownian
coagulation. The aerosol size distribution is mafd®ur log-normal modes in MAM and
of a user-specified number of sections in SIREAMhwliameters typically ranging from
0.01pm to 10um. The assumption of internal mixing is made (tohesize corresponds a
unique chemical composition). The species are Bty (on the basis of the
thermodynamic model ISORROPIA: sodium, ammoniuntfage, nitrate and chloride),
organic (primary organic aerosols and parameteniepresentation of secondary organic
aerosols with two-product formulations), inert (emal dust and black carbon) and water.
Parameterizations are used to model binary nuolegsulfuric acid and water) and
ternary nucleation (sulfuric acid, ammonia and wat&he different processes that
influence the aerosol composition and the sizailigion are shown in Figure 7.

References: Sartelet et al. (ACL-9), Debry etACI(-18)
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Figure 7. The different processes that influeneedbmposition and the size-distribution
of aerosols.

Numerical Simulation of the Aerosol General Dynamidquation

Several numerical algorithms have been developedCBREA for the numerical
simulation of the GDE (Ph.D; thesis of Edouard Dg¢bAs the GDE for atmospheric
aerosol involves several processes, the splittiregegyy is important. Coupled methods
are well suited methods to solve aerosol dynamiegertheless they usually need a large
number of size discretization points to be stalbigure 8 (left panel) shows the error as a
function of splitting time step, for splitting amdupled strategies with different splitting
sequences between coagulation and condensation.

In SIREAM, because the coagulation between two sentions does not exactly fall into
one size section, one has to redistribute the datgn product among several size
sections. Several possibilities to compute theitpartcoefficients have been proposed in
the literature. The error induced by partition ¢oefnts mainly lies in the upper part of
the aerosol size spectrum, leading to a numerictistbn towards large size sections.
Figure 8 (right panel) shows the error as a fumctd the number of size sections for
various kinds of partition coefficients.

In MAM, specific mode merging and splitting werevdoped to force modes to be of
distinct size ranges throughout the simulations rifia Kata-Sartelet and Bastien
Albriet). The importance of mode splitting is ssed in Figure 9, which compares the
number distribution during a high-nucleation episods computed with MAM (with or
without mode splitting) and SIREAM (15 or 50 sensd New algorithms have also been
developed for the redistribution of aerosol Lagiangize sections on a fixed size grid.

References: Debry et al. (ACL-20, ACL-21), Sarteteal. (ACL-9), Debry (TH-3)
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MAM (with or without mode splitting) and SIREAM (1&r 50 sections).

Hybrid Approaches for Condensation/Evaporation

Condensation/evaporation is a key process governmagerosol composition and size
distribution. Gaseous species may condense ongiirexiaerosols, or species in the
particulate phase may evaporate. This mass tram&f®veen the particulate and the
gaseous phases depends on the difference of coati@mé of gaseous species far from
aerosols and the concentrations of gaseous spatctee surface of aerosols (which are
assumed to be at local thermodynamic equilibriuth wie aerosol internal composition).
Mass transfer can be computed dynamically, or Byasg thermodynamic equilibrium

between the gaseous species far from aerosolshanidhternal aerosol composition. As
dynamical mass transfer requires a lot of computimg compared to thermodynamic
equilibrium and as the assumption of thermodynaeqiglibrium may not be accurate for
large aerosols, a hybrid approach was developedmibdynamic equilibrium is assumed
for small aerosols and dynamic mass transfer ispcead for large aerosols.

References: Debry and Sportisse (ACL-10), Debry-8)H
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Modeling of Secondary Organic Aerosols

The modeling of Secondary Organic Aerosols (SOA& ishallenging issue in aerosol
modeling because of the large number of chemicatiep involved and their various

interactions among themselves as well as inorgapecies present in atmospheric PM. In
previous studies over Europe with Polyphemus aedotiganic module SORGAM, the

concentrations of SOA were under-estimated. Theeldpment of a new SOA model

was conducted by Edouard Debry in collaboratiom@hristian Seigneur.

The new organic aerosol model includes severalifgignt improvements to the
treatment of SOA formation:

» the description of hydrophylic/hydrophobic effects

» the addition of sesquiterpenes and isoprene asS@&vprecursors
» the description of polymerization effects

» the addtion of semi-volatile organic compounds @& recursors

Figure 10 shows the percentage of SOA in PM obtaiwgh the organic module
previously used (SORGAM) and with the new modulesroEurope. The higher
concentrations of SOA obtained with the new moduke more realistic. The new SOA
module has also been tested over the Paris regicorbparing simulated organic carbon
(OC) concentrations to those measured in the LISgampaign. Semi volatile organic
compounds (SVOC) emitted from traffic, which ardeaof neglected from emission
inventories, were added to the emission invent@gdufor the Paris region and better
agreement between the model and the data was ebtain

SOA pereentage in PM10

Figure 10. Percentage of SOA in PM over Europetiier year 2001. Polyphemus is
runned with two SOA models (AEC in red and SORGAMbIue).

References: Debry and Seigneur (AFF-36), Debry. éA&F-39)
3-D Parameterizations for Multiphase Models

To couple the three-dimensional (3-D) Chemistry ns@ort Model Polair3D to the
multiphase models SIREAM and MAM, other processastnbe taken into account.
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Some examples of new parameterizations that we@rporated into Polair3D include
dry deposition, below-cloud scavenging, the infieeenf the acidity of clouds for below-
cloud scavenging, in-cloud scavenging and thertreat of emissions. Sea-salt emissions
were also parameterized as a function of wind sp&kd aerosol liquid water content,
which is used to compute the aerosol wet diameierngarameterized using an updated
Gerber scheme. Specific effort was also devotettiégparameterization of in-cloud and
below-cloud scavenging for gases. Recently, theamaterizations used for the
heterogeneous reaction probability fofQy was updated in order to take into account the
aerosol chemical composition, temperature and hitynid

References: Debry (AP-175), Sartelet (AP-108)
Development of the Polyphemus System

The air quality modeling activities conducted atREA cover a wide range of air
pollutants (e.g., photochemical pollutants suctozsne and PM, heavy metals such as
mercury or lead, persistent organic pollutants, atlonuclides), spatial scales (local to
continental) and types of applications (researahpaict studies and air quality
forecasting). In order to handle such a wide varaétair quality conditions with a single
model, CEREA developed a new and comprehensive Ingdgystem, the Polyphemus
platform http:// ww. enpc. fr/ cereal pol yphenus/). Polyphemus means
“multiple speeches” in classical Greek, which isigistent with the goals of the system,
that is, gathering on the same platform:

* several models: with Lagrangian and Eulerian idations;

» several scales: from the local scale to the oental scale;

» multiple pollutants: passive, radionuclides, plobiemical, aerosols, POPs, ...

* processing from many inputs (meteorological msdethemical data);

emany advanced methods: data assimilation, ensenfiidecasting, models
coupling, ...

It is written as much as possible with modern cot@planguages (mainly C++), and

only perennial and scalable developments are iedudPolyphemus is open source,
distributed under GNU GPL, well documented (forrasand developers), and released
with recent updates on a regular basis. “Open” alsans that contributions from other

teams are welcome. The development consortiumdesla core of the three CEREA

host organizations, ENPC, EDF and INRIA, and twgamaupporting partners IRSN and

INERIS.

Many joint projects with other teams have alreaderb initiated with this modeling
system, from forecast of radionuclides (with IR$Mance) or photochemistry (INERIS,
France, or Meteo-Chile) to impact studies (with EBB&lska; with the University of
Stuttgart, IER, for Cost-Benefit Analysis and Hbaltmpact Assessment in the
framework of the European projects NEEDS, EXIOP@H &EIMTSA) or modeling of

the short-range dispersion of pollutants (for INERInd DGA).

The new approach with Polyphemus is to split thel@tiag system into 4 distinct levels:
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» Physical parameterizations and preprocessing thighobject-oriented AtmoData
library (potentially shared with any team involvéa atmospheric modeling,
whatever the model is);

* High-level drivers of models seen as black boges data assimilation, for
coupling, for Monte Carlo simulations, for ensemilas);

* Numerical models (for instance Polair3D or CastoC++ clone of Chimere, but
also Gaussian and puff models);

* Post-processing facilities, for instance for istats and model-to-data
comparisons, through the Python library AtmoPy.

One advantage of this structure is the possibtlityhave a multi-modeling approach
through the available parameterizations. This systeas been used for numerous
applications (itemized below), implying a growingmber of teams in joint projects.

Moreover, a training session for the users of Podypus was organized in March 2007
(with 13 participants from INERIS, IRSN, CEA, ARIFechnology, University of Lille,
Ministry for Transport and EDF/CIDEN). A trainingssion devoted to inverse modeling
and data assimilation was organized in June 20@antiago de Chile for South America
(with more than 10 participants from Chile, Argeatiand Brazil).

Polyphemus is also used in courses at ParisTeclPCE&hd ENSTA: “Air Pollution”,
“Computational Physics for Environment”, “Data Asdation and Inverse Modeling”).
The improvement of Polyphemus for the ParisTechnQperse Ware will be funded by
ParisTech for summer 2007.

References: Mallet et al. (ACLN-3, ASCL-1), de Big&P-176)

Numerical Analysis for Chemistry-Transport Models

Solving the Partial Differential Equations that ci@se the atmospheric dispersion of
atmospheric reactive species is still a challengisgue due to the wide range of
timescales and the large dimension of the resu#tysgems.

A comprehensive study of the numerical issues wasstigated for a few real cases (air
quality modeling over Europe for summer 2001 anchusation of the Chernobyl
accident).

Another specific point is the so-called mass cdastsy problem related to the off-line
coupling between atmospheric dispersion modelsma@sb-scale numerical models that
provide meteorological fields such as wind velacity

References: Mallet et al. (ACL-23), Sportisse e{ACL-34)
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Air Quality Forecast

Due to the wide range of uncertainties, a promigipgroach for air quality forecast is
related to ensemble techniques. The Ph.D. thesisvaén Mallet (2005) focused on the
assessment of thee priori uncertainties in the outputs of a Chemistry-Transpodel
through Monte Carlo methods and an ensemble apprioaolyphemus for ozone. The
ensemble approach has subsequently been extendeddel particulate matter over
Europe. The coupling of this ensemble approaclheoRrév’air platform for air quality
forecasting of INERIS was achieved in 2006. Theyploémus system for air quality
forecasting has been in operation on the Prév'itfggm since July 2006. A daily
forecast of the air quality (ozone and PM) overdper is computed routinely. Since
September 2008, the daily forecast ozone and PMgaality will be used in the
Integrated Air Quality Platform for Europe undee tAromote project.

References: Mallet and Sportisse (ACL-12, ACL-M3allet (TH-5)
Model Performance Evaluation at Regional and Contiental Scales

The Polyphemus system hosts the 3D Chemistry Toahd@dodel Polair3D with
SIREAM for PM simulations. This model has been eatdd with data over Europe,
Asia (as part of the MICS project), the Paris ragihe Marseille region in the context of
the ESCOMPTE field campaign and over Lille. P@Biwith MAM for PM simulations
has been evaluated with data over Tok&n.illustration of the results of those model
evaluations at the regional scale is shown in Eddr, which compares the PM
concentrations at a station (Gennevilliers) inRiaeis region.

Figure 11. Time series of measured versus sinml&#® concentrations at station
Genneuvilliers (Paris suburb) for April-October 2001

Studies to assess the sensitivity of PM concentratito different physical processes
(such as coagulation, mass transfer by condensat@mporation, sea-salt emissions,
agueous chemistry and heterogeneous reactions)pgei@med over Asia as part of the
MICS project, Europe, Paris and Tokyo. For examplgure 12 compares the results
obtained at Kudan (Greater Tokyo) with Polair3Dhnmtifferent model configurations
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(with heterogeneous reaction D), without condensation, with a hybrid scheme for
condensation/evaporation instead of assuming thaynamic equilibrium) against data.

Kudan

Data ——
Polair3dD ——
CMAQ ———
Het. N205 ———
Nocond, ——
Hyb.

PM, 5 Nitrate (ug m"‘]
b2
=
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Figure 12. PM concentration of nitrate at Kudane@er Tokyo) for 9 and 10 December
1999. Different configurations of the aerosol moale investigated.

References: Tombette and Sportisse (ACL-35), ToralfgH-11), Tombette et al. (AFF-
16), Sartelet et al. (ACL-28, ACL-29, AP-130)

Aerosol Optical Thickness

Specific radiative modules have been developed eodpled to the outputs of
Polyphemus. The objective is for instance to comphe Aerosol Optical Thickness
from outputs of the aerosol model SIREAM (Ph.D steeof Marilyne Tombette, 2007).
Figure 13 shows the average simulated aerosolagtimnckness (AOT) at 440 nm for
2005. High values are observed in North Africa tu&aharan dust. Comparisons have
been made to Aeronet data. A sensitivity study shthere are large uncertainties in the
computation of AOT.

Figure 13. Average simulated AOT at 440nm overr y&205. Aeronet stations are
drawn. Marilyne Tombette PhD Thesis.

References: Tombette et al. (ASCL-3), Tombette ((IH-
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MICS Project

Thanks to a collaboration with CRIEPI (Central Resh Institute of Electric Power
Industry), CEREA participated to the phase 2 of BI®/1odel InterComparison Study)
Asia with Polair3D-SIREAM. Eight teams participatedthe MICS Asia phase 2, which
aimed at having a common understanding of moddbpeance and uncertainties in
Asia. The study focused on transport and depositibrsulfur, nitrogen compounds,
ozone and aerosols in East Asia for March, Julyceb#er 2001 and March 2002.
Figure 14 shows the concentration of sulfate ovesiaAfor December 2001. A
comprehensive sensitivity analysis was also peroknThe variability of sulfate and
nitrate concentrations induced by using differefitMS is compared to the variability
induced by comparing different parameterizationghie aerosol module (Karine Kata-
Sartelet).

Figure 14. MICS Results: concentration of suliaer Asia for December 2001 for the
set of available models. Polair3D corresponds talé/8.

References: Sartelet et al. (ACL-30), Carmichael efACL-43)
Radiative Effects and Photolysis

Radiative effects are strongly controlled by thertical distribution of aerosol
composition and optical properties. In a work ingress (Elsa Real), the radiative effect
of clouds on photolysis rates is taken into accdmntcoupling the radiative transfer
scheme FAST-J to the CTM Polair3D of Polyphemustré&hily, clear-sky photolysis
rates are preprocessed data, which are tabulatedy wdimatological values of
temperature, pressure and ozone. They are thareadteected to take into account
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clouds. The FASTJ scheme can now be used direcpyeprocess photolysis rates taking
into account the meteorology (temperature and preysand clouds. After the coupling

of FASTJ to Polair3D, the modeled aerosol extinctemd scattering profiles will also

affect the photolysis rates to provide more aceustnulations of air quality by taking

into account the effect of PM on atmospheric raoimt

Mercury and Heavy Metals

The Ph.D. thesis of Yelva Roustan (2005) addre#s=dnhodeling of three heavy metals
(mercury, lead and cadmium) over Europe. ProceBsestmopsheric mercury were
incorporated in the Polair3D model. Model-to-datanparisons were performed for 2001
over Europe. Moreover, an innovative sensitivityalgsis was developed and inverse
modeling with respect to boundary conditions wagfgomed. The potential effect of
Arctic mercury depletion events was identified. Fead and cadmium, two advanced
approaches were considered. The first one congistepresenting the aerosol size
distribution with several diameters rather thanhvat simple mass mean diameter. The
second one consists in adding lead and cadmiumnast™ heavy metals in the size-
resolved aerosol model SIREAM. An intercomparisowl anodel-to-data comparisons
were performed.

References: Roustan and Bocquet (ACL-14, ACL-15yd®Ran et al. (ACLN-1), Roustan
(TH-6)

Impact Studies at Continental Scale

A task assessed the sensitivity of ozone concémisatvith respect to emissions (Vivien
Mallet and Bruno Sportisse). The sensitivity stutbalt with the temporal, spatial and
chemical features of NGand COV emissions.

CEREA is also implied in the European projects NSEBPIEIMTSA and EXIOPOL,
devoted to Health Impact Assessment and Cost-BeAeflysis. The objective is to
apply the models provided through Polyphemus, ealpethe eulerian model Polair3D,
within the EcoSense integrated assessment systextva(YRoustan). These projects
should enhance joint tasks with IER Stuttgart.

Moreover, Polyphemus is used by EDF Polska andhieyconsortium of associated

Polish Universities (especially AGH University oti&nce and Technology, Krakow).

The objective is to assess air quality in Polskdithe related transboundary fluxes with a
focus on Krakow.

Under the CAFE process (Clean Air For Europe/Natidimission Ceiling), the impact
for the year 2005 of the emissions from the Fretheinmal power plants was computed
for the Fossil-Fuel Fired Generation and Engingeiepartment of EDF. A specific
project that addresses the potential impacts afrtaepower plants in the Paris region is
underway.
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A new project started in 2008 on the impact of b&i$ over Europe. 10% of the energy
used for road transport was replaced by ethanolbandiesel (Jérbme Favier, Karine
Sartelet, Yelva Roustan). The impact on photockgnand particles was assessed for
the year 2005.

Atmospheric Dispersion of Radioactive Species

An important application of Polyphemus is the fastcof the atmospheric dispersion of
radioactive species. This work is conducted asra woject with the Emergency Center
of the French nuclear safety agency (IRSN). Extensvork (Ph.D. thesis of Denis

Quélo) was devoted in 2005 and 2006 to the sinaratif the Chernobyl accident. A

sensitivity analysis was performed with respedht® parameterizations (including MM5

meteorological parameterizations) in order to itigage the sensitivity of wet and dry

scavenging (key processes governing the atmosphfsticne of radioactive species).

Another sensitivity study based on adjoint modelied to a quantitative description of
any measurement sensitivity to dry deposition aret scavenging parameterization
schemes for the Chernobyl accident. Polyphemusois msed in the new operational
forecast system at IRSN for regional scales.

References: Sportisse (ACL-32), Quélo et al. (AQN);Krysta (TH-7)
Multi-Media Modeling

Impact of air quality pollutants on human healthai:ew field of application of the
Polyphemus system, with a focus on thermal powantpimpact. In the Ph.D. thesis of
Solen Quéguiner (2008), the outputs of Polyphemms Iéad and cadmium (air
concentration and ground deposition) were coupledthe soil/watershed fate and
tranpsort model OURSON developed at EDF R&D. OURS{@Ncribes pollution in the
ecosystem, including soil, surface and groundwaited, the foodchain, to estimate doses
for human beings. A model devoted to Persistenta@icg Pollutants (POPS) is under
development and evaluation within Polyphemus.

References: Queguiner et al. (ACL-53), Queguinét-[R)
Plume-In-Grid Modeling

Polyphemus hosts two Gaussian models (a steatyfdtane model and a puff model),
that are currently developed and used for atmogphkepersion at the local scale. Some
statistics for the Prairie Grass Experiment aregivn Table 2; they demonstrate that the
Polyphemus models are comparable to existing stdratanospheric dispersion models
used in North America and Europe in terms of penfmce. A major limitation of
regional and continental scale air quality modelstheir inability to treat the local
impacts of the plumes emitted from large point searsuch as power plants and
incinerators. To better represent those sourcespibssible to combine puff models with
the grid-based air quality model in order to depedosubgrid-scale representation of the
plume processes near the point of emission. SiRlnrae-In-Grid capability is currently
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being developed in Polyphemus for both inert ardtiee species (Ph.D; thesis of Iréne
Korsakissok).

Table 2. Performance statistics for several stestiaiy Gaussian models: comparison of
maximum arc concentration for simulation and obagown - 43 trials from the Prairie
Grass Experiment. ADMS, AERMOD and ISCST3 are saathadegulatory models used
in Europe and North America; Polyphemus was apphéd three different options for
parameterizing atmospheric dispersion (Briggs, Paund a first-order closure scheme).

Model Fractional Bias Normalized Correlation Fraction of
Mean Square  coefficient simulations
Error within a factor
of 2 of the
observations
ADMS 0.56 3.62 0.64 0.46
AERMOD 0.00 1.87 0.75 0.76
ISCST3 0.06 1.76 0.72 0.62
Polyphemus - Briggs 0.0 1.83 0.78 0.74
Polyphemus - Doury 0.46 4.47 0.42 0.27
Polyphemus - -0.08 1.25 0.82 0.61

Similarity theory

Reference: Korsakissok (AP-174)

1.4 Data Assimilation

This research area is covered by an INRIA/ENPC gateieam hosted by CEREA,
CLIME; it is devoted to data assimilation, imagesiaslation, inverse modeling,
ensemble methods, network design and modelingragster environmental applications.
Note that the research activity of INRIA membetshe CLIME project is consolidated
in the CEREA activity report since 2007, though @ldME project-team was created in
2005. In particular, through this consolidationagpe assimilation activity is now part of
the CEREA activity report.

Inverse Modeling of Tracer Source

The dispersion of a passive tracer is described byear advection-diffusion equation.
The objective is then to retrieve the emissionshenbasis of observational data and of a
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numerical model for the dispersion. Thanks to tmedr nature of the underlying
equations, this can be performed with adjoint sohg called retroplumes.

If the source is a point-wise source, the simplethad can be used (Jean-Pierre Issartel
and Jérdme Baverel). The problem is more intriatediffuse emissions. A geometric
interpretation of the retroplumes was proposeddanPierre Issartel and applied to the
retrieval of arsenic emissions in Chile (joint @cj with Laura Gallardo Klenner, CMM
Chile).

Moreover, new approaches have been proposed fersevnodeling of passive tracers,
using the maximum entropy on the mean principle KMBarc Bocquet). The main
advantage of this set of methods is the way theaai fxnowledge is taken into account.
In particular the positivity of the source can bemerically enforced, rigorously and
efficiently. New cost functions, one for each priare generated by the MEM principle
and can be especially devised for several typeappfication. They can be generated
both in the state space or in the dual space areagons. The generated cost function is
4D-Var (4D-Var PSAS in the dual space), when thpdtlyeses on the source and the
errors are Gaussian. In this latter case, it wasvsho be equivalent to a projection onto
the basis of retroplumes. These methods can beedpfd accidental releases (for
instance to the ETEX campaign), where they have deenonstrated to be very efficient.
Besides, the optimization of the cost function banperformed both in the state space
and in the space of observations (dual approactmenNhe number of observations is
low compared to the number of unknown variables,dhal approach proves numerically
fast. The method was tested on ETEX-I and ETEXAH.for ETEX-I, the total mass is
recovered and the correct grid-cell of the relaasgeund, with about 65 % of the total
mass in this grid cell (Figure 15).
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Figure 15. Left: a two-dimensional representatbthe reconstructed source of ETEX-I,
integrated in time. The inversion is based on tieMVprinciple. The reconstruction is
based on all available positive measurements:riiegies mark the stations whose data
were used in this inversion. Right: temporal pebf the solution in the true release grid-
cell. 342 kg are recovered (222 kg in the correitt-gell) against 340 kg known to have
been released.
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Another task is devoted to the assessment of theence of grid resolution in the case of
inverse problems with or without entropy regulatima. The singular points in the
retrieved sources around the monitoring statiopstlaen explained. The existence of an
optimal resolution has been proved and an indicatdhe inverse modeling procedure
has been proposed (Marc Bocquet).

References: Bocquet (ACL-2, ACL-3, ACL-4, ACL-4T3sartel (ACL-5), Krysta et al.
(ACL-52)

Advanced Data Assimilation for Air Pollutants

A natural follow-up to previous work was to use thest estimation of an accidental
source of pollutant to forecast the pollutant plumsing this advanced non-Gaussian
formalism. This was explained and demonstrated ©BXzl (Marc Bocquet). Besides,
one can adapt this technique to emergency situisatamere data come as the crisis
unfolds, and where the best forecast is neededdhiaut the crisis. It was shown that in
the context of ETEX-l, 15 hours were necessarydeniify the source term, for a
satisfying forecast of the plume to be given (FeyL6).
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Figure 16. Total PMCH (340 kg were released in KTEn Monterfil) reconstructed
mass (full line) and reconstructed mass around Bf@ih{dashed line) against time (a).
Relative entropy for the source (full line) andatele entropy for the errors (dashed line)
against time (b). The time origin corresponds to3ober 1994 15:00 UTC, one hour
before the start of the release.

Reference: Bocquet (ACL-16)

Short-Range Inverse Modeling

Since 2003, CEREA has participated in a joint pbjeith IRSN devoted to Inverse
Modeling of an Accidental Release in the atmospliEH&RA). The natural scale of this
project is at most a few kilometers around a nugbeaver plant. A preliminary task was
accomplished in 2004-2005 with twin experimentsr(iBeQuélo and Bruno Sportisse).
Some experiments were carried out in order to inparameters related to the emission
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of a point source or physical parameters for twebutispersion (Ph.D. thesis of Monika
Krysta). A variational approach was applied to # puodel with a set of data obtained in
the wind tunnel of “Ecole Centrale de Lyon” (withsenall scale model of the Bugey
power plant). The evaluation of the monitoring netivwas also completed with cross
validation techniques.

References: Krysta et al. (ACL-11), Quélo et alC[A8), Quélo (TH-2), Krysta (TH-7)

Inverse Modeling of Radionuclides Accidental Releasover Europe

First experiments in inverse modeling of radiondes at regional scale have been
investigated using both synthetic and real datais Td a test application for the
Maximum Entropy on the Mean [MEM] techniques, wihphysics involving removal
processes. New objective functions specificallyiglesd for localization of sources were
analytically derived and tested numerically on twpothetical accidents in Europe. The
sensitivity of the inversion with respect to thenioring network spatial distribution, the
meteorological conditions, the number of observetjovas studied. The methods were
then applied to the Algeciras radioactivity releaseident (Monika Krysta and Marc
Bocquet). The temporal inversion leads to satisfgctesults while a reasonable 3D
reconstruction is proven to be impossible withdkeilable data (Figure 17).
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Figure 17. Reconstructed profile of an accidergdase of Cs-137 in Algeciras, Spain,
using especially devised cost-function. Some [298, 2.96 167 Bq have been released
between 01:00 and 03:00 UTC on 30 May 1998. The tinthe release corresponds to
215-217 on the horizontal axis. Reconstructed #gti2.96 13°Bq.

The MEM method was also applied to the Chernobgidsnt (Xavier Davoine and Marc

Bocquet). The location was supposed to be knowah aatvo-dimensional (temporal and
vertical) profile is sought for. The isotopes ashble for long-range transport were
investigated: 1131, Cs137, and Cs134. It appedradthe inversions were very sensitive
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to the mass scale that entered the definition efpttior which enforces the positivity of
the source, in addition to the usual ratio of c@mmses between background and errors.
The L-curve semi-empirical approach has been usedstimate the value of these
parameters. The total activity reconstructed far tiwree species has been shown to be
only within 10% to 30% of the previous official esations (Figure 18).
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Figure 18. A typical solution of the Chernobyl sm inversion problem based on a
Bernoulli source prior, and a uniform Gaussian repioor. The left-hand-side figure (a)

is a density graph representing the activity reddgser unit of time and unit of altitude

(in Bg m s). The right-hand-side figure (b) showsanstructed hourly and day-to-day
(dashed line) profiles of the iodine-131 releage.ra

References: Krysta and Bocquet (ACL-22), Davoing Bacquet (ACL-18), Krysta (TH-
7)

Inverse Modeling of Ozone Precursors Using Variatinal Assimilation

The use of 4D-Var techniques requires the developmithe adjoint model of Polair3D
(Denis Quélo). An application was the inverse mimgebf NO, emissions at regional
scale.

The emissions fluxes represent one of the main rtainées in Chemistry-Transport
Models. These uncertainties are mainly relatedh® time distribution. A task was
completed over the Lille region (May 1998) on tlasis of observational data for ozone
and NQ. The control parameters are hourly coefficientplied to emissions of NO
(Figure 19). The forecast of ozone and ,\N@ith the improved emission fluxes is
significantly improved for the learning week and fioe next two weeks after the learning
period (Denis Quélo, Vivien Mallet and Bruno Spss#).

References: Quélo et al. (ACL-7), Quélo (TH-2)
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Figure 19. Optimized time distributions of NO enmss over different periods (Lille
run).

Sensitivity Analysis and Inverse Modeling of Mercuy over Europe

Elemental mercury is a long-lived species (withn@escale of one year). It is, therefore,
relevant to perform a sensitivity analysis withpest to lateral boundary conditions for a
simulation at continental scale. Adjoint methodsraveised in order to quantify the
sensitivity of observational data of mercury overdpe with respect to emissions, initial

conditions and boundary conditions (Yelva Roust&h.D.. thesis) (Figure 20, see also
Section 1.3).

Figure 20. Sensitivity to emissions of the mercuagnual average modeled air
concentration measurement. Application to transbatias pollution issues for Germany
(a), France (b) and the Czech Republic (c). Inctee of the Czech Republic examples of

monthly averaged sensitivities are also given tmalestrate the intra-year variability of
the sensitivity ((d), (e) and (f)).
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These tools were also used to invert some of thundbary conditions, in particular the
northern border, sensitive to the mercury depletiwent. Also it is shown that with the
present EMEP network, not enough data are availabl@vert emissions parameters
(Figure 21).
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Figure 21. Monthly averaged ground measuremegaséous mercury (in ng m)
at four EMEP sites for the year 2001. The obsemwatiata of the first two
stations are used for the assimilation process.

References: Roustan and Bocquet (ACL-14, ACL-15ydRan (TH-6)

Comparison of Sequential and Variational Methods inAir Quality

German Torres achieved his postdoctoral fellowslapoted to air quality forecast over
Berlin (in collaboration with GMD First, Berlin). Reduced Rank Square Root Filter
and an Ensemble Kalman Filter were developed antk qoeliminary applications to an
academic case were performed.

Both variational (4D-Var) and sequential (EnKF)alassimilation techniques have been
implemented in the Polyphemus system using the @DMir3D, and the merits of both
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approaches have been compared (Lin Wu, Vivien NMaN&rc Bocquet and Bruno
Sportisse). A secondary aim is to study the impdaton-linearities in air quality data
assimilation (main topic of ADOQA, a Research Actf INRIA). The drivers for 4D-
Var and several variants of the Kalman filter aosvrimplemented in Polyphemus, and
they are being extensively tested (Figure 22).

Montandon
T

Figure 22. Left: time evolution of ozone concetitnas against available observations at
EMEP station Montandon, for the reference simutatigvithout assimilation), the
simulation with assimilation (Ol, EnKF, RRSQRT ad®-Var). The assimilation is
Right: time evolution of root mean square erroilopbne concentrations compared with
all available observations. The total RMSE over thays is 27.5 for reference, 18.9 for
Ol, 21.7 for EnKF, 22.1 for 4D-Var, and 24.4 for BRT.

Reference: Wu et al. (ACL-50)
Ensemble Methods for Air Quality Forecast

Air quality forecasts are characterized by highastainties which come primarily from
the physical formulation of the models (parametditns) and from the input data (e.g.,
emissions, boundary conditions). Large ensembleaulations were built in order to
account for these uncertainties. This providedaasmestimate of the uncertainties in the
predictions, and this allowed significant improvensein the forecasts.

For the latter, weights (depending on past obsematand on past model outputs) were
associated to the models in the ensemble in omléortn a linear combination of the

models forecasts. The methods, so-called sequemgigiegation methods, essentially
derive from machine learning algorithms. They comih strong theoretical guarantees
on their performance as they are guaranteed tmbgetitive against the best constant
linear combination of models; they also proved ¢osliccessful and robust in practice,
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and they are in the way to be applied for operafidorecasts (on the Prév'air platform,
by INERIS).

In order to enhance the ensemble abilities, a mag@arch objective is the calibration of
the ensemble, that is, the selection of the mottelse included in the ensemble. First
results were obtained with the question reformdlag#s a combinatorial optimization
problem where the target criteria (e.g., a Brie@rsgis minimized over a discrete set of
models (i.e., a large ensemble).

0 5 10 15 20 25 30 35 40 45

Figure 23. Map of best model indices. In each otlihe discretized domain, the color
shows which model (marked with its index, in [0],450 for a 48-member ensemble)
gives the best ozone peak forecast on 7 May 20@ieatlosest station to the cell center.
This shows that many models can deliver the bestést at some point.

References: Mallet and Sportisse (ACL-12, ACL-I\33llet et al. (ACL-54), Mallet
(TH-5)

Network Design for Atmospheric Dispersion

A research project in network design for air gyaltarted in January 2006 with the
Ph.D. thesis of Rachid Abida (ENPC/IRSN suppoRSIN asked CEREA to help define
its future aerosol station network for the evalatiof a hypothetical accidental
radioactive release in France (Descartes proj@ttg. results of the preliminary work
were given in a first report (Nikki Vercauteren akthrc Bocquet). A basis of 15000
radiological accident simulations were computedngisPolair3D, for two types of
accident, and one species (among three possiledbfective function was then defined
to evaluate any monitoring network. The capabiiifya network to extrapolate activity
measurements on the ungauged grid cells of the idamthe primary objective. The cost
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function is therefore a measure of the discrepanbetween the extrapolation and the
true values as read in the simulation databaseglf@ccidents of the database. Several
methods of extrapolation were considered: closestt@pproximation, ordinary kriging,
splines. A simulated annealing optimization wastperformed, for a fixed number of
stations, to reach a close to optimal network. Tirst phase of the work consisted in
implementing this program using one month of siriafes from the database, and
developing the parallel algorithm (Lam MPI and PR ®ireads) on the CEREA PCs. In
the second phase (Rachid Abida and Marc Bocquet)study was extended to one year
of simulation. The sensitivity of the network perfance to the number of stations was
tested. One of the key result is the very high isgitg of the design to the definition of
the cost function, and in particular to the norratthounders the discrepancies. It was
shown that, because of the sharp gradients in eietal dispersion, the usual least-
square criterion arranges all stations around thece, neglecting the evaluation of the
subsequent plume far way from the source (Figude 24milder norm was therefore
advocated (or norm).

Figure 24. Monitoring networks (100 stations) optied for the best extrapolation of
radionuclides concentration fields over the Fretachtory, on a yearly database of 7000
fictitious accidents. The red rhombuses repregensources (civil nuclear sites), and the
blue crosses represent the network stations. Ehtheonetworks is optimized on the
basis of a different cost function built on a cerjaower (alpha) of each of the departure
terms. The last network results from a geometricdpation: no simulation is used.
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A similar project is also carried out in a jointopct with DGA (Iréene Korsakissok,

Vivien Mallet and Bruno Sportisse). The aim is tesidn and evaluate networks for
defense applications at regional and local scaletlfe battlefield). A tool was designed
to evaluate network performance in terms of detacgirobability and saturation time. It

was tested on networks designed by taking the sertbat have the best detection
probability or the best saturation time. A sengiivstudy was also achieved for

parameters such as wind speed and angle variatien,species type (biological,

radioactive or chemical) and diameter to be deteced the number of sensors in the
network (Figure 25).
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Figure 25. Network design on a battlefield (regioswale). Map of detection probability
at regional scale for all possible sensors, as a®lthe sensors positions for the ten
sensors having the best detection probability.

Reference: Abida et al. (ACL-46)

Reduced Models and Propagation of Uncertainties

The use of data assimilation methods for large-dsmmal systems such as those
involved in chemistry-transport models may reqtine search for reduced models. Many
approaches have been developed and benchmarkedgah®m, one can cite a singular
perturbation technique based on multiscale redugctieduced Monte-Carlo techniques
(DEMM), expansion in chaos polynomial, High Dimesl Model Representation

(HDMR) or Proper Orthogonal Decomposition (RafikoDad, Jaouad Boutahar and
Bruno Sportisse).

Reference: Sportisse and Djouad (ACL-33)
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Image Processing versus Data Assimilation

We proposed to use the data assimilation framewndtudy a class of ill-posathage
processingproblems: the equations used to model the imaggepties are under-
determined and the solution is usually obtainesh@isegularization techniques. Data
assimilation solves a system of three componerits m@spect to the state vector, which
represents the solution of the problem (for exanaplector field for motion studies on
sequences of images):

1. The first one is called "evolution equation"déscribes the evolution of the state
vector in the time domain. This evolution equatghould include the available
physical knowledge on the image acquisition andsthdied phenomena.

2. The second one, called "observation equatiorscrd®es the mathematical link
between the state vector (the result we are lookamy and the observations
included in the sequence of images.

3. And the third one describes the initial conditievhich can be obtained by any
classical image processing method.

Research studies are carried out to understand:
e Which physics to include in the evolution equation?
e What is visualised on the images and should betirtk the state vector?
e How to use the covariance matrices, describingetfiers of each term of the
system, for solving the problems of missing dataaguisition noise, ... ?

Figure 26. Sequence of vortice images obtained ftloen Coriolis platform (LEGI in
Grenoble). On the left, the image is treated usagylarization (radiometric conservation
law and smoothness of motion). On the right, thagenis assimilated into a transport
model, so that missing (or corrupted) data candmepensated by knowledge of physical
laws implemented in the model (here: one missimg)sh

Reference: Grazzini et al. (ACL-36)
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Image Assimilation for Environmental Forecast

We introduced a methodology for using structurddrmation, contained in images, for
improving environmental forecasting. It is basedwa steps:

1. Images are first processed in order to estimagvaet image information;

2. This image information is then consideregasudo-observatiorasssimilated in a
simulation model in order to compute the forecast.

The pseudo-observations can be estimated usingreittage processing approaches or
the data assimilation framework. The latter nedus definition of animage Model
images are assimilated into this model to estirpagudo-observations. The use of data
assimilation methods helps to manage the missing idaan optimal way. The Image
Model is designed in order to be consistent with physical knowledge of the observed
phenomena and to be representative of the visitfiermation that has potential to
constrain the environmental simulation model.

This two-steps approach, relying on data assimitat&chniques, gives the opportunity to
couple the Image Model and the environmental sitmriamodel in order to enhance
forecast results. The method has been appliedarctimtext of ocean circulation: Sea
Surface Temperature images are used to estimagutfeece velocity, in turn assimilated
in an operational Black Sea circulation model.

Figure 27. Assimilation of pseudo-wind fields froimages of the Black Sea. Left:
without assimilation. Right: with assimilation.

1.5 Meteorological Measurements

This research area has been at EDF-R&D for mangsyaad was integrated in CEREA
at the beginning of 2005. The projects are relatethe needs of EDF for atmospheric
dispersion at an industrial or urban site, andviord energy resource assessment, in
close link with the Mercure_Saturne team (see 8ecti.2). The field campaigns are
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primarily devoted to the creation of data bases rfamerical simulations, and to
instrument testing, especially wind profilers (soddHF radar, lidar). Four people are
involved in this area. A key point of this researsiea is the partnership with the IPSL
observational site (SIRTA) in the southern subdrParis at Palaiseau.

Sodar Intercomparison

In 2005 CEREA performed a campaign of intercomparifor sodars, in collaboration
with “Centre scientifique et technique du batimeg{@STB). The goal was to evaluate the
guality of measurements and the acoustic distudarficseveral commercialized mini-
sodars, to select an instrument for wind and tenhed measurements at both French
nuclear power plant sites and wind energy prodacsites. The campaign site was very
flat and without obstacles, therefore, well adapted intercomparisons. During two
months, four sodars were compared with a 80-meterst instrumented with cup and
sonic anemometers, and with a reference sodar wtadhbeen extensively evaluated in
the past. The results showed significant differenockbehaviour between the 4 tested
sodars, especially for very windy or rainy situaip which generally correspond to
unfavourable conditions for sodars. Two sodars letdd very good statistical
comparisons with sonic anemometers, without anypedion or data filtering. But only

one was able to measure the strongest winds ererednduring the campaign (18 i s
at 80 meters agl), and to maintain very good datality for these winds. A simple
method using the sodar data was tested to calctilatannual mean wind speed at hub
height, here 80 m above ground level (agl), whasei@cy determines the quality of the
energy production assessment. With this methodstiiar data provided by the two-
months campaign combined with one-year measurenoér@up anemometer (at 40 m
agl) allow to decrease by a factor of 3 the re&agvror for the mean annual wind speed at
hub height, when compared to a vertical extrapmhally a power law.

References: Musson-Genon et al. (ACL-26), Dupoal.€fAP-157, AP-158), Dupont
and Flori (AFF-31)

Tests of a UHF Radar and Derivation of Turbulent Paameters

A Degréane UHF radar was extensively tested dwéwgral years in collaboration with
the “Centre de Recherches Atmosphériques” (“Laloinad’Aérologie”) at Lannemezan
plateau. It is well known that ground clutter anlgem of commutation between
emission and reception prevent UHF radar from gj\gnod quality measurements in the
first two hundred meters of the atmosphere. Du@i0g5, a campaign was initiated in
order to test some important modifications perfairbg Degréane on the emitted pulse
and on the receiver. The data of this campaign Iskiesvn that the availability rate of
validated data at the first level of the radar (8bis now larger than 90%, and that the
measurements of wind speed and direction at thied kre in very good agreement with
the measurements of the reference sodar RemtechaRé2he ultrasonic anemometer

(bias less than 0.5 m'sand 5 speed and direction, standard deviation aboutst' mnd

30). Moreover, the use of the spectral width of tHeFUmeteorological peak makes it
possible to determine some turbulent parameters aache dissipation rate of kinetic
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energy. The comparison of the spectral width ontkhé& vertical beam with the standard
deviation of vertical velocity measured by a soamemometer shows a reasonable
agreement during daytime, but large differencesndunight time. Figure 28 shows that,
on the whole, the correlation is lower than the dmetween sodar and sonic
measurements of standard deviation of vertical oiglo It is therefore necessary to
improve the methodology to extract a reliable tigboe information from UHF radar
data, especially in stable conditions.
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Figure 28. Comparison between spectral width nreason UHF vertical beam and
standard deviation of vertical velocity measuredsbyic anemometer (left panel) and
between standard deviation of vertical velocity sugad by sodar and sonic anemometer
(right panel).

Reference: Dupont et al. (AP-132)

Collaboration with IPSL (Institut Pierre-Simon Lapl ace)

In a collaboration with the IPSL Institute, an innf@mt set of meteorological instruments
was installed during 2006 on the experimental &litl®SL (SIRTA, located about 25 km
south-west of Paris, at Ecole Polytechnique in iBedau). SIRTA gathers a large set of
remote sensing instruments (lidars and radars)isim/olved in international networks
of experimental sites devoted to research in at&yaaa clouds. CEREA has primarily
brought instruments for wind and turbulence measerdgs (UHF radar, sodar, sonic
anemometers), but also radiation, temperature amidity sensors (Figure 29). Four
areas, with distances ranging from several hundoédseters to one kilometer, have
been or are about to be instrumented on the siterder to document the flow
heterogeneities. This includes one area near aibgil A joint project with IPSL has
been retained by the Ile de France region (SESAM&gram) to strengthen the
instrumental set up and thus to create with SIRTr&gaonal observatory for research in
meteorology and air quality.
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Measurements are performed on a routine mode ierom constitute a long-term
(several years) data set. This data set permitextanded validation of the Mercure_
Saturne code including a wide range of meteorofdgsituations. This comparison
between measurements and simulations focuses oabihiy of this code to simulate
correctly the micro-scale meteorological heterog@induced by the complex land use
of SIRTA (buildings, trees, water) and by the nealleys. The goal is to improve the
operational abilities of the Mercure_Saturne model] thus to prepare a future use of
this code for impact studies (for EDF power plantsds traffic ...), and for wind energy
resource assessment.

r
|

Figure 29. Views of the radar UHF (left) and tierBeter mast (right) installed on the
SIRTA site.

In 2007, a fine grid of the site has been prepavritill a horizontal mesh ranging from 5

to 25 m. The first simulations show that MercurguBe reproduces correctly the

modifications of the flow by the buildings (Figud®). Simulations are now going to be

performed for a large number of meteorological ¢oos in order to study changes in

wind and turbulence fields as a function of sevpeabmeters such as wind direction and
vertical stability.

CEREA instruments are also used in collaboratioth vather laboratories in field
campaigns focusing on specific scientific objedivEEREA is currently involved with
IPSL and Météo-France in the Paris-Fog project,ctvhis supported by the French
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research atmospheric program LEFE. This projectedicated to the observation and
numerical simulation of turbulent, radiative, dyneah and microphysical processes
involved in the life cycle of fog. The field campai took place at SIRTA between
November 2006 and March 2007. Most of the instrusibave worked continuously, but
15 I0OPs (Intensive Observation Period), includingldisonal measurements
(radiosoundings, tethered balloon, aerosols anglel® measurements), have been
documented. These I0Ps correspond to differentskioidfog, in terms of physical
processes, spatial heterogeneity, and time evaolutibD simulations have been
performed with Mercure_Saturne in order to validaie physical parameterizations (see
Section 1.2), and 3-D simulations will follow, faging primarily for radiative fog events
of the campaign.
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FigUre 30. Wind speed at 10 m above ground leveSHRTA site for a south-west
incoming wind.

Reference: Challet et al. (AFF-32)

Campaign for Wind Energy Resource Assessment in Cqotex Terrain

Wind energy resource is generally estimated witledrized models of flow. However,
the limitations of this kind of models in complestriain are well known, and CFD codes
are more and more considered as valuable toolssites characterized by complex
orography and/or forest. Moreover, the sodar cagmpaerformed during winter 2005-
2006 has shown that sodar measurements can cdaattdumprove the methodology to
calculate the mean annual wind speed at hub hefglityear campaign of wind and
turbulence measurements has been performed oruie fwind energy production site
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between June 2007 and June 2008. The selecteid ®imated in southern France and is
characterized both by strong slopes and forest.mam objective is to provide a well
documented data set for the definition and thedatibn of a new methodology of wind
resource estimates with the Mercure_Saturne cdu®(Rhesis of Laurent Laporte). The
horizontal and vertical heterogeneities of wind &mtbulence are documented by means
of 2 sodars and 4 instrumented masts among whieh86nm high mast equipped with
cup and sonic anemometers, vanes, and temperagasors (Figure 31). The first
analyses indicate that the wind vertical profileasi@ed on the crest are quite well mixed
and that the turbulent kinetic energy is often veigh. The measurements have been
used to correct the mesoscale information for thepgration of the lateral boundary
conditions, and to compare the Mercure_Saturnelations on some selected situations
(see part 2.1). The campaign also aims to evalhatdehavior of a mini-sodar in very
difficult conditions (complex terrain, strong graliolutters and strong winds). This mini-
sodar has provided measurements which are wekleted with the sonic anemometers,
but with a tendency to underestimate wind speeglfei 32).
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Figure 31. View of the 80 m high mast (right) andis anemometer (left).
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Figure 32. Wind speed measured by the sodar SCBRAS compared to a Metek USA-1
sonic anemometer, for the week 8 to 15 May 2008.
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1.6 Self-Evaluation

CEREA is a young laboratory since it was officiafitarted in 2004. CEREA can be
considered to be a success story in terms ofgtsfgiant contributions to both research
and teaching in just a few years. The large nunmiferscientific publications in
international peer-reviewed journals (about 50 dkierpast four years) demonstrates that
the quality of the research is consistent withititernational standards of the discipline.
The number of Ph.D. granted by CEREA (12 over thst @.5 years) is consistent with
expectations for a new laboratory. Courses taughCBREA staff correspond to the
laboratory main expertise (i.e., air pollution andthematical modeling) and have led to
one major textbook and several course material Meats. In addition, CEREA has
produced several new methods that have significaathtributed to the advancement of
the science and are now used operationally by wararganizations (e.g., air quality
forecasting techniques used at INERIS, monitoriegvork design methodologies used
at IRSN, dispersion studies at various EDF siteglaoted with CEREA models, a model
used for air quality forecasting during the Beijidtympics). Therefore, we believe that
CEREA has met or exceeded all the major objectiraswere defined four years ago at
the moment of its inception.

There are, however, a few areas where improvenahtlelp increase the international

exposure of CEREA. First, one major challenge f&REA is to coordinate activities

among three groups located on three distinct 8888 C, EDF and INRIA). These three
groups bring diverse types of expertise to CERERctv contribute to the high quality of

the research being conducted. However, althoughesodividuals are quite active in

fostering collaborations among the various sité® geographical distances hinder
communications among some parts of those groupsyaméd action will be needed to

ensure that all members of CEREA continue to alstiparticipate in the laboratory

activities and do not become isolated.

Second, more emphasis must be placed on estalgliphimnerships with research groups
that are active in experimental work (both labanatand field experiments). CEREA
already has a group, which is active in meteoralagmeasurements of the atmospheric
boundary layer; however, there is no expertise BREA in measurements of the
chemical composition of the atmosphere. Such pestimes will be key to future
endeavors because scientific advances typicallglweva combination of theoretical and
experimental work; CEREA is a leader in the fornbet needs to team with other
research groups to have access to the latteresethwo current weaknesses are addressed
effectively, one can be confident that CEREA wilintinue to be a dynamic laboratory
that contributes significantly to research and he&sx in the atmospheric and
environmental sciences.
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2. Production scientifique

Le chapitre 2.1 présente les publications du CEREepuis 2004 et le chapitre 2.2 présente les
publications depuis 2004 du nouveau directeur dREA qui a pris ses fonctions |1&" Aot 2008.

2.1 Publications du CEREA

2.1.1 Articles dans des revues avec comité de leetuépertoriées dans les bases de données
internationales (ACL)

2004

1. Boutahar, J., Lacour, S., Mallet, V., Quélo, D.,uR@n, Y., Sportisse, B. (2004). Development and
validation of a fully modular platform for numerlamodelling of air pollution: Polair3D. Int. J. Env
Pollut., 22(1-2) 17-28

2005

2. Bocquet, M. (2005). Grid resolution dependencéereconstruction of an atmospheric tracer source.
Nonlinear Process in Geophysics, 12:219-234

3. Bocquet, M. (2005). Reconstruction of an atmosghiecer source using the principle of maximum
entropy | : Theories. Quart. J. Roy. Meteor. Sb81 (Part B(610)):2191-2208

4. Bocquet, M. (2005). Reconstruction of an atmosghiacer source using the principle of maximum
entropy Il : Applications. Quart. J. Roy. MeteoacS 131(Part B(610)):2209-2223

5. lssartel, J.-P. (2005). Emergence of a tracer sofn@m air concentration measurements: a new
strategy for linear assimilation. Atmos. Chem. Ph§49-273

6. Mallet, V., Sportisse, B. (2005). A comprehensitiglg of ozone sensitivity with respect to emissions
over Europe with a chemistry-transport model. bbgs. Res., 110(D22)

7. Quélo, D., Mallet, V., Sportisse, B. (2005). Inveraodeling of NOx emissions at regional scale over
Northern France. Preliminary investigation of thecand-order sensitivity. J. Geophys. Res.,
110(D24310)

8. Quélo, D., Sportisse, B., Isnard, O. (2005). Datsimailation for short-range dispersion of
radionuclides: a case study for second-order seitgit). Environ. Radioactivity, 84:393-408

9. Sartelet, K. N., Hayami, H., Albriet, B., Sportis& (2005). Development and preliminary validation
of a Modal Aerosol Model for tropospheric chemistdAM. Aerosol Sci. Technol., 40(2):118-127

2006

10. Debry, E., Sportisse, B. (2006). Reduction of thedensation/evaporation dynamics for atmospheric
aerosols: theoretical and numerical investigatibhnybrid methods. J. Aerosol Sci., 37(8):950-966

11. Krysta, M., Bocquet, M., Sportisse, B., Isnard,(2006). Data assimilation for short-range dispersio
of radionuclides: an application to wind tunneladatmos. Env., 40(38):7267-7279

12. Mallet, V., Sportisse, B. (2006). Ensemble-basedjaality forecasts: a multi-model approach applied
to ozone. J. Geophys. Res., 111(D18):18302

13. Mallet, V., Sportisse, B. (2006). Uncertainty in chemistry-transport model due to physical
parameterizations and numerical approximationeresemble approach applied to ozone modeling. J.
Geophys. Res., 111(D01302)

14. Roustan, Y., Bocquet, M. (2006). Sensitivity anay®r mercury over Europe. J. Geophys. Res.,
111(D14304) 56

15. Roustan, Y., Bocquet, M. (2006). Inverse modeliagrhercury over Europe. Atmos. Chem. Phys.,
6:3085-3098
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16.Bocquet, M. (2007). High resolution reconstructaira tracer dispersion event: application to ETEX.

17.

18.
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20.
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Quart. J. Roy. Meteor. So83: 1013-1026

Bouzereau, E., Musson-Genon, L., Carissimo, B. T200n the definition of the cloud water content
fluctuations and its effects on the computatioradfecond-order liquid water correlation. J. Atmos.
Sci., 64:665-669

Davoine, X., Bocquet, M. (2007). Inverse modellingsed reconstruction of the Tchernobyl source
term available for long-range transport. Atmos. @hehys., 7:1549-1564

Debry, E., Fahey, K., Sartelet, K., Sportisse, T®mnbette, M. (2007). A new Size REsolved Aerosol
Model: SIREAM. Atmos. Chem. Phys., 7(6):1537-1547

Debry, E., Sportisse, B. (2007). Numerical simolatof the General Dynamics Equation (GDE) for
aerosols with two collocation methods. Appl. Nunidath., 57(8):885-898

Debry, E., Sportisse, B. (2007). Solving aerosalgtdation with size-binning methods. Appl. Numer.
Math. doi:10.1016/j.apnum.2006.09.007, 57(9): 10080

Krysta, M., Bocquet, M. (2007). Source reconstauttiof an accidental radionuclide release at
European scale. Quart. J. Roy. Meteor. Soc., 133532

Mallet, V., Pourchet, A., Quélo, D., Sportisse,(B007). Investigation of some numerical issues in a
Chemistry-Transport Model: gas-phase simulations. Qeophys. Res., 112, D15301,
doi:10.1029/2006JD008373.

Mallet, V., Quélo, D., Sportisse, B., Ahmed de Biadd., Debry, E., Korsakissok, I., Wu, L.,
Roustan, Y., Sartelet, K., Tombette, M., Foudhil (2D07). Technical Note: The air quality modeling
system Polyphemus. Atmos. Chem. Phys., 7, 5479;548¥/

Milliez, M., Carissimo, B. (2007). Numerical simtitans of flow and pollutant dispersion in an
idealized urban area, for different meteorologicabnditions. Boundary-Layer Meteor.,
122(2):321{342

Musson-Genon, L., Dupont, E., Wendum, D. (2007)cdRetruction of the surface boundary layer
vertical structure of wind temperature and humidday two levels. Boundary-Layer Meteor.
124(2):235-250

Quélo, D., Krysta, M., Bocquet, M., Isnard, O., iin Y., Sportisse, B. (2007). Validation of the
polyphemus system: the ETEX, Chernobyl and Algeciracases. Atmos. Env.
doi:10.1016/j.atmosenv.2007.02.035 57

Sartelet, K., Debry, E., Fahey, K., Tombette, MoguBtan, Y., Sportisse, B. (2007). Simulation of
aerosols and gas phase species over Europe witlPdlyphemus system. Part I: model-to-data
comparison for year 2001. Atmos. Env. 41(29):6,61631

Sartelet, K., Hayami, H., Sportisse, B. (2007). Dmant aerosol processes during high-pollution
episodes over Greater Tokyo. J. Geophys. Res.114214, doi:10.1029/2006JD007885

Sartelet, K., Hayami, H., Sportisse, B. (2007). Bi8sia Phase II: sensitivity to the aerosol module.
Atmos. Env. 42(15):3,562-3,570

Sportisse, B. (2007). A review of current issues aim pollution modeling and simulation.
Computational Geosciences, 11(2):159-181

Sportisse, B. (2007). A review of parameterizatibfmsmodeling dry deposition and scavenging of
radionuclides. Atmos. Env., 41(13):2683-2698

Sportisse, B., Djouad, R. (2007). Use of Propeh@gbnal Decompositions for the reduction of
atmospheric chemistry. J. Geophys. Res., 112(D06303

Sportisse, B., Quélo, D., Mallet, V. (2007). Impaaft mass consistency errors for atmospheric
dispersion. Atmos. Env. 41(29):6,132-6,142

Tombette, M., Sportisse, B. (2007). Aerosol modglat regional scale: Model-to-data comparison
and sensitivity analysis over Greater Paris. Atnios.., 41(33):6,941-6,950

Grazzini J., Turiel A., Yahia H., Herlin I. (200A multifractal approach for extracting relevant
textural areas in satellite meteorological imagas/iron. Modeling Software, 22(3): 323-334
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Bocquet, M. (2008). Inverse modelling of atmosphéracers: Non-Gaussian methods and second-
order sensitivity analysis. Nonlin. Processes Ggspi5, 127-143

Yahia H., Turiel A., Chrysoulakis N;, Grazzini Prastacos P., Herlin I. (2008) Application of the
multifractal microcanonical formalism to the detentof fire plumes in NOAA-AVHRR data, Int. J.
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53. Queguiner S., Ciffroy P., L. Musson Genon: Multingechodelling of the exposure to cadmium and
lead in the atmosphere — Application to industrialeases in a Mediteranean region and
uncertainty/sensitivity analysis. Water Air SoilllR@, sous presse.
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193. Rapport 2008-6 : A Comparison Study of Data Asstioh Algorithms for Ozone Forecasts. Lin
Wu, Vivien Mallet, Marc Bocquet, Bruno Sportiss@. fiages
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203. Rapport 2008-16: Simulation d'un sillage d'éolieravec le code Mercure_Saturne. Laurent
Laporte Daube. 54 pages
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Pollutant, 6-11 August 2006, Madison, WI, USA.

Vijayaraghavan, K., C. Seigneur, P. Karamchandand S.-Y. Chen, Comparison of atmospheric
sulfate and mercury deposition in the United Statesasurements and simulation, IBternational
Conference on Mercury as a Global Pollutant, 6-lifyust 2006, Madison, WI, USA.

Karamchandani. P., K. Vijayaraghavan, S.-Y. Caed C. Seigneur, Plume-in-grid modeling for PM
and mercury, Fifth Annual CMAS Conference, 16-18dber 2006, Chapel Hill, North Carolina.

Pun, B. and C. Seigneur, Using CMAQ to interpolaimong CASTNET measurements, Fifth
Annual CMAS Conference, 16-18 October 2006, ChéfiiglNorth Carolina.

Pun, B., S.-Y. Chen and C. Seigneur, 2006 Coatitig Research Council Mobile Source Air
Toxics Workshop, Using ambient data and air quatitydeling to investigate weekday/weekend
temporal profiles for mobile source air toxics, 23-October 2006, Phoenix, Arizona.

Vijayaraghavan, K., P. Karamchandani, R. Balmamd C. Seigneur, Modeling of atmospheric
deposition of mercury, sulfate, ammonium, and teétrand comparison with NADP measurements,
National Acid Deposition Program Technical Meeti@§;26 October 2006, Norfolk, Virginia.

Seigneur, C. and B. Pun, Modélisation des aésogganiques secondaires : Etat de la science et
futures directions, 22éme congreés francais suadéessols, CFA 2006, 29-30 November 2006, Paris,
France.

Seigneur, C., Particulate matter modeling: Sdienissues and future prospects, Convention on
Long-range Transboundary Air Pollution, Task FooreModeling & Monitoring Workshop on the
EMEP PM Assessment Report, 29 November — 1 Decegl#, Paris, France.

Pun, B., C. Seigneur, S.-Y. Chen and M. Sze, HReair quality database, Health Effects Institute
Workshop on Air Quality Data in Health Effects Rasdh, 30 November — 1 December 2006,
Newton, Massachusetts.

Vijayaraghavan, K., P. Karamchandani, S.-Y. ChenBalmori, C. Seigneur, L. Levin, E. Knipping
and J. Jansen, Plume-in-grid modeling of partieulaatter over North America, Electric Utility
Environmental Conference, 22-24 January 2007, Tyo&dzona.

Levin, L., C. Seigneur, K. Vijayaraghavan andSAnith, Mercury deposition beyond CAMR: Case
studies, Electric Utility Environmental Conferen@@-24 January 2007, Tucson, Arizona.
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58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Pun, B., C. Seigneur, S.-Y. Chen and M. Sze, Wated database for particulate matter health
effects studies, Health Effects Institute 2007 AadrCionference, 15-17 April 2007, Chicago, lllinois.

Seigneur, C., Air quality models for health anmivieonmental management: Inputs for human
exposure and deposition to ecosystems, NARSTO kgettn Multi-Pollutant Air Quality
Assessment, 18 July 2007, Denver, Colorado.

Seigneur, C. Evaluating the performance of chamand aerosol processes within air quality
models, Workshop on the Evaluation of Regional-&d&it Quality Modeling Systems, 7-8 August
2007, Research Triangle Park, North Carolina.

Walters, J., K. Vijayaraghavan, J. Haney, R. BalmS.-Y. Chen, S.G. Douglas, T.C. Myers, J.J.
Jansen, E.M. Knipping and C. Seigneur, Model assesst of atmospheric nitrogen deposition
response to EGU pollution controls for the Escaniag, Florida watershed, National Atmospheric
Deposition Program Annual Meeting and Scientifior@psium, 10-12 September 2005, Boulder,
Colorado.

Vijayaraghavan, K., P. Karamchandani, R. Balm@riSeigneur, L. Levin and J.J. Jansen, Plume-in-
grid modeling of atmospheric mercury deposition the United States, National Atmospheric
Deposition Program Annual Meeting and Scientifior@psium, 10-12 September 2005, Boulder,
Colorado.

Vijayaraghavan, K., C. Seigneur, P. Karamchandanly. Chen, R. Balmori and J. Jansen, Multi-
pollutant plume-in-grid modeling over the southeastUnited States, Air Quality VI: International
conference on Mercury, Trace Elements; 3@d Particulate Matter, and Greenhouse Gasesy 24-2
September 2007, Arlington, Virginia.

Seigneur, C., K. Lohman, K. Vijayaraghavan, RInB&i and L. Levin, Effect of bromine chemistry
on mercury deposition in the United States, Air [@ua/I: International conference on Mercury,
Trace Elements, SOand Particulate Matter, and Greenhouse Gases,7 28&btember 2007,
Arlington, Virginia.

Debry, E. and C. Seigneur, Tracking organic paldite matter in Europe with the SIREAM/AEC
aerosol model: comparisons to measured data ansitisiy to model parameters, ®6Annual
American Association for Aerosol Research Confeee@d-28 September 2007, Reno, Nevada.

Pun, B., R. Balmori and C. Seigneur, Modelingiatartime PM sepisode in the California Central
Valley, 26" Annual American Association for Aerosol Researainférence, 24-28 September 2007,
Reno, Nevada.

Karamchandani. P., K. Lohman and C. Seigneur,-@igh scale modeling of air toxics
concentrations near roadways, Sixth Annual CMAS f@amce, 1-3 October 2007, Chapel Hill,
North Carolina.

Vijayaraghavan, K., R.T. Balmori, S.-Y. Chen, Karamchandani and C. Seigneur, Modeling of
atmospheric nitrogen deposition to the Escambia@u/watershed in the southeastern United States,
Sixth Annual CMAS Conference, 1-3 October 2007, ggh&dill, North Carolina.

Karamchandani, P., K. Vijayaraghavan, S.-Y. ChénSeigneur and E. Knipping, Plume-in-grid
modeling for PM: A parallel approach, Internatiodadrosol Modeling Algorithms Conference, 5-7
December 2007, Davis, California.

Debry, E., C. Seigneur and K. Sartelet, Orgamimsols in the air quality platform Polyphemus:
Oxidation pathways, hydrophilic/hydrophobic padtiting and oligomerization, International Aerosol
Modeling Algorithms Conference, 5-7 December 2(D&yis, California.

Bessagnet, B., C. Seigneur, B. Pun, L. Menutiddzic, S. Moukhtar, B. Guillaume and C. Liousse,
Modeling of carbonaceous aerosols within CHIMEREocWs on secondary organic aerosols,
International Aerosol Modeling Algorithms Conferen&-7 December 2007, Davis, California.

Pun, B. and C. Seigneur, Variation spatio-teralp® des aerosols organiques secondaires :
comparaison de measures et de simulations, 23éngénfrancais sur les aérosols, CFA 2006, 16-
17 January 2008, Paris, France.

Seigneur, C., K. Vijayaraghavan, K. Lohman andLevin. The AER/EPRI global chemical
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transport model for mercury (CTM-Hg), Joint Intetipaal Conference of the UNEP Global
Partnership on Atmospheric Mercury Transport ante FResearch & Task Force on Hemispheric
Transport of Air Pollution of the UNECE-LRTAP Comiten, 7-11 April 2008, Rome, Italy.

71. Pun, B, C. Seigneur and S.-Y. Chen. Web-acdessdtational database for the relationship of
indoor, outdoor, and personal air (RIOPA) studyaltde Effects Institute 2008 Annual Conference,
27-29 April 2008, Philadelphia, Pennsylvania.

2.2.4 Ouvrages scientifiqgues (OS)

1. Seigneur, C., M. Moran. Chapitre 8: Chemical tramspnodels,in Particulate Matter Science for
Policy Makers: A NARSTO Assessment, pp. 283-328l. RicMurry, M. Shepherd, J. Vickery, eds.,
Cambridge University Press, Cambridge, Royaume(2004).

2. George, C., B. Aumont, B. Bessagnet, M. Rossi, bhv&ll, C. Seigneur, E. Villenave. Chapitre 4 :
Physico-chime et transpoity Pollution par les particules atmosphériques : éést connaissances et
perspectives de recherche, pp. 131-161, P. Ebnédre ¥oullec et A. Weill, eds., La Documentation
Francaise, Paris (2005).

3. Pun, B., C. Seigneur, H. Michelsen. Chapitre 12mdspheric Transformationsn Air Quality
Modeling - Theories, Methodologies, Computationacfiniques, and Available Databases and
Software, Vol. Il — Advanced Topics, 163-266, P.ndetti, ed., Air & Waste Management
Association (2005).
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3. Enseignement et formation par la recherche, infmation et
culture scientifique et technique

La formation par la recherche est particuliérenmiergortante au CEREA puisqu’il y a en

moyenne une dizaine d’étudiants en these de dacfboas les doctorants du CEREA sont
encadrés par un ou plusieurs chercheurs permatier@&EREA. Certains thésards ont obtenu
des prix a des congres ou ont été nominés pourixedE these ENPC (voir chapitre 1.1.2).
Par ailleurs, le CEREA accueille chaque été plusistagiaires sur les sites de 'ENPC (y
compris des éleves du Corps des ponts et chausté@ls)INRIA ; il y a eu sept stagiaires en
2008).

Les membres du CEREA joue un réle important dammskignement des sciences
atmosphériques et de la modélisation mathématiguéableau suivant donne un apercu des
cours enseignés au cours des quatre dernieressannée

La diffusion de linformation se fait bien siOr davers les publications dans les revues
scientifiques et les communications a des congresl®ques (voir chapitre 2). Par ailleurs,
des brochures sur des sujets précis sont parfdidiépuafin d’attirer I'attention de la
communauté scientifique sur les travaux du CEREAsdan domaine déterminé (par
exemple, voir les Dossiers Recherche de I'Ecolepdegs N° 6 ( « Mercure_Saturne : Un
outil de modélisation atmosphérique a I'échellealec> par le ggroupe EDF R&D du
CEREA) et N° 17 ( « Comment prévoir la dispersitum panache de polluant de source mal
connue en cas d’accident nucléaire ou industrggrMarc Bocquet).

Une série de séminaires est organisée chaque afiné@toffrir aux membres du CEREA des
informations sur des sujets scientifiques et tegmes qui se rapportent aux activités du
CEREA mais peuvent aussi toucher a des sujets dégant différents. Une liste des
séminaires donnés par des intervenants extériemdant I'année académique 2007-2008 est
fournie ci-dessous.
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Tableau 3. Liste des cours donnés par les memhr€EREA pendant la période 2004-2008.

Cours Lieu Programme Enseignants du  Nombre
d’enseignement CEREA d’heures par ar
Pollution Ecole des Ponts| Cycle ingénieur civil| Bruno Sportisse 42 heures
atmosphérique ParisTech et corps des ponts
Mathématiques Ecole des Ponts| Cycle ingénieur civil| Bruno Sportisse 30 heures
appliquées* ParisTech et corps des ponts
Mécanique des Ecole des Ponts Cycle ingénieur civil Bertrand 30 heures
fluides ParisTech et corps des ponts Carissimo
Pollution Ecole des Pontg Master Transport et Stéphanie 30 heures
atmosphérique et ParisTech Développement Lacour, Bruno
transports Durable (TRADD) Sportisse, K.
Sartelet
Assimilation de ENSTA Master 2 Marc Bocquet, 29 heures
données et ParisTech Vivien Mallet et
modélisation Bruno Sportisse
inverse
Calcul scientifique ENSTA Master 1 Bruno Sportisse 25 heures
pour ParisTech et Vivien Mallet
I'environnement*
Modélisation de Université Paris| Master Sciences et Bertrand 11 heures
I'atmosphére Diderot (Paris Génie de Carissimo,
VII) I'Environnement, Edouard Debry,
Option Atmospheére et Vivien Mallet
Qualité de I'Air
Environnement Ecole centrale d¢  Cycle ingénieur Bertrand 24 heures
atmosphérique* Marseille Carissimo et Luc
Musson-Genon
Algorithmique Ecole supérieure Master 1 Isabelle Herlin et 35 heures
d’ingénieurs Jean-Paul Berroir
Léonard de Vinci
Algorithmique* ESIEE Cycle ingénieur, Isabelle Herlin 30 heures
Management license
Multimédia* ESIEE Cycle ingénieur, Isabelle Herlin 21 heures
Management license
Traitement et Université Paris Master 2 Dominique 40 heures
analyse d'images* VI Béréziat
Pollution Ecole nationale Cycle ingénieur Stéphanie 20 heures
atmosphérique des travaux Lacour, Yelva
publics de I'état Roustan

* Cours qui n'est plus donné par des membres du GE&E2008-2009.
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Tableau 4. Séminaires donnés au CEREA pendant Eaacedémique 2007-2008

Date

Titre

Intervenant

11 Octobre 2007

Caractérisation du transport
intercontinental des polluants

Elsa Real (Laboratoire
d'aérologie - Université Paris
VI)

22 Octobre 2007

Etude de l'impact radiatif direct
de 'aérosol par mesures
expérimentales et modélisation
numérique durant les
campagnes ESCOMPTE 2001
et AMMA/SOP_O0

Marc Mallet (Laboratoire
d'aérologie - Université Paris
VI)

3 Mars 2008

Arbitrary Moment Internally-
Mixed Aerosol Dynamic
Equation

Professeur Anthony Wexler
(University of California at
Davis)

26 Mars 2008

GeoStockage du Co2 et
surveillance de I'environnement

Guillemette Picard
(Schlumberger)

7 Avril 2008 An overview of the air quality Mikhail Sofiev (Finnish
and emergency modelling Meteorological Institute)
system SILAM by

7 Avril 2008 Data assimilation for air quality | Julius Vera (Finnish
analysis and forecasting by Meteorological Institute)

5 Mai 2008 Role of shallow cumulus on Jordi Vila Guerau (Pays Bas)

atmospheric boundary layer
chemistry
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4. Actions de formation permanente

Le CEREA étant un laboratoire commun ENPC- EDF Ri&fggrant une équipe commune
(CLIME) avec I'INRIA et a ce titre tri-localisé, sibose de personnels issus de ces trois
entités. Le CEREA n’ayant pas de personnalité iiquiel propre, la formation permanente et
le déroulement de carriere dépendent de ces ditererganismes de tutelle. Il en est de
méme pour I'hygiéne et la sécurité et les aspeahtgues qui sont présentés dans les chapitres
suivants.

Les chercheurs du CEREA peuvent effectuer diveagest ou suivre des cours afin
d’améliorer leurs connaissances dans divers domaiRar exemple, certains chercheurs
ENPC du CEREA ont suivis des cours d’anglais etadess d’informatiques (programmation
en langage Python). Des formations techniques EE0@ des congrés ou collogues sont
aussi suivies par certains chercheurs.

Chaque agent EDF du CEREA négocie avec sa hiéeanchplan individuel de formation au
cours de son entretien annuel d’évaluation. Lemdtions suivies ces quatre derniéres années
concernent : la formation en langue anglaise (&)formation informatique (stages Python
(6), SIMAIL outil de maillage en mécanique des dies (4), la bureautique (2), le
management (1), la sensibilisation aux risquesiersi{4). Par ailleurs un compte formation
permanente est attribué a chaque agent et cré&dR8 teures/an.

A T'INRIA, la Commission Locale de Formation Perneate (CLFP) a pour missions de

mener une réflexion prospective en matiére de fooma partir des disciplines et des métiers
et de participer a I'élaboration du plan annuel fdemation du centre de recherche, en

analysant les demandes des personnels. Sous ldem@s du directeur du centre, elle se
réunit au moins trois fois par an pour faire lebible 'année écoulée et construire le plan de
'année a venir, pour préparer la Commission Naierde Formation Permanente et pour
analyser le déroulement du plan a mi-année. Lasif@s des offres de formation ont porté

sur :

« langlais, pour accompagner l'ouverture a lintdroaal et le francais langue
étrangére pour aider a l'intégration,

+ la professionnalisation des métiers supports,
+ la promotion des formations ciblées sur les prgjetsntifiques,

« l'accompagnement des projets professionnels peet®nfbilans de compétences,
validation des acquis de I'expérience,...),

+ le développement de la culture et des pratiquesateagement,

+ les formations pour apprendre a mieux utiliser m#ils et I'environnement
informatique.

Les membres du CEREA n’ont pas jusqu’a présenedsp d’enseignement dans le cadre de
la formation permanente.



5. Hygiene et sécurité

L’hygiene et la sécurité sont gérées au CEREA skelemrganisations hétes des trois sites du
laboratoire.

A 'ENPC, I'hygiene et la sécurité sont régies sel@rticle 18 du reglement intérieur de
'Ecole. Aucun accident du travail n’a été repatépuis 2004.

A EDF, conformément a la |égislation du travailQJemité Hygiene et Sécurité et Conditions
de Travail (CHSCT) se réunit quatre fois par anrpleusite EDF R&D de Chatou qui
accueille le CEREA. En terme d’accident de trawvail,peut signaler un accident de trajet en
deux roues (bicyclette) ayant entrainé un arrétalail de 5 mois d’'un membre du CEREA.
Devant la recrudescence de ce type d’accidentajet,tiun stage de sensibilité a la sécurité
routiére, spécifique « deux roues » sera organisgiveau de la R&D d’EDF. Par ailleurs,
chaque nouvel arrivant travaillant dans les locduxCEREA a EDF Chatou suit un stage
d’'une demi-journée de sensibilisation a la sécufiténation prévue dans le cadre du plan de
prévention du département MFEE (Mécanique des &qjiEnergétique et Environnement)
d’EDF R&D auquel est rattaché le personnel EDF EBIREA.

Enfin en raison des risques inhérents a I'actidéémesures atmosphériques a I'extérieur,
chaque déploiement d’un dispositif expérimental siter naturel (hors EDF) fait I'objet d'un
plan particulier de prévention. Ceci a été réghisér la campagne sur le potentiel Eolien aux
Avants-Monts dans le sud de la France et bien sar potre plate-forme expérimentale au
SIRTA située sur le site de I'Ecole PolytechniquePalaiseau. Ceci est d’ailleurs
explicitement mentionné dans les contrats 2006-2@92008-2011 (en cours de signature)
définissant la collaboration autour de l'activitgstrumentale du SIRTA. Au titre de cette
convention une révision du plan de prévention estye sur un rythme annuel.

A I'INRIA, le comité local hygiéne et sécurité (CII) traite de tous les problémes relatifs a
I'hygiene et a la sécurité sur le site. Il a poussion de contribuer a la protection de la santé
et a la sécurité des personnels sur leur lieuadeilr 1l est présidé par le directeur de centre et
est composé de 5 représentants de I'administratide 7 représentants du personnel désignés
par les organisations syndicales représentativesnédecin de prévention et TACMO (agent
chargé de la mise en ceuvre des regles d’hygiéde stcurité) assistent a chaque séance,
avec voix consultative. Chagque séance du comiiéegréunit 2 ou 3 fois par an, donne lieu a
la rédaction d’'un procés-verbal et a un suivi désisions. Des bilans de I'activité du CLHS
et des accidents de service sont présentés chagée.d.e CLHS étudie également le rapport
annuel d’activité du médecin de prévention. De ptlesix registres sont a la disposition du
personnel :

« Un registre destiné a recueillir les observatioes dgents, et le cas échéant, des
usagers du site de Rocquencourt, relatives a leeptén des risques professionnels et
a 'amélioration des conditions de travail. Ce sé@ est régulierement consulté et visé
par TACMO de Rocquencourt. Les mesures éventueiter prises. Il est examiné a
chaque réunion du CLHS.

« Un registre spécial destiné au signalement d'urgeamgrave et imminent, par un
membre du CLHS ou un agent. Chaque déclaratioimasédiatement communiquée
au service concerné et au directeur du centrealerehe. Les mesures prises y sont
consignées.



6. Ethique

Les reégles générales d’éthique scientifique pouetderche et la publication de travaux de
recherche sont bien s0r suivies par les cherclieu@EREA. Par ailleurs, comme tout agent
d’EDF, les membres du CEREA EDF sont concernéslgpa&harte d’Ethique rédigée au

niveau de I'entreprise EDF.
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ADEME
ANR
CASU
CEA
CEREA
CETE
CETU
CFD
CIDEN
CRIEPI
CSTB
CT™M
DGA
DRAST
DTEP
ECL
EDF R&D
EMS-Beijing
ENPC
ENSTA
EURASAP
HDR
IAEA
IER

INERIS
INRIA
INSU
IPSL
IRSN
ISORROPIA
LCPC
LEFE
LSCE
MAM
ONERA
PAM
PNCA
PREDIT

PRIMEQUAL
PROMOTE
R2DS

SFEN
SIREAM
SIRTA
STIC-AmSud

ACRONYMS - ABBREVATIONS

Agence de I'Environnement et de la Maitded'Energie

Agence Nationale de la Recherche

Cellule d'Appui aux Situations d'urgence @Egency Center at INERIS)
Commissariat a I'Energie Atomique

Centre d'Enseignement et de Recherche enmoBnement Atmosphérique
Centre d'Etudes Techniques de I'Equipement

Centre d’Etudes des Tunnels

Computational Fluid Dynamics

Centre d'Ingénierie, Déconstruction et Eonirement (EDF)

Central Research Institute for Electric Bowmdustry (Japon)

Centre Scientifiqgue et Technique du Batiment

Chemistry Transport Models

Délégation Générale pour I’Armement

Direction de la Recherche et des Affairee&diques et Techniques du MTETM

Délégation Technique Environnement Patrim@EDF)

Ecole Centrale de Lyon

Electricité de France Recherche et Dévabopent

Ensemble forecasting modeling systemBeijing

Ecole Nationale des Ponts et Chaussées

Ecole Nationale Supérieure des Techniquemages

European Association for the Science offfgllution

Habilitation a diriger des recherches

International Atomic Energy Agency

Institut fir Energiewirtschaft und rationelle@gieanwendung (University of
Stuttgart, Germany)

Institut National de I'Environnement Indisstet des Risques

Institut National de Recherche en Infornga et en Automatique
Institut National des Sciences de I'UniV&BIRS)

Institut Pierre-Simon Laplace

Institut de Radioprotection et de Sdreté|Baice

Equilibrium in Greek ; équilibre en grec

Laboratoire Central des Ponts et Chaussées

Les Enveloppes Fluides et 'EnvironnemeMNRS/INSU Program.)
Laboratoire Surveillance du Climat et devitEonnement (CEA / CNRS)
Modal aerosol model

Office National d'Etudes et de Recherchesgygatiales

Pollution Atmosphérique Multiphasique

Programme National sur la Chimie Atmosphégiq

Programme pour la Recherche, le Développeetd'Innovation dans les
Transports Terrestres

Programme Interministériel d'Etude deéJaalité de I'Air

Protocol Monitoring for the GMES Servideraent

Réseau de recherche sur le développemernsdle

Société Frangaise de I'Energie Nucléaire.

Size-resolved Aerosol Model

Site Instrumental de Recherche par Tél@tiére Atmosphérique
Sciences et technologies de I'inforrragbde la communication — Amérique
du Sud
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agence d’évaluation de la recherche
et de I'enseignement supérieur

Section des unités de recherc

Grille d’évaluation d’'une unité
ou equipe de recherche.

- 22juillet 2008-




Grille d’évaluation d’'une unité ou équipe de recher

Une version initiale est remplie par le dieex d'unité et une version finale est validée
par le président du comité de visite, ce n’estymadocument public.

UNITE : CEREA EQUIPE OU PROJET:

NB: Cette grille a été préparée pour I'ensemble desaines scientifiques et seules les
notions pertinentes sont a prendre en compte daague discipline.

Profil quantitatif de I'Unité ou de I'Equipe

Personnels au 15/10/2008 Nombre Remarques
Personnels permanents chercheurs | 11

Dont Universités

Dont Organismes

Dont Ecoles

Dont autres

Dont PR/DR

Dont MCF/CR

Dont titulaires de I'HDR

Dont titulaires de la PEDR

Dont membres de I'lUF

Dont autres 4
Personnels non permanents chercheurgp

NOONWS S

Dont invités

Dont Post-doctorants

Dont doctorants
Personnels Support 11

[o el N

Dont Personnels administratifs 2
Dont Personnels techniques 2
Dont Ingénieurs 7
Dont autres
Production scientifique du 15/10/2004 au 15/10/208&uf quand I'unité a été créée entre temps
» Publications référencées par 'AERES

Dont Revues 53
Dont Conférences 56
Dont livres et Ouvrages 2
Dont autres 207

* Productions/Réalisations
Dont logiciels enregistrés
Dont Brevets et licences
Dont instruments *

Dont Contrats industriels 2

Dont autres 2 films
Descripteurs

-Nombre de publiants : 8

-Théses soutenues en moyenne par

année durant le contrat écoulé : 3

-HdR soutenues en moyenne par

année durant le contrat écoulé : 0,5

* réalisation expérimentale originale

Date : 26 septembre 2008 NOM Christian Seigneur




LE BILAN :

Profil qualitatif

COMMENT EVALUEZ-VOUS ?:

1. médiocre --- 5 : excellent

1. L'originalité et I'intérét des recherches

2. Le niveau et la notoriété des publications gdigoes, le
rayonnement de I'unité ou de I'équipe et de ses lmesn...

3. L’avancement des savoirs, de I'expertise ouidgéact
technologique de I'unité ou de I'équipe

4. La qualité des réalisations scientifiques (l@d#; instruments,
méthodologie, base de données, outils, plateforpe....

5. L'importance, la pertinence des partenariatsraifiques, le
positionnement dans les réseaux nationaux et etiermaux approprié

6. L'existence de sujets de recherche émergents

7. La présence et le soutien a de jeunes chercheurgetteurs

8. L'importance, la pertinence des relations pateates avec le mon
socio-économique

9. La qualité des connaissances opérationnelleiijies, le transfert
valorisation socio-économique des recherches.

10. La contribution de I'unité ou équipe a I'écdlectorale,
a la formation par la recherche, a la formatioarie et master

11. La contribution a la diffusion des connaissaretede la culture
scientifique, a la veille sociétale, a la prodoictd’expertises
scientifiques pour I'appui aux politiques publiques

12. La gouvernance, la cohérence et la vitalitBushéte

LA PROSPECTIVE ET LE PROJET

13. La qualité des projets, la pertinence des tifl§groposés par
I'unité ou I'équipe au regard de ses missions,aasle, de son
organisation et de sa capacité a avoir réalisésujat précédent

14. La politique d’incitation a 'émergence de $sijmnovants,
a la prise de risque et aux sujets frontieres

15. La politique d’animation de I'unité ou de I'épe, la politique de
recrutement, I'analyse prospective a moyen et tenge des besoins

et des compétences
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