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Lista de los investigadores que participan en el Proyecto, indicando la institucion a la que
pertenecen. Los investigadores participantes deben formar parte de la planta de las instituciones
patrocinantes.

En Francia:

« Olivier Boucher, chargé de recherche 1°° classe, CNRS

* Marie Doutriaux-Boucher, Maitre de conférence, Université des Sciences et Technologies de
Lille

* Bruno Sportisse, Ecole Nationale des Ponts et Chaussées, chercheur associé

* Hervé Le Treut, Directeur de recherche, 1ere classe, Laboratoire de Météorologie Dynamique du
CNRS, chercheur

En Chile

» Laura Gallardo Klenner, Investigador Asociado, Centro de Modelamiento Matematico (Profesor
Adjunto, Departamento de Geofisica de la Universidad de Chile )

* José Rutllant Costa , Profesor Asociado, Departamento de Geofisica de la Universidad de Chile




5. Descripcion del Proyecto de Intercambio Regular ECOS-CONICYT.
Esta descripcion debe incluir los siguientes aspectos:

a. Breve fundamentacion conceptual y tedrica (max. 3 paginas).

La capa mas persistente de estratos en el mundo se encuentra bajo la Alta del Pacifico costa afuera de
Chile y Peru. Esta capa nubosa tiene un gran impacto sobre las circulaciones regional y global (e.g.,
Hartmann et al, 1992). En esta region, existen grandes emisiones de azufre oxidado, tanto de origen
antropico, asociadas principalmente a la fundicion de cobre (Lefhon et al, 1999), y a procesos naturales,
principalmente emisiones biogénicas a lo largo de la Corriente de Humboldt, y quizds también
emisiones volcanicas (e.g., Scholes et al, 2003; Andres & Kasgnoc, 1998). A pesar de la relevancia de
estos procesos para el clima regional y global, nuestra comprension cuantitativa y nuestras habilidades
predictivas para evaluar potenciales futuros cambios son escasas.

En suma, dadas las grandes emisiones de azufre oxidado que ocurren en Chile central y norte, la
circulacion y los patrones nubosos del area y los efectos que los aerosoles de azufre pueden tener sobre
las nubes, se inici6 en 2002 una colaboracion para evaluar la distribucion regional de azufre oxidado y
sus efectos radiativos sobre Chile central y norte. Aqui proponemos una colaboracién que busca una
mejor comprension de las interacciones entre aerosoles, nubes y clima y proveer herramientas para
evaluar y predecir a través de modelacion global y regional. De la misma forma queremos fortalecer los
lazos con otras actividades de investigacion, particularmente el sensoramiento remoto de aerosoles y
nubes y la modelacion de la dindmica de la capa limite marina del Pacifico Sur Oriental.

b. Principales objetivos e hipdtesis (max. 1 pagina).
Objetivos

* Mejor aquilatar la distribucion regional de azufre oxidado, tanto de origen antrépico como natural,
y evaluar su impacto potencial sobre las propiedades de la capa de nubes estratiformes que
prevalecen sobre el mar y bajo la Alta del Pacifico.

» Fortalecer los lazos con otras actividades de investigacion y comunidades cientificas, especialmente
aquellas que trabajan en sensoramiento remoto de nubes y aerosoles en Francia y modelacion
dindmica de las interacciones océano-atmodsfera en Chile

Hipotesis

Suponemos que las actividades de investigacion de nuestros grupos ganaran en cuanto a profundidad y
perspectiva a través de la complementacion de nuestras competencias en modelacion climatica global y
de dispersion regional. Ademads, suponemos que los modelos atmosféricos pueden proveer
estimaciones de la distribucion de azufre oxidado emitido a través de procesos bidticos y abidticos y
sus impactos subsecuentes sobre el balance radiativo y que la verosimilitud de estas simulaciones
puede ser mejorada.




c. Metodologia (max. 2 paginas).
Metodologia

e La distribucién de azufre oxidado (SOy) y sus efectos radiativos podrian ser evaluados a través de
simulaciones complementarias:

e Campos de SOy de alta resolucion (0.1°) seran estimados usando el modelo Multiscale Atmospheric
Transport and Chemistry (MATCH, Robertson et al, 1999), ya implementado en Chile. Este modelo ha
sido aplicado para evaluar la dispersion de azufre y arsénico de fuentes mineras en Chile central y norte
(Gidhagen et al, 2002; Gallardo et al, 2002; Olivares et al., 2002; Huneeus et al, 2003). El modelo seria
alimentado con salidas seudo-climatoldgicas de un modelo numérico del tiempo, el modelo High
Resolution Limited Area Model (HIRLAM, Udén et al, 2002) y salidas, para situaciones especificas,
provistas por el modelo de prondstico de la Direccion Meteoroldgica de Chile en el contexto de
investigacion en curso en el CMM (FONDECYT 1030809). De esta manera se evaluara la dispersion e
influencia de distintas fuentes de azufre oxidado, a saber emisiones biogénicas desde el mar
(Dimteilsulfuro, DMS), fuentes industriales (fundiciones de cobre y ciudades), emisiones volcanicas,
etc.

e Se usaréd el modelode circulacion general LMD-ZT (Cosme et al, 2002) para estudiar la dispersion de
azufre oxidado y para calcular los forzamientos radiativos asociados. Comparando las simulaciones
regionales y globales exploraremos la sensibilidad respecto a la resolucion.

* Las simulaciones proveerian estimaciones del forzamiento directo e indirecto del azufre oxidado. Los
forzamientos asi calculados serian evaluados comparando valores simulados y observados.
Exploraremos en conjunto la asimilaciéon de datos satelitales sobre esta region del mundo que muestra
una enorme falta de observaciones y donde fuertes sefiales podrian ser detectadas desde sensores
remotos, dando una oportunidad de validar los algoritmos de recuperacion de informacion (Este es el
tema de la tesis doctoral de Nicolas Huneeus a desarrollarse en LOA). En general, buscamos ponderar y
acotar de mejor manera la dispersion de azufre oxidado sobre el Pacifico sur oriental.

¢ Sobre la base de datos observacionales provistos por proyectos complementarios (e.g., Rutllant et al,
2003; FONDECYT 1020833) esperamos mejorar las parametrizaciones de nubosidad estratiforme los
modelos aplicados.

Ademas del trabajo de modelacion, talleres y simposios seran organizados en conjunciéon con las misiones
cientificas. También se promoveran estadias cortas ( 1 a 3 meses) de estudiantes de postgrado. Esperamos
establecer tesis co-guiadas para estudiantes de Ciencias Atmosféricas, Matematica e Informatica.
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c. Resultados esperados al término del intercambio

Mayor capacidad de investigacion, herramientas y un espectro cientifico mas amplio para nuestros
grupos de investigacion.

Publicaciones comunes y definicién de proyectos cooperativos mayores e involucrando a otros
grupos de investigacion.

Capacitacion y formacion a través de tesis e intercambio de estudiantes.

Talleres y simposios.

d. Relacién entre el proyecto de intercambio ECOS-CONICYT y el Proyecto Marco de las partes

En Chile, en el Centro de Modelamiento Matematico, estamos desarrollando proyectos sobre:

Stratosphere-Troposphere Exchange (STE) processes and their impact on the ozone balance in the
subtropics of the Southern Hemisphere: A multi-scale integrated study based at Cerro Tololo (30°S,
70°W, 2200 m.a.s.[) (FONDECYT 1030809, 2003-2006).

En este proyecto, modelos meteorologicos seran usados para producir campos meteoroldgicos
tridimensionales regionales y de mesoescala que seran usados para correr un modelo Euleriano de
transporte para simular la intrusion y subsecuente dispersion de una traza tipo ozono, sujeta a
fotolisis y deposicion seca. Las simulaciones seran evaluadas contra observaciones in situ y remotas
de ozono, vapor de agua y otras trazas relevantes de intercambio entre estratosfera y tropdsfera.
Tales campos y datos estaran disponibles para estudiar interacciones entre aerosoles, nubes y clima
COmo se propone aqui.

Application and Development of Inverse Modeling techniques to air quality monitoring network
design (INRIA-CONICYT, 2002-2003).

El objetivo general de este proyecto es ensamblar las partes de un eje de investigacion duradero y
proyectos comunes en modelacion inversa aplicada a problemas de contaminacion atmosférica a
escalas local y regional, con especial énfasis en el disefio de redes de monitoreo para evaluar los
impactos de la industria minera en la densamente poblada y expansiva region urbana de Chile
central. El creciente nimero de observaciones de trazas quimicas y aerosoles, tanto in situ como
remotas, acarrea la posibilidad de aplicar técnicas de asimilacion de datos y modelacion inversa
para mejorar la prestacion de los modelos tridimensionales de transporte y quimica (3-D CTMs), de
manera de determinar la intensidad y ubicacion de fuentes emisoras, optimizar el disefio de redes de
monitoreo, evaluar los errores y sensibilidades de modelos, etc. De tal manera que esta
colaboracion se veria favorecida por el trabajo aqui propuesto.

En Chile, en el Departamento de Geofisica de la Universidad de Chile:

Se estan realizando estudios para mejorar la comprension de los procesos dindmicos tras la
existencia y persistencia de las capas de estratocimulos en el Pacifico Sur Oriental, su interaccion
con los sistemas meteoroldgicos (incluyendo la conveccion profunda), los ciclos estacionales y la
variabilidad climdtica interanual sobre América del Sur v su retroalimentaciéon con el océano




subyacente (FONDECYT, 1020833). Este estudio incluye una recopilacion de observaciones in situ
que pueden usarse para validar resultados de modelos. Otros estudios se han enfocado a los
regimenes de circulacion que explican la aridez extrema del desierto de Atacama y su influencia
sobre la surgencia de aguas frias y ricas en nutrientes (e.g., Rutllant et al, 2002). Estos patrones de
circulacion son cruciales para determinar los potenciales flujos de especies azufradas de origen
biotico y la dispersion costa afuera del azufre oxidado. Un estudio exploratorio por Huneeus et al
(2003) sugiere que el transporte de azufre oxidado antropico tendria lugar episdodicamente en
conexion con la ocurrencia de bajas costeras.

e. Formulacion teorica, objetivos especificos y lista de participantes (no incluir CVs) involucrados en
el Proyecto Marco (adjunte documento si lo considera necesario).

VER ANEXO

6. Colaboracion entre las Partes (chilenas y francesas)
Antecedentes previos donde se incluya:

a. Publicaciones co-firmadas.

Gallardo, L., Boucher, O., and Huneeus, N., 2002: Potential impacts of Sulfur Aerosols Off the
Coast of Central and Northern Chile: A preliminary Assessment. 10th Scientific Conference
of the International Association of Meteorology of Atmospheric Sciences (IAMAS)
Commission for Atmospheric Chemistry and Global Pollution (CACGP)”, and “7th
Scientific Conference of the International Global Atmospheric Chemistry Project (IGAC)”
“ATMOSPHERIC CHEMISTRY WITHIN THE EARTH SYSTEM: FROM REGIONAL POLLUTION TO GLOBAL
CLIMATE CHANGE ", 18-25 September, 2002, Crete, Greece.

Huneeus, N., Gallardo, L., Rutllant, J., and Boucher, O., 2003. Dispersion of sulfur aerosols off
the coast of Northern Chile: an exploratory study. Simposio de Cambio Global: Hacia una
vision Sistémica, Punta Arenas, 2003.

Huneeus, N., Gallardo, L., Rutllant, J., and Boucher, O., 2003. Modeling anthropogenic sulfate
aerosol off the Chilean coast. Manuscript in preparation.

b. Proyectos conjuntos.

Ninguno sobre una base formal

c. Co-direccion de tesis.

La tesis de MSc en Ciencias Atmosféricas de Nicolds Huneeus, "Dispersion de azufre oxidado en el
norte de Chile" ha sido oficialmente co-guiada por Laura Gallardo y José Rutllant pero este trabajo ha
sido seguido de cerca por Olivier Boucher. La tesis doctoral de Nicolas se iniciard oficialmente en
Septiembre de 2003 bajo la tutela de Olivier Boucher (“Assimilation variationnelle d’observations
satellitaires dans un modéle atmosphérique d’aérosols”, Université des Sciences et Technologies de
Lille).




d. Otros que considere oportuno

Los investigadores principales de esta colaboracién se conocieron a principios de los 1990 en el
Departamento de Meteorologia de la Universidad de Estocolmo en Suecia cuando cursaban sus
doctorados. Desde entonces se han mantenido en contacto y han visitado sus respectivos laboratorios.
Ademas, participan en International Global Atmospheric Chemistry (IGAC) que es un subproyecto de
International Geophere-Biosphere Programme (IGBP).

7. Fuentes de financiamiento para las actividades a realizar durante el Proyecto de Intercambio
Regular.

Dado que Ecos solo financia los intercambios, se espera que, cuando corresponda, las partes especifiquen
las fuentes de financiamiento para aquellas actividades (ej.viajes a terreno, reactivos, fungibles, etc.) que
sean necesarias para el cumplimiento de los objetivos propuestos en el proyecto ECOS-CONICYT.

Fuentes Montos Periodo de vigencia
FONDAP Matematicas | 600.000.000 $ (anual) 2000-2007
Aplicadas

FONDECYT 1030809 86.627.000 $ 2003-2006

Recursos ECOS-CONICYT solicitados para el primer afio:

e Numero de misiones (Chile/Francia) para investigadores de alto nivel, especificando nombre de los
beneficiarios (se dara prioridad a investigadores jovenes) y beneficios solicitados. Se debe indicar,
ademads, la duracion (15 dias minimo), fechas y las actividades especificas a realizar durante las
misiones.

Dos misiones en 2004:

0 Visita de Laura Gallardo a LOA en Enero de 2004 por 20 dias. El objetivo es sintetizar la
informacion y los resultados obtenidos hasta entonces. Ademas, en esta estadia se discutira
acerca del tipo de datos de aerosoles que se pretende asimilar en el modelo climatico y
eventualmente en el modelo regional.

0 José Rutllant visitara LOA y LMD en Paris en Junio de 2004 por 15 dias. El objetivo es
familiarizarse con las parametrizaciones de estratocimulos empleadas en el modelo
climatico y comparar con los datos sobre estraocumulos recogidos durante la realizacion de
proyectos complementarios.

=+ Numero de misiones (Francia/Chile) para investigadores de alto nivel, especificando el nombre de los
beneficiarios (se darad prioridad a investigadores jovenes) y beneficios solicitados. Se debe indicar,
ademads, la duracion (15 dias minimo), fechas de los intercambios (i.e. meses) y las actividades
especificas a realizar durante las misiones.

No se contemplan misiones durante el primer afio sino que para el segundo

* Numero de estadias de perfeccionamiento o post-doctorales para estudiantes chilenos en Francia,
adiuntando. ademads. el curriculum vitae del candidato v breve programa de trabajo. Se debe




especificar si el postulante cuenta con financiamiento en Chile (FONDECYT u otros).

* Numero de estadias de perfeccionamiento o post-doctorales para estudiantes franceses en Chile,
anexando curriculum vitae del candidato y breve programa de trabajo.

* Becas de doctorado en co-tutela previstas en la totalidad del proyecto ( 1 o 2 estadias por un
maximo de 18 meses) . Anexar curriculum vitae del candidato y breve programa de trabajo.

(Nota: Es indispensable completar formulario de becas adjunto)

8. Informacion complementaria ( marcar el que corresponda) :
* Este Proyecto fue presentado en totalidad o en parte a otro organismo (indicar los recursos
eventualmente obtenidos) :
Organismo Recursos Obtenidos

* Este Proyecto no fue sometido total o parcialmente a ninglin otro organismo.
No




PROGRAMA DE COOPERACION ECOS-CONICYT

Fecha :

Nombre y firma del responsable chileno del Proyecto :

Nombre y firma del responsable de la Unidad de Investigacion a la cual pertenece el responsable del
Proyecto:

JError! Marcador no definido. IMPORTANTE

Adjuntar obligatoriamente el CV de cada investigador chileno y francés beneficiarios de las misiones
solicitadas, de acuerdo al formato adjunto.

CONICYT: Departamento de Relaciones Internacionales - DRI
Bernarda Morin #545 piso 3, Providencia, Santiago
Teléfono:(56-2)3654428-3654425, Fax:(56-2)2741897



POSTULACIONES A BECAS DE DOCTORADO EN CO-TUTELA
PROGRAMA ECOS/CONICYT

Ruego a Ud. adjuntar la siguiente informacion, en relacion a su postulante

* Curriculum Vitae

* Area de especialidad a la que postula:

* Nombre del programa de Doctorado:

* Programa acreditado en CONICYT SI NO

* Afio de inicio

* Titulo de la Tesis

* Tutor de la tesis en Chile

* Tutor de la tesis en Francia

* Universidad en Francia

* Dominio del idioma Francés:  Excelente Aceptable Regular

NOTA
1. Respecto a las postulaciones para becas de co-tutela Chile-Francia es fundamental el conocimiento del
idioma francés. La Embajada de Francia considera la oferta de un curso previo de preparacion en el

idioma francés.

2. Labeca de co-tutela no contempla financiamiento para la familia del becario.




CURRICULUM VITAE

1. PERSONAL INFORMATION
Name: Laura E. G. Gallardo Klenner
Born : Santiago de Chile, February 27™ 1962
Nationality : Chilean
Address: Blanco Encalada 2120, piso 7, Santiago, Chile
Possition : Associated researcher, Part time teacher
2. STUDIES

* B.Sc. Physics 1986, Department of Physics, Faculty of Physical and Mathematical Sciences,
University of Chile

*  M.Sc. Chemical Meteorology, 1993, Department of Meteorology, Stockholm University

e Ph.D. Chemical Meteorology, 1996, Department of Meteorology, Stockholm University

3. ACADEMIC APPOINTMENTS

* PhD student (teaching and research), Stockholm University (1991-1996)
» Part-time teacher, Geophysics Department, University of Chile (1998-)
* Associate researcher, Center for Mathematical Modeling, University of Chile (2001-)

N

. OTHER APPOINTMENTS
1986-1987 Research assistant, Department of Geophysics, University of Chile
1997-2001 Scientific Advisor for the Chilean Environmental Agency (Comision Nacional del Medio
Ambiente, CONAMA).

S. AWARDS



6. ACTIVE RESEARCH GRANTS.

YEAR TITLE FUNDING AGENCY

Starting | Ending

2003 2006 Stratosphere-Troposphere Exchange processes and | CONICYT
their impact on the ozone balance in the subtropics
of the Southern Hemisphere: A multi-scale
integrated study based at Cerro Tololo (30°S, 70°W,
2200 m.a.s.[) (FONDECYT 1030809, 2003-2006).

2002 2003 Application and development of inverse modeling | CONICYT/Chile-
techniques to air quality monitoring network design | INRIA/France
2002 2003 DIULS 020-2-03 Direccion de

Influencia de fenomenos meteorologicos sobre la | Investigacion
dispersion de contaminantes atmosféricos en la | Universidad de La
Region de Coquimbo Serena

7. RESEARCH GRANTS OBTAINED UNDER COMPETITIVE BASIS
(last 5 years)

CONICYT-FONDECYT 1030809, 2003-2006 (Principal Investigator): Stratosphere-Troposphere
Exchange processes and their impact on the ozone balance in the subtropics of the Southern
Hemisphere: A multi-scale integrated study based at Cerro Tololo (30°S, 70°W, 2200 m.a.s.l)

CONICYT-INRIA, 2002-2003 (Principal Investigator): Application and development of inverse
modeling techniques to air quality monitoring network design

CONICYT-BMBF, 1999-2-196, 2000-2001 (Co-investigator): Un sistema de informacion
ambiental sobre contaminacion atmosférica

CONICYT-BMBF, CHL 007/98ENV, 1999-2-196, 1999-2001 (Co-investigator): The influence
of meteorological phenomena on trace gas concentrations at Cerro Tololo

NB. CONICYT: Chilean Research Council; INRIA: French Institute for research on Informatics and
automatization;, BMBF: German Federal Ministry for Research and  Education



8. SCIENTIFIC PUBLICATIONS
8.1. ISI publications

Authors, Year and Title Journal

Rodhe, H., Langner, J., Gallardo, L., and Kjellstrom, | Water, Air and Soil Pollut., 85:37-50.
E., 1995: Global scale transport of acidifying
pollutants.

Gallardo, L. and Cooray, V., 1996: Could cloud-to- | Tellus B, 641-651.
cloud discharges be as effective as cloud-to-
ground discharges in producing NOy?

Lee, D., Kohler, 1., Grobler, E., Rohrer, F., Sausen, R., | Atmos. Env, 31, 12, 1735-1749.
Gallardo, L., Olivier, J. and Dentener, F.,
1996: Estimations of global NOy emissions and
their uncertainties.

Gallardo, L. and Rodhe, H., 1997: Oxidized nitrogen | Atmos. Chem., 26, 147-168.
in the remote Pacific: the role of electrical
discharges over the oceans.

Ryaboshapko, A., Gallardo, L., Kjellstrom, E.,|Atmos. Env., 32, 647-658.
Gromov, S., Paramonov, S., Afonogenova, O.
and Rodhe, H., 1998: Balances of oxidized
sulfur and nitrogen over the former Soviet
Union territory.

Bergan, T., Gallardo, L. and Rodhe, H., 1999:|Atmos. Env. 33, 1575-1585.
Mercury in the global troposphere: a three-
dimensional model study.

Gallardo, L., Carrasco, J. and Olivares, G., 2000: An | Tellus B, 52, 50-59.
analysis of ozone measurements at Cerro
Tololo (70°W, 30°S, 2200 m.a.s.l.) in Chile.

Kalthoff, N., Bischoff-GauB, 1., Fiebig-Wittmaack, M.,
Fiedler, F., Thiirauf, J., Novoa, E., Pizarro, C., |J. Appl. Meteo., 953-970.
Castillo, R. Gallardo, L., Rondanelli, R.,
2002: Mesoscale Wind Regimes in Chile at
30 °S. Atmos. Env. 36,23, 3829-3841

Gallardo, L., Olivares, G., Langner, J. and Aarhus, B.,
2002: Coastal lows and sulfur air pollution in
Central Chile. Atmos. Env. 36, 23, 3819-3828

Olivares, G., Gallardo, L., Langner, J. and Aarhus, B.,
2002: Regional dispersion of oxidized sulfur in
Central Chile. J. Geophys. Res.,

Rondanelli, R., Gallardo, L., Garreaud, R., 2002:|10.1029/2001JD001334, 03 December
Tropospheric ozone changes at Cerro Tololo |2002.

(30°S, 70°W, 2200 m) in connection with cut-
off lows.




8.2. Non-ISI publications

Authors, Year and Title

Publication

Gallardo, L, Rodhe, H. and Crutzen, P., 1993:
Evaluation of a global 3-D model of the
tropospheric odd nitrogen cycle.

Gallardo, L and Rodhe, H., 1995: Evaluation of
a global 3-D model of tropospheric
oxidized nitrogen.

Gallardo, L., Kjellstrom, E. and Feichter, J.
1995: Representation of the global
emission of oxidized nitrogen by lightning
discharges in large-scale models. Report

Gallardo, L., Olivares, G., Aguayo, A., Langner,
J., Aarhus, B., Gidhagen, L., 2000.
“Regional Dispersion of Oxidized Sulfur
over Central Chile Using the HIRLAM —
MATCH System”. Strengthening of the
Air  Quality  Information  System
(Working area 2): Application of a
regional-scale model over the central part
of Chile.

Licenciat thesis. Department of Meteorology,
Stockholm University, 55 pp.

Report CM-85, International Meteorological
Institute in  Stockholm, Department of
Meteorology, Stockholm University.

CM-87, International Meteorological Institute
in Stockholm, Department of Meteorology,
Stockholm University.

Final report. National Commission for the
Environment [www.conama.cl]
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Gallardo, L, 1996: Oxidized nitrogen in the | Akademitryck AB, Edsbruk, Sweden,172 pp.
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Philosofie Doctor thesis. Department of
Meteorology, Stockholm University
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9. GRADUATE ACTIVITIES
9.1. MEMBER OF THESIS COMMITTEES
9.2. STUDENTS SUPERVISED

Gustavo Olivares "Dispersion de azufre oxidado en Chile central", M.Sc.Thesis Chemical Engineering,
University of Chile. Defended with honors October 2001. Now PhD student at the Dept. of Meteorology,
Stockholm University (MISU).

Roberto Rondanelli, "Caracterizacion sinoptica de la estacion de Cerro Tololo y andlisis de las
observaciones de ozono", M.Sc. Atmospheric Sciences, University of Chile. Co-guided by Dr. René
Garreaud, Geophysics Dept. U. of Chile. Defended with honors December 2001. Now PhD student at the
Massachussets Institute of Technology (MIT)

Nicolas Huneeus, "Dispersion de azufre oxidado en el norte de Chile” M.Sc. Atmospheric Sciences,
University of Chile. Co-guided by Dr. José Rutllant, Geophysics Dept. U. of Chile. To be defended in
early 2003. He will start a PhD training at Lille University in April 2003.

Cristian Bustos, "Revision de la aplicacion de modelos gaussianos a la evaluacion de impactos de
fuentes puntuales sobre la calidad del aire" M.Sc. Thesis Environmental Management and Planning,
University of Chile. Initiated in March 2001. To be defended in early 2003.

Henry Quiroz, “Modelacion inversa y su aplicacion a la determinacion de fuentes y optimizacion de
redes de monitoreo”. M.Sc. Atmospheric Sciences, University of Chile. Initiated November 2001. He will
start a PhD training at Ecole National de Ponts et Chaussées in October 2003.

Rafael Valdés, " Andlisis de sondeos de ozono troposférico realizados en Isla de Pascua (1996-2002):

tendencias y representatividad". Atmospheric Chemistry degree, University of Chile. Initiated October
2002.

10. POSTDOCTORAL TRAINEES

11. OTHER ACTIVITIES RELEVANT TO THE PROPOSAL

Laura Gallardo has been elected as a member of the Scientific Committee of the International
Global Atmospheric Chemistry (IGAC) for the period 2003-2006. At the Department of
Geophysics, University of Chile, she teaches a course on atmospheric chemistry models and
another on global change. At the Department of Mathematical Engineering she teaches on inverse
modeling.
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Nationalité francaise.
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Investigateur de plusieurs instruments et missions spatiales (POLDER-2 et CALIPSO).

Participant ou coordonnateur de plusieurs projets de recherche nationaux et internationaux.
Coordonnateur du projet européen DAEDALUS et la partie “aérosol”’du projet européen intégré GEMS.
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Editeur thématique de la revue Annales Geophysicae (lower atmosphere and climate) depuis 09/02.

Editeur associé du journal La Météorologie de la Société Météorologique de France.
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Octobre 2000 : Médaille de Bronze du CNRS.

Septembre 1996 : Prix Prud’homme de la Société Météorologique de France.

Décembre 1995 : Docteur €s sciences de ’université Pierre et Marie Curie, Paris.
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Ancien ¢léve de I’Ecole Normale Supérieure de Paris. Agrégé de mathématiques.
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Connaissances des systemes d’exploitation UNIX, LINUX, WINDOWS, des langages de programmation
Fortran, C et OpenMP, des logiciels graphiques GrADS, Ferret, IDL et PV-WAVE, de LaTeX, Microsoft
Office et Microsoft Project.

Bilingue francais-anglais.
Connaissances en allemand, suédois et espagnol.
PRODUCTION SCIENTIFIQUE DE OLIVIER BOUCHER (5 derniéres années)

Une grande partie des publications est consultable a partir du site http://www-loa.univ-lille1.fr/~boucher

1. Revues a comité de lecture

Boucher, O., On Aerosol direct shortwave forcing and the Henyey-Greenstein phase function, Journal of
the Atmospheric Sciences, 55, 128134, 1998.

Boucher, O., M. Pham, and R. Sadourny, General circulation model simulations of Indian summer
monsoon with increasing levels of sulphate aerosols, Annales Geophysicee, 16, 346-352, 1998.

Boucher, O., S. E. Schwartz, T. P. Ackerman, T. L. Anderson, B. Bergstrom, B. Bonnel, P. Chylek, A.
Dahlback, Y. Fouquart, Q. Fu, R. N. Halthore, J. Haywood, T. Iversen, S. Kato, S. Kinne, A. Kirkevag, E.
Knapp, A. Lacis, 1. Laszlo, M. I. Mishchenko, S. Nemesure, V. Ramaswamy, D. Roberts, P. Russell, M.
Schlesinger, G. L. Stephens, R. Wagener, M. Wang, J. Wong, and F. Yang, Intercomparison of models
representing shortwave radiative forcing by sulfate aerosols, Journal of Geophysical Research, 103,
16979-16998, 1998.

Boucher, O., Aircraft can increase cirrus cloudiness, Nature, 397, 30-31, 1999.

Boucher, O., and D. Tanré, Estimation of the aerosol perturbation to the Earth’s radiative budget over
oceans using POLDER satellite aerosol retrievals, Geophysical Research Letters, 27, 1103-1106, 2000.

Boucher, O., and J. M. Haywood, On summing the components of radiative forcing of climate change,
Climate Dynamics, 18, 297-302, 2001.

Boucher, O., and M. Pham, History of the sulfate aerosol radiative forcings, Geophysical Research
Letters, 29(9), 1308, doi:10.1029/2001GL014048, 2002.

Boucher, O., C. Moulin, S. Belviso, O. Aumont, L. Bopp, E. Cosme, R. von Kuhlmann, M. G. Lawrence,
M. Pham, M. S. Reddy, and C. Venkataraman, DMS atmospheric concentrations and sulphate aerosol
indirect radiative forcing: a sensitivity study to the DMS source representation and oxidation,
Atmospheric Chemistry and Physics, 3, 49-65, 2003.

Claquin, T., M. Schulz, Y. Balkanski, and O. Boucher, Uncertainties in modelling radiative forcing by
mineral dust, Tellus, 50B, 491-505, 1998.

Cosme, E., C. Genthon, P. Martinerie, O. Boucher, and M. Pham, Sulfur cycle at high-southern latitudes
in the LMD-ZT General Circulation Model, Journal of Geophysical Research, 107(D23), 4690,
doi:10.1029/2002JD002149, 2002.



Formenti, P., O. Boucher, T. Reiner, D. Sprung, M. O. Andreae, M. Wendisch, H. Wex, D. Krinkred, M.
Tzourtziou, A. Vasaras, and C. Zerefos, The STAAARTE-MED 1998 airnorne measurements over the

Aegean Sea: II. Aerosol scattering and absorption, and radiative calculations, Journal of Geophysical
Research, 107(D21), 4451, doi:10.1029/2001JD001536, 2002.

Guyon, P., O. Boucher, B. Graham, J. Beck, O. L. Mayol-Bracero, P. Artaxo, W. Maenhaut, and M. O.
Andreae, Refractive index of aerosol particles over the Amazon Tropical forest during LBA-EUSTACH
1999, Journal of Aerosol Science, sous presse, 2003.

Kaufman, Y. J., D. Tanr¢, and O. Boucher, A satellite view of aerosols in the climate system, Nature, 419,
215-223, 2002.

Haywood, J. M., and O. Boucher, Estimates of the direct and indirect radiative forcing due to tropospheric
aerosols: A review, Reviews of Geophysics, 38, 513-543, 2000.

Le Treut, H., M. Forichon, O. Boucher, and Z.-X. Li, Sulfate aerosol indirect effect and CO, greenhouse
forcing: equilibrium response of the LMD GCM and associated cloud feedbacks, Journal of Climate, 11,
1673-1684, 1998.

1bis. Revues 2 comité de lecture (articles soumis)

Anderson, T. L., R. J. Charlson, S. E. Schwartz, R. Knutti, O. Boucher, H. Rodhe, and J. Heintzenberg,
Forbidden magnitudes of aerosol forcing, Science, soumis, 2003.

Bellouin, N., O. Boucher, D. Tanré, and O. Dubovik, Estimation of aerosol absorption over the oceans
from POLDER and AERONET data, Geophysical Research Letters, soumis, 2003.

Bellouin, N., and O. Boucher, Refinements and assumptions in estimating the aerosol radiative forcing,
Journal of Quantitative Spectroscopy and Radiative Transfer, en préparation, 2003.

Bopp, L., O. Boucher, O. Aumont, S. Belviso, J.-L. Dufresne, M. Pham, and P. Monfray, Will marine
dimethylsulphide emissions alleviate global warming?, Canadian Journal of Fisheries and Aquatic
Sciences, soumis, 2002.

Boucher, O., G. Myhre, and A. Myhre, Direct influence of irrigation on atmospheric water vapour and
climate, Climate Dynamics, soumis, 2003.

Generoso, S., F.-M. Bréon, Y. Balkanski, O. Boucher, and M. Schulz, Improving the seasonal cycle and
interannual variations of biomass burning aerosol sources, Atmospheric Chemistry and Physics, soumis,
2003.

Guyon, P., B. Graham, J. Beck, O. Boucher, E. Gerasopoulos, O. L. Mayol-Bracero, G. C. Roberts, P.
Artaxo, and M. O. Andreae, Physical properties and concentration of aerosol particles over the Amazon
tropical forest during background and biomass burning conditions, Atmospheric Chemistry and Physics,
soumis, 2003.

Menon, S., O. Boucher, P. Davison, A. Del Genio, J. Feichter, S. Ghan, U. Lohmann, X. Liu, J. Penner, J.
Quaas, D. Roberts, Evaluating cloud-aerosol process parameterizations with a single column model and
ACE-2 Cloudy Column observations, Journal of Geophysical Research, soumis, 2003.



Quaas, J., O. Boucher, J.-L. Dufresne, and H. Le Treut, Aerosol-cloud-radiation interactions in the
LMDZT GCM and their impact on the simulated 20th century climate, xxx, en préparation, 2003.

Trentmann, J., B. Friith, O. Boucher, T. Trautmann, and M. O. Andreae, Three-dimensional solar radiation
effects in a biomass burning plume: Implications for photochemistry and remote sensing, Journal of

Geophysical Research, soumis, 2003.

2. Conférences invitées dans des congres

Boucher, O., The use of models and measurements to resolve the indirect effect of aerosols, Part I. The
history of the indirect aerosol effect, Proceedings of the ALPS’99 International Conference, Méribel,
France, 18-22 January 1999, pp. Aerosols/O/02/1-2, 1999.

Boucher, O., J.-C. Buriez, 1. Chiapello, P. Goloub, Y. J. Kaufman, J. Riedi, and G. Séze, The use of
models and measurements to resolve the indirect effect of aerosols, Part II. Detection of the indirect effect
of aerosols by POLDER, Proceedings of the ALPS 99 International Conference, Méribel, France, 18-22
January 1999, pp. Aerosols/O/02/3-4, 1999.

Boucher, O., N. Bellouin, M.S. Reddy, P. Guyon, and J. Trentmann, Direct radiative forcing of aerosols,
Abstracts, pp. 37, 8th Scientific Assembly of IAMAS, Innsbruck, July 2001.

Boucher, O., Climatic effects of aerosols, Simposio Cambio Climatico, Cienca de Cambio Climatico en
Chile, Santiago du Chili, 3-5 décembre 2001.

Boucher, O., Aerosol radiative forcing and related feedbacks: How do we reduce the uncertainties,
IGACtivities, n° 26, pp. 8-12, May 2002. (conférence invitée a 'IGAC Planning Meeting, Stockholm, 27-
30 January 2002)

Boucher, O., Indirect radiative forcing by tropospheric aerosols and aircraft emissions, Radiative Forcing
of Climate Change, Royal Meteorological Society, Londres, 20 février 2002.

Boucher, O., Integrating aerosols data into policy relevant information, Second conference of the GMES
forum, ESA-ESTEC, Noordwijk, Pays-Bas, 14-16 janvier 2003.

Boucher, O., Aerosols and radiative forcing of climate, invited talk, Gordon Research Conference on
‘Solar Radiation and Climate’, juillet 2003.

Kaufman, Y., L. Remer, D. Tanré, O. Boucher, M. Chin, O. Dubovik, and B. Holben, New results from
space and field observations on the aerosol direct and indirect radiative forcing, Fall AGU meeting, San

Francisco, December 2002.

3. Proceedings a comité de lecture

4. Publications dans des revues sans comité

Boucher, O., C. Moulin, S. Belviso, O. Aumont, L. Bopp, E. Cosme, R. von Kuhlmann, M. G. Lawrence,
M. Pham, M. S. Reddy, and C. Venkataraman, Sensitivity study of DMS atmospheric concentrations and



sulphate aerosol indirect radiative forcing to the DMS source representation and oxidation, Atmospheric
Chemistry and Physics Discussions, 2, 1181-1216, disponible en ligne sur www.atm-chem-phys.org,
2002.

Generoso, S., F.-M. Bréon, Y. Balkanski, O. Boucher, and M. Schulz, Improving the seasonal cycle and
interannual variations of biomass burning aerosol sources, Atmospheric Chemistry and Physics
Discussions, disponible en ligne sur www.atm-chem-phys.org, 2003.

Guyon, P., B. Graham, J. Beck, O. Boucher, E. Gerasopoulos, O. L. Mayol-Bracero, G. C. Roberts, P.
Artaxo, and M. O. Andreae, Physical properties and concentration of aerosol particles over the Amazon
tropical forest during background and biomass burning conditions, Atmospheric Chemistry and Physics
Discussions, 3, 1367-1414, disponible en ligne sur www.atm-chem-phys.org, 2003.

5. Communication a des congres, symposium

Bellouin, N., O. Boucher, and D. Tanr¢, Direct use of clear-sky POLDER radiances to retrieve the aerosol
flux perturbation over the oceans, Abstracts, pp. 38-39, 8th Scientific Assembly of IAMAS, Innsbruck, July
2001.

Bellouin, N., O. Boucher, and D. Tanré, Direct use of clear-sky POLDER radiances to retrieve the
shortwave aerosol radiative perturbation over the ocean, 21st Annual Conference of the American
Association for Aerosol Research, Charlotte, North Carolina, October 7-11, 2002.

Bopp, L., O. Boucher, O. Aumont, S. Belviso, C. Moulin, M. Pham, and P. Monfray, Towards an
assesment of the DMS-aerosol-climate feedback, Third International Symposium on Biological and
Environnemental Chemistry of DMS(P) and related compounds, Rimouski, Canada, 26-28 Septembre
2002.

Bopp, L., O. Boucher, O. Aumont, S. Belviso, J.-L. Dufresne, M. Pham, and P. Monfray, Will marine
DMS emissions amplify or alleviate global warming? - A model study, EGS - AGU - EUG Joint
Assembly, Nice, France, April 2003.

Boucher, M., J. Quaas, O. Boucher, and J.-L. Dufresne, Testing and developing cloud parameters in the
LMDZ GCM by using POLDER and METEOSAT satellite data, session CL5, Observing climate change
and variability from space: achievements and challenges, EGS - AGU - EUG Joint Assembly, Nice,
France, April 2003.

Boucher, O., Is there any observable increase in cirrus cloud due to aviation during 1982-1991?,
European Geophysical Society General Assembly, Annales Geophysicce, Supplement Il to Volume 16,
pp. C765 / Supplement III to Volume 16, pp. C953, Nice, avril 1998.

Boucher, O., J.-C. Buriez, I. Chiapello, P. Goloub, Y. J. Kaufman, J. Riedi, and G. Séze, Detection of the
indirect effect of aerosols by POLDER, Geophysical Research Abstracts, European Geophysical Society
General Assembly, La Haye, avril 1999.

Boucher, O., and M. Pham, Time history of the sulfur cycle and sulfate radiative forcing, Session ERE.1,
XXVII European Geophysical Society General Assembly, Nice, avril 2002.



Boucher, O., S. Belviso, E. Cosme, and C. Moulin, Sensitivity of the sulfur cycle and sulfate aerosol
indirect effect to the representation of the DMS source, Session ST8, Chemistry-climate interactions,
XXVII European Geophysical Society General Assembly, Nice, avril 2002.

Cosme, E., C. Genthon, P. Martinerie, O. Boucher, and M. Pham, Simulation of the atmospheric sulfur
cycle at mid and high southern latitudes using a general circulation model, Geophysical Research
Abstracts, Volume 3, available as a CD-ROM from the European Geophysical Society, European
Geophysical Society General Assembly, Nice, avril 2001.

Cosme, E., C. Genthon, P. Martinerie, O. Boucher, and M. Pham, Dimethylsulfide (DMS) oceanic
emissions around Antarctica in LMD-ZT general circulation model, Poster presented at the international
workshop Emission of Chemical Species and Aerosols into the Atmosphere, Paris, 19-22 June 2001.

Cosme, E., O. Boucher, C. Genthon, P. Martinerie, M. Pham, and J. Sciare, A study of dimethylsulfoxide
(DMSO) oxidation with a global sulfur cycle model, Session OA20.02, Tropospheric chemistry and
aerosols: Heterogeneous chemistry and modelling, XXVII European Geophysical Society General
Assembly, Nice, avril 2002.

Cosme, E., C. Genthon, P. Martinerie, O. Boucher, and M. Pham, High-southern latitudes sulfur cycle in
an atmospheric general circulation model, Spring meeting of the American Geophysical Union, session
AS52, Washington, 28-31 May 2002.

Formenti, P., O. Boucher, T. Reiner, D. Sprung, M. O. Andreae, M. Wendisch, H. Wex, D. Krindred, M.
Tzourtziou, A. Vasaras, and C. Zerefos, The STAAARTE-MED airborne measurements over the Aegean
Sea: II. Aerosol scattering, absorption, and radiative calculations, 8" European Symposium on the
Physico-Chemical Behaviour of Atmospheric Pollutants, Torino (Italy), septembre 2001.

Gallardo, L., O. Boucher, and N. Huneeus, Potential impacts of sulfur aerosols off the coast of Central
and Northern Chile: A preliminary assessment, 7th “International Global Atmospheric Chemistry*
Scientific Conference, Crete, 18-25 September 2002.

Generoso, S., Y. Balkanski, O. Boucher, F.-M. Bréon, and M. Schulz, Comparisons between aerosol data
retrievals from the POLDER spaceborne instrument and aerosol output from the LMDz model, 7th
“International Global Atmospheric Chemistry‘ Scientific Conference, Crete, 18-25 September 2002.

Generoso, S., F.-M. Bréon, Y. Balkanski, O. Boucher, M. Schulz, Improving the seasonal cycle and
interannual variations of biomass burning aerosol sources, session AS6.05 The global aerosol system -
perspectives from satellite measurements, global chemical transport and climate models, EGS - AGU -
EUG Joint Assembly, Nice, France, April 2003.

Hauglustaine, D., M. Schulz, Y. Balkanski, G. Folberth, C. Textor, S. Bauer, L. Jourdain, S. Generoso,
and O. Boucher, Interactive chemistry and aerosols in a general circulation model: LMDz-INCA, session
AS11.02 SPARC-IGAC Symposium on climate-chemistry interactions, EGS - AGU - EUG Joint
Assembly, Nice, France, April 2003.

Huneeus, N., L. Gallardo, J. Rutilant, and O. Boucher, Dispersion of sulphur aerosols off the coast of

Northern Chile: An exploratory study, Simposio de Cambio Global: hacia une vision sistemica, Puntas
Arenas, Chili, 23-25 janvier 2003.



Jourdain, L., D. Hauglustaine, F. Hourdin, M.-A. Filiberti, A. Armangaud, O. Boucher, The global
distribution of NOx simulated on-line in the LMDz general circulation model, ST6 Processes and issues
in the upper troposphere and lower stratosphere, Geophysical Research Abstracts, Volume 2, available as
a CD-ROM from the European Geophysical Society, European Geophysical Society General Assembly,
Nice, avril 2000.

Mercier, P., F. Hourdin, O. Boucher, M. Pham, D. Hauglustaine, and C. Granier, Greenhouse gases in the
LMD-Z general circulation model, Annales Geophysice, Supplement I to Volume 16, pp. 742 /
Supplement IV to Volume 16, pp. C1120, European Geophysical Society General Assembly, Nice, avril
1998.

Pham, M., and O. Boucher, Simulation of the global sulfur cycle in the general circulation model LMDZ,
OA2 Anthropogenic climate changes: forcing, impacts, including socio-economic aspects and
uncertainties, Geophysical Research Abstracts, Volume 2, available as a CD-ROM from the European
Geophysical Society, European Geophysical Society General Assembly, Nice, avril 2000.

Pham, M., O. Boucher, D. Hauglustaine, and J.-F. Miiller, Influence of changes in stratospheric ozone on
sulfur chemistry and related climate effects, Quadriennal Ozone Symposium, Japon, 2000.

Quaas, J., and O. Boucher, Parameterization of the aerosol indirect effect in the LMDZT GCM, Abstracts,
pp. 52, 8th Scientific Assembly of [AMAS, Innsbruck, July 2001.

Quaas, J., O. Boucher, and F.-M. Bréon, Aerosol-cloud interactions in the LMDZ GCM and in
POLDER satellite data, session AS6.05 The global aerosol system - perspectives from satellite
measurements, global chemical transport and climate models, EGS - AGU - EUG Joint Assembly,
Nice, France, April 2003.

Quaas, J., O. Boucher, and H. Le Treut, Development of a liquid- and ice-phase cloud microphysics
scheme and application in the LMDZ GCM to investigate aerosol indirect effects, session AS4.05
Aerosol-cloud interactions, EGS - AGU - EUG Joint Assembly, Nice, France, April 2003.

Quaas, J., O. Boucher, J.-L. Dufresne, and H. Le Treut, Mechanisms of anthropogenic climate change in a
simulation of the 20th century's climate with the LMDZ GCM with focus on aerosol indirect radiative
effects, session CL6, Anthropogenic climate changes: forcing, modelling, detection and impact, EGS -
AGU - EUG Joint Assembly, Nice, France, April 2003.

Reddy, M.S., C. Venkataraman, O. Boucher, and M. Pham, A sulphur dioxide and aerosol emissions
inventory for India for implementation in the LMD GCM, Poster presented at the international workshop
Emission of Chemical Species and Aerosols into the Atmosphere, Paris, 19-22 June 2001.

Reddy, M.S., C. Venkataraman, O. Boucher, and M. Pham (2001). A 0.25° x 0.25° SO, and aerosol
emissions inventory for India and implementation in the LMD GCM during INDOEX-IFP 1999, 4
Changing Atmosphere, 8" European Symposium on the Physico-Chemical Behaviour of Atmospheric
Pollutants, Torino (Italy), septembre 2001.

Reddy, M. S., O. Boucher, J.-F. Léon, C. Venkataraman, and M. Pham, Simulation of aerosol transport
and radiative effects in LMD-GCM during INDOEX-IFP 1999, Session OA20.02 Tropospheric
Chemistry and Aerosols: Heterogeneous Chemistry and Modelling, Geophysical Research Abstracts,
European Geophysical Society XXVII General Assembly, Nice, avril 2002.



Reddy, M. S., O. Boucher, and C. Venkataraman, Seasonal carbonaceous aerosol emissions from open
biomass burning in India, Annual Conference of Indian Aerosol Science and Technology Association,
Thiruvananthapuram, India, September 18-20, 2002.

Reddy, M. S., O. Boucher, C. Venkataraman, and M. Pham, Analysis of regional aerosol transport during
INDOEX through GCM modelling, Annual Conference of Indian Aerosol Science and Technology
Association, Thiruvananthapuram, India, September 18-20, 2002

Reddy, M. S., O. Boucher, C. Venkataraman, J.-F. Léon, and M. Pham, Aerosol transport and radiative
effects during north-east winter Indian monsoon, 21st Annual Conference of the American Association for
Aerosol Research, Charlotte, North Carolina, October 7-11, 2002.

Reddy, M. S., and O. Boucher, Carbonaceous aerosol transport and radiative forcing estimates in LMD-Z
GCM, session AS6.05, The global aerosol system - perspectives from satellite measurements, global
chemical transport and climate models, EGS - AGU - EUG Joint Assembly, Nice, France, April 2003.

Reddy, M. S., O. Boucher, Y. Balkanski, and M. Schulz, Global three-dimensional simulation of multi-
component aerosol transport and radiative forcing with GCM, session AS6.05, The global aerosol system
- perspectives from satellite measurements, global chemical transport and climate models, EGS - AGU -
EUG Joint Assembly, Nice, France, April 2003.

Reddy, M. S., O. Boucher, S. Belviso, O. Aumont, L. Bopp, and P. Monfray, Natural aerosol emissions
and fate in the future climate: sea salt and dimethylsulfide, session AS11.02, SPARC-IGAC Symposium
on climate-Chemistry Interactions, EGS - AGU - EUG Joint Assembly, Nice, France, April 2003.

Reddy, M. S., C. Venkataraman, and O. Boucher Decadal trends in fossil fuel energy consumption and
related air pollutant emissions, session ERE1, Modelling the scientific and socio-economic aspects of
anthropogenic changes to the atmosphere, EGS - AGU - EUG Joint Assembly, Nice, France, April 2003.

Sadourny, R., A. Harzallah, O. Boucher, and M. Pham, Indian monsoon variability: Observations and
modelling, Proceedings of INTROMET 97 International Symposium on Asian Monsoon and Pollution
over the Monsoon Environment, 2—5 December 1997, New-Delhi, 1998.

Schulz, M., O. Boucher, Y. Balkanski, M. S. Reddy, and F.-M. Bréon, Use of spaceborne POLDER
aerosol index and optical thickness in cloud free regions, 7th “International Global Atmospheric
Chemistry” Scientific Conference, Crete, 18-25 September 2002.

Trentmann, J., B. Frueh, O. Boucher, T. Trautmann, and M. O. Andreae, Three-dimensional solar
radiation effects in a biomass plume, OA16. Clouds in radiative and dynamical processes, Geophysical
Research Abstracts, European Geophysical Society XXVII General Assembly, Nice, avril 2002.

Trentmann, J., M. O. Andreae, O. Boucher, and H.-F. Graf, Investigation of a biomass burning plume:
Aerosol absorption and atmospheric chemistry, Spring meeting of the American Geophysical Union,

session A22, Washington, 28-31 May 2002.

6. Séminaires, workshops
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The world’s most extended and persistent stratus deck around the world is that located under the Pacific
high off the coast of Chile and Southern Peru. This cloud deck has a large impact on the regional and
global circulations (e.g., Hartmann et al, 1992; Hartmann, 1994). In this region, large emissions of
oxidized sulfur occur, both due to anthropogenic processes (Lethon et al, 1999), mainly copper smelting,
and natural processes, mainly biogenic emissions along the Humboldt current system, and perhaps also
volcanic emissions (e.g., Scholes et al, 2003; Andres & Kasgnoc, 1998). Despite the relevance of these
processes for the regional and global climate, our quantitative understanding and our predictive
capabilities to assess potential future changes are scarce.

Altogether, given the large emissions of oxidized sulfur that take place in Northern and Central Chile, the
circulation and cloud patterns in the area, and the potential effects of sulfur aerosols on clouds, we started
in 2002 a collaboration to assess the regional distribution of oxidized sulfur and its radiative effects over
Central and Northern Chile. Here we propose a collaboration intended to better understand the aerosol-
cloud-climate interactions and to provide tools for assessing and predicting these effects by means of
global and regional scale modeling. Also, we aim at strengthening the links with other research activities,
particularly remote sensing of aerosols and clouds and dynamical modeling of the marine boundary layer
over the Eastern Pacific.

Introduction

In addition to impacts of oxidized sulfur on human health, various other impacts on climate, clouds and
precipitation have been widely recognized by the scientific community (e.g., Twomey, 1974; Charlson et
al, 1987; Albrecht, 1989; Charlson et al, 1991; Kiehl and Brigleb, 1993; Boucher and Lohmann, 1995;
Nemesure et al, 1995; Jones and Slingo, 1996; Chuang et al, 1997; Haywood and Boucher, 2000; IPCC,
2001; Wilson et al, 2001; Lohmann, 2002). Acidic deposition in connection with sulfate aerosols was
pointed out in the early 60’s and 70’s as a regional issue of concern in Europe and North America.
Nowadays, acidic deposition by sulfur and other species has become an issue in developing countries,
particularly over Southeast Asia (e.g., Rodhe et al, 1995; Rodhe et al, 2002). The scattering effects of
aerosols in general, and of sulfate aerosols in particular, are daily experienced by inhabitants of polluted
urban areas all over the world as reflected in hazy conditions and low visibility. On the regional and
global scales, it has been shown that the main contributors to the scattering of solar radiation are sulfate
and some organic aerosols with a net global average direct forcing of about 0.5 W/m? (e.g., IPCC, 2001).
The quantification of the impact of sulfate aerosols due to their role as cloud condensation nuclei (CCN)
has been more elusive. Nevertheless, anthropogenic sulfate aerosols are thought to make clouds brighter
and more long-lived (e.g., Ramanathan et al, 2001).

Chile has a long tradition of exploiting mineral resources, particularly copper. The copper smelters in
Chile stand for about 1 % of the ca. 70 TgS/yr oxidized sulfur (SOy) emitted worldwide. In addition, in
the coast of Central and Northern Chile exchanges of biogenic trace species are significant, particularly
dimethylsulfide (DMS), which is an important precursor of natural aerosols and cloud condensation



nuclei (CCN). Volcanoes may also be a significant source of aerosols, sulfate aerosols in particular.
Finally, Santiago, one of South America’s megacities is also a significant source of polluted air,
containing both organic and inorganic aerosols that also may affect the properties of clouds.

An outstanding feature of Central and Northern Chile is the persistent stratus clouds off the coast out
over the ocean under the Pacific High. This cloud deck has a large impact on the regional and global
circulations. Therefore, given the large emissions of oxidized sulfur, both anthropogenic and natural, that
take place in Northern and Central Chile, the circulation and cloud patterns in the area, and the potential
effects aerosols on clouds, particularly sulfur aerosols, we aim at establishing a long-term collaboration
with European researchers to assess the regional distribution of oxidized sulfur and its direct and indirect
radiative effects over Central and Northern Chile.

Objectives

Hence, given the large emissions of oxidized sulfur that take place in Northern and Central Chile, the
circulation and cloud patterns in the area, and the effects of sulfur aerosols on clouds and precipitation, we
find it necessary to provide the basis for a long-term collaboration to quantify these effects. In particular,
we aim at establishing the modeling tools require to provide quantifications and scenarios for such
impacts. From this, the following objectives are extracted.

* To estimate the distribution of oxidized sulfur, both natural and anthropogenic, over the
stratatocumulus area over the Eastern Pacific

* To estimate the potential impact on the properties of the persistent stratus deck (direct and indirect
effects)

* To estimate the relative importance of natural and anthropogenic sources on the burden and
distribution of oxidized sulfur

* To evaluate the sensitivity of the estimates with respect to model resolution with emphasis on
relevant weather conditions such as coastal lows and cut-off lows.

* To improve, in close collaboration with other research groups, the accuracy of the simulations by
means of assimilation of satellite data.

* To improve, in collaboration with concurrent research the parametrizations of Sc clouds in current
models

Participants

- Chile/ Center for Mathematical Modeling (CMM)

0 Framework project FONDAP de Matematicas Aplicadas. The CMM is mainly funded as
an Excellence Center through the Chilean Research Council (Comision Nacional de
Investigacion en Ciencia y Tecnologia, CONICYT).

0 Framework project FONDECYT 1030809, 2003-2006: Stratosphere-Troposphere
Exchange (STE) processes and their impact on the ozone balance in the subtropics of the
Southern Hemisphere: A multi-scale integrated study based at Cerro Tololo (30°S, 70°W,
2200 m.a.s.1l).

e Laura Gallardo (Ph.D. Chemical Meteorology), Centro de Modelamiento
Matematico

* Melitta Fiebig (PhD Mathematics), Universidad de La Serena, Centro de
Investigaciones Atmosféricas

e Juan Quintana (MSc/C), Direccion Meteorologica de Chile



0 Framework project CONICYT-INRIA (2002-2003): Application and Development of
Inverse Modeling techniques to air quality monitoring network design
e Laura Gallardo (Ph.D. Chemical Meteorology), Centro de Modelamiento
Matematico
* Jaime Ortega (Ph.D. Mathematics), Centro de Modelamiento Matematico
* Axel Osses (Ph.D. Mathematics), Centro de Modelamiento Matematico
* Chile/ Geophysics Department, University of Chile/DGF_UCH
0 Framework project FONDECYT 1020833, 2002-2005: The Stratocumulus cloud deck off
the subtropical west coast of South America: High frequency variability.

. René Garreaud (Ph.D. Meteorology), Departamento de Geofisica,
Universidad de Chile
. Jos¢ Rutllant (Ph.D. Meteorology), Departamento de Geofisica,
Universidad de Chile
. Ricardo Munoz (Ph.D. Meteorology), Departamento de Geofisica,
Universidad de Chile

* France/ Laboratoire d’Optique Atmosphérique (UMR 8518)/ LOA. Financement PNTS et
européens, bourse de these cofinancée CNES-région Nord-Pas-de-Calais
«  Olivier Boucher, chargé de recherche 1° classe, CNRS
* Marie Doutriaux-Boucher, Maitre de conférence, Université des Sciences et Technologies de Lille
* France/ Ecole Nationale des Ponts et Chaussées :Bruno Sportisse, , chercheur associé
* France/ Laboratoire de Météorologie Dynamique du CNRS, Hervé Le Treut, chercheur

Overall objectives

* To better grasp the regional distribution of oxidized sulfur, both natural and anthropogenic, and to
evaluate their potential impact on the properties of the persistent stratus deck over the ocean under the
Pacific high

e To strength the links with other research activities and communities particularly those related to
remote sensing of aerosols and clouds in France, dynamical modeling of the marine boundary layer
over the Eastern Pacific and modeling of ocean-atmospheric interaction in Chile

Hypotheses

We assume that both of our group’s research activities will gain in depth and perspective by

complementing our expertises un global climate modeling and regional scale dispersion. Further, we

assume that available atmospheric models can provide estimates of the atmospheric distribution of
oxidized sulfur emitted from biotic and abiotic processes, and their subsequent impacts on the radiative
balance, and that the accuracy of these simulations can be improved.

Methodology

The distribution of oxidized sulfur (SOy) and its radiative effects could be assessed by means

complementary model simulations.

* High-resolution (0.1°) SOy fields will be estimated using the off-line Multiscale Atmospheric
Transport and Chemistry (MATCH) model (Robertson et al, 1999) already implemented in Chile. It
has been applied to assess dispersion of oxidized sulfur and arsenic over Northern and Central Chile
(e.g., Gallardo et al, 2002; Huneeus et al, 2003). This model would be fed with semi-climatological
outputs provided by a three-dimensional numerical weather prediction (NWP) model, the High
Resolution Limited Area Model (HIRLAM, Undén et al, 2002) and outputs for specific situations
provided by a regional climate model and the NWP model at use the Chilean Weather Office within
the framework of ongoing research at the CMM (FONDECYT 1030809).
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* The General Circulation model LMD-ZT (Cosme et al, 2002) will be used to study the dispersion of
oxidized sulfur and to estimate the corresponding radiative forcings. By comparing the global and
regional simulations we will explore the sensitivity of the estimates to model resolution.

* The simulations will provide estimates of the direct and indirect forcing by oxidized sulfur. These
forcings will be evaluated by comparing with observations. . We will then jointly explore the
assimilation of satellite data to improve the simulations over this area of the world that is in an
appalling lack of observations and where strong signals can be detected by remote sensors providing
an opportunity for validation of retrieval algorithms. (This is the theme of Nicolas Huneeus PhD work
at LOA). In general, we expect to better constrain aerosol transport to Pacific Ocean.

* On the basis of observational data provided from complementary projects (e.g., Rutllant et al, 2003;
FONDECYT 1020833) we expect to improve the parameterizations of Sc in the models we apply.

In addition to the modeling work, workshops and symposia will be organized in connection with the visits
of the scientists. Also, short-term (1-3 months) stays of graduate students will be promoted. We expect to
be able to establish co-guided graduate theses for students in Atmospheric Science, Mathematics and
Informatics.

Missions during the first year of the project

France to Chile: None during the first year, the missions should take place during the second year of
the cooperation

Chile to France:
0 Laura Gallardo, January 2004, 20 days, Gathering and synthesis of results. Also, learning about
the type of aerosol data intended to be assimilated in the climate model and eventually in a
regional-scale model.
0 José Rutllant, June 2004, 15 days, Acquaintance with the stratocumulus parameterizations in
the model and comparisons with sounding data collected through complementary projects in
the Sc area

Results

* Increased research capabilities, tools and a broader scientific spectrum for both research groups

* Common publications and definition of larger scale cooperative projects involving other research
groups.

» Capacity building as expressed in theses and student exchanges

*  Workshops and symposia

Links with ongoing research
A the CMM we are developing studies on:

» Stratosphere-Troposphere Exchange (STE) processes and their impact on the ozone balance in the
subtropics of the Southern Hemisphere: A multi-scale integrated study based at Cerro Tololo (30°S,
70°W, 2200 m.a.s.l) (FONDECYT 1030809, 2003-2006).

In this project, meteorological models will be used to produce dynamically interpolated three-
dimensional (3-D) regional and meso-scale meteorological fields, which will drive a 3-D Eulerian
transport model that will simulate the intrusion and subsequent dispersion of an ozone-like tracer
subject to photolysis and dry deposition. The simulations will be evaluated against in situ and



available satellite measurements of ozone, water vapor and other relevant STE tracers. These fields
will also be available for studying aerosol-cloud-climate interactions as those proposed here.

» Application and Development of Inverse Modeling techniques to air quality monitoring network
design (INRIA-CONICYT, 2002-2003).

The overall objective of this project is to bring together the pieces for defining a long-term research
axis and a common research project on inverse modeling applied to air pollution problems at the local
and regional scale, with particular emphasis on monitoring network design to assess the impacts of the
large-scale copper industry over in the densely populated and expanding urban areas of Central Chile.
The increasing number of observations of chemical tracers and aerosols, both in-situ and remote (e.g.,
satellites) brings now the possibility of applying assimilation data and inverse modeling in order to
improve the performance of available three-dimensional chemistry transport models (3-D CTMs), to
bracket the strength and location of emissions of relevant compounds, to optimize the design
monitoring networks, to assess model errors and sensitivities, etc.. So, this collaboration would
benefit from and provide support to the work proposed here by.

At the Geophysics Department:

» Studies are being conducted to generate an improved understanding of the dynamical processes
involved in the existence and persistence of Southeastern Pacific stratus decks, their interaction with
weather systems (including deep convection), the seasonal cycle and interannual climate variations
over South America, and their feedback with the underlying ocean (FONDECYT, 1020833). This
study includes the compilation of in situ observations that can be of use for validating model results.
Other studies have focused on the mesoscale circulation regimes that explain the extreme aridity of
the Atacama desert and their influence on the upwelling of cold nutrient-rich waters (e.g., Rutllant et
al, 2003). These circulation patterns are crucial for determining the potential fluxes of biogenic sulfur
species and the offshore dispersion of anthropogenic sulfur. An exploratory work by Huneeus et al
(2003), suggests that the transport of anthropogenic sulfur would occur episodically in connection
with the occurrence of coastal lows.
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