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The world’s most extended and persistent stratuk @eound the world is that
located under the Pacific high off the coast ofl€band Southern Peru. This cloud deck
has a large impact on the regional and global Etmns (e.g., Hartmann et al, 1992;
Hartmann, 1994). In this region, large emissiongxitlized sulfur occur, both due to
anthropogenic processes (Lefhon et al, 1999), maobper smelting, and natural
processes, mainly biogenic emissions along the Hoihlzurrent system, and perhaps
also volcanic emissions (e.g., Scholes et al, 280@tres & Kasgnoc, 1998). Despite
the relevance of these processes for the regiarmhlgbobal climate, our quantitative
understanding and our predictive capabilities teeas potential future changes are
scarce.

Altogether, given the large emissions of oxidizetfus that take place in Northern
and Central Chile, the circulation and cloud pattan the area, and the potential effects
of sulfur aerosols on clouds, we started in 20@®l&aboration to assess the regional
distribution of oxidized sulfur and its radiativéexts over Central and Northern Chile.
Here we propose a collaboration intended to bettderstand the aerosol-cloud-climate
interactions and to provide tools for assessing @edicting these effects by means of
global and regional scale modeling. Also, we ainstegngthening the links with other
research activities, particularly remote sensinga@fosols and clouds and dynamical
modeling of the marine boundary layer over the &asPacific.

1) INTRODUCTION

In addition to impacts of oxidized sulfur on huntagalth, various other impacts on
climate, clouds and precipitation have been widedgognized by the scientific
community (e.g., Twomey, 1974; Charlson et al, 198Brecht, 1989; Charlson et al,
1991; Kiehl and Brigleb, 1993; Boucher and Lohmah®95; Nemesure et al, 1995;
Jones and Slingo, 1996; Chuang et al, 1997; HayvanodBoucher, 2000; IPCC, 2001;
Wilson et al, 2001; Lohmann, 2002). Acidic depasitiin connection with sulfate
aerosols was pointed out in the early 60’s and @8'sa regional issue of concern in
Europe and North America. Nowadays, acidic depwsiby sulfur and other species
has become an issue in developing countries, p&atlg over Southeast Asia (e.qg.,
Rodhe et al, 1995; Rodhe et al, 2002). The scagiaifects of aerosols in general, and
of sulfate aerosols in particular, are daily exgeced by inhabitants of polluted urban
areas all over the world as reflected in hazy doms and low visibility. On the
regional and global scales, it has been showrthieatain contributors to the scattering
of solar radiation are sulfate and some organiosms with a net global average direct
forcing of about —0.5 W/fn(e.g., IPCC, 2001). The quantification of the imtpaf
sulfate aerosols due to their role as cloud coratesrs nuclei (CCN) has been more
elusive. Nevertheless, anthropogenic sulfate aéyoape thought to make clouds
brighter and more long-lived (e.g., Ramanathan, &091).
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Chile has a long tradition of exploiting minerako@rces, particularly copper. The
copper smelters in Chile stand for about 1 % ofcthe70 TgS/yr oxidized sulfur (SO
emitted worldwide. In addition, in the coast of @ahand Northern Chile exchanges of
biogenic trace species are significant, particuldimethylsulfide (DMS), which is an
important precursor of natural aerosols and clowhdensation nuclei (CCN).
Volcanoes may also be a significant source ofs#sp sulfate aerosols in particular.
Finally, Santiago, one of South America’'s megasitie also a significant source of
polluted air, containing both organic and inorgaaerosols that also may affect the
properties of clouds.

An outstanding feature of Central and Northern €fslthe persistent stratus clouds
off the coast out over the ocean under the PaElfgh. This cloud deck has a large
impact on the regional and global circulations. rEéf@re, given the large emissions of
oxidized sulfur, both anthropogenic and naturadt thke place in Northern and Central
Chile, the circulation and cloud patterns in thesarand the potential effects aerosols on
clouds, particularly sulfur aerosols, we aim atabkshing a long-term collaboration
with European researchers to assess the regiostabdtion of oxidized sulfur and its
direct and indirect radiative effects over Cengnadl Northern Chile.

2) OBJECTIVES

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

» To estimate the distribution of oxidized sulfurtfhbmatural and anthropogenic,
over the stratatocumulus area over the Easterfii®aci

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

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

* To evaluate the sensitivity of the estimates wibkpect to model resolution
with emphasis on relevant weather conditions suschoastal lows and cut-off
lows.

* To improve, in close collaboration with other resbagroups, the accuracy of
the simulations by means of assimilation of saeetlata.

* To improve, in collaboration with concurrent resdathe parametrizations of
Sc clouds in current models
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3) PARTICIPANTS

*Chile/ Center for Mathematical Modeling (CMM)

o Framework project FONDAP de Mateméticas Aplicaddse CMM is
mainly funded as an Excellence Center through thi#ée@n Research
Council (Comision Nacional de Investigacion en Ciary Tecnologia,
CONICYT).

o Framework project FONDECYT 1030809, 2003-20(&ratosphere-
Troposphere Exchange (STE) processes and theircimgathe ozone
balance in the subtropics of the Southern Hemisghér multi-scale
integrated study based at Cerro Tololo (30°S, 7200 m.a.s.l)

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

» Melitta Fiebig (PhD Mathematics), Universidad de &arena,
Centro de Investigaciones Atmosféricas

» Juan Quintana (MSc/C), Direccién Meteorol6gica tédeC

o Framework project CONICYT-INRIA (2002-2003)Application and
Development of Inverse Modeling techniques to amlity monitoring
network design

e Laura Gallardo (Ph.D. Chemical Meteorology), Centie
Modelamiento Matematico
* Jaime Ortega (Ph.D. Mathematics), Centro de Modelaim
Matematico
* Axel Osses (Ph.D. Mathematics), Centro de Modelataie
Matematico
» Chile/ Geophysics Department, University of Chilé® UCH

o Framework project FONDECYT 1020833, 2002-2005The
Stratocumulus cloud deck off the subtropical wesast of South
America: High frequency variability

* René Garreaud (Ph.D. Meteorology), Departament@etisica,
Universidad de Chile
» José Rutllant (Ph.D. Meteorology), DepartamentoGamfisica,
Universidad de Chile
* Ricardo Mufioz (Ph.D. Meteorology), Departament@@efisica,
Universidad de Chile
* France/ Laboratoire d'Optique Atmosphérique (UMRA8B LOA. Financement
PNTS et européens, bourse de thése cofinancée @B Nord-Pas-de-
Calais \
« Olivier Boucher, chargé de recherclf€ tlasse, CNRS
» Marie Doutriaux-Boucher, Maitre de conférence, @mité des Sciences et
Technologies de Lille
* France/ Ecole Nationale des Ponts et ChausséesaBSportisse, , chercheur
associé
* France/ Laboratoire de Météorologie Dynamique durRSNHervé Le Treut,
chercheur
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4) OVERALL OBJECTIVES

 To better grasp the regional distribution of oxétizsulfur, both natural and
anthropogenic, and to evaluate their potential ichpan the properties of the
persistent stratus deck over the ocean under ttiédagh

* To strength the links with other research actigiteend communities particularly
those related to remote sensing of aerosols anddslon France, dynamical
modeling of the marine boundary layer over the &asPacific and modeling of
ocean-atmospheric interaction in Chile

5) HYPOTHESES

We assume that both of our group’s research aedviwvill gain in depth and
perspective by complementing our expertises unajlolimate modeling and regional
scale dispersion. Further, we assume that availatol®spheric models can provide
estimates of the atmospheric distribution of oxedizsulfur emitted from biotic and
abiotic processes, and their subsequent impacthemadiative balance, and that the
accuracy of these simulations can be improved.

6) METHODOLOGY

The distribution of oxidized sulfur (Sand its radiative effects could be assessed by

means complementary model simulations.

* High-resolution (0.1°) SEfields will be estimated using the off-line Multale
Atmospheric Transport and Chemistry (MATCH) modRbbertson et al, 1999)
already implemented in Chile. It has been appleddsess dispersion of oxidized
sulfur and arsenic over Northern and Central Cl@ay., Gallardo et al, 2002;
Huneeus et al, 2003). This model would be fed wsmi-climatological outputs
provided by a three-dimensional numerical weathredigtion (NWP) model, the
High Resolution Limited Area Model (HIRLAM, Undém &, 2002) and outputs for
specific situations provided by a regional climatedel and the NWP model at use
the Chilean Weather Office within the frameworkaofgoing research at the CMM
(FONDECYT 1030809).

e The General Circulation model LMD-ZT (Cosme et 2002) will be used to study the
dispersion of oxidized sulfur and to estimate tlheresponding radiative forcings. By
comparing the global and regional simulations wdl ekplore the sensitivityof the
estimates to model resolution.

* The simulations will provide estimates of the dirand indirect forcing by oxidized sulfur.
These forcings will be evaluated by comparing vabiservations. We will then jointly
explore the assimilation of satellite data to inyeréhe simulations over this area of
the world that is in an appalling lack of obsergat and where strong signals can
be detected by remote sensors providing an opptyttor validation of retrieval
algorithms. (This is the theme of Nicolas Huneeb® Rvork at LOA). In general,
we expect to better constrain aerosol transpdpaitific Ocean.

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

In addition to the modeling work, workshops and pgsia will be organized in
connection with the visits of the scientists. Alshort-term (1-3 months) stays of
graduate students will be promoted. We expect toable to establish co-guided
graduate theses for students in Atmospheric Scidiathematics and Informatics.
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7) MISSIONSDURING THE FIRST YEAR OF THE PROJECT

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

Chile to France:

0 Laura Gallardo, January 2004, 20 days, Gatheringsynthesis of results.
Also, learning about the type of aerosol data idéehto be assimilated in the
climate model and eventually in a regional-scaleleho

o José Rutllant, June 2004, 15 days, Acquaintanch thié stratocumulus
parameterizations in the model and comparisons withinding data
collected through complementary projects in theai®a

8) RESULTS

Increased research capabilities, tools and a brosdentific spectrum for both
research groups

Common publications and definition of larger scab®perative projects involving
other research groups.

Capacity building as expressed in theses and stedehanges

Workshops and symposia

9) LINKSWITH ONGOING RESEARCH

A the CMM we are developing studies on:

Stratosphere-Troposphere Exchange (STE) procesgkthair impact on the ozone
balance in the subtropics of the Southern Hemisghér multi-scale integrated
study based at Cerro Tololo (30°S, 70°W, 2200 h.dISONDECYT 1030809,

2003-2006).

In this project, meteorological models will be usé&a produce dynamically
interpolated three-dimensional (3-D) regional aresoiscale meteorological fields,
which will drive a 3-D Eulerian transport model thell simulate the intrusion and
subsequent dispersion of an ozone-like tracer subje photolysis and dry
deposition. The simulations will be evaluated again situ and available satellite
measurements of ozone, water vapor and other rdléVBE tracers. These fields
will also be available for studying aerosol-clodomate interactions as those
proposed here.

Application and Development of Inverse Modelinghtegues to air quality
monitoring network desig(iNRIA-CONICYT, 2002-2003).

The overall objective of this project is to bringgéther the pieces for defining a
long-term research axis and a common researchgprajeinverse modeling applied
to air pollution problems at the local and regiosedle, with particular emphasis on
monitoring network design to assess the impacthefarge-scale copper industry
over in the densely populated and expanding urlvaasaof Central Chile. The
increasing number of observations of chemical tsaaed aerosols, both in-situ and
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remote (e.g., satellites) brings now the possibiit applying assimilation data and
inverse modeling in order to improve the perforneanaf available three-
dimensional chemistry transport models (3-D CTMse)bracket the strength and
location of emissions of relevant compounds, tonoge the design monitoring
networks, to assess model errors and sensitivittes, So, this collaboration would
benefit from and provide support to the work pragbkere by.

At the Geophysics Department:

Studies are being conducted to generate an impravederstanding of the

dynamical processes involved in the existence amidigience of Southeastern
Pacific stratus decks, their interaction with weatlsystems (including deep
convection), the seasonal cycle and interannuahat® variations over South
America, and their feedback with the underlying aacdFONDECYT, 1020833).

This study includes the compilation of in situ alvsdéions that can be of use for
validating model results. Other studies have foduse the mesoscale circulation
regimes that explain the extreme aridity of thecAtaa desert and their influence on
the upwelling of cold nutrient-rich waters (e.g.utfRant et al, 2003). These

circulation patterns are crucial for determining gotential fluxes of biogenic sulfur
species and the offshore dispersion of anthropaganfur. An exploratory work by

Huneeus et al (2003), suggests that the transgoanthropogenic sulfur would

occur episodically in connection with the occurrent coastal lows.
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