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1. Introduction 
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Recent scientific developments have 
shown increased evidence that the natural sulphur 
cycle in the Southern Ocean plays a fundamental 
role in regulating the climate. Dimethyl sulphide 
(DMS) production by the phytoplankton is a major 
source for oxidized atmospheric by-products that 
ultimately form cloud-condensation nuclei that 
strongly impact the Earth's radiative balance. In the 
high-nutrient, low-chlorophyll waters of the 
Southern Ocean, productivity, and therefore DMS 
production, appears to be iron limited. 
Phytoplankton blooms in the functional 
environments around Antarctica are at least 
partially controlled by iron availability. Among the 
different sources, large inputs of iron are delivered 
to the ocean surface from melting of the seasonal 
sea ice. Estimates of the impact of this process 
range between 2 and 13,000 % of the calculated 
new production in the area. This clearly 
demonstrates the urgent need for better estimates 
of the spatial and temporal variability of iron in the 
sea-ice cover and to assess the different sources 
of the element. It also shows the interest in 
detecting a potential synergy between iron, DMS 
and biology in the environment.  
 
2. Overview of the Project 

Antarctic iron is mainly of crustal origin. 
The supply of atmospheric dust iron originates 
from four main sources: the deserts of South 
America, South Africa, Australia, and 
Transantarctic Mountains.  

The aim of this project is to simulate the 
iron input and redistribution on the sea-ice cover 
around Antarctica. To reach that goal an ocean-
sea ice model will be forced by the output of a 
regional climate model (RCM) in which the 
erosion, transport and deposition of dust iron will 
be included. The coupling between atmosphere, 
sea-ice and the ocean will be considered later. 

This work is closely related to the RIME 

program, and provides the opportunity for 
interaction.  It will be a part of the VIDAS project 
(Spatial and Temporal Variability of Iron and 
Dimethyl Sulphide -- DMS -- in Antarctic Sea Ice) 
which will be submitted to the European 
Community. Other European teams have collected 
sea-ice samples in the Ross Sea and will analyze 
their composition. Their results will be used in 
order to validate the simulations made with the 
RCM. 
 
3. The Models 
  3.1 Ocean-sea ice model 

The sea ice model will be that developed 
by the Institut d'Astronomie et de géophysique G. 
Lemaitre (Louvain-La-Neuve, Belgium) (Fichefet et 
al. 1997). It is coupled to the French Community 
Ocean Model, OPA (Treguier et al., 2001).  
 
  3.2 Regional climate model 

The regional climate model used will be a 
mesoscale atmospheric model MAR (Modèle 
Atmosphérique Régional) which was originally 
developed for process oriented studies of the 
Antarctic atmosphere, particularly over the Ross 
Sea (Gallée and Schayes, 1994; Gallée, 1995; 
Gallée, 1996). This model is now used by the 
Laboratoire d'étude des Transferts en Hydrologie 
et Environnement (LTHE) and the Laboratoire de 
Glaciologie et de Géophysique de l'Environnement 
(LGGE), from the Observatoire des Sciences de 
l'Univers de Grenoble (OSUG, France).  The 
model is also adapted to perform longer time scale 
simulations nested into large scale forcing fields 
from an analysis or atmospheric general circulation 
model. It is a hydrostatic primitive-equation model 
in which the vertical coordinate is the normalized 
pressure. The vertical subgrid scale fluxes are 
treated using the E-epsilon model of turbulence, 
allowing representation of the turbulent mixing 
length as a function of the local flow 
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characteristics. This enables an accurate 
representation of the complex katabatic layer 
structure. The atmospheric model has recently 
been updated with a sea-ice model (Gallée, 1997) 
and with a multi-layered thermodynamic 
representation of the snow pack (Gallée and 
Duynkerke, 1997), including the snow 
metamorphism laws of the Centre d'Etudes de la 
Neige (Grenoble) (Brun et al., 1992). The snow 
pack albedo and solar extinction coefficient are 
calculated from the simulated snow grain 
characteristics which evolve in time depending on 
the prevailing temperature gradients and liquid 
water content in the snow pack. Snow drift, a 
common feature over Antarctica, is also 
incorporated (Gallée et al., 2001). Blowing snow 
affects the near-surface atmosphere vertical 
stability (via density increase and enhanced 
sublimation) as well as the surface mass balance 
by redistributing surface snow in the Antarctic ice 
sheet marginal zones. This upgraded model 
therefore provides us with an ideal tool to study 
atmospheric transport as well as deposition of 
trace elements over Antarctica in a wider climatic 
context.  

Iron particles originating from remote 
sources and the Transantarctic Mountains are 
transported by large-scale advection and the 
katabatic wind regime, respectively. Vertical mixing 
through the depth of the atmosphere is produced 
mainly by vertical turbulent diffusion. The 
mechanisms that are responsible for the 
deposition of particles from the atmosphere to the 
surface are dry deposition, wet deposition, as well 
as fog deposition (Davidson et al., 1996). Dry 
deposition represents the collection of 
mechanisms that continually transport particles to 
the earth's surface even in the absence of clouds 
or fog. Wet deposition can be caused by 
nucleation scavenging (particles serving as 
condensation nuclei) and in-cloud as well as 
below-cloud scavenging (collecting particles during 
precipitation). Passive tracer sources, transport, 
and deposition will be implemented in the 
atmospheric model. Furthermore, iron transport by 
drifting snow particles will be added to the blowing 
snow model. This could be an important additional 
iron input to the sea ice.  
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