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1. Introduction 
The Dome C tropospheric program 

considers a broad sector of the Antarctic which 
extends from 90°E to 150°W of longitude and 
includes the area of the Ross Island.  It is well-
known that this area shows a relatively large 
climatic variability which results from its position in 
the atmospheric general circulation. In this area, 
already largely instrumented, the main Antarctic 
weather phenomena can be observed. 
Nevertheless, new instruments are developed and 
will be set up for the Dome C project. 

Although the Dome C project aims at the 
climatic scale, it is clear that the meso-scale is an 
obliged passage for the study and validation of 
parameterizations necessary to the coupled 
ocean-atmosphere climate models.  The RIME 
experiment is a unique opportunity to document 
and study the coupling on a synoptic scale 
between the area of Dome C and that of the Ross 
Sea. 

We present below Dome C Tropospheric 
Program and its connections with the RIME 
project. 
 
2. Scientific objectives 

The crucial problem, in term of studies of 
weather or climate in the polar areas, is the low 
density of observation stations, and the shortness 
and the heterogeneity of  the climatological series.  
After the closing of the Vostok station, Dome C will 
be the only point of measurement representative of 
the central high plateau of East Antarctica. 

Naturally, in these areas there are complex 
interactions between atmosphere, ocean and sea 
ice, and icecaps, inducing many processes of 
forcing and feedback, more or less associated with 
orographic effects.  This occurs on all scales.  With 
regard to the Antarctic, it is generally considered 
that katabatic circulation is responsible for the 
formation of a secondary circulation which can 
modify the large scale pressure field and the 
distribution of the depressionary systems as well 
as the cloud cover and precipitation.  In addition, 
the katabatic winds have a dynamic effect on sea 
ice, moving the ice pack or opening polynyas, 
which in turn strongly modifies the heat fluxes 

between ocean and atmosphere and consequently 
the large scale atmospheric circulation. 

We have then defined three main 
objectives for the Dome C project which can be 
shared in the frame of RIME:  

 
1) development of the automatic systems of 
meteorological observation, mainly making it 
possible to obtain a profile of wind and 
temperature from surface to an altitude of 
several kilometres, and a system to evaluate 
precipitation and snow drift or sublimation;  
 
2) improvement of physical parameterizations 
of the cryosphere-atmosphere exchanges on 
the Antarctic high plateau and the validation of 
the satellite observations of altimetry necessary 
to determine mass balance, surface roughness, 
temperature, and nebulosity;   
 
3) study of the secondary meridional circulation 
induced by the katabatic winds and the 
transport of the cold air from the Antarctic 
plateau towards its periphery and the average 
latitudes which is at the origin of the Semi-
Annual Oscillation in the Southern high 
latitudes as well as the subsidence in the polar 
vortex.  This study will make it possible to 
improve our knowledge of the complex 
processes observed in this area taking into 
account  the interactions between cryosphere, 
atmosphere, ocean and sea ice.  One will also 
be able to quantify the seasonal cycle of the 
transport of cold air, aerosols and chemical 
components. 

 
3. Connection of the Dome C project with RIME 

Through the atmospheric boundary layer 
(ABL), typically a few hundreds of meters thick, 
heat, moisture and momentum fluxes are 
transferred by turbulent processes to the 
circulation of the free atmosphere. The wind and 
temperature profiles observed in the troposphere 
are then the result of the action of these turbulent 
ABL processes.  

In Antarctica, due to the presence of a 
strong stable stratification of the air close to the 
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ground, the ABL plays a central role in determining 
the climate of the entire continent. The large-scale 
atmospheric circulation in and around Antarctica is 
influenced by the near-surface katabatic 
circulation, which can be considered as the lower 
branch of the secondary circulation which will be 
studied as the complementary part in the Dome C 
project. Despite the crucial role of stable boundary 
layer processes, our lack of knowledge is twofold: 
first, the Antarctic atmospheric boundary layer is 
poorly documented in terms of available 
experimental data, and second, the theoretical 
understanding of the physical processes taking 
place is incomplete. Therefore, future research 
efforts are necessary in both fields. 

On the theoretical and modelling side, the 
stable boundary layer is still the object of several 
basic studies because its behaviour is quite 
unpredictable due to the presence of intermittency 
(i.e. sporadic turbulent activity in an otherwise very 
stable environment), internal gravity waves and 
low level-jets. There is a need to evaluate and 
improve the existing parameterisations, and 
possibly to develop new ones.  The quality of 
forecasting in the polar regions depends on our 
experimental and theoretical understanding of the 
processes taking place in the Antarctic boundary 
layer. 

Collaborations and support will be sought 
to develop and test recently proposed ABL 
parameterizations which are expected to 
considerably enhance the physical basis of meso-
scale forecast models in the case of very stable 
atmospheric conditions. Continued interactions 
between modellers and experimentalists within the 
project will insure that models and data are 
optimally exploited, and if necessary adapted for 
better use.  

 

Fig. 1. Conceptual depiction of the Dome C 
tropospheric experiment. 

4. Field experiment 
To achieve the above listed scientific 

objectives an experiment is foreseen in which the 
following measurements are planned. 

 
 Radiation  
Two radiometers mod.CNR-1 (Kipp and Zonen) will 
be used for the determination of the radiation 
budget.  These instruments measure separately the 
short- and long-wave radiation of incoming and 
outgoing components to derive the net radiation 
(Rn) at the Earth’s surface. The short-wave 
radiation is measured by two pyranometers (CM3), 
one for the incoming component from the sky, and 
the other, facing downward, for the reflected 
component from the snow. From these two 
pyranometers the albedo is determined.  Long-
wave radiation is measured by two pyrgeometers 
(CG3), one for the far infrared radiation  coming 
from the sky, the other from the snow surface. The 
radiometric data will be recorded by a Campbell 
CR10 - ET data-logger every minute, averaged 
every 10 minutes and then stored in a Campbell 
SM192 memory module. One of these radiometers 
will be installed on a 2-3m meteo mast (hereafter 
MM). Another has already been installed at the 
summit of the 13m tower (hereafter MT) during the 
1999/2000 field experiment in Dome C. 
 
Turbulent Fluxes and surface layer profiles 
Profile relationships are needed, as are the vertical 
gradients of wind, temperature and humidity, which 
are related to the turbulent transfer. Both profiles 
and direct flux measurements have their 
limitations. It is then advantageous to make 
possible a large number of  measurements in order 
to compare fluxes and different parameterizations 
(gradient method, eddy correlation, etc). 
Thermometers, hygrometers and wind probes will 
be settled at 1.25, 2.5, 5, 10 and 13 m ( top of the 
meteo tower) in order to obtain the wind and 
temperature profiles in the surface layer. Two 
sonic anemo-thermometers model USA - 1 (Metek) 
and a fast response lyman-alpha-hygrometer will 
be used in the station for turbulence to estimate 
the heat and latent fluxes. One of the fast 
response sensors (anemo-thermometer and fast 
hygrometer) will be settled on the MM  and located 
in a flat zone with little or no obstruction nearby, 
the other at the top of MT. The raw-data will be 
collected by a MeteoFlux computer system 
performing real-time measurements of the 3 wind 
components, humidity and sonic temperature at a 
frequency of 10 Hz. The data will be processed by 
means of three axis rotations following Sozzi and 
Favaron (1996).  
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Sub-surface energy fluxes 
During the summer the main sources of heat 
transfer in the ice is the absorption of solar 
radiation. In the other seasons, when the solar 
radiation is negligible, the heat conduction plays a 
major role. To fully parameterise the energy budget 
proper measurement of the snow heat fluxes at 
5,15, 50 cm will be done with conventional HFP01 
heat flux plates. Also  temperature measurements 
into the snow will be done at 0, 5, 15, 33 and 50 cm 
in order to test existing parameterisation for energy 
fluxes into the snow.  
 
Automatic weather station data 
The automatic weather station data will be used as 
a support to the turbulent fluxes and atmospheric 
profiles studies as well to connect surface data 
observation in Dome C with other Antarctic 
stations. 
 
Microbarographs 
Internal waves generated topographically or 
otherwise are one of the sources making difficult 
the parameterisation of the stable ABL. Internal 
wave propagation, their velocity and intensity, and 
the consequent transfer of energy may be studied 
using 3 microbarographs suitably located in a 1-km 
area. 
 
Minisodar 
A triaxial Doppler sodar  will be used to study the 
thermal structure of the atmosphere , to monitor the 
boundary layer depth and to measure the horizontal 
and vertical velocity. The mini-sodar will be located 
close to the anemological and the radiometer 
stations. 
 
Micro-lidar  
Measurements of aerosol load and phase inside 
the ABL will be achieved with a remote sensing 
technique using a two wavelengths (532 and 1064 
nm) micro-lidar looking upward from the ground. 
The system is expected to retrieve a molecular + 
aerosol profile of about 150-300 m in the ABL and 
to detect aerosol phase (liquid water or ice crystal), 
estimating also the particle size distribution.  The 
phase is retrieved by the ratio between the main 
and the cross-polarised signal at 532 nm (volume 
depolarisation): zero or very low values of 
depolarisation indicate aerosols in liquid phase; 
ratios around 50% are peculiar of well formed (size 
> 1 micron) ice crystals; intermediate values of 
depolarisation indicate mixed phases or 
amorphous particles.  Moreover an estimate of the 
particle size distribution is possible, using the 

wavelength dependence of the backscattering 
ratio, particularly when the mean radius of the 
particles is comparable with the wavelengths used 
(in our system for radii < 10 micron). The lasers 
with polarised emission will have a power of few 
micro-Joule and a repetition rate of a few kHz. The 
vertical resolution will be better than 4 m. 
 
Microwave radiometer 
The development and break down of atmospheric 
inversions over the course of the time will be 
quantitatively estimated using a passive Microwave 
radiometer (MPT 5) by Kipp and Zonen. MTP 5 is a 
scanning 5-mm radiometer specially adapted for 
Antarctic studies. It will use remote sensing to 
monitor the boundary layer temperature from the 
ground up to 500 m. The determination of 
temperature profile is based on thermal radiation 
measurements at different zenith angles. 
 
5. Study of the secondary meridional 
circulation 

Experiment IAGO (André et al. 1986), 
performed in 1985, was aimed at studying the 
katabatic flow on a broad field stretching from 200 
km inside the continent to the coast. The results of 
IAGO showed that, as one could expect, the 
strongest interactions between the katabatic flow 
and the general circulation occur in the coastal 
area. The influence of large-scale forcing on the 
katabatic regime at Adélie Land has also been 
studied by Parish et al. (1993) using model 
simulations, which have indicated that the ambient 
environment plays a key role in the development 
and intensity of the katabatic wind regime. As 
shown by Gallée and Pettré (1998), cold air 
accumulates at the foot of the slope and can 
modify the local pressure gradient and induce 
convergence, parallel to the coast, between the 
katabatic wind coming from the continent and the 
flux due to an oceanic perturbation. 

The atmospheric circulation in the 
Antarctic surface is entirely dominated by the 
katabatic winds, which show very high regularity. 
Except for relatively rare strong katabatic events 
and the very calm situations in summer during 
which local, thermally-forced  circulations can 
occur (Pettré et al. 1993), one can expect to 
observe in this region very regular conditions 
throughout the boundary layer. In addition, the 
transport of cold air by the katabatic winds from the 
Antarctic high plateau towards its periphery 
induces a meridional circulation.  

The experimental network includes the 
continental station of Dome C  and the coastal 
stations of Terra Nova Bay (Italy) and Dumont d' 
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Urville (France).  The Dome C station will be 
equipped with a wind and temperature profiler 

(radar  VHF/RASS) allowing an
air subsidence.  In the fra

RIME experiment, the station at Terra Nova Bay 
could be equipped with another radar VHF/RASS 
for the study of the secondary circulation induced 
by the katabatic winds: assessment of the 
momentum flux through the coast line and of its 
variability, penetration of the oceanic disturbances 
on the continent and katabatic response, effect of 
the extent and concentration of sea ice, formation 
and height of the tropopause, and position of the 
polar vortex. 

To facilitate the validation of model 
simulations, the network will be increased with the 
automatic stations on the transects Dumont d' 
Urville - Dome C (American AWS) and Casey - 
Dome C (Australian AWS), and by the weather 
station at Dumont d’Urville.  
 
Radar VHF/RASS 

Radar VHF configuration: Frequency: 45 
MHz; transmitted power: 2.5 KW. Antenna: 16 
dipoles, surface: 10x10 m2 ; 3 beams: vertical, 
north, east. 

RASS configuration: 2 sources; Acoustic 
frequencies: 80 to 110 Hz; Transmission mode: 
pseudo random by 0.5s steps between 80 and 110 
Hz; Working: only in vertical direction beam of the 
radar and between 06H and 22H LT (3 min every 
10 mn; Coverage: 1 to 4-5 km; Range resolution: 
300 m. 
 

6. Implementation 
We list below the main in

be installed at Dome C and
involved. Each laboratory take
development of the instrument, 
and the data processing. A 
created and maintained by the G
it available to the national 
community.  
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Present weather sensor and precipitation 
measurement 

Vaïssala FD12P able to discriminate the 
type of precipitation (snow, ice, water) and to 
evaluate the quantity of precipitation. 

 
Table 1. Collaborators and instruments for the Dome C Tropospheric Program 
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