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Preface 

CNES is organising a workshop to be held on May 27 in Hyères, France with the European 
scientific community towards a proper definition of guidelines for its balloon activities during the 
next 5 to 10 years. This workshop is a direct follow-on to the similar workshops that took place in 
December 2005 at the “Observatoire de Paris” and in September 2008, in Pau, France. As an 
introduction to the workshop a draft report on each of the thematic fields is being prepared and 
presented to the workshop community thought as the follow-on given to the conclusions of the Pau 
2008 workshop.  

The present note is focused on scientific balloons for the study of the air-sea interface, the 
atmospheric boundary layer and the lower free troposphere, for which it is believed that the support 
of CNES for development and operations is an essential factor. Small sounding balloons such as 
those operated by meteorological services for radio-soundings and that can be operated relatively 
easily by scientific teams are not considered here. 

Introduction 

In addition to stratospheric studies where they play a major role, balloons have proven to be very 
useful in the study of the dynamics and chemistry of the lower troposphere. CNES has developed 
several platforms since the early 1970s for the study of the atmospheric boundary layer, mainly for 
scientific projects driven by the Laboratoire de Météorologie Dynamique (LMD; see 
http://www.lmd.jussieu.fr/recherche/outils/campagnes-passees/campagnes-bpcl) and Laboratoire 
d’Aérologie (LA). 

Pressurized drifting balloons: 

Long lasting (days to weeks) pressurized balloons equipped with satellite transmission allow 
probing on a synoptic scale the low-level circulation over remote oceanic or certain continental 
areas. These balloons give unique continuous measurements at large scale in regions of the open 
ocean where no other in situ measurement exists. Equivalent aircraft measurements are likely to be 
more expensive, and they do not give measurements for quasi-Lagrangian trajectories. Beside the 
importance of documenting the dynamical and physical processes in the boundary layer, these 
balloons could be very useful to validate wind estimates of the ADM-Aeolus mission, or ozone 
measurements from IASI, over marine areas. 

For these balloons, however, the density of the balloon changes with the mass of the balloon (and 
therefore its flight level), as a result of helium leaks, envelope stretch, diurnal solar heating, 
condensation or precipitation. Water-loading forces resulting from condensation and rain can even 
force the balloon down to the sea surface where the atmospheric sensors may be damaged. There is 
an increasing demand for Lagrangian experiments with a good control of the balloon altitude. To 



cope with uncontrolled altitude changes that makes result more difficult to interpret, National 
Oceanic and Atmospheric Administration teams (NOAA/ARL/FRD) adapted the technique of an 
internal bladder with adjustable air ballast into their tracer drifting balloons (Businger et al., 2006). 
The so-called Smart balloon is able to compensate a precipitation of several mm hr-1. Since 
continental air masses are transported from deserts or polluted areas in the free-troposphere over the 
oceans, it would also be useful that such drifting balloons can fly at altitudes of several km in the 
mid-troposphere. For these flights to be even more useful, developments of new small sensors for 
probing various chemical species, aerosols and radiation are also needed (as for short duration BL 
balloons; see below). 

Smaller, short duration (hours) pressurized balloons equipped with local direct transmission 
systems are very useful to follow air parcels along quasi-Lagrangian trajectories in the boundary 
layer and were extensively used in continental areas. This is a unique feature of balloons that makes 
it possible to evaluate and improve the representation of low-level air-flow and physico-chemical 
processes in numerical models designed to forecast, for example, air quality in or in the vicinity of 
large urban areas. These balloons can complement field experiments by giving information on the 
transport and the evolution of different chemical species. The main advantage of these balloons 
compared to unmanned aircraft is their ability to do quasi-Lagrangian measurements and to follow 
the evolution of an air parcel. In addition, these balloons are relatively cheap and it is thus possible 
to launch a quite large number of balloons in order to sample some particular events of high 
interest. Developments of new small sensors, based for instance on laser diode spectrometers, for 
probing various chemical species or aerosols would be a great benefit. CNES is also developing 
short and long wave radiation sensors that will be useful on low-level balloons. Unfortunately 
security constraints may limit their use over continental areas unless specific studies and 
developments are conducted. 

Very light long duration gondolas are currently under development (Nano balloon at CNES, 
Wisdom balloons in the US). Both payloads can last up to 15 days and currently report wind vectors 
while the CNES Nano balloons measures also pressure, temperature and humidity. The transmission 
system is also local, but with a possibility to use each payload as a transmitter for the other balloons 
(each balloon being a node of a network). These very small balloons could be used in clusters of 
tens to hundreds devices. This is a new and promising approach to study the dynamics of meso- to 
synoptic-scale systems and the transport of chemical species in these systems. This could be 
especially useful to probe mesoscale convective systems and cyclones in regions where no radar 
data exist. 

Air-sea interface balloons: 

The Aeroclipper system is an original device designed by CNES to perform relatively long flights 
(of up to 30 days) in the surface layer (under ~50 m) over remote ocean regions (Duvel et al., 2009). 
It allows measurements of fluxes at the air-sea interface, in particular near and under convective 
systems. The Aeroclipper is a streamlined balloon vertically stabilized by a guide rope. The guide 
rope keeps the balloon close to the surface and prevents the instrument gondola from dropping into 
the ocean in case of rain or condensation loading. The Aeroclipper may be equipped with an 
atmospheric and an oceanic gondola giving estimates of surface parameters and of the turbulent 
fluxes at the interface. The Aeroclipper is naturally attracted in low-level convergences generated 
by large tropical convective systems and thus improves the measurement sampling around and 
under these features. During the VASCO experiment in January 2007, two Aeroclippers launched 
from the Seychelles’ Mahé Island converged into tropical cyclone Dora and remained within the 
eye of the cyclone the following days. The development of a light, easy to operate Aeroclipper is a 
very promising perspective for monitoring cyclones. 

 



Tethered balloons: 

A tethered balloon is a unique system to perform vertical profiling with in situ sampling or 
measurements, with the possibility of quasi-continuous monitoring from the surface to the lower 
free troposphere or monitoring at variable selected levels (e.g. below cloud base and inside cloud, or 
in stable layers). Complex scientific gondolas were successfully used below tethered balloon or 
airship, for instance for dynamical studies in the boundary layer (Kaimal et al., 1976) or at the air-
sea interface (Blanc et al., 1989). More recently, a 110-kg gondola for turbulence and microphysical 
measurements has been developed by IFT-Leipzig in Germany and deployed several times below a 
400-m3 tethered balloon of the German Army. The system allowed continuous vertical profiles up 
to more than 1 km above the surface in a few minutes and results documented new particle 
formation events in the continental boundary layer especially during the break-up of the nocturnal 
inversion (Stratmann et al., 2003). Two smaller (9-m3) helium balloons (Blimp Works, Statesville, 
NC) served as platforms to collect VOC samples and meteorological data at heights between 100 m 
and 1.3 km above ground (Spririg et al., 2003). Three tether lines and winch systems were 
employed during the campaign. Two were commercially available electric winches (model TS-3-
AW, Air Instrumentation Res. Inc., now Vaisala, Boulder CO) that can either be operated with a 
12VDC car battery or on AC-power. The lines on these winches were of 700 m and 800 m length, 
respectively. A third system, with a 1500 m line, was a custom built spool driven by an electric 
drill. 
A project to develop a large multidisciplinary (dynamics, microphysics, chemistry, greenhouse 
gases…) instrumented tethered platform based on a large commercial tethered balloon system was 
already proposed to CNES in the early 2000s by a wide French scientific community interested by 
the lower atmosphere (Dulac et al., 2002). Objectives included cloud activation of aerosol particles, 
vertical exchanges between the surface layer, the boundary layer, and the free troposphere, surface 
fluxes of reactive gases (NMHCs and VOCs), carbon and H2O, and monitoring of greenhouse gas 
vertical profiles to constrain regional sources and sinks... The Programme National de Chimie 
Atmosphérique decided to fund preliminary tests in 2003 at CEA-Saclay. Test plans included the 
deployment of a rented 380 m3 mobile spherical balloon dedicated to passenger flights up to 80 m, 
planned to be modified for profiling with a few instruments and samplers up to 300 m height during 
at least a daily cycle and performing monitoring at a given level close to a tower and in parallel with 
an aerosol lidar for comparison. The LSCE Direction, however, requested the withdrawal of the 
project. The recent and on-going developments of compact laser diode sensors and high resolution 
positioning systems offer the possibility or turbulence and chemical measurements and new interest 
for such a platform. 

 

The past 

The past scientific campaigns with low-level drifting balloons of CNES are listed in Table A. It is 
noteworthy that most often the drifting balloon experiments are part of an integrated multiplatform 
field experiment. 

The precursors: 

The early scientific idea was to measure the Lagrangian characteristics of low-levels air flow using 
drifting balloons (Gifford, 1955). With such an objective, pressurized balloons drifting at constant 
density level were first operated successfully by the US Weather Bureau in 1959. The so-called 
Tetroon was a tetrahedron-shaped aluminized Mylar balloon that could be followed by radar up to 
170 km off eastern U.S. thanks to an additional reflective mesh (Angell and Pack, 1960). The 
concept of a horizontal meteorological sounding system with long-lasting flights (Lally, 1959; Giles 
and Angell, 1963) was first tested in the lower stratosphere by the pioneer NCAR programme 



GHOST (Global Horizontal Sounding Technique) in the southern hemisphere in 1966-1967 (Solot 
and Angell, 1969a and 1969b). 

Eole: 

Following a new GHOST experiment in 1970-1971 (Angell, 1972) relying on the development of a 
satellite tracking system (Cote, 1970), CNES developed the Eole navigation and data collection 
satellite, the precursor of the ARGOS system, and performed a first large scale experiment with 
480, 3.7-m diameter, spherical Mylar balloons deployed at 200 hPa in 1971-1972 in the mid-
latitude of the southern hemisphere during the CNES-NASA Eole experiment (Morel and Bandeen, 
1973). Most of these balloons lasted more than 3 months, and 14 even more than 1 yr. 

MONEX/BALSAMINE: 

In 1972, following the success of Eole, LMD and CNES decided to develop a smaller (2-m 
diameter) version of superpressure balloons adapted to long flights in the tropical marine boundary 
layer, the so-called BPCL (Ballon Pressurisé de Couche Limite; Photo 1). First tests were 
performed in summer 1973 in Polynesia (22 balloons from Rangiroa Isl.) and in summer 1974 in 
the South Atlantic (10 balloons from Ascension Isl.), yielding an operational balloon version with 
an internal gondola protecting the electronics from sea salts when the balloon looses altitude due to 
rain or condensation (Cadet et al., 1975). The first scientific campaign was performed in summer 
1975 to prepare participation to the future summer Monsoon Experiment (MONEX) of the Global 
Atmospheric Research Program. A total of 45 balloons were released from the Seychelles Islands at 
flight levels of approximately 500, 1000 and 1500 m, with a mean life-time of 4-5 days, and results 
demonstrated the possibility to map air flows over vast remote oceanic areas (Cadet and Ovarlez, 
1976) and questioned previous conclusions on low-level monsoon circulation (Cadet and Olory-
Togbé, 1978). The BALSAMINE (BALlons Surpressurisés pour l’Analyse de la Mousson INdienne 
d’Eté) balloon campaign occurred as part of the MONEX experiment in May-June 1979 to study 
the monsoon onset (Cadet et al., 1981). To cope with the new heavier ARGOS navigation system, it 
was necessary to use a larger, 2.5-m diameter balloon. A buttonhole system allowing equatorial 
arms and a humidity sensor were added. A total of 60 balloons were launched at the flight level of 
900 hPa from the Seychelles and 28 from Diego-Suarez at the northern tip of Madagascar, 
completing the campaign meteorological coverage by satellite, aircraft and research vessels. The 
experiment ended in new results on the dynamics of the low-level Indian monsoon jet including 
meridional cross equatorial wind variations (Reverdin and Sommeria, 1983). 

AUTAN 84: 

In the early 1980s, for studies of the continental mesoscale dynamics and its influence on the 
boundary layer, a new simpler low-level drifting balloon system was needed to be deployed in 
series with short time steps and/or from a network of mobile stations and/or possibly at various float 
altitudes. The so-called BABA (Ballon à Basse Altitude ; Photo 2) consisted in a 6 m x 0.6 m 
cylindrical-shaped, triple-layer, polyethylene balloon, with the possibility of carrying a PTU 
radiosonde and followed by a tracking radar during a few hours over 50-100 km (Cordesse et al., 
1984; Bénech et al., 1987a). The first scientific campaign AUTAN 84 occurred near Toulouse in 
September-October 1984 to study the orographic perturbation of the flow at the mesoscale and its 
influence on the local boundary layer. Series of up to 9 drifting balloons were launched from 3 
stations, at 5 mn interval.  The trajectories of several balloons flying simultaneously were 
interpolated between individual positions obtained with the scanning radar. The experimental set-up 
of the campaign also included surface meteorological stations, vertical sounding and aircraft survey. 
Around 50 balloons were released upwind of the experimental area, according to the orientation of 
the regional wind. The trajectories were used to build an interpolated wind field in the domain, from 
which higher order terms like horizontal divergence and vorticity were computed and analysed in 
relation with the forcing by orography (Bénech et al., 1987b; Durand et al., 1993). 



PYREX: 

The PYREX (Pyrenees Experiment) programme coordinated by CNRM included a large 
experimental set-up that was deployed in autumn 1990 on and around the Pyrenees chain (France 
and Spain), with the objective to improve the knowledge and the representation of the effect of a 
major mountain range on the momentum budget of the atmosphere at the local and regional scales. 
Around 60 BABA balloons were launched in the central zone of the chain, in order to document the 
cross-chain flow and associated mountain waves, and/or on the eastern edge of the chain, in order to 
document the part of the flow passing around the massif, and how it contributes to the local winds 
formation (Bougeault et al., 1993). Cross-ridge balloons were tracked by radar, whereas around-
massif balloons, flying close to or above the Mediterranean Sea, and carrying a radiosonde were 
localized by the LORAN-C radio-navigation system. Valuable observations were thus obtained of, 
e.g. trapped lee waves downwind of the mountains (Caccia et al., 1997), or local winds around the 
chain (Campins et al., 1995). The BABA trajectories were simulated by the mesoscale model 
PERIDOT, through the inclusion of an equation describing the balloon response to vertical wind 
solicitation. This allowed direct evaluation of the model performance through the comparison 
between observed and simulated trajectories, despite the non-Lagrangian character of the balloon 
along the vertical direction (Koffi et al., 2000). 

SOFIA/ASTEX: 

The Atlantic Stratocumulus (Sc) Transition EXperiment (ASTEX) was a large airborne campaign 
held in 1992 in the Azores area, with the aim of studying the processus leading to the observed 
latitudinal transition from Sc to Cumulus over the Atlantic Ocean (Albrecht et al., 1995). A side 
program, named SOFIA (Surface of the Ocean, Fluxes and Interaction with the Atmosphere), was 
coordinated by CETP at the same place and period, with the objective of analysing the structure and 
inhomogeneity of the marine atmospheric boundary layer (MABL) in relation with the air-sea 
fluxes. Spherical low-level drifting balloons, 1.5 m in diameter, were launched from Santa Maria 
Island, in order to document the MABL variability. They were equipped with a radiosonde, 
allowing temperature and moisture measurements as well as the balloon 3-D trajectory at a high 
resolution (a few seconds). The radioelectric transmission restricted the trajectories to less than 
100 km in the lee of the island, and the balloons thus mainly described the MABL in the island 
wake, with horizontal and vertical variations according to the large eddies generated in this area 
(Weill et al., 1995). 

ETEX: 

The goal of the 1994 ETEX campaign, coordinated by the Joint Research Centre of Ispra (Van Dop 
et al., 1998), was to check the performance of European meteorological models in the forecast of 
transport and diffusion of a pollutant plume, as it could be generated in accidental release (like e.g. 
the Chernobyl disaster). The experimental strategy consisted in releasing an inert tracer at a given 
location and time, and to detect its trajectory through a network of ground stations spread over 17 
European countries. For each of the two cases of the campaign, 5-6 BABA balloons were released 
at various heights close to the tracer emission zone. They offered a field-truth of the first 50-200 km 
of the plume trajectory, serving as targets for the plume investigation by instrumented aircraft, and 
were used to evaluate the performance of the models in the first stages of the plume simulation 
(Koffi et al., 1998). Drifting balloons were considered as an essential tool for this program, and the 
CNES BABA balloons were completed with a similar number of Tetroons launched by the Swiss 
Institute for Meteorology of Payerne. 

MAP: 

The Mesoscale Alpine Programme (MAP) was realized in autumn 1999 and focused on the impact 
of the Alps on the flow and the moisture budget (Bougeault et al., 2001). A MAP sub-program, 



called FORM, had the objective of studying local scale mountainous flows, like those occurring in 
fœhn conditions. The target area was the upper Rhine valley, and the expected conditions those of 
southern or northern synoptic flow. Around 45 BABA balloons were launched during the campaign, 
flying at altitudes ranging between 3000 and 6500 m (Bénech et al., 2001a; 2002). BABA data 
allowed a documentation of the mountain wave characteristics, and revealed flow singularities in 
the upper Rhine valley, which were studies in detail thanks to high-resolution, non-hydrostatic 
numerical simulations (Lothon et al., 2002; Drobinski et al., 2003; Jaubert et al., 2005; Drobinski et 
al., 2007). 

INDOEX: 

After the BALSAMINE campaign in 1979, a new BPCL campaign was proposed in 1996 in the 
framework of the Indian Ocean Experiment (INDOEX), to study the dry winter monsoon off 
western India. The system was augmented with an additional GPS navigation. A total of 15 
balloons were successfully launched in early morning land-breeze conditions from Goa over the 
Arabian Sea in January-February 1999 (Photo 1). Balloons were positioned at ~910 hPa and 
experienced an average life-time of about 7 days, except one initially positioned at 805 hPa that 
lasted 19 days. Balloon data were systematically compared with ECMWF analyses. Before leaving 
towards the ITCZ, most trajectories experienced an anticyclonic circulation off India due to land-
see breezes and orographic effects that was not reproduced by large scale general circulation 
models, resulting in large discrepancies between model forecast and actual balloon trajectories 
(Appu et al., 2001; Ethé et al., 2002). 

BOA: 

A few balloons left from INDOEX were launched from Ushuaia (54.8°S) in February 2000 during 
the campaign BOA (Ballons sur l’Océan Austral) for a first BPCL extra-tropical campaign, and 7 of 
them documented the low-level circulation between about 35°S and 60°S over the southeastern 
Atlantic (Ethé, 2001). 

ESCOMPTE: 

The ESCOMPTE program, jointly coordinated by LA and CNRM, focused on emission, transport 
and transformation of trace species in a 100 km x 100 km zone of the French Mediterranean region 
(Cros et al., 2004). A major campaign was realized in summer 2001 to study photo-oxidant 
pollution episodes. Around 30 BABA balloons were launched in the boundary layer close to the 
shoreline in urbanized and/or industrialized areas in order to document the pollutant plume 
trajectory over distances of the order of 100 km. The experimental strategy had been tested in 
summer 2000 in the same area, during a preliminary campaign from which we took advantage to 
check the feasibility of ozone measurements on the balloons with an electro-chemical sonde. This 
allowed a direct estimate on the Lagrangian evolution of the ozone concentration inside the 
pollutant plume during the 2001 campaign (Bénech et al., 2001b and 2008). For afternoon sea 
breeze conditions, the balloons highlighted the channelling effects due to orography, and revealed 
very complex trajectories of the pollutants issued from the major emission areas close to the 
coastline. 

CERES: 

The CERES (CarboEurope Regional Experiment Strategy) campaign was part of the CarboEurope 
program, whose aim was to monitor the CO2 over the European continent. The CERES objective 
was to observe and simulate the processes occurring on a local-to-regional area (up to ~300 km), at 
time scales ranging from hours to weeks. Few BABA balloons were launched from the upwind side 
of the domain in the May-June 2005 campaign, in order to document the mean flow in the boundary 
layer and to guide the aircraft to sample the same air mass at different times of the day in a 
Lagrangian observation strategy (Dolman et al., 2006). CERES results showed that the relation 



between profiles and fluxes at regional scale is not obvious, and is strongly influenced by air mass 
history and mesoscale flow patterns. 

VASCO: 

The VASCO (Variabilité Atmosphérique intra-saisonnière et Couplage Océanique) balloon 
campaign in the Seychelles was performed during the boreal winter to complement the Cirene 
oceanographic experiment in the Indian Ocean south of the equator. The goal was to study air-sea 
interactions and intra-seasonal variability  in the southern Indian Ocean where the north-easterly 
trade winds are deflected when crossing the equator southward, causing a weak low level westerly 
jet which results in acyclonic circulation that cause a peculiar oceanographic structure called the 
“Seychelles Chagos thermocline ridge” where the marine thermocline rises close to the surface, 
causing anomalously warm sea surface temperatures that increase cyclonic activity in winter and 
precipitation over west India during the following summer monsoon. The balloon component 
VASCO was used to describe the large-scale environment and validate the ECMWF meteorological 
fields. 

The main tool of VASCO was the Aeroclipper balloon (Duvel et al., 2009). The concept of a 
balloon drifting stabilized near the sea surface interface (~50 m height) thanks to a guide rope 
floating at the ocean surface was developed and tested by CNES since the late 1990s, allowing both 
atmospheric and oceanographic measurements. After tests with a tetrahedral-shaped balloon that 
maximized drag (Duvel, 2004), a more stable streamlined balloon was adopted (Photo 3). During 
the VASCO campaign in Jan.-Feb. 2007, 6 successful flights were performed from the Seychelles. 

A new BPCL was also developed from 2003 for the VASCO campaign. The carrier was a 2.5-m 
diameter a triple-layer polyethylene balloon, and lithium batteries allowed a 1-mo lifetime with 
ARGOS data transmission every 15 mn. A total of 9 test flights were performed in Jan-Feb. 2005 
and 2006. During the VASCO campaign in 2007, 10 BPCL flights were successfully performed, 
with a record duration of 33 days and a record flight length of 25000 km (in 21 days) including a 
240° circumpolar excursion. 

Both balloon types were found to converge into tropical cyclones and even to stay near the eye for 
several days, and reached velocities larger than 30 m s-1 (Duvel et al., 2009; Vialard et al, 2009). 
Turbulent surface fluxes of latent and sensible heat could be computed from Aeroclipper data and 
compared to ECMWF results. The results combined results from VASCO and Cirene provided 
original insights into ocean-atmosphere interactions in a region where the cloud screening prevents 
accurate satellite SST monitoring (Vialard et al., 2009). 

AMMA: 

The same BPCL balloons were operated in June-July 2006 during the summer field experiment 
(Lebel et al., 2010) of the international AMMA (African Monsoon Multidisciplinary Analysis) 
programme (Redelsperger et al., 2006). The aim was to study the northward propagation of the 
African monsoon onset and the regional continental low-level monsoon circulation. A total of 15 
balloons were launched from Cotonou airport in the South of Benin (6.4°N) in the northward 
monsoon flux. This was the first deployment of BPCL balloons over a continental region. Intense 
convection or precipitation events limited the lifetime of most balloons but 3 of them reached 17-
18°N in central Niger. The balloons revealed a diurnal cycle of the monsoon flow more important 
than predicted by models and its strong altitude dependence (Bastin et al., 2007). 

 

The present (2011-2012) 

Since VASCO in 2007, no new low-level balloon campaign has been performed. Scientific 
proposals were issued to fly in the western Mediterranean region in the framework of the 



MISTRALS (Mediterranean Integrated Studies at Regional and Local Scales) programme that was 
issued following the last INSU/Ocean-Atmosphere exercise in late 2005. The present tropospheric 
balloon activities consist in preparing the next two campaigns accepted, that should see the 
deployment of BPCL in the western Mediterranean in 2012, i.e. ChArMEx/TRAQA in summer and 
HyMeX/BaMed in autumn (Table B). CNES and the laboratories are working on the development 
of the BPCL carrier and integration of new instrumentation in the payload including radiation 
sensors, standard electrochemical ozone sonde, and a new aerosol optical counter/sizer. 

HyMeX/BaMed: 

In 2008, CNES accepted to support the HyMeX/BaMed (Hydrological Cycle Mediterranean 
Experiment/Ballons en Méditerranée) proposal combining BPCL and Aeroclipper balloons in 
autumn and spring campaigns in the western Mediterranean to study intense precipitation events 
and the cyclogenesis, respectively. Given new security constraints imposed to balloons, the 
development of the necessary balloons is such that Aeroclippers will not be available in 2012. 

The campaign is summarized below: 
Title HyMeX/BaMed/SOP-1/Intense precipitation 
Who? (teams involved) Laboratoire de Météorologie Dynamique, Laboratoire d’Aérologie, and Centre 

National de Recherches Météorologiques 
What? 
(objectives/scientific 
questions) 

The project HyMeX aims at improving our understanding of the water cycle in 
the Mediterranean. The balloon campaigns focus on intense events, especially 
heavy precipitations that occur in autumn in SE France. 

Why? 
(context/justification) 

It is needed to document and assimilate in models the thermodynamics of the 
upstream marine air masses that feed the mesoscale convective systems 
generating extreme precipitation over land for a better understanding of the 
processes and improve the future forecasts. 

How? (balloon and flight 
type/instrumentation) 

~15 BPCL balloons in the marine atmospheric boundary layer for in situ 
atmospheric variables (possibly incl. some class of precipitation) 

Where and when? NW Mediterranean with possible launch from the Balearic Islands, in Autumn 
2012. A rehearsal has been requested for 2013 to cope with the variability of 
such situations. 

TRAQA: 

More recently has been accepted the small TRAQA (Transport and Air Quality) summer campaign, 
a sub-project of ChArMEx supported by ADEME to study the export of continental polluted 
plumes from southeastern France over the sea and exchanges between the atmospheric boundary 
layer and the free troposphere, using BPCL balloons and a research aircraft. 

The campaign is summarized below: 
Title TRAQA 
Who? (teams involved) Laboratoire d’Aérologie (CNRS-Université of Toulouse) and Institut Pierre 

Simon Laplace 
What? 
(objectives/scientific 
questions) 

Tracking of pollutant plumes from industrialized Mediterranean areas for ~ 2 
days over the sea. Instrumentation test for radiation, ozone and aerosol 
measurements. Rehearsal of the 2013 ChArMEx balloon campaign. 

Why? 
(context/justification) 

The TRAQA campaign (supported by ADEME under the umbrella of the 
programme PRIMEQUAL, PI Jean-Luc ATTIÉ, Lab. d’Aérologie) aims at the 
documentation of pollutant plumes at several periods of their life cycle over the 
sea with an aircraft instrumented for dynamics, turbulence and atmospheric 
chemistry measurements. The first and main goal of boundary layer balloons 
release is to track the plume from the shoreline and to guide the aircraft for 
several visits during a 2-3 days period. The Lagrangian evolution of the ozone 
concentration during transport will also be monitored. 



How? (balloon and flight 
type/instrumentation) 

~ 6 BPCL balloons (overpressurized boundary layer balloons) 
Flight level ~ 1000 m. Instrumentation: balloon position, pressure, temperature, 
moisture, and, tentatively, radiation and ozone and/or aerosol concentrations. 

Where and when? Balloons launched from the French Mediterranean shoreline – July 2012. Two 
IOPs of 2-3 days each will be documented. 

 

The future 

Following the CNES-INSU 2011 call for balloon prospective ideas, several projects were received 
for new studies and developments with low-level balloons, summarized in Table C and briefly 
described in the following. 

ChArMEx: 
Who? 
(teams involved) 

Laboratoire d’Aérologie (Toulouse), LSCE (Saclay) and LPC2E (Orléans) are 
committed in the balloon operations in ChArMEx. 

What? 
(objectives/sci. questions) 

The project ChArMEx (Chemistry-Aerosol Mediterranean Experiment) aims at 
a scientific assessment of the present and future state of the atmospheric 
environment in the Mediterranean basin, and of its impacts on the regional 
climate, air quality, and marine biogeochemistry (http://ChArMEx.lsce.ipsl.fr).  
A special observation period (SOP) is planned in summer 2013 with reinforced 
ground-based observations and instrumented aircraft for studies of transport of 
plumes, as well as chemical and radiative column closure. The periods of SOP 
correspond to the dry season of maximum sunshine when concentrations in 
ozone and aerosols are the strongest and when remote sensing is more efficient 
due to the low cloud coverage. 

Why? 
(context/justification) 

Drifting balloons in the lower troposphere (BPCL) with aerosol, ozone and 
radiation measurements will be dedicated to perform a quasi-Lagrangian 
continuous monitoring of the evolution of polluted plumes exported from 
southern France or northern Africa. In particular an aerosol sizer will be 
dedicated to study the evolution of the dust particle size distribution and its 
evolution during transport. BPCL trajectories will be used to check dynamical 
models and for planning re-visit of plumes by the research aircraft. 
In addition, drifting Aeroclippers with measurements at the air-sea interface are 
proposed to evaluate fluxes of sensible and latent heat by a bulk method. 
Drifting balloons offer unequalled opportunities for an original continuous 
monitoring in following polluted and turbid continental air masses during their 
transport over the Mediterranean. 

How? 
(balloon and flight 
type/instrumentation) 

~ 30 BPCL balloons (overpressurized boundary layer balloons): 
Flight level ~ 1000-2000 m. Instrumentation: balloon position, pressure, 
temperature, moisture, radiation and ozone and aerosol concentrations 
~ 15 Aeroclippers (“buoy-ballon” drifting above the sea surface). 
Instrumentation: sea surface temperature and atmospheric parameters 
necessary to retrieve air-sea fluxes.  

Where and when? Balloons launched from the French and North-Africa Mediterranean shoreline 
– Summer 2013. 6-10 IOPs of 2-4 days each will be documented. 

ACT: 

The project ACT (Aeroclipper pour les Cyclones Tropicaux) aims at developing a light version of 
the Aeroclipper with only GPS and pressure measurements (+ transmission), in order to test 
deployment strategies and assimilation of data. The aim is to maximize the success rate of 
convergence into cyclone eyes. It is proposed to join similar efforts within the NOAA project 
CheaperClipper. 

http://charmex.lsce.ipsl.fr/


Who? (teams involved) Laboratoire de Météorologie Dynamique 
What? 
(objectives/sci. questions) 

In situ measurements of air-sea exchange and meteorological fields to improve 
tropical cyclone nowcasting. 

Why? 
(context/justification) Near real-time transmission is a new and unique capability of the 

Aeroclipper for providing input data for assimilation in operational 
cyclone forecast models. Moreover, surface pressure measurements 
taken in the eye could validate and improve the accuracy of the Dvorak 
technique which estimates cyclone intensity from satellite pictures. 

How? 
(balloon and flight 
type/instrumentation) 

Continuous measurements of various surface parameters including the 
surface pressure made in the eye of a cyclone reveal its evolution and 
intensity. Eventually, short term flexibility on the launching location 
during a given campaign would allow better targeted measurements to 
sample particular occasional situations (e.g. forest fire plumes). 
The Aeroclipper development needs to be completed and its ability to track 
cyclone intensity proven. A lighter version of the Aeroclipper with GPS and P 
measurements should be developed to test launching strategies to reach 
cyclone centres, and ability of such observations to track cyclone intensity. 
Evolution for other measurements including chemical species, aerosols, 
radiative fluxes, precipitation should be considered. 

Where and when? South tropical Indian Ocean and North tropical Atlantic during local summer. 
 

Tethered Balloon: 
Title Tethered balloon 
Who? (teams involved) G. Durry (GSMA), S. Payan (LPMAA), N. Amarouche (DT-INSU), LAMP 
What? 
(objectives/sci. questions) 

Assuming a platform operated below 5 km,  there are several motivating 
science issues to investigate: 
-cloud physics 
-dynamics and chemistry of the boundary layer 
-air quality and pollution in megacities 
-trends in greenhouse gases (CO2 cycle, CH4 release by permafrost, N2O 
emission by agricultural activities…) 
-surface emissions 
-aerosol science 
-ocean-atmosphere coupling 
-remote sensing validation 

Why? 
(context/justification) 

There is no other mean to perform continuous in situ monitoring of vertical 
profiles, including day-night cycles. 

How? 
(balloon and flight 
type/instrumentation) 

Technologies are available nowadays for large tethered balloon: innovative 
material for the tether, solar power technologies, high-rate TM-TC… 
Furthermore, there have been a lot of progresses in the sensing of aerosols, 
particles, and atmospheric molecular species over this last couple of years. 
Compact sensors are available that can be combined in a poly-instrumented 
gondola and operated from a tethered balloon. It is really proposed that CNES 
investigates the capability of such a platform starting with a medium-size 
scientific gondola (overall weight ~150 kg) for operation at up to 2-3 km. 

Where and when? First discussions among the science community show a particular immediate 
interest for this tool to study boundary layer and cloud physics. Hence the 
capability of such a system could be demonstrated in a first step through 
simple deployments focused on these two science objectives. Tests might be 



performed by deploying the balloon at Aire sur l’Adour. First results will very 
likely trigger the use of tethered balloons by a larger science community. 

 

Some conclusions 

In the framework of the multidisciplinary programme MISTRALS in the Mediterranean, there is a 
strong demand in low-level balloon campaigns in the western Mediterranean in the forthcoming few 
years, including BPCL and Aeroclipper balloons. Achieving on going developments in terms of 
balloons and gondolas for these campaigns appears as a short-term priority. Priorities for mid-term 
developments requested by the scientific community include a simplified and more robust version 
of the Aeroclipper that will allow the planning of a campaign in tropical cyclones, an altitude 
control system for BPCL balloons, and the development of a new capability to deploy relatively 
large tethered balloons. 
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Tables 

Table A: Past campaigns with low-level drifting balloons from CNES 

Campaign Period Balloon type Location Trajectories Objectives 

Pre-MONEX Summer 1975 BPCL Seychelles Marine 
Low-level Indian 
monsoon circulation 

MONEX/ 
BALSAMINE 

May-June 
19979 

BPCL 
Seychelles and 
Diego Suarez 
(Madagascar) 

Marine 
Onset of the Indian 
monsoon 

AUTAN 84 October 1984 BABA Toulouse Continental 
Orography influence on 
the local flow 

PYREX 1990 BABA
Pyrenees (Pic 
du Midi and 
Med. coast) 

Continental 
Air flow above and 
around the Pyrenees 

SOFIA/ASTEX 1992 BABA Azores Marine Wake of a small island 

ETEX 1994 BABA
Normandy 
(France) 

Continental 
Models performance for 
trace species transport 

MAP 1999 BABA Alps Continental 
Air flow in an Alpine 
area 

INDOEX Jan.-Feb. 1999 BPCL Goa (India) Marine 

Export of continental 
polluted air masses 
during the dry Indian 
monsoon 

BOA February 2000 BPCL 
Ushuaia 
(Argentina) 

Marine 
Small scale dynamics in 
the SW Atlantic 

ESCOMPTE 2000 and 2001 BABA Marseille Continental 
Sea breeze, pollution 
dispersion and ozone 
formation 

CERES 2005 BABA Landes (France) Continental Regional CO2 budget 

AMMA June-July 2006 BPCL 
Cottonou 
(Benin) 

Continental 
African monsoon low-
level continental flow 

VASCO Jan.-Feb. 2007 
BPCL and 

Aeroclipper 
Seychelles Marine 

Low-level flow and air-
sea exchange in summer 
in the tropic. Indian Oc. 

 

Table B: Planned campaigns with low-level balloons 

Campaign Period Balloon type Location Trajectories Objectives 

ChArMEx/TRAQA Summer 2012 BPCL Marseille Continental 
Continental plume 
export, boundary layer-
free tropo. exchange. 

HyMeX/BaMed Autumn 2012 BPCL Baléares Marine 
Low-level flow during 
intense autumn precip. 
events in SE France 



 

Table C: Proposed low-level balloons campaigns (from 2013 on) 

Campaign/Project Period Balloon type Location/Trajectories Objectives 

ChArMEx/Pollution Summer BPCL/O3 
Northern Med. Shore / 
Marine 

Continental European air 
mass transport and ageing 
over the basin: air mass 
tracing, ozone formation 

ChArMEx/Radiation and dust 
transport 

Summer 
Aeroclipper and 
BPCL/Aerosol 

North African coasts / 
Marine 

Desert dust radiative impact 
and sedimentation during 
transport 

HyMeX/BaMed/Cyclogenesis Spring 
BPCL and 
Aeroclipper 

Gulf of Lyons, Sicily 
and S Peloponnese / 
Marine 

Cyclogenesis 

HyMeX/BaMed/Autumn Autumn 
BPCL and 
Aeroclipper 

Gulf of Lyons, Sicily 
and S Peloponnese / 
Marine 

Heavy precipitation 

ACT 
Austral 
summer 

Aeroclipper 
Tropical Atlantic and 
Indian Oceans/ Marine 

Develop and test an 
operational system for in situ 
monitoring of tropical 
cyclones 

Tethered Balloon  Tethered Continental 
Diurnal cycle, greenhouse gas 
vertical profiles, aerosol-
cloud interactions 

 



Photos 

 

Photo 1. Robert Sadourny ready to launch a 
BPCL balloon during INDOEX (photo CNES). 

 

Photo 2. BABA balloon during MAP (photo 
CNES). 

 

Photo 3. Aeroclipper balloon during VASCO 
(from Duvel et al., 2009). 

 

Photo 4. German tethered balloon (400 m3) 
carrying a 110-kg scientific payload (from 
Stratmann et al., 2003). 

 


