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Preface 
 

CNES is organising a workshop with the European scientific community to be held on 
May 27 in Hyères, France with the aim to define and discuss guidelines for its balloon 
activities over 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. 

At the Pau Workshop the scientific needs for experiments carried by balloons had been 
reviewed in a broad context and a better cooperation between the European balloon 
operators was recommended. Now, the community to be gathered in Hyères has been 
asked by CNES to prepare more dedicated guidelines towards a road map for the next 
decade that shall address balloon operations and sites as well as technical developments 
of balloon systems and instrumentation. This roadmap shall finally provide the scientific 
communities with the necessary information of the capabilities of balloon technology on 
which a long term vision of scientific ideas can be developed. 

The workshop preparation is driven by the Scientific and Technical Balloon Committee 
(CSTB), which has been created by CNES and CNRS/INSU. The first step took the form 
of a call for Letters of Intent published in April 2010. Based on the results of this call and 
a subsequent working session that took place in Orléans in September, reports will be 
presented and discussed at Hyeres for each of the thematic fields (1) Atmospheric 
Sciences of the Troposphere, (2) Atmospheric Sciences of the Upper Troposphere and the 
Stratosphere, and (3) Planetary Sciences, Astronomy and Life Sciences. 

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 to 
the conclusions of the Pau 2008 workshop.  

The report presented here deals with the thematic field ‘Atmospheric Sciences of the 
Upper Troposphere and Stratosphere‘. It uses in Chapter 1 the conclusions and 
recommendations of the 2nd European balloon workshop (2008) as a sort of reference, 
reviews briefly in Chapter 2 new scientific orientations that have emerged, including an 
update on the progress made with aircraft campaigns and satellite programmes, and 
summarizes in Chapter 3 European Balloon campaigns that took place since then. 
Chapter 4, the central part of the report, tries to provide a synthesis of scientific and 
technical ideas of the European Science Community for the coming 5-10 years. From 
that, guidelines are derived in Chapter 5 towards a roadmap for the future European 
Research Balloon Programme (dedicated to the Upper Troposphere and Stratosphere) in 
the next decade. 
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1. Looking back 

Conclusions and recommendations of the 2nd European balloon 

workshop held in 2008 
 
This section repeats and reviews the conclusions for the Atmospheric Sciences and some 
general recommendations that have been summarized after the Pau Workshop as a result 
of the Report presented and discussed during the workshop (“The Future for research 
Balloons in Europe”). 
 

“The understanding of the atmosphere and outer space has improved greatly in recent decades, 

and research balloons have made a major contribution to this progress.  In Europe, the CNES 

research balloon programme has led the way in operations and in technological development.  

Recently, a number of new factors have emerged which will have a great influence on the future 

uses of research balloons.  First, changes in the application of safety measures have resulted in 

much tighter constraints on mid-latitude flight planning and operations.  Second, long-duration 

flights have opened new research possibilities for several disciplines.  Third, new platforms, most 

notably unmanned aircraft, have been developed which can be seen as both complements and 

rivals to research balloons in some lower-altitude applications.  Fourth, the scientific rationale 

for the research continues to evolve with a new generation of important issues emerging.  

In response to this, the European research balloon community and CNES have reviewed the 

rationale for the balloon programme for the next 5-10 years. After wide consultation a document 

“the future for research balloons in Europe” was prepared by atmospheric scientists who met 

with astrophysicists and planetologists, and balloon experts from CNES and other operators at a 

workshop in Pau in September 2008. This document lists the main conclusions and 

recommendations from this process. It is intended to inform all interested in a productive balloon 

research programme, whether from the scientific community, balloon operators, space agencies 

or funding agencies. 

Atmospheric Science 

1. Scientific ballooning still has a major role to play in European research on atmospheric 

science.  The range of challenges is still great and balloons have some unique 

characteristics that justify their place alongside other platforms in a scientific research 

programme.  Balloons provide access to parts of the atmosphere that cannot otherwise be 

reached; they could fill the gap in a period of declining satellite measurements; and they 

provide a distinctively European capacity.  

2. As climate issues remain at the forefront of scientific challenges, there is likely to be an 

increased demand for regular measurements to be using research balloons at low, mid- 

and high latitudes.  This implies that, for all types of balloons, a launch capability should 

be consolidated in the Tropics, that the mid-latitude site in France should be re-

invigorated and that a high latitude site should be maintained.   

3. There is currently no issue as over-arching as polar ozone depletion has been.  Assuming 

that no similar issue emerges, future campaigns will be more focussed on specific topics.  

The preparation of these campaigns needs to be tackled jointly by scientists and balloon 

operators with early planning and a flexible approach to including local assistance and 

collaboration.   

4. The atmospheric observation programmes of ESA and the national European space 

agencies show strong common interests with the atmospheric research balloon 

community, and close contact and co-operation should be maintained.  Balloon flights 
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can be used as Pathfinder missions for future satellite instruments, to validate the 

measurements from existing satellite instruments, and to study atmospheric phenomena in 

conjunction with satellite measurements. 

General conclusions and recommendations 

1. Cooperation and communication between scientists and balloon operators as well as 

between the balloon operators themselves should be substantially improved if the best use 

is to be made of the overall European capability in balloon science.  

2. A common feature of all the above issues is the need for early planning of future 

coordinated balloon activities.  The implied need is for a standing committee (with 

flexible membership) involving scientists and representatives from balloon operations to 

develop ideas for the campaigns and plans for raising the necessary funding.  This 

committee should have good communication with the relevant research funding agencies.  

Without such a planning mechanism, it is hard to see how European campaigns will 

actually occur given the long lead times involved in taking a scientific idea through to a 

campaign and eventually analysis and interpretation of the measurements.  Of central 

importance here is a much greater clarity about the application of appropriate and 

relevant safety rules as early in the planning process as possible. 

3. A clearer focus is needed on the relative benefits of the various technical developments 

that are being considered.  This should maximise the considerable synergies that could 

exist between the different operators and to avoid unnecessary duplication of effort. 

4. In parallel a clear and efficient mechanism is needed to assess how the recommendations 

in this strategy are put into practice and to evaluate the effectiveness of any changes 

made.  This mechanism should involve balloon operators, scientists and possibly funding 

agencies.   

5. The establishment of a balloon infrastructure at European level would provide much 

better and more secure facilities to the scientists who use balloons for their research.  

Any proposal should involve European balloon operators and atmospheric and space 

scientists as partners.  The European balloon operators should immediately and jointly 

investigate the possible sources of support at European level with a view to developing a 

European infrastructure.  A deep and joint involvement of operators and users is a 

necessary condition of success.” 

…and implemented measures  

As an answer to the conclusions and recommendations of the scientific community the 
CNES balloon division in line with the CNES management committee released in early 
2009 a tentative roadmap to be followed by CNES that was presented to the scientific 
community and discussed in a splinter session at the 19th ESA Symposium on Rocket and 
Balloon Programmes and Related Research in Bad Reichenhall in June 2009. The full 
text is given in the Annex for reference. Some relevant excerpts are cited lower down 
(italic font). 

Following the CNES Conclusions Paper a number of measures on the management and 
organisational level have been implemented by CNES, and have improved the situation a 
lot since the Pau Workshop. For instance, the campaign organisation and management, 
issues like quality of communication, transparency, involvement of scientists in the 
planning and flight decision, reliability of schedules etc. have definitely improved when 
compared to the period a few years before the Pau Workshop. 
These measures also include the re-enforcement of the cooperation between CNES and 
CNRS/INSU concerning the steering and funding of balloon-related science, the 
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installation of the Scientific and Technical Balloon Committee (CSTB), the release of 
regular Calls for proposals and prospective ideas and related reviews (selection process 
including involvement of international reviewers), and the nomination of an ‘officer’ 
acting as interface between the CNES balloon division and the scientific users. The 
European dimension of balloon science was enhanced by opening the Calls to non-French 
scientists and offering flights within joint projects and campaigns also to non-French 
balloon users.  
 

We would finally like to stress that we very much acknowledge the new spirit and 
momentum at the balloon sub-directorate that is visible since the new deputy director of 
the balloon division is in place. 

 

… and questions that are still open 
 
On the level of European operators, another committee has been installed, called 
EBAWG    (European Balloon Activity Working Group), for improving communication 
and for fostering increased cooperation between the operators and agencies. 
Unfortunately, concerning this latter committee, there has been almost no formal 
information flow to the scientific community so that it is not clear what progress has been 
made. Here, we definitely ask for more transparency or inviting a representative of the 
scientific community to the meetings of the EBAWG. 
Co-operation between CNES and ESA is at least not obvious, except for the ESA-PAC 
part (e.g. Esrange facilities), although the scientific balloon community is ready and well 
suited for validation of operating and future satellite missions.  
The investigation into a European balloon infrastructure was mentioned in the CNES 

Conclusions but the result of these is not known to the scientific community.  
 
As recalled in the beginning of the present document, the safety issue was one of the 
primary reasons that caused the difficult situation of CNES balloon activities encountered 
in 2008. The following paragraphs are taken from the CNES Conclusions of the Pau 
workshop: 
 
“As it has been said above, the safety constraints have been discussed and sometimes criticized. It 

is exact that quite often they are known very late but the encountered problems find their origin 

less in the safety rules themselves (derived from those of civilian air traffic) than in their 

implementation. It is important to realize certain types of flights from some mid-latitude launch 

sites are getting more and more constrained, mainly due to the increasing density of population, 

and of the related increasing air and ground traffic. 

 

A new strategy for solving safety issues has to be implemented. Today, balloon architectures are 

not compliant with Failure & Safety requirements. FS waiver will no longer be accepted after 

June 09 except for flights above loosely populated areas. The safety authority is presently 

reviewing the BPS Balloon configuration and BPS Balloons could be classified as lethal objects 

(a decision is expected by mid March 2009). As a matter of fact, the probability of a victim for a 

flight above inhabited areas is calculated with a dedicated algorithm called “Larri”. Resulting 

figures are too high and cannot be accepted by safety authority. But “Larri” is too much simple 

and needs to be improved in order to give more reliable figures. That will be undertaken.” 

 
This safety issue has fostered the development of a new fail-safe control and guidance 
system (NOSYCA), as well as the search of new launch bases: 
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“In parallel the development of new tools allowing a better control and monitoring of the flight has been 

decided in order to make the balloon systems compatible with FS requirement (NOSYCA project) and to 

improve the landing accuracy (PAROR). The possibility of using alternative launch sites at mid-latitude, 

e.g. French Military zones, Trapani, will be investigated, and also the possibility of flying over oceans and 

seas (recuperation devices, mission analysis). In addition not only the safety issues will be addressed in the 

near future but also the science capacity will be upgraded: the feasibility of a Kourou launch site will be 

studied and balloon upgrades will be undertaken: Large Pressurized balloons 16m (TBC), Aeroclipper 

improvement, BPCL/NANO adaptations. In order to recover a full launch capacity, we are thus entering a 

3 to 4 year transition phase (2009-2012). We have to manage that transition phase so as to start 

successfully a routine phase by 2012 with a new generation of balloon systems.” 

 
At the present time, we are still in the transition phase mentioned in this paragraph. 
While the stratospheric community does not deny that the safety concerns should be 
addressed with the highest care, it nevertheless fears that over-demanding constraints 
may seriously limit in the future the contribution of balloon-related research to scientific 
issues. An example is the situation of small balloon (ZL) flights, which appears rather 
uncertain in the future. Several research groups have actually made the effort of reducing 
the size and weight of their instruments in order to allow frequent and flexible flights in 
difficult operational conditions, e.g. close to thunderstorms. However, following the 
current safety requirements of balloon control that imply the use of a valve and ballasts 
(and leading to operational systems being heavier than the scientific payload itself), these 
flights are no more allowed.  
 
In conclusion, the scientific community is impatiently looking forward to returning to a 
more normal balloon activity with the availability of a large variety of balloon types 
(small and large BSOs, long-duration super-pressure and MIR balloons), launching sites 
close to the Equator and in the mid-latitudes (in addition to Esrange), and an operational 
TM/TC system for short and long-duration flights. We note in this respect that CNES has 
announced the readiness of NOSYCA for short- and long-duration flights in 2013 and 
2015, respectively. We would actually like to stress that scientific issues are evolving 
very quickly nowadays, and are tackled by a wide variety of observational techniques 
(including balloons but not only), as well as with the help of more and more thorough 
modelling of atmospheric processes. We are thus much concerned that any prolongation 
of the transition phase could be significantly damaging for the balloon activity in the long 
term: delaying balloon campaigns by some years can actually decrease their scientific 
added value or make them even obsolete, and in a more general sense, significantly lower 
the impact of balloon activities in view of funding agencies. 

2. Recent evolutions of the scientific framework 
 
In this chapter we briefly review the scientific orientations and discuss evolutions in the 
satellite and aircraft missions based science.  

Scientific orientations 

The scientific challenges as described in detail in the position paper written in 
conjunction with the Pau Workshop 2008 (“The Future for research Balloons in 

Europe”) are still valid in a broad sense. For ozone and related research the scientific 
knowledge base has been reviewed, updated and summarized in the recently published 
“Scientific Assessment of Ozone Depletion – 2010” (WMO No. 52. 4 April 2011).  
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There remains a strong rationale for research balloon flights, with important and exciting 
science still to be done, with is mainly driven by a need to better understand climate 
change and its linkage with atmospheric composition. One of the implications of the 
increased connection to climate studies is the need for more regular measurements in 
order to investigate processes occurring on timescales of months to years and even 
decades. In the stratosphere, issues such as coupling between climate and stratospheric 
dynamics will be important for the foreseeable future with a good understanding of the 
stratosphere required when making decadal predictions of climate. Here, the effect of 
climate change on the stratosphere will interact with the effect of ozone recovery on the 
whole atmosphere through changing radiative forcing, circulation patterns and chemistry. 
A good example is the strong and over the whole winter virtually undisturbed arctic 
vortex in 2010/2011 which caused record high potential PSC volumes and consequently 
strong ozone losses in spring. 

The upper troposphere and lower stratosphere (UTLS) is a sensitive region of the 
atmosphere which is already moving up in altitude and whose changes will most likely 
have significant impacts on stratosphere troposphere exchange. Scaling up from the local 
and regional up to the global will remain a very challenging and important issue. 

The fluxes of gases and radiation between the Earth’s surface and the boundary layer are 
critically important for the hydrological cycle and for the physical and chemical structure 
of the atmosphere. While these fluxes have been extensively studied in many parts of the 
world, there are still significant gaps. Mesoscale phenomena (e.g. convective storms, 
waves, tropopause folds, filaments) are of increasing importance, as numerical models 
become more powerful in terms of spatial resolution. 

Finally, many global monitoring programmes implicitly assume that much of the 
observational capacity of the atmosphere will be in the form of satellite instruments. In 
reality, there are doubts as to whether this can be maintained uninterrupted into the 
foreseeable future: the remote satellite measurements are also of lower quality than 
balloon measurements. As a result, there is a complementary role for balloons (a) to 
bridge satellite missions and (b) to provide additional scientific information which can be 
interpreted in the light of the wider view provided from satellites. Balloons also provide 
an excellent testbed for satellite instruments of the future. 

In recent years the aspect of integration of balloon observations into models has received 
more attention. An example is Concordiasi the data of which have been assimilated in 
models in cooperation with operational meteorological centres. More related to the 
climate issue, dynamics observations provided by long-duration flights are used to try 
constraining some of the parameterizations used in the models (like, for instance, gravity-
wave drag parameterization). 

Satellite missions for UTLS research 

Satellite missions dedicated or of great use to UTLS research like ENVISAT, ODIN, 
ACE-FTS, CALIPSO and AURA will likely come to their end of operation within the 
coming 2-3 years. Envisat, for example, is secured until 2013 but at a lowered orbit, 
operating by then for more than 10 years. ESA is still very much interested in balloon 
data for long-term validation of GOMOS, SCIAMACHY and MIPAS. To our 
knowledge, no next generation limb sounders dedicated to UTLS research are funded for 
launch within the next 5 years or so. PREMIER, which includes an imaging FTS capable 
of doing UTLS research is currently studied by ESA in Phase-A. The decision on a 
possible further support by ESA is expected for 2013 with a potential launch in 2018 or 
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later (if selected). 

The family of meteorological satellites and Nadir sounders (e.g. EUMETSAT’s Meteosat 
and METOP series (e.g. IASI) and possibly ESA Sentinel) will (a) require additional 
validation; and (b) offer opportunities for associated scientific research projects to be 
developed.  Other examples include the study of sprites in conjunction with the 
TARANIS satellite, and the study of atmospheric winds in relation with the ADM/Aeolus 
satellite. 

Stratospheric balloons will keep their important role for the long-term validation of 
existing and future satellite missions. Another field of research that has not been utilized 
much is the synergistic use of field measurement data and satellite data with appropriate 
models to link each other.  Moreover, after about 2012/2013 balloons may get an 
increasing role in bridging gaps between satellite missions for a couple of years. Balloons 
will be the only tools to monitor stratospheric processes in a changing climate. Regular 
measurements of key parameters will also be necessary to link data bases from existing 
and future satellite missions. 

Aicraft platforms and missions 

In Europe there are currently two research aircraft available which can be used for UTLS 
research: the Russian Geophysica climbing up to about 20 km altitude with a limited 
range of about 6000 km and the new HALO research aircraft of the German science 
community offering a much larger range and loading capacity but being restricted to 
about 15 km altitude.  

Since the last Balloon Workshop in Pau the Geophysica aircraft was involved in a 
comprehensive campaign in the Arctic in Jan. – March 2010 in the framework of the 
integrated EU Project RECONCILE (Ref.). Through dedicated laboratory and field 
measurements, RECONCILE will improve model representations of key processes 
dominating chemistry, microphysics and dynamics of Arctic stratospheric ozone loss. 
Further campaigns with Geophysica tailored to UTLS research issues are envisaged for 
the coming years but are not yet secured.   

The German research aircraft HALO is currently being qualified for a large diversity of 
inlets, wing pods and belly pods. The first scientific test flights with a confined list of 
instruments without needing external stores and inlets did take place in fall 2010. The full 
operability of the aircraft is expected from 2012-2014 on. It can be anticipated that in the 
coming years it will also be made available for European partners. Since the maximum 
altitude will be restricted to 14-15 km only the lowest part of the stratosphere (at high and 
middle latitudes) can be reached meaning that it won’t become an important rival for 
stratospheric balloons.  

In the US, NASA's unmanned aircraft Global Hawk is meanwhile getting a more and 
more operational platform for scientific purposes. With its payload capacity, range and 
climbing altitude it could become a realistic alternative for stratospheric balloons for 
upper troposphere and lowermost stratosphere research. NASA pilots and flight 
engineers, together with colleagues from the National Oceanic and Atmospheric 
Administration (NOAA), have successfully completed the first science flight of the 
Global Hawk unpiloted aircraft system over the Pacific Ocean in August 2010 (Ref.). The 
flight was the first of five scheduled for the Global Hawk Pacific (GloPac) mission to 
study atmospheric science over the Pacific and Arctic oceans. The Global Hawk is a 
robotic plane that can fly autonomously to altitudes above about 18 km and as far as 
20000 km. Operators pre-program a flight path, and then the plane flies itself for as long 
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as 30 hours, staying in contact through satellite and line-of-sight communications to the 
ground control station.  

3. Recent European balloon campaigns 

Since the Balloon Workshop in Pau there have been four major activities dedicated to 
upper tropospheric and stratospheric research, the StraPolÉté campaign (summer 2009), 
the Kiruna 2010 campaign, the Concordiasi long-duration balloon campaign (late August 
– mid-November 2010), and the Kiruna 2011 campaign. 

 

Kiruna 2010 Campaign 

Four scientific flights and one CNES technical flight were conducted in April-May 2010 
from Kiruna. This was the first campaign organized after the new “Call for Proposals”. 
The instruments involved were ELHYSA, ISAO-CE, LPMA-SWIR, miniSAOZ, 
PicoSDLA-H2O, PicoSDLA-CO2, SP2, and STAC and LPMA-SWIR, to retrieve vertical 
profiles of water vapour, aerosols, O3, NO2, CO2, electric field measurements, and for the 
validation of the GOSAT satellite measurements. It was the first campaign conducted in 
Arctic during the end-of-winter conditions. 

ELHYSA and PicoSDLA-H2O were flown in the same flight chain two times under 
different stratospheric conditions, namely covering one case mostly inside the polar 
vortex and the other case outside the vortex. These two flights were aimed to: 1) quantify 
the impact of the stratospheric dynamical variability on the estimation of the budget and 
trends of water vapour, 2) for the first time properly compare these two types of 
observations with significant deviations of stratospheric water vapour amounts along the 
vertical profile and 3) to participate to long-term trend estimations of stratospheric water 
vapour for climate-chemistry issues in a period free of volcanic influence on the water 
vapour budget. 

Four flights of the aerosol counter STAC were conducted (2 onboard the ELHYSA 
gondola, one onboard the SWIR gondola, and one onboard the CNES technical flight of 
the 800 000 m3 balloon). As usual, measurements were conducted during ascent, at float, 
during slow descent and during descent under parachutes. The third flight was conducted 
few days after the eruption of the “Iceland” volcano (14 April). The last flight, on 19 
May, was the highest flight performed with STAC (level of 2 hPa) and the instrument 
worked nominally. It confirms the presence of significant amount of aerosols in the 
middle stratosphere. 

The miniSAOZ and ISAO-CE has performed successfully its first flight. The vertical 
profiles obtained for the species (O3, NO2, O4, O2 and H2O) are in agreement with the 
concentration of species expected in the stratosphere. 

The technical flight of SP2 was dedicated to the preparation of the Strateole - phase  2 
project. 

 

StraPolÉté project : dynamics, aerosols and bromine content in the summer polar 1 
arctic stratosphere 2 

The STAPOLETE project (2009-June 2012) has been made in the frame of the 
International Polar Year (IPY) and it is fund by ANR-CNES-IPEV and Ether CNES-INSU 

Data base. In the core of the project a Balloon campaign took place on august 2009 in 
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Polar region operated by the Centre National d'Etudes Spatiales (CNES). Eight BSO 
flights were made for sounding the Arctic stratosphere in the summertime for which a 
dynamical transition regime towards the conditions settling the winter stratosphere is 
expected. UV-visible and infrared, remote and in situ sensing spectrometers will provide 
detailed information on vertical distributions of numerous valuable chemical tracers and 
reactive species. A set of in situ optical aerosol counters, a UV-visible remote 
spectrometer for the aerosol extinction and a photo-polarimeter will provide information 
on the nature and size distribution of the stratospheric aerosols. Data analysis is made 
using relevant dynamical models (trajectory calculations, contour advection model) and 
chemistry-transport models (CTM) to highlight the major mechanisms that particularly 
control the distribution of tracers, aerosols and bromine during this period. 

The scientific objectives of this project are divided into 5 work packages: 

I. Dynamics   

II. Summer stratospheric aerosol content 

III.  Budget of inorganic bromine and trend 

III. Reference state of the summer polar stratosphere 

From the different measurements obtained combined with satellite measurements (MLS, 
IASI, MIPAS) results obtained and studies under development allow to highlight the 
scientific issues below:  

a) Impact long range transport of pollution plume from China on the 
composition of the low stratosphere.  

b) Mechanisms responsible and climatology over the 50 last years of tropical 
intrusion in the middle stratosphere on the stratospheric and their impact on 
the stratosphere composition: loss of ozone in the tropics and nitrogen oxide 
source in polar region.  

c) Reference state of the summer stratosphere for future evaluation of the 
evolution of the stratosphere composition in the context of Climate change.   

d) Vertical dynamical structure of the summer stratosphere and its evolution 
from winter vortex conditions to extra vortex conditions. 

e) Sulfate aerosols precursor and aerosol budget in the low stratosphere 

f)  Impact of volcanoes on aerosols content in the low stratosphere. 

g) Chemical reactivity on aerosols surfaces and impact on NOx content in the 
low stratosphere. 

h) Stratospheric bromine content evolution. 

i) Partitioning of  solid/liquid stratospheric aerosols 

j) Improvement of transport processes in Chemical transport model. 

 

Concordiasi long-duration balloon campaign 

The Concordiasi long-duration balloon campaign took place from McMurdo, Antarctica 
from late August until mid-November 2010. During the campaign, 19 long duration, 12 
m diameter super-pressure balloons were launched. The balloons, which carried an 
overall load of ~ 50 kg, flew in the polar lower stratosphere (at about 18 km or 60 hPa). 
The mean flight length achieved during the campaign has been 69 days, the last flight 
being terminated on mid January 2011. 

The major goals of the Concordiasi campaign were: 



CNES_balloons_2011_UTLS_V6_20110722 

 11 

• to improve the assimilation (especially above icy surfaces) of radiances provided 
by the new generation of spaceborne infrared sounders (e.g., IASI) in numerical 
weather prediction models, 

• to study how targeted observations in the sensitive areas of southern storm tracks 
may help to improve numerical forecasts of weather systems, and 

• to better characterize the activity of gravity waves above the Antarctic area, and 
more particularly to quantify the momentum flux carried by such motions, as well 
as the interaction between the mesoscale waves and the chemistry and 
microphysics of the polar stratosphere. 

To achieve such goals, a significant effort has been carried out since the previous 2005 
Vorcore campaign on developing new instruments able to work on such long-duration 
flights, as well as on designing a new master gondola (called ISBA) able to provide 
enough power to the instruments and two-way telecommunications to the balloon.  

Thirteen of the 19 flights were thus equipped with the driftsonde gondola developed at 
NCAR. Each of these 13 gondolas were carrying 50 small dropsondes that were released 
on command from the campaign control center and performed meteorological soundings 
from the balloon to the ground. Thus, more than 600 profiles were obtained covering the 
whole Antarctica and the surrounding ocean. Most of these profiles were commanded 
when the Metop satellite (aboard which is the IASI intrument) was passing above the 
long-duration balloons. 

New instruments were also developed to make in situ observations at the balloon flight 
level and address the last scientific objective. These include two ozone photometers 
(developed at UCAR, Colorado and LMD, France), and one aerosol counter (U. of 
Wyoming). Finally, two prototypes of a balloon-borne GPS for radio occultation were 
developed by Purdue University, Indiana. This last instrument provides high-precision 
3D position of the balloons, as well as temperature profiles below the balloons. 

During the campaign, the meteorological observations (wind, temperature, pressure) both 
collected at flight level and during the drop soundings were sent to the ground in almost 
real time, screened for quality, and then sent on the WMO network for the exchange of 
meteorological information so as to be assimilated by operational centers around the 
world. 

Despite some electronic issues in the gondola that decreased by about 30% the number of 
observations that could have been expected, the campaign is a great success. The drop-
sounding programme worked perfectly, the ozone depletion period was monitored by the 
first flights launched in early September, and unique high-resolution data were collected 
that will enable us to diagnose, for the first time, how high-frequency gravity waves 
contribute to warming the high latitude southern stratospheric vortex. 

 

The Kiruna 2011 CNES balloon campaign 

After the CNES/INSU 2010 Call for Proposals thirteen projects with a total of 11 zero 
pressure stratospheric balloon flights were selected for this major balloon activity. In 
addition, one technological flight was carried out.  

The campaign was carried out between beginning of February and end of April, with only 
a short break. Due to the extremely strong polar vortex and the location of its edge with 
constantly high wind speeds over Kiruna for almost 8 weeks the envisaged break had to 
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be shortened and the total campaign duration had to be extended to accommodate all 
planned scientific flights. Under these extremely demanding conditions the successful 
execution of all the scientific flights must be regarded as a powerful demonstration of the 
great capacity of the CNES operational balloon team along with the ability and 
willingness of all involved parties (scientists, engineers, CSTB steering group, CNES 
operational team, SSC) to manage all these difficulties and make necessary compromises 
in an open-minded and success-oriented attitude. 

The campaign was based on a mixture of technologic validation flights of new 
instruments and scientific flights derived from dedicated scientific projects. 

The scientific flights have been mainly dedicated to two themes: (1) to study the polar 
atmosphere in a changing climate, and (2) to focus on the impact of short-term dynamical 
events. 

In theme (1) the objective (ENRICHED project) has been to quantify key processes 
dominating chemistry, microphysics and dynamics of Arctic stratospheric ozone loss in 
various geophysical conditions. An important goal has been to substantially extend the 
altitude domain of the data gathered during the EU-funded aircraft campaign 
RECONCILE in winter 2010 from Kiruna to cover the whole altitude regime of the 
ozone layer. Furthermore, also the period of investigations was extended into spring for 
studying the mechanisms occurring in extra vortex conditions and controlling the 
stratosphere composition and its dynamical evolution coupled with the STRAPOLETE 
project In general terms the objectives have been to enrich the existing dataset in the 
Arctic region in order to follow the evolution and the potential modifications of the 
coupled chemical-dynamical system in the climate change context. Flights could be 
managed during phases of record low stratospheric ozone. A wealth of scientific 
information is expected from this campaign which took place in very unusual Arctic 
conditions.  

In theme (2) the focus has been on the impact of short-term dynamical events occurring 
in the stratosphere during and after the vortex-breakup on the aerosol content and water 
vapour variability on short-time scales. This work is essential for our ability to detect 
long-term trends of water vapour in dynamically-perturbed situations often encountered 
in the stratosphere. The measurements have also allowed us to determine the true nature 
of aerosols (including probably soot and meteoric debris) from the middle troposphere to 
the middle stratosphere. Measurements on the same flight chain were also conducted to 
tentatively link the small-scale aerosols enhancements to variations of the local 
atmospheric electric field. 

The Table below summarizes the balloon flights launched during the CNES Kiruna 2011 
campaign. 
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Table 1: Balloon launches during the 2011 CNES Kiruna campaign. 

Gondola name Launch date Involved labs Objectives Allocate 

project 

SP2 + LDLE 15 February LMD, LATMOS, 
SPRL 

H2O. + electric field 
measurements and O3  
(dedicated to tropics) 

Test flight 

SAOZ 11 March LATMOS O3, NO2, BrO  

ELHYSA + 
PicoSDLA + STAC 
+ LDLE 

12 March LPC2E, GSMA, 
LATMOS 

in situ H2O cross 
comparison.  

Electric charging of 
stratospheric material. 

in situ aerosol 
measurements. 

AEROWAVE 

MIPAS-B + TELIS 
+ mini-DOAS  

31 March KIT (D), DLR (D), 
SRON (NL), U. 
Heidelberg (D) 

Ozone chemistry and 
atm. dynamics (remote,  
>30 species)  in 
chlorine-activated 
conditions. 

ENRICHED 

TWIN (HALOX-B 
+ Bonbon), 
picoSDLA 

 

 

LOAC 

1 April U. Frankfurt (D) 
FZJ (D), GSMA  

 

 

LPC2E 

Ozone chemistry and 
atm. dynamics   (in situ ) 
in chlorine-activated 
conditions. 

in situ aerosol 
measurements. 

ENRICHED 

 

 

 

AEROWAVE 

DUSTER + 
MAESTRO 

7 April Università degli 
Studi di  Napoli (I) 
/CSA (CA), 
Environment 
Canada, U. Toronto 
(CA) 

DUSTER: Aerosol size 
and composition; 
MAESTRO: aerosol 
extinction and ozone 
chemistry 

 

CNES SSTD pre- 
Pilot  

19 April  PILOT pointing test etc.  

SPIRALE + 
OFCEAS 

20 April LPC2E (U. 
Orléans), U. 
Grenoble 

Filamentation during 
vortex break-up and 
ozone chemistry during 
spring. 

ENRICHED 

LPMAA-DOAS 23 April LPMAA;  

Univ. of Heidelberg 

Polar latitude dynamics 
and/or ozone chemistry 
during spring (H2O, 
CH4, N2O, O3, NO2, 
HNO3, HCl, HF, 
ClONO2). Aerosols 
vertical profiles (STAC). 
Bromine/iodine profiles 
(DOAS) 

ENRICHED 

microRadibal + 
STAC 

24 April LOA Aerosols type AEROWAVE 

SALOMON-N2 + 
mini-DOAS 

28 April LPC2E, U. 
Heidelberg (D) 

BrO measurements; 
SALOMON-N2 vs. 
mini-DOAS cross 
validation 

HALOHA 
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4. Synthesis of scientific and technical ideas of the European 

Science Community for the coming 5-10 years 

As already stressed at the Pau Balloon Workshop a successful European balloon 1 
programme will require several elements to all be in place. The list of elements includes a 2 
conclusive scientific rationale, good reasons to use balloons, latest but proven 3 
technologies, suitable launch sites, a reliable planning, and efficient launch and flight 4 
operations.  5 

These elements were already discussed by the workshop participants (including 6 
atmospheric scientists, balloon operators and management) at the Pau Workshop in 2008 7 
and the main outcomes were included in the corresponding report. Most of the 8 
conclusions and some of the recommendations are still valid and an up-to-date review is 9 
given in the next section. 10 

Now, the mandate is to make progress towards a more concrete roadmap. For that 11 
purpose the Letters of Intent submitted to the Call of 2010 and further ideas that went in 12 
later on are synthesized in the following. For more details we refer to the short versions 13 
of the Letters of Intent that are given in the Annex. Some 16 different ideas have been 14 
submitted that cover a wide diversity of applications and science issues, using new 15 
instruments but also existing and established sensors. Balloon types and target 16 
deployments are indicated along with the envisaged schedules in the individual short 17 
versions of the Letters of Intent.   18 

The following Tables structure and categorize the received information: Tables 2.1 – 2.6 19 
in the Annex summarize the received information to facilitate a condensed overview; the 20 
proposals are grouped in similar scientific applications. Table 3 is arranged with respect 21 
to the primary scientific topics that shall be addressed. Table 4 sort the information in 22 
terms of operational requirements: target geographical areas, season and operational 23 
constraints (schedule, balloon type etc.). 24 

The Tables list 16 ideas for atmospheric sciences and one idea for life sciences (cf. 25 
Tables 2.1.-2.6 in the Annex-1). Within the atmospheric sciences part (cf. Table 3) one 26 
project is primarily dedicated to aerosols, three to high energy phenomena and luminous 27 
effects, two to atmospheric chemistry and dynamics in the arctic, two to process studies 28 
in the Tropics and equatorial region, and two to climate monitoring in a broad sense 29 
(QBO, general circulation, waves etc.). Many of the projects however have a multi-task 30 
approach, aiming at contributing also to related science fields, illustrating the closely 31 
interlinked nature of atmosphere sciences’ disciplines. Most of the projects include new 32 
technologies (new or improved instrumentation and their proof of concept) and intend to 33 
contribute to satellite validation and synergetic studies.  34 

Concerning the operational requirements (Table 4) it is obvious that a large diversity of 35 
balloon technologies is asked for and that launching sites suitable for all major 36 
geophysical conditions are requested. The strongest weight is give to the Tropics (11 37 
proposals), reflecting the fact that related science issues are currently considered 38 
particularly important in the scientific community, but also a considerable number of 39 
proposals address the Arctic (6 proposals) and mid-latitudes (4-5 proposals).  The open 40 
stratospheric balloons (BSOs) form still the backbone of the programme. However, there 41 
is also a strong and increasing request to use long-duration balloons being able to provide 42 
flight from days to weeks: 3-4 projects request the availability of medium-duration BSOs 43 
(days to weeks) and two projects request truly long-duration missions based on 44 
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pressurized balloons or the MIR technique. 1 

Concerning the time horizon of the project it is obvious that a considerable number of 2 
projects (>8) would like to have flights as soon as possible (2012-2014 time frame) and 3 
almost all projects have a long-term vision beyond 2015. The latter is particularly 4 
obvious for new technological developments and those proposals requesting long-5 
duration balloon techniques. 6 

Particularly in view of new instrumentation there is a clear need to have facilities (easy-7 
access and cheap launch sites as well as well-established cost-saving balloon 8 
technologies) allowing regular campaigns to test and improve new instrument concepts. 9 
These facilities could also be used for the requested regular ‘monitoring’ flights.10 
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Table 3: Cross reference of projects and technological/scientific themes 

Project Primary (xx) and secondary (x) categories/scientific areas 

 Life 

Sciences 

Aerosols Collaboration 

between 

agencies 

Technology 

/Proof of 

concept 

Satellite 

validation/ 

synergetic 

observations 

from balloons 

and satellites 

High energy 

phenomena, 

transient 

luminous 

effects and 

atm. 

electricity 

Chemistry 

and 

Dynamics of  

the Arctic 

stratosphere 

(Process 

studies) 

Tropical 

UTLS and 

TTL 

(Process 

studies) 

Climate 

monitoring, 

response of 

QBO, 

general 

circulation, 

and waves 

on climate 

change 

Strateole-2    x x   x xx 

MAESTRO_B   xx x xx  xx   

ELHYSA-A    xx    x x 

BBML    xx      

LaserMPCell    xx   x   

StratAer  xx  x     x 

COBRAT    xx xx xx    

ElecProp    x xx xx    

HALESIS    xx x x    

ClimMon     x   x xx 

GLORIA-B    xx x  xx xx x 

TropCon        xx x 

BBTropics  x   x   xx  

ArcticChange  x  x x  xx  x 

SurfZone    xx x    xx 

NAPOLEON xx         

Isotopes       xx  x 
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Table 4: Operational requests 

Project Requested launch area Requested balloon type Target mission time 

 Arctic Mid-lat Tropics and 

Equatorial 

Short duration 

BSO (<1-2 

days) 

Medium-

duration 

BSO (days 

to weeks) 

Long duration 

InfraRed 

Montgolfier and/or 

pressurized 

balloons 

(weeks to 

months) 

2013-2014 2015ff 

Strateole-2   x   x x x 

MAESTRO_B x x  x   x x 

ELHYSA-A    x   (x) x 

BBML x x x x   (x) x 

LaserMPCell x x x x   (x) x 

StratAer x x x x     

COBRAT   x x x  (x) x 

ElecProp x x x x x  x x 

HALESIS   x x    x 

ClimMon  x  x   x x 

GLORIA-B x (x) x x x  (x) x 

TropCon   x x (small BSO)  x x x 

BBTropics   x x   x x 

ArcticChange x   x x  x x 

SurfZone  x (Himalaya 

region) 

 x x   x 

(2016ff) 

NAPOLEON   Argentina+ 

South Atlantic 
x   x  

Isotopes x   x    x 
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5. Conclusions and guidelines towards a Road Map 
 

The ultimate goal of this report has been to present guidelines towards a roadmap for the 
future European Research Balloon Programme in the next decade. This report deals with the 
thematic field ‘Upper Troposphere and Stratosphere’. Similar reports have been prepared for 
Lower Troposphere balloon sciences and for astronomy and planetary sciences. 

Chapters 1-3 of this report have reviewed the conclusions of the previous Pau workshop and 
their implementation, the current scientific orientations in UTLS research, as well as the 
balloon campaigns since 2008. In chapter 4, a synthesis of the scientific and technical ideas 
expressed by the scientific community through the LoIs was made; it is summarized below as 
it constitutes the backbone for drawing the conclusions: 

1. Fifteen ideas for atmospheric sciences (upper troposphere and stratosphere) and one 
idea for life sciences have been submitted. Most of them represent integrated 
approaches including several partners/instruments. 

2. The scientific subtopics are related to aerosols, high energy phenomena, Arctic 
chemistry and dynamics, process studies in the Tropics, climate monitoring and 
climate change issues including QBO, general circulation, response of dynamics on to 
global warming etc. 

3. Many of the projects have a multi-task approach, aiming at contributing also to related 
science fields, illustrating the closely interlinked nature of atmosphere sciences’ 
disciplines.  

4. Most of the projects include new technology (new or improved instrumentation and 
their proof of concept) and intend to contribute to satellite validation and synergetic 
studies. 

5. From the operational requirements it is obvious that a large diversity of balloon 
technologies is asked for and that launching sites suitable for all major geophysical 
conditions are requested. The strongest weight is given to the Tropics (11 proposals), 
but also a considerable number of proposals address the Arctic (7 proposals) and mid-
latitudes (4-5 proposals).  The open stratospheric balloons (BSOs) form still the 
backbone of the programme.  

6. There is also a strong and increasing request to use long-duration balloons being able 
to provide flights from days to weeks: 4-5 projects request the availability of medium-
duration BSOs (days to weeks) and two projects request truly long-duration missions 
based on pressurized balloons or the MIR technique. 

7. Concerning the time horizon of the projects it is obvious that a considerable number of 
projects (>8) would like to do flights as soon as possible (2012-2014 time frame) and 
almost all projects have a long-term vision beyond 2015.  

8. Particularly in view of new instrumentation there is a clear need to have facilities 
(easy-access and cheap launch sites as well as well-established cost-saving balloon 
technologies) allowing regular campaigns to test and improve new instrument 
concepts. These facilities could also be used for the requested regular ‘monitoring’. 

 

These ideas should guide the development of the balloon activities in the coming 5-10 years. 
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Elements towards a roadmap for the future European Research Balloon Programme dedicated 
to the Upper Troposphere and Stratosphere in the next decade are now derived from the LoIs, 
and expressed in two parts:  

- first, general guidelines that should be followed to implement a successful 
European balloon programme are recalled; 

- then, elements pertaining to the current transition phase are highlighted. 

 

General guidelines 

As already pointed out in the Pau workshop report, a successful balloon programme requires 
the following elements: 

1. Strong scientific rationale 

2. Reason to use balloons  

3. Joint use for science and satellite validation, balloon’s gap bridging potential 

4. Access to suitable launch sites 

5. Efficient launch and flight operations;  short field deployment times 

6. Improved balloon technology to expand the range of scientific opportunities 

7. Cost 

8. Continued instrument development to use the latest technologies  

9. The European dimension:  funding, planning and operations 

In the following we assess some of these elements in the light of evolutions since the Pau 
Workshop.  

The scientific rationale (1) was discussed in more depth in the Pau Workshop Report. Only a 
brief review has been given here and new information has been added by synthesizing the 
received Letters of Intent and by summarizing past and recent aircraft, balloon and satellite 
activities. It should be stressed that a thorough scientific review of the quality of the received 
Letters of Intent is outside of the scope of this document. Brief reviews, however, were sent 
recently to the submitters by the CSTB. 

The reasons to use balloons (2) for the related scientific purposes in competition to other 
platforms are still strong and can be summarized as follows:   

(i) balloons are currently the only platform available for measuring above 20km; 

(ii) balloons are able to cover the vertical domain all the way from the free 
troposphere to the upper stratosphere   

(iii) no platform can currently fly as long as MIR or super-pressure balloons;  

(iv) balloons are indispensable for satellite validation;  

(v) balloons provide a quieter and less disturbed environment for complex 
instrumentation than aircraft do (vibrations, inlet problems, etc.); 

(vi) new instrument technologies can be implemented on balloon gondolas much 
quicker than on satellite platforms, and 

(vii) new scientific issues can be addressed from balloons platforms much quicker than 
from satellites 

Recently, new technologies (e.g., unmanned aerial vehicles) have emerged that have the 
power to perform missions very similar to some balloon flights. The scientific community 
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might in the mid-term consider using such technologies rather than balloons if difficulties 
currently encountered with balloon activities (e.g., evolution and implementation of safety 
rules, development of fail-safe gondola, limited diversity of launch sites, and restricted 
reliability of planning) are not resolved in the near future. 

Balloons play a prominent role in satellite validation (3). This needs to be maintained and a 
close cooperation between CNES and ESA is advised. The synergetic combination of satellite 
and balloon data deserves more attention. In view of the upcoming gap in satellite missions 
that monitor the stratosphere, balloons might get a more important role in the sense of 
bridging gaps between satellite missions. 
 
Access to suitable launch sites (4) is obviously still a major problem. Access to the Teresina 
site which has proven to be a very suitable site in the inner tropics has been lost and no 
realistic alternative is currently in sight, despite the majority of LoIs addresses topics related 
to the Equatorial atmosphere. CNES is working on the Kourou site and has reported plans to 
test soon recovery possibilities in the Amazonian forest. We would be very pleased to see an 
assessment of  what type of balloons and gondolas could be flown and recovered from there 
under which meteorological conditions (season etc.).  
On the other hand, a cost-saving and operational mid-latitude site is still not available, 
although there are promising signals that the Canadian-French collaboration might offer new 
capabilities. We are obviously fully supporting this collaboration, but note that right now, 
Esrange is the only operational launch site, a fact that restricts painfully the number of 
scientific issues that can be tackled with BSOs. 
 
In recent campaigns in Kiruna and Antarctica CNES has demonstrated their high capacity in 
terms of efficient launch and flight operations (5), although the handling of the safety 
regulations and constraints is still and will certainly remains in the near future a big issue. In 
particular, we would like highlight the situation of small BSOs that offer the possibility of 
performing frequent and flexible flights even in difficult operational conditions. It is not clear 
to us that the current requirement to use a valve and ballast on every balloon (which de facto 
forbid the use of these small BSOs) constitutes a real improvement in terms of safety. 
As a community, we are supporting (and volunteer to participate in) any action undertaken to 
(i) evaluate more precisely the risks associated with balloon activities, and (ii) find ways to 
implement safety constraints with sustainable impact on the balloon activities.  
 
Improved balloon technologies (6) to expand the range of scientific opportunities have been 
discussed in various aspects since many years, but to our knowledge with little real progress.  

An example is the use of medium duration BSOs which is in discussion since about 5 years 
but with no evident plan available (except for the qualification of the long-term version of 
NOSYCA that is envisaged by 2015). This type of balloons might actually get more and more 
important as stressed in many LoIs, since it could significantly increase the observation time 
of interesting atmospheric events as well as the opportunity to have balloon-satellite 
coincidences. In view of the expected gaps in satellite missions dedicated to climate-
chemistry questions in the near future, long duration balloon flights could be even regarded as 
short-term satellites. 

Achieving this type of flights would obviously need a large suite of measures for which the 
CNES R&D capacity in balloon and space technology actually seems to be ideally suited, 
such as (1) CNES infrastructure for performing and controlling flights of typically 5-10 days 
without direct RF visibility, (2) power supply and storage management systems (solar panels 
and rechargeable batteries etc.), (3) automatic attitude control systems tailored to power needs 
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and "scientific profiles", and (4) reliable recovery planning and management.  

Scientist of many labs considering several combinations of instruments are certainly  keen to 
promote this idea and develop - in cooperation with CNES and with  support from their own 
institutions - such payloads and balloon missions.  Cooperation with Canada (together with 
French, German and European partners already cooperating), Sweden and Russia are certainly 
a plus in this respect. 

On a longer term, circum-equatorial flights from a suitable launch site would offer fantastic 
scientific opportunities and can be regarded as non-plus-ultra with the potential to substitute 
satellites. 

We believe that entering this business would also enhance the visibility of the CNES balloon 
division and the balloon scientific community. 
 
Continuous instrument development to use the latest technologies (8) is probably something 
that specifically characterizes the working philosophy of balloon scientists. Many of the 
teams have developed their instruments in their labs themselves and are keen of continuously 
improving their devices – and, even more, balloons are the best platforms to test and qualify 
their instruments.  However, large investments of money and personnel resources are only 
justified if there is a trustworthy plan of what will be feasible by when. 
 
Recommendations for the current transition phase 

The following elements have to be addressed with the highest priority to terminate the 
transition phase, and recover the capacity of building a fully operational balloon programme: 

1. To become operational as soon as possible with the new fail-safe NOSYCA systems. 
We consider in particular that any delay in the timeframe announced by CNES for the 
availability of this system could have very painful consequences for the balloon 
activity in Europe.  

2. To search for and providing operational, easy-access, and safe launching sites at mid-

latitudes and in the inner Tropics (i.e., close to the Equator), in addition to the 
existing well established Esrange site.  
We support in this respect the current cooperation between CNES and CSA for 
establishing a mid-latitude base in Canada, but note that the inner tropics was the most 
demanded geographical area in the LoIs. 

3. To decide on which types of balloons and associated technologies should be in the 

focus for continuous development in the coming 5-15 years.  
The ideas expressed through the LoIs should serve as guidelines for these decisions. A 
significant numbers of LoIs have for instance expressed the need to perform long-
duration flights (from a few days to several months). The use of small balloons 
devoted to short-duration flights with light payloads, which is currently stopped for 
safety considerations, should also be positively reconsidered. 

4. To provide and continuously update the scientists with a reliable and detailed status 

on CNES’ capacities during this transition phase. 

We generally encourage the balloon division and the CSTB to better inform the 
scientists about the progress reached in terms of developments of new balloon 
capacities (particularly for long-duration), availability of launching sites, status of the 
NOSYCA system, and implementation of safety requirements. That could be done, for 
example, through regular newsletters or status reports in between the balloon 
workshops. We consider close communication between CNES and scientists as well 
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as transparent decision processes as very important elements towards a future road 
map. 

 

Final remarks 

It is clear that the LoIs have expressed a large diversity of requests, notably in terms of 
balloon technology, flight duration, payload masses, and geographical areas. While this 
obviously complicates the build of a new roadmap for the coming years, we feel that this 
diversity reflects the wide range of topics (chemistry, dynamics and transport, climate and 
climate change, microphysics, atmospheric electricity, etc.) of balloon activities devoted to 
the upper troposphere and lower stratosphere, as well as the dynamism of the associated 
community. We are keen in this respect to pursue discussions with CNES and CSTB to find a 
way to: 

- implement the different projects in a timely manner,  

- fund the instrument developments. 

We are finally looking forward the critical review of this document by CNES and 
CNRS/INSU, in cooperation with the other actors of balloon activities in Europe: ESA, other 
European balloon operators and space agencies, national funding entities and review boards, 
and the Canadian Space Agency (CSA). 
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Annexes 
 
Annex-1: Tables 2.1 to 2.6 

Annex-2: Short versions of the Letters of Intent and subsequent ideas that came in 

Annex-3: CNES conclusions of the balloon workshop held in Pau, September 22-24, 

2008 (issued in 2009)    

 

 

ANNEX-1: Tables 2.1 – 2.6 
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Table 2.1 Synthesis of received Letters of Intent and of further ideas (1/6) 

TITLE 

(acronym/ 

short title) 

Lead 

Institute  

(PI) 

 

Partner 

institutes 

(country) 

Objectives Context Geographical 

area and 

season 

Balloon type, 

gondolas, 

instruments 

When 

Strateole 

Phase-2 

(Strateole-2) 

LMD  

(A. 

Hertzog) 

LATMOS, 

GSMA, 

ENEA/ACS+

CNR/ISAC 

(I), 

Universities 

of Hawaii, 

Purdue and 

Wyoming 

(USA), U. 

of Adelaide 

(Australia) 

Dynamics of the equat. 

Lower Stratosphere 

(equatorially trapped 

planetary waves, 

generation of gravity 

waves by deep 

convection), 

transport/dehydration 

in the TTL (convective 

penetration vs. 

radiative ascent, waves 

and sub-visible cirrus) 

 

QBO as a 

climatic feature 

and the role of 

waves and H2O. 

Existing 

instruments + 

p-SDLA and 

SAWfPHY. 

Equatorial site 

(+/- 5° around 

equator) 

Flotilla of (20) 

long-duration 

super pressure 

balloons.(goal: 

40-85 hPa) 

2014 ff  

(ASAP) 

Measurement 

of Aerosol 

Extinction in 

the 

Stratosphere 

and 

Troposphere 

Retrieved by 

Occultation in 

the UV-VIS-

NIR spectral 

region 

MAESTRO_B 

 

CSA 

Canada 

(S. Mello) 

Environ-

ment 

Canada, 

Univ. of 

Toronto 

(CA) 

Studies regarding 

ozone-climate link via 

measurements of 

Ozone and related 

species (e.g. BrO) 

along with H2O and 

aerosol measurements. 

Validation and 

synergetic 

measurements with 

space-borne SCISAT. 

Collaboration 

between 

Canadian Space 

Agency (CSA) 

and CNES in 

many aspects of 

stratospheric 

ballooning. 

Additional 

gondolas/instru

ments might be 

used later on 

also on mid-

latitudes (CSA 

leadership) 

Arctic regions, 

spring-time 

 

 

 

 

Mid-latitudes, 

summer-fall 

BSO Pilot project 

targeting 

Kiruna 2011 

 

 

 

2014ff  
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Table 2.2 Synthesis of received Letters of Intent and of further ideas (2/6) 

TITLE 

(acronym/ 

short title) 

Lead 

Institute  

(PI) 

Partner 

institutes 

(country) 

Objectives Context Geographical 

area and 

season 

Balloon type, 

gondolas, 

instruments 

When 

ELHYSA-

Advanced 

(ELHYSA-A) 

LPC2E  

(G. 

Berthet) 

n.a. Strat. H2O monitoring 

and studies of 

mechanisms controlling 

H2O budget 

Upgrade & 

miniaturization 

of existing 

instrument 

Not specified BSO 2014ff 

Balloon-borne 

multi-species 

LIDAR 

(BBML) 

ONERA  

(M. 

Levebre) 

DMPH, 

LPC2E, 

GSMA, 

CNRS/INSU 

Technological validation 

of a future milti-species 

space-borne LIDAR. 

Global 

monitoring of 

atmospheric 

chemical 

composition 

using optical 

diagnostics. 

Mid-latitudes, 

Arctic, Tropics 

(different 

objectives) 

Pointed BSO 

gondola (Nadir 

looking) 

2014ff 

Stratospheric 

aerosols 

(StratAer) 

LPC2E   

(J-B. 

Renard) 

LO, U. of 

Napoli (I), 

LGGE, LPG 

Continuation of 

measurements of the 

concentration and the 

nature of stratospheric 

aerosols with improved 

instrumentation. 

LOAC, 

µRADIBAL and 

DUSTER are 

established 

instruments. 

Balloon version 

of Orbitrap-

Atmosphere to 

be developed 

All latitudes 

possible. High 

altitude (30-40 

km) requested. 

Instrumentation 

(# BSO flights): 

LOAC (many, all 

kind of balloons, 

also piggy-back), 

µRADIBAL (1), 

DUSTER(1), 

Orbitrap-

Atmosphere (1) 

LOAC& 

µRADIBAL: 

ASAP 

Orbitrap-

Atmosphere: 

2014ff (tbc) 

Simult. Obser-

vations of 

strat. aerosols 

and N2O5 

using in situ 

vis. absorption 

spectroscopy 

LaserMPCell  

LPC2E      

(G. 

Berthet) 

ICARE High-resolution in situ 

quantification of liquid 

sulphate aerosol and 

nitrogen species (N2O5) 

and their linkages. 

Importance of nitrogen 

species for UTLS 

chemistry. 

New instrument 

development for 

in situ 

measurement of 

N2O5 and NO3 

(Laser + multi-

path cell) 

all BSO, SALOMON-

N2 gondola 

2014ff 
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Table 2.3 Synthesis of received Letters of Intent and of further ideas (3/6) 

TITLE 

(acronym/ 

short title) 

Lead 

Institute  

(PI) 

Partner 

institutes 

(country) 

Objectives Context Geographical 

area and 

season 

Balloon type, 

gondolas, 

instruments 

When 

Coupled 

Observations 

from Balloon 

Related to 

Asim and 

Taranis) 

(COBRAT) 

LPC2E  

(J-B. 

Renard) 

LATMOS, LA, 

APC, CESR, 

LPMAA, CEA, 

U. of Bergen 

(N), CSIC-

IAA (E), 

Techn. U. of 

Denmark , 

INPE  

(Brazil), U. 

of Bath (UK) 

Study of high energy 

phenomena in the 

atmosphere and their 

coupling with the 

chemical balance of 

ozone and nitric oxides. 

 (Fusion of COBRAT 

and HALESIS under 

discussion)   

Synergetic 

observations to 

the ISS 

missions ASIM 

(ESA) and JEM-

GLISM (Japan) 

as well as the 

CNES micro-

satellite mission 

TARANIS 

Long-duration 

balloons e.g. 

from Kourou. 

Short duration 

BSOs above 

thunderstorm 

activity (eq. 

regions). 

 

 

 

Eq. regions. Long-

duration balloon 

missions (<10 

days) above 30 

km altitude above 

potential source 

regions. Standard 

BSOs for 

complementary 

and/or for specific 

local chemistry 

studies. 

2014ff 

Electric 

properties of 

atmosphere 

and electrically 

charged 

material 

(ElecProp) 

LATMOS  

(E. Seran) 

SPRL 

(USA), 

NASA GRC 

(USA),  

LPC2E,  

Univ. of 

Bergen (N), 

Duke 

University 

1/ Electric properties of 

stratospheric aerosols and 

dust material 

2/ Impact of magneto-

spheric and atmospheric 

storms on the electrical 

properties of the 

stratosphere. 

3/ Electric coupling of 

atmosphere and iono-

sphere during lightning 

events in atmosphere 

Cooperation 

with TARANIS 

scientific team 

(LATMOS, 

LPC2E, IRAP, 

APC, CEA) 

 

Opportunity 

flights: high 

and/or mid-lat. 

Science flights: 

Tropical regions 

Short and long-

duration (several 

days) BSO flights 

Opportunity 

flights: 2012-

2013 

(instrument 

qualification)S

cience flights: 

2014-2016 in 

con-junction 

with TARANIS 

/COBRAT 

High-altitude 

luminous 

events studied 

by Infrared 

spectro-

imagery 
(HALESIS) 

LPMAA  

(S. 

Payan) 

LPC2E, 

ONERA 

Transient luminous effects 

(TLE) as sprites, blue jets, 

elves, halos and gigantic 

jets and their linkages 

with stratospheric 

chemistry, energy balance 

and non-LTE effects. 

New instrument 

development. 

Strong links 

with COBRAT 

project 

Over areas of 

strong lightning 

activity (Tropics 

or sub-Tropics 

preferred) 

Pointed BSO 

gondola at highest 

feasible altitude. 

High rate TM 

needed. 

Not specified 

 (Fusion of 

COBRAT and 

HALESIS 

under 

discussion)   

 



CNES_balloons_2011_UTLS_V6_20110722 

 27 

Table 2.4: Synthesis of received Letters of Intent and of further ideas (4/6) 

TITLE 

(acronym/ 

short title) 

Lead 

Institute  

(PI) 

 

Partner 

institutes 

(country) 

Objectives Context Geographical 

area and 

season 

Balloon type, 

gondolas, 

instruments 

When 

Long-term 

monitoring of 

climate 

relevant 

parameters 

(ClimMon)  

U. 

Frankfurt 

(A. Engel) 

FZJ, (KIT, 

others) 

Monitoring of 

radiatively active gases 

relevant for climate 

change. Monitoring of 

atmospheric transport 

via measurements of 

tracers of different 

lifetimes. 

Monitoring of 

climate and 

dynamic 

response. To be 

linked with 

satellite 

measurements. 

Mid-latitudes 

preferred. 

BSO 

Type-1: Regular 

flights for climate 

species and 

tracers (one 

gondola) 

Type-2: Chemical 

compounds (NOy, 

Cly, Bry): 1-2 

additional 

gondolas 

Type-1:   

~ 1/year:  

ASAP 

Type-2:  

every 2-3 

years 

(2013ff)  

Gimballed 

Limb Radiance 

Imager of the 

Atmosphere - 

Balloon 

version)  

(GLORIA-B) 

KIT (D) & 

FZJ (D) 
(H. Oelhaf 

and P. 

Preusse) 

DLR (D), 

SRON (NL) 

High spatial-resolution 

limb Imaging IR 

spectroscopy for studying 

a large diversity of meso-

scale processes in the UT 

and stratosphere (e.g. 

gravity waves of different 

origin, tropical dynamics, 

TTL processes, convective 

outflow, biomass burning, 

vortex filamentation, PSC 

and related chemistry, 

tropopause folds). 

Precursor for space 

version, but also 

independent scientific 

objectives on balloon 

missions. 

The first 

airborne 

application will 

be deployed on 

aircraft 

(Geophysica 

and HALO).  

A satellite 

version is 

currently in 

study Phase A 

at ESA ( EO7) 

All relevant 

atmospheric 

regimes and 

seasons Scientific 

objectives vary 

on season and 

latitude 

(1) Pointed BSO 

with existing 

MIPAS-B gondola 

(+TELIS 

instrument) from 

arctic, mid-lat, 

and Tropics 

(2) long-duration 

flights 

(circumpolar, 

circum-equatorial) 

with dedicated 

gondola tailored 

to GLORIA and 

long duration. 

Stepwise 

approach:  

BSO:  

2014-2016 

Long-

duration: 

2015-2020 
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Table 2.5: Synthesis of received Letters of Intent and of further ideas (5/6) 

TITLE 

(acronym/ 

short title) 

Lead 

Institute  

(PI) 

Partner 

institutes 

(country) 

Objectives Context Geographical 

area and 

season 

Balloon type, 

gondolas, 

instruments 

When 

Impact of 

tropical 

convection on 

stratosphere 

chemistry and 

climate 

(TropCon) 

LATMOS 
J.-P. 
Pommereau 

GSMA, 

CNR-ENEA 

(I), DMI 

(Denmark), 

UCAM (UK), 

ETH (CH) 

Thermal structure of 

the TTL, hydration/ 

/dehydration, uplift of 

long and short lived 

species, cleansing of 

stratospheric aerosols, 

injection of desert dust 

and biomass burning 

black carbon, lightning, 

TLEs, electric 

discharges with the 

ionosphere, NOx 

formation.. 

Impact of 

climate change 

on the 

stratosphere 

and feedback 

on radiative 

forcing at the 

surface 

 

Tropical and 

equatorial region 

during intense 

convection 

season. 

Small short 

duration balloon 

flights next to 

convective 

systems and 

circum-navigating 

long duration 

super-pressure 

and InfraRed 

Montgolfier 

balloons 

 

ASAP 

Impact of 

convective 

lifting up 

biomass 

burning 

emissions into 

the 

stratosphere 

and links with 

climate 

change 

(BBTropics) 

LPC2E  

(V.  

Catoire) 

LPMAA (F), 

KIT (D), U. 

Heidelberg 

(D), SRON 

(NL), U. 

Frankfurt 

(D), 

FZJ(D), 

LOA(F), 

GSMA (F), 

UMR URCA-

CNRS (F), 

DLR (D) 

Chemical and dynamic 

impact of biomass 

burning onto the UTLS. 

Tropical UTLS is the 

main entrance region for 

compounds into the 

stratosphere, such as 

H2O and other 

greenhouse gases, 

dynamical tracers, 

halogenated short- and 

long-lived species, 

sulphur compounds, and 

aerosols, all affecting 

the global ozone layer 

and radiative budget. 

Large 

integrated 

project with ca. 

10 institutions 

Tropics, NE Brazil 

preferred; 

Optimum season 

in NE Brazil: 

October/Novemb

er 

4 or more big 

BSOs, potentially 

involved 

instruments: 

SPIRIT, ELHYSA, 

SALOMON-N2, 

LOAC, 

microRADIBAL, 

pico-SDLA, (mini-

)DOAS, 

LPMA(LWIR), 

SWIR, TELIS, 

MIPAS-B, 

BONBON, HALOX-

B 

2013ff (tbc) 
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Table 2.6: Synthesis of received Letters of Intent and of further ideas (6/6) 

TITLE 

(acronym) 

Lead 

Institute  

(PI) 

 

Partner 

institutes 

(country) 

Objectives Context Geographical 

area and 

season 

Balloon type, 

gondolas, 

instruments 

When 

Change In 

Polar Arctic 

region 

ArcticChange 

LPC2E 

(N. Huret) 

 Dynamics and 

chemistry of the Arctic 

region evolution in the 

climate change 

framework. To be 

combined with ground 

measurements from 

scientific community of 

Ice Sheet. 

New payload to 

be developed 

with CNES 

operation team 

associated with 

the DEDALE 

CNES working 

group. Payload 

with wind lidar, 

several drop 

sounds, and 

movie camera. 

 

Esrange, Winter-

spring and 

summer to be 

planned over 

several years. 

Recurrent 

campaign in the 

next 10 years 

BSO payloads 

Associated with 

STRAPOLETE and 

ENRICHED project 

and the new 

payload. 

Short BSO and 

long duration BSO 

flights. 

Trans-Atlantic 

Flights. 

Winter-

spring and 

summer 

season.  

Change in the 

dynamics of 

the Northern 

Hemisphere : 

investigation 

of the surf-

zone. 

SurfZone 

LPC2E  

(N. Huret) 

 Dynamics of the surf-

zone and wave 

breaking region at high 

altitudes in the 

stratosphere. 

New payload to 

be developed 

with CNES OP 

teams associa-

ted with the 

DEDALE CNES 

Working group: 

Payload with 

wind lidar and 

several drops 

sondes 

New launch base 

to be developed 

in Himalaya 

region. 

BSO payloads 

Involved in 

STRAPOLETE and 

ENRICHED project 

+  the new 

payload. 

Short BSO and 

long duration BSO 

flights. 

 

Himalaya 

region in 

spring and 

summer 

seasons. 

First 

campaign: 

2016 

Expedition 

NAPOLEON 

(Phases 0 and 

1) 

INSERM  

(N. Foray) 

IRSN 

(+Engl. 

Partners 

(tbc)) 

LIFE SCIENCE 

Radiological 

cartography of the SAA 

anomaly. 

Radiobiological 

questions. 

(physical and 

biological 

dosimetry) 

Phase 0: 

Brazil/Argentina  

Phase 1: South 

Atlantic  

Austral summer 

 

BSO 2012, 2013, 

2014 
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Isotope 

collection in 

the 

stratosphere  

LGGE 

(J. 

Savarino) 

 LPMAA 

(Ch. 

Janssen) 

Dynamics and 

chemistry of the Arctic 

upper troposphere and 

lower stratosphere. 

New payload in 

collaboration 

with DT/INSU. 

Arctic 

(winter/summer) 

BSO 2015ff (TBC) 



CNES_balloons_2011_UTLS_V6_20110722 

 31 

ANNEX-2: Summaries of all LoIs 
 
In the following all received short versions of the Letters of Intend are listed in the same order 
as in Tables 2.1 to 2.6.  
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Strateole Phase 2 – A long-duration balloon campaign in the Tropical 

Tropopause Layer 
 
Teams 

Laboratoire de Météorologie Dynamique (LMD, PI: Albert Hertzog), Palaiseau, France 
LATMOS (Jean-Pierre Pommereau), Guyancourt, France 
Groupe de Spectroscopie Moléculaire Atmosphérique (Georges Durry), Reims, France 
Centre National de la Recherche Météorologique (Florence Rabier), Toulouse, France 
ENEA/ACS and CNR/ISAC (Guido Di Donfrancesco and Francesco Cairo), Italy 
University of Hawaii (Kevin Hamilton), USA 
University of Purdue (Jennifer Haase), USA 
University of Wyoming (T. Deshler), USA 
University of Adelaide (Robert Vincent), Australia 
 

Scientific questions 
Dynamics of the equatorial stratosphere:  

Role of equatorially-trapped planetary waves (Kelvin, Rossby-gravity, Rossby) versus 
mesoscale gravity waves in the driving of the QBO  

 Generation of gravity waves by deep convection 
 Accuracy of operationally analysed wind field at low latitudes 
Transport/Dehydration in the TTL 
 Role of various waves in generating sub-visible cirrus clouds 

Role of convective penetration vs radiative ascent in fixing the stratospheric water vapour 
mixing  ratio 

Validation of ADM/Aeolus winds 
 

Context 
The QBO is one of the major climatic feature of the middle atmosphere, and modulates many aspects 
of the stratospheric dynamics and chemistry (polar vortex strength, ozone depletion, wave 
propagation, etc). Its stability under climate change is under debate: whether increased wave forcing in 
the tropics or an increase of the Brewer-Dobson circulation will shorten or lengthen its period). Most 
likely, the QBO is primarily driven by mesoscale gravity waves, which are currently parameterized in 
GCMs used to simulate climate change. A precise and global observational quantification of 
momentum fluxes carried by gravity waves in the tropics is thus needed.  
On the other hand, through which processes tropospheric air is injected (and dehydrated along way) 
into the stratosphere within the deep tropics is still under debate. Various studies points at different 
mechanisms. In situ observations at global scale, sampling both continents and oceans, and resolving 
the diurnal cycle may thus be helpful in this context. 
Finally, the campaign may take place during the ESA ADM/Aeolus mission, which will be the first 
spaceborne sensor able to provide global wind measurements in the lower stratosphere. The balloon 
project will be a good opportunity to validate the space observations. 
 
Balloon and instrumentation 

A flotilla (~ 20) of long-duration stratospheric balloons (mainly super-pressure balloons). It is 
important for the campaign to be able to both sample the cold point tropopause (~ 85 hPa) for the 
transport/dehydration objectives, and the top of the TTL (60 hPa) or even above (40 hPa) for the other 
ones. 
The instrumentation will mainly be composed of instruments that have already been flown under long-
duration (Tsen for meteorology, GPS-RO for temperature profile, OPC and µ-lidar for particles, B-
Bop for ozone). The main exception is for the 2 hygrometers: p-SDLA and SAWfPHY. 
 
Where and When 
As soon as the Nosyca-LD gondola will be available (likely after 2015)  
From an equatorial site (within +/- 5° of the equator) 
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MAESTRO-B (Measurement of Aerosol Extinction in the Stratosphere and 

Troposphere Retrieved by Occultation in the UV-VIS-NIR spectral region) 

Who? (teams involved):  

Stella Melo (CSA), Tom McElroy (Environment Canada), Kaley Walker (University of 
Toronto) 

What? (objectives/scientific questions):  

The Canadian Space Agency (CSA) is developing a collaborative agreement with the Centre  
National d’Etudes Spatiale (CNES) which include partnership in the launch of stratospheric 
balloons in support to scientific and technological developments programs by both agencies. 
Throughout this agreement, Canadian scientist would have the opportunity to participate on 
the very active CNES stratospheric balloon program. Discussions between the two Agencies 
have been taking place since early this year. As part of the developments, to establish best 
practices and ensure a clear dialog between the technical, as well as the management teams 
from both agencies, the CNES has offered to include a flight tested Canadian instrument in 
one of their balloon payloads being prepared to be launched from Kiruna, Sweden, on the 
spring of 2011.  

 Although the main objective of this project is to support the development of the CNES_CSA 
agreement in stratospheric ballooning, this project has also a strong science justification. The 
knowledge of the processes controlling the ozone balance at the arctic region during the 
spring time remains insufficient for proper climate change simulation scenarios. The ozone-
climate link is non-linear and the effects of one over the other are amplified at the polar 
regions. This project focus on the ozone chemistry at the arctic region. The experiment will 
support further verification of MAESTRO algorithms for retrievals of water vapour and 
stratospheric aerosols. It will also verify instrument capability to measure BrO concentration 
that can not be exploited with the SCISAT satellite instrument unit. The MAESTRO 
instrument in the SCISAT satellite platform presented an unexpected problem with detection 
of signal in a spectral region where ozone concentration would be most effectively recovered. 
This same spectral region would be used to retrieve BrO concentration. Although it did not 
prevented extraction of high-quality ozone information, the science team had to develop 
special algorithms optimized to the measurements conditions. MAESTRO-B does not present 
the same problem. Therefore, operating MAESTRO-B in a balloon platform and coordinating 
the balloon launch with SCISAT overpasses will allow for testing of retrieval algorithms and 
the development and test of the BrO retrieval methodology. One important auxiliary 
measurement is the ozone profile from an ozonesonde. 

How? (balloon and flight type/instrumentation):  

For this project we are proposing the use of an instrument that has flight heritage: 
MAESTRO-B. MAESTRO (Measurement of Aerosol Extinction in the Stratosphere and 
Troposphere Retrieved by Occultation) is an instrument developed by Environment Canada in 
partnership with ComDev (previously EMS) to fly as part of the Atmospheric Chemistry 
Experiment on the Canadian SciSat satellite.  MAESTRO is a dual, diode-array spectrometer 
designed to make measurements in solar occultation mode in the UV-VIS-NIR spectral region 
with a nominal wavelength range of 285 to 1015 nm.  

Where and when: Arctic, spring time. 
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Evolution of the ELHYSA balloon-borne frost-point hygrometer for 
stratospheric water vapour monitoring issues 

Gwenaël Berthet and Bertrand Gaubicher, LPC2E – University of Orleans 

 
Objectives 

This short document is an update to the LoI presented at the Balloon Workshop in Orleans 
in September 2010. The general objective is the miniaturization of the ELHYSA frost-point 
hygrometer as well as the replacement of its obsolete components (i.e. the hygrometry 
mechanical part, electronics, gondola). This strategy will allow the increase of the flight 
opportunities for stratospheric water vapour monitoring trend issues and studies of 
mechanisms controlling its budget. 

 
Context and project 

The accurate knowledge of water vapour amounts and of its temporal evolution at all 
vertical levels and areas on the globe is of primary importance towards Climate and ozone 
destruction scientific issues through its strong impact on the Earth radiative budget, on aerosol 
formation processes and on stratospheric ozone chemistry. Studies have shown that its content 
in the stratosphere must be known better than 10% to provide consistent simulations of its 
radiative forcing effect (Report on stratospheric water vapour, WCRP – 113 WMO/TD - No. 
1043). The problem is that the stratosphere is extremely dry and instruments must be able to 
both capture the strong variations of water vapour mixing ratio from the upper troposphere 
(several tens or hundreds of ppmv) to the stratosphere (a few ppmv) to achieve the above-
mentioned scientific objectives. 

One of the best types of instrument for UTLS and stratospheric water vapour observations 
are the frost-point hygrometers. ELHYSA, which belongs to this family and has been 
operating under Zero-Pressure balloons (and MIR) for more than 20 years, is getting older. 
Moreover, its 85-kg gondola (including the instrument) is rather heavy to operate making 
difficult to perform regular flights. 

 
Instrument description 

The funding of a new ELHYSA hygrometer will not only consist in replacing obsolete 
components but will be an evolution through its miniaturization. It is easily possible to reduce 
electronics and all mechanical parts (head of hygrometer, gondola). To reduce weight 
drastically, we will investigate the possibility to use a commercial Peltier (thermoelectric) 
device to cool the mirror on which frost deposits. A reduced instrument will allow us to fly 
under smaller balloons, to fly on board other gondolas and be associated with other 
instruments for CH4 or water vapour isotopes observations. Direct inter-comparisons with 
other hygrometers (as required by the international scientific community) will be facilitated. 

 
We plan to apply for funding the new ELHYSA hygrometers from 2011. Then, the time 

for the development of new electronics and hygrometer heads for a prototype is estimated to 
be of about 2 years. In flight tests could then be planned in 2014. 
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Title: Balloon-Borne Multi-species LIDAR (BBML) 
 

Teams involved: 
ONERA / DMPH: optical expertise, instrument realisation 
LPC2E / OSUC : payload definition, expertise in balloon platform 
GSMA/CNRS/Université de Reims : spectroscopy, calibration measurements 
CNRS/INSU: Instrument definition, LIDAR technology 
 
Objective : 

The BBML proposal is focused on the technological validation of a future multi-
species space borne LIDAR.  The proposed instrument relies on the wide tunability and 
frequency agility of a generic laser transmitter previously developed at ONERA. This 
approach does not require any external injection laser conversely to usual LIDARs. Basically, 
injection-seeded instruments show a limited tuning range and are thus dedicated to one given 
specie; on the other hand, they are rather complex for operation onboard a balloon or a 
satellite platform. Following preliminary ground-based validations, the future BBML mission 
aims at validating this new LIDAR technology for monitoring the chemical composition of 
the atmosphere. This balloon mission will assess the potentialities of the proposed multi-
species lidar instrument for implementation in next earth explorer missions dedicated to the 
observation of the atmosphere composition. 

 
Context / justification: 

The general context of this proposed balloon mission is the global monitoring of the 
atmosphere chemical composition using optical diagnostics. Indeed, passive instruments 
suffer from limitations in terms of measurement bias, insufficient spatial coverage and rather 
low sensitivity in the low troposphere; on the other hand, active techniques are still limited 
due to the low technological maturity of lasers for space and the high selectivity of LIDARs 
(one instrument is dedicated to only one species). Developing and validating a multi-species 
LIDAR that can be used in synergy with passive instruments is of a primary importance to 
improve our capacity of diagnostic tools that can be used for monitoring the dynamic of the 
atmosphere. 

 
Balloon / instrumentation: 
The core of the lidar system will be based on an optical parametric laser source operating in 
the nanosecond regime at a repetition rate of several tens of Hz. Tunable mid-IR radiation will 
be obtained by down-frequency conversion of a well mature Nd:YAG laser. The instrument 
will be loaded on a BSO balloon, it will be pointed to the earth so as to collect the back 
scattered light from the ground or the atmosphere (accessible for a balloon mission compared 
to a satellite mission) for probing the chemical composition and flux exchanges between  the 
different atmospheric layers. 
 
Flight conditions: 
The flight conditions of the BBML mission will de defined to provide complementary data to 
future missions such as IASI-NG or the French-German MERLIN mission dedicated to CH4. 
Also, the balloon-borne LIDAR will be useful whatever the region considered :  mid-latitudes 
where long range transport of CO for example are under investigations , tropical region with 
the impact of biomass burning and pyro-convection on the TTL composition, in polar region 
with the monitoring of stratospheric ozone and the impact of the boreal forest fires. 
First validation flights are foreseen for 2014. 
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Stratospheric aerosols 
 
Teams involved:  

- LOAC instrument: LPC2E (J.-B. Renard, G. Berthet) 
- MicroRADIBAL instrument: LOA (C. Brogniez) 
- DUSTER instrument: Napoli University (V. Della Corte, A. Rotundi) 
- Orbitrap-atmosphere: LPC2E, LGGE, LPG (C. Briois, L. Thirkell, R. Thissen, D. Voisin) 

 
Scientific questions: 

Recent works have shown that significant amount of solid particles are present in the middle 
stratosphere among the liquid aerosols. These particles are mainly soot, but also meteoric material 
in small amount. The presence of solid aerosols in the stratosphere could have implications on 
radiative transfer calculations. They are present over a large altitude range in the middle and 
upper stratosphere, which leads to a non-negligible contribution when vertically integrated.  
The situation of aerosols content is even more complex. First, there is the new detection of a 
transient aerosol layer above 35 km. Secondly, strong enhancements of aerosols content, up to a 
factor 100 and well localized, are regularly detected by in situ counting measurements for 
altitudes above 25 km. The process that maintains such layers is not yet identified. 
 

Justification:  
It is necessary to better document the real content of aerosols in the whole stratosphere, both for 
correct retrievals from satellite observations and for proper parameter input in Chemistry-
Transport and Climate-Chemistry Models.  
New in situ observations performed by balloon instruments can provide accurate measurements 
of the concentration and the nature of these aerosols. It is proposed here to continue the studies 
started several years ago, through intensive campaigns of measurements using already existing 
instruments and using a new instrument.  
 

Instrumentation: 
The measurements strategy involves: 
- a large number of flights of the small aerosols counter LOAC. It measures the concentration 

of aerosols in the 0.3-50 �m size range, and can be used to distinguish between liquid and 
solid aerosols. Flights over a large period of time are necessary to study the spatial and 
temporal variability of aerosol content. 

- a flight of MicroRADIBAL during opportunity balloon campaigns. MicroRABIDAL 
measures the light scattered by aerosols. It provides the size distribution of the liquid 
aerosols, and can estimate the nature of the solid aerosols. 

- a flight of DUSTER during opportunity balloon campaigns. DUSTER collects solid aerosols 
in the 0.1 – 50 micron size range. The solid particulates are then analyzed in laboratory to 
determine their morphology, composition and origin. 

- a flight of Orbitrap-Atmosphere during opportunity balloon campaigns. Orbitrap is a mass 
analyzer, which provides high mass resolution and mass accuracy. It will prove in situ 
measurements of the solid aerosols composition. 

 
Where and When? 

MicroRADIBAL and DUSTER have already flown and can be used as soon as Zero Pressure 
balloon will flight again. On the other hand, LOAC can be launched under all kind of balloons, 
including meteorological balloons, thus the measurements can be easily conducted from now. 
Finally, the Orbitrap concept works well, but the balloon version of the instruments must be 
developed; it is a mid-term project. 
The flights can be conducted at all latitudes. Best results would be for float altitudes between 30 
and 40 km. 
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Simultaneous observations of stratospheric aerosols and N2O5 species using 

visible absorption spectroscopy in an absorption cell 
 
G. Berthet, C. Guimbaud, J.-B. Renard 
LPC2E/CNRS University of Orleans 

 
Objectives 
 

The aim of the project is to provide high resolution in situ quantification of the chemical 
relationship between the liquid sulphate aerosols and nitrogen species of the UTLS and 
stratosphere through simultaneous observations of these compounds using newly developed 
instruments. Aerosols size distributions will be obtained using new aerosol counters. The 
observations of NOy species, with particular focus on the N2O5 species, will be obtained by a 
method based on a patented absorption cell with visible lasers diodes. 
 
Context and project 
 

Stratospheric aerosols have been shown to be of different natures: solid particles (soot, 
meteoritic material) and liquid sulphate aerosols. It is difficult to determine the accurate 
content of background sulphate aerosols (namely in an atmosphere free of aerosols from 
major volcanic eruptions) (SPARC report on aerosols, 2006). New patented particles counters 
(CPA, LOAC) developed by LPC2E will allow a better quantification of these different 
families of particles (see letter of intent by J.-B. Renard et al. on “Long-term monitoring of 
aerosol content” and the updated version ”Stratospheric Aerosols”). 

NOy species are of primary importance in the chemistry of the UTLS at all latitudes. In 
particular, N2O5 plays a major role in the partitioning of the NOy species in the lower 
stratosphere through heterogeneous processes at the surface of liquid sulphate aerosols. In 
parallel to the observations of aerosols described above, we intend to better quantify their 
associated chemical impact on stratospheric chemistry through in situ observation of N2O5 
species using the absorption cell developed at LPC2E (Robert, Appl. Optics, 2007) with 
visible laser diodes. Other NOy species could be measured using remote-sensing UV-visible 
spectrometry for NO2 and IR laser diodes for other species like HNO3.  
 

Instrument description for N2O5 detection 
 

The LPC2E and ICARE institutes are currently developing a ground-based instrument to 
detect NO3 and N2O5. We plan to adapt this instrument for observations of these species using 
stratospheric balloons. The instrument is based on the patented multiple-reflection cell used 
on the SPIRIT instrument involved for ground-based observations of chemical compounds 
and onboard the DLR Falcon aircraft in the frame of the SHIVA European project. The light 
source is a laser diode emitting around 663 nm to detect the main absorption of NO3. NO3 is 
photochemically eliminated to provide reference spectra and subsequently deduce its 
concentration. This will be done using a visible laser diode of high optical power emitting 
around 532 nm. 

N2O5 concentration will be determined using the thermal decomposition process. The 
difference between the concentration of NO3 measured as described above and the amount of 
NO3 produced by the thermal decomposition of N2O5 by warming the cell will provide N2O5 
concentration. 

Flights will be done using Zero-pressure balloons, not before 2014 or 2015. At this stage, 
it is planned to implement these instruments onboard the SALOMON-N2 gondola. 
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COBRAT (Coupled Observations from Balloon Related to Asim and 
Taranis): Study of high energy phenomena in the atmosphere 
 
Teams involved: PI: J.-B. Renard and J.-L. Pinçon, 22 co-I 

LPC2E, LATMOS, LA/Toulouse University, APC, CESR, LPMAA, CEA, (France) 

University of Bergen (Norway), CSIC-IAA (Spain), Technical University of Denmark (Denmark) 

Instituto Nacional de Pesquisas Espaciais (Brazil), University of Bath (United Kingdom) 

 
Scientific questions: 

The discovery at the beginning of the 1990s of both Transient Luminous Events (TLEs) and 
Terrestrial Gamma-ray Flashes (TGFs) has revolutionized our understanding of the terrestrial environment 
by unveiling the frequent occurrence of impulsive transfers of energy between the troposphere and the 
space environment. Both phenomena are observed above thunderstorms and are supposed to be generated 
in the altitude range ~10-80 km. These energy transfers can affect the chemical balance of ozone and nitric 
oxides in the upper atmosphere as shown by recent theoretical calculations, can participate to aerosols 
production, and can modify the global electric circuit.  

Several space experiments have been designed to point out signatures of the generation mechanisms of 
TLEs and TGFs and potential consequences. Two of them, the ESA Atmosphere-Space Interactions 
Monitor (ASIM) and the Japanese JEM-GLISM will be embarked on-board the International Space Station. 
The third one is the CNES micro-satellite mission TARANIS (Tool for the Analysis of RAdiations from 
lightNIngs and Sprites). All these instruments will perform measurements from around 2014. 

 
Justification:  

According to the altitude range of the generation mechanism and to the importance of the 
atmospheric effects, coordinated measurements are needed from the ground (below the generation regions) 
and from balloons (in the vicinity of the generation regions), coupled with satellite measurements. In situ 
measurements will help to better understand the mechanisms at the origins of the TGF and TLE events. 

 Recent re-analysis of satellites observations, and calculation of measurements geometry from 
balloons, suggest that statistically at least one TGF and several TLE can be detected per day from balloons.  

 Satellites instruments are not sensitive enough to detect local NOx enhancements in the 
stratosphere. Balloon instruments are at least tens time sensitive and can detect the enhancements by in situ 
or by semi-local measurements.  

 
Instrumentation: 

For the first step, we propose poly-instrument gondolas with: TGF instruments (Bergen University 
and by the TARANIS team), TLE optical detection (University of Denmark, LATMOS), Electric fields 
instruments (LATMOS, LPC2E), remote-sensing measurements of NO2 columns and aerosols counter 
(LPC2E). The gondolas could be lost after the flights. 

For the second step, depending of the result on NOX chemistry, already existing and new gondolas 
dedicated to stratospheric chemistry can be used for short duration flights close to the thunderstorms 
regions. 

  
Where and When? 

 The main requirement is to have long duration flights (~10 days) at altitudes high enough (~30 
km) to make observations above potential source regions of runaway electrons and gamma rays and to 
potentially detect the NOx and aerosols enhancements. Short duration flights using conventional 
stratospheric balloons can be also used for complementary and/or for specific local chemistry studies.  
 The measurements must be performed in the equatorial/tropical regions. Long duration flights can 
be conducted from Kourou (French Guyana) where there is a high probability of TGF detection when 
trajectories are in the West direction. Short duration flights could be conducted also from Kourou and/or 
from Brazil. 
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Electric properties of atmosphere and electrically charged material 

(ElecProp) 
 
Involved teams   
 LATMOS (Elena Seran, Michel Godefory, Francis Vivat, Fabrice Bertrand),  

SPRL Michigan (Nilton Renno, Steve Rogackii), NASA GRC (Tibor Kremic, Scott 
Benson) 

in collaboration with  
 LPC2E (J.-B. Renard, G. Berthet, B. Gaubicher),  
 University of Bergen (N. Oestgaard),  
 Duke University (S. Cummer) 
 TARANIS scientific team (LATMOS, LPC2E, IRAP, APC, CEA) 
 
Objectives and context 
a/ Validation flights 

- validation and accommodation tests of Dust Lifting Experiment (DLE) package of  
electric field instruments proposed for ESA Lunar Lander and NASA Martian rover  
- validation of Embedded Light Multi-Instrument Gondola (ELMIG) developed by our 
team in frame of CNES R&T 2010-2011 
- validation of Electric Field and Atmospheric Transient Events Camera (EF-ATLEC) 
gondola proposed for the coordinated campaigns with TARANIS/ COBRAT 

 
b/ Coordinated flights 
 - Flights in frame of AEROWAV project  
 - Flights in frame of TARANIS, COBRAT projects 
 
Scientific questions 
1/ Electric properties of stratospheric aerosols and dust material 
2/ Impact of the magnetospheric and atmospheric storms on the electrical properties of 
stratosphere 
3/ Electric coupling of atmosphere and ionosphere during the lightning events in atmosphere 
 
Balloon and flight type   
- BSO balloon type TBC 
- Short (few hours) and long duration flights (few days) 
 

Instrumentation  
- Package of electric field instruments developed in frame of Lunar Lander and Martian Rover 
- Multi-instruments gondola developed in frame of CNES R&T 2010-2011 
- Package of electric field and optical instruments developed in frame of support to the 
TARANIS micro-satellite mission and COBRAT balloon project 
 
Where and when 
-  2012-2013: Opportunity flights in high and/or mid-latitude regions to test the gondola and 
instrumentation 
-  2014-2016: Flights in tropical regions to study the electric discharges in atmosphere 
(preparation flights and coordinated campaigns with TARANIS/ COBRAT and ground based 
observations)   
 
Elena Seran/LATMOS       
Michel Godefroy/LATMOS 
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High Altitudes Luminous Events Studied by Infrared Spectro-imagery 

(HALESIS) 

Who? (teams involved) 

Participants from LPMAA : Payan S., Bureau. J., Camy-Peyret C., Jeseck P., Té Y. 
Participants from LPC2E : Huret N. 
Participants from ONERA : Rosier B., Roblin A. 
Strong links with COBRAT project (LPC2E and CEA) proposed to CSTB. 

What? (objectives/scientific questions) 

We propose to study transient luminous effects (TLE) that involve different phenomena in a wide scale of 
altitudes, energy range, and time duration. It is interesting to study TLE events in the infrared form a 
stratospheric balloon platform and we propose to study:  

• the effect of these events on stratospheric chemistry by retrieving the concentration of species 
potentially produced or perturbed (NOx, O3, OH, ...) 

• the vibrationally excited chemical reactions associated to TLE 
• the local atmospheric heating: it will be possible to compare the radiance (spectrally resolved) of pixels 

covering the channel perturbed by TLE with the radiance of pixels (at the same altitude in the unperturbed 
atmosphere) not affected by the heating due to the relaxation following energy deposition by the TLE. These 
temperature differences should be detectable in non-saturated CO2 bands near 950 or 2075 cm-1  

• the energy spectrum of the electron that one can derive from the intensity ratio of specific bands of N2 
or N2

+. 

Why? (context/justification) 

During the last two decades, the discovery of transient luminous effects (TLE) in the high atmosphere 
demonstrated new interaction processes between the different atmospheric layers (troposphere, stratosphere, 
mesosphere and ionosphere) and the energies involved provide evidence for an impulsive energy transfer 
between the troposphere and the highest atmospheric layers, which was not considered before. These phenomena 
have an impact that is not yet quantified and are involving new chemical processes, which could have broader 
consequences and could also occur elsewhere in the solar system. However these phenomena are difficult to 
observe from the ground. In these conditions, it is the necessary to consider measurements from space or from 
instruments accommodated on stratospheric platforms. According to their altitude, some TLE (blue-jets, gigantic 
jets) are accessible to in situ measurements under balloon, whereas optical remote sensing measurements from 
stratospheric balloon can be used for the TLE phenomena outside the range of in situ instruments. 

How? (balloon and flight type/instrumentation) 

The appropriate observation method will be fast spectro-imagery of the limb after pre-pointing of the gondola 
putting the field of regard (FOR = Field Of Regard) of the infrared (IR) balloon-borne spectro-imager in the 
interesting viewing direction. Depending on the phenomenon, it can be interesting to be in the lower stratosphere 
(say near 25 km) with a FOR suitable for recording lightning events by IR spectro-imagery in the altitude range 
10-30 km or in the mid-stratosphere (say near 35 km) for the observation of elves or sprites by IR spectro-
imagery in the altitude range 30-90 km. 

The study of the same target species in conditions of significant auroral activity could be performed using a 
platform under an open stratospheric balloon (BSO = ballon stratosphérique ouvert) at the highest feasible 
altitude and with an azimuth controlled gondola including: 

• a detector of electric or electromagnetic activity, 
• a panchromatic CCD detector of TLE in the visible for pointing the gondola in the appropriate direction, 
• a spectro-imager for recording (with spatial resolution in the limb) the non-thermal infrared emissions of 

target species. 

Where and when? 

Since TLE occur over thunderstorm cells, the probability of their observation will be higher if the launching site 
of the suitable payload is in the sub-tropical area. However, it will be possible to launch the balloon payload in 
the Arctic, since thunderstorm statistics also indicate lightning activity in June-July-August 

Flight from Kiruna to Canada would be offering the possibility of middle duration observation time (5 days). 
Possible cooperation with interested Canadian team has also been discussed Latter flight from Brazil would be 
the final target of this project. 
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ClimMon (Long-term monitoring of climate relevant parameters) 

Who? (teams involved) 

Participants from Univ. Frankfurt: Engel, A., Bönisch, H.. 
Participants from FZJ : Stroh,F.  
Participants from Unv. Reims/INSU:  Durry, G. Amarouche, N.  
Participants from KIT: Oelhaf, H.  
 

What? (objectives/scientific questions) 

Long Term change in the chemistry and dynamics of the stratosphere can be diagnosed from the observation of 
long lived trace gases and of reactive/radical species: 
• the overall atmospheric transport time to the stratosphere (mean age) can be determined from very long 

lived tracers like SF6 and CO2. Long-term observations of these tracers allow to diagnose changes in the 
overall transport which are suggested by many climate models.   

• The halogen loading due to chlorine and bromine species continues to be high. It will be important to 
monitor the evolution of the decrease of stratospheric halogen loading by measurement of a wide suite of 
halogen source gases and reactive halogen species like ClO, BrO and ClONO2.  

• Stratospheric vertical distributions and tracer-tracer correlations can be used to derive stratospheric 
lifetimes and ozone depletion potentials. It will be important to continue such observations to include new 
species, e.g. replacement compounds for CFCs. These gases partially also have ozone depletion potentials 
(e.g. HCFCs) and all of them have significant to very high greenhouse warming potentials (e.g. 
Hydrofluorocarbons HFC). The measurement of the stratospheric distribution is needed to derive lifetimes, 
greenhouse warming potentials (GWP) and ozone depletion potentials (ODP). 

• As the halogen loading is expected to continue to decline, N2O is expected to become the most important 
ozone depleting chemical during this century. It will thus be important to monitor the long term evolution 
of N2O and the reactive Nitrogen compounds (NOy) produced from this.  

 

Why? (context/justification) 

As explained above only stratospheric observations can provide the information necessary to derive GWP and 
ODP values for atmospheric species. New species continue to be found in the atmosphere, partly due to them 
now being used as replacements for substances which are restricted under the Montreal Protocol, partly due to 
improving analytical capabilities. Satellites can only observe some of these species, due to the very low mixing 
ratios. Even for those species which can be measured from satellites a good validation is necessary in order to 
ensure reliability of the data. A close collaboration with the satellite community is planned.   

As climate change continues to be the most important environmental problem on a global scale, it will be 
necessary to closely investigate the effects of non-CO2 greenhouse gases, which together contribute about the 
same amount to radiative forcing as CO2.  

This information will be vital for assessing climate change and ozone depletion and will be incorporated into 
international high-level assessments like the WMO reports on ozone change and the IPCC reports on climate 
change.  

How? (balloon and flight type/instrumentation) 

For the studies mentioned above a combination of a small tracer payload, which could be launched easily and on 
a yearly basis and of two heavier highly instrumented payloads is suggested:   

• Cryogenic mini-sampler CLAIRE by University of Frankfurt to collect whole air samplers regularly (Type 
1: annual basis), possibly in combination with the light weight pico-SDLA instruments for CH4, water 
vapour and CO2. This payload would be rather light weight (120 kg) and could be launched easily. It should 
be launched from mid-latitides and a ceiling altitude of 32 km is desired.   

• The more complex payloads (Type 2) TWIN and MIPAS could be launched every 2-3 years in order to 
continue the long term data sets of many trace gases, incl. more reactive compounds like NOy, ClOx and 
BrOx species. The measurements of the Type 2 payloads would include all parameters measured on Type 1 
but would extend the data significantly.  
 

Where and when? 

The regular flights are most interesting in mid latitudes during the fall period when atmospheric variability is 
lowest. This will allow best conditions for long term trend estimations and for satellite validation.  
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Gimballed Limb Radiance Imager of the Atmosphere  

(GLORIA) (Balloon version)  

 
Involved teams   

 KIT-IMK Karlsruhe, Germany (H. Oelhaf and F. Friedl-Vallon) 

FZJ-IEK Jülich, Germany  (P. Preusse) 

in collaboration with (for short duration flights only) 

 DLR Oberpfaffenhofen, Germany (M. Birk) 

SRON (The Netherlands) (A. Selig) 

  

Objectives and context 

Study of  a large diversity of meso-scale processes in the UT and stratosphere.  

Proof of concept for satellite project. 

 

  

Scientific questions 

To study a large diversity of meso-scale processes in the UT and stratosphere with surpassing 
spatial resolution and coverage. Specific science questions include:  

• gravity waves of different origin,  

• TTL processes, convective outflow, 

• biomass burning,  

• vortex filamentation, PSCs and related chemistry, 

• tropopause folds and cross-barrier transports.  

Scientific objectives vary on season and latitude. 

 

Balloon and flight type   

(1) Pointed BSO with existing MIPAS-B gondola (+TELIS instrument) from arctic, mid-lat, 
and Tropics 

(2) long-duration flights (circumpolar, circum-equatorial) with dedicated gondola tailored to 
GLORIA and long duration. 

 

Instrumentation  

High spatial-resolution limb Imaging IR spectroscopy. The first airborne application will be 
deployed on aircraft (Geophysica and HALO). A satellite version is currently in Study Phase-
A at ESA (EO7), 

 

Where and when 

All relevant atmospheric regimes and seasons. 

  

Stepwise approach:  

BSO: 2014-2016 

Medium-Long-duration: 2015-2020 
. 
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IMPACT OF TROPICAL CONVECTION ON STRATOSPHERE 

CHEMISTRY AND CLIMATE (TropCon) 

 
 
Who: LATMOS, GSMA, CNR-ENEA, DMI, UCAM, ETH  
 
Objectives: thermal structure of the TTL, hydration/dehydration, uplift of long and short 
lived species, cleansing of stratospheric aerosols, injection of desert dust and biomass burning 
black carbon, lightning and electric discharges with the ionosphere, NOx formation.. 
     
Context: Impact of climate change on the stratosphere and feedback on radiative forcing at 
the surface 
 
Instruments: Lightweight sensors: hygrometers, aerosols and ice crystals sensors, UV-Vis 
spectrometers, gas chromatographs, electric field, gamma rays and electric current detectors, 
lightning and TLEs optical sensors, etc    
 
How: small short duration balloon flights next to convective systems and circumnavigating 
long duration super-pressure and InfraRed Montgolfier 
 
Where and when: tropical and equatorial region during intense convection season. 
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BB TROPICS: IMPACT OF CONVECTION LIFTING UP BIOMASS 
BURNING EMISSIONS ON THE STRATOSPHERE AND LINKS WITH 
THE CLIMATE CHANGE 
 
Teams involved 
V. Catoire, G. Berthet, N. Huret, L. Jourdain, J.-B. Renard, LPC2E, CNRS-Univ. Orléans, France 
K. Pfeilsticker, M. Dorf, Universität Heidelberg, Germany 
H. Oelhaf, IMK-KIT, Karlsruhe, Germany 
S. Payan, C. Camy-Peyret, LPMAA, Paris, France 
M. Birk, RSTI, German Aerospace Center, Wessling, Germany 
A. De Lange, G. De Lange, SRON – NISR, Utrecht, The Netherlands 
A. Engel, Universität Frankfurt, Germany 
F. Stroh, Forschungszentrum Jülich, Germany 
C. Brogniez, LOA, CNRS-Université Lille, France 
G. Durry, E. Rivière, GSMA, CNRS-Université Reims, France 

Objectives – Scientific questions 

Remote biomass burning (BB) emissions transported by synoptic systems in the troposphere may 
become subject to vertical convection, thus reaching the upper troposphere and lower stratosphere 
(UTLS) region. Often this is a two-step process, i.e. horizontal transport followed by convective 
uplifting of remnant biomass burning air masses in synoptic weather systems. This vertical transport 
can possibly play a significant role for the tropical tropopause layer (TTL) and stratospheric 
compositions at the global scale, and thus needs to be studied. One particular but huge phenomenon is 
the joint action of convection over Amazonia and biomass burning polluted air transported from other 
adjacent regions of South America. Specific tracers of biomass burning in the TTL and the lower 
stratosphere would be measured, including aerosols (size, type, concentration), H2O (with isotopic 
composition), O3, HCN, CH3CN, CO, chlorinated and oxidized organic compounds, and nitrogen and 
sulphur compounds. Coordination with measurements in the locations of the source emissions and air 
mass origin studies would be conducted. 

Context - Justification 

The tropical UTLS is the main entrance region for compounds into the stratosphere, such as water 
vapour and other greenhouse gases, dynamical tracers, halogenated short- and long-lived species, 
sulphur compounds, and aerosols, all affecting the global ozone layer and radiative budget. Better 
knowledge of dynamical and photochemical processes in the UTLS is required to support reliable 
predictions of the climate change and the stratospheric ozone layer recovery in the coming decades.  

Balloon - instrumentation 

Until present, this process has never been studied in detail, primarily due to the lack of suitable 
instrument carriers reaching both the troposphere and the UTLS. Evidently, zero pressure balloon-
borne (BSO) instruments are well suited to tackle the major scientific objectives. The following ones 
could be involved: SPIRIT, ELHYSA, SALOMON-N2, LOAC, microRADIBAL, pico-SDLA, (mini-
)DOAS, LPMA(LWIR), SWIR, TELIS, MIPAS-B, BONBON, HALOX-B.  

Location - planning/season (where and when?) 

The best season for such studies is the transition between the end of the dry season in Central and 
North Eastern Brazil and the beginning of the wet season in Amazonia, i.e. in October and November. 
During this season, frequent (about once a week) fronts carrying cold air from Southern Brazil 
penetrate into Amazonian basin, thereby pushing air masses loaded with large amounts of water 
vapour, biomass burning related reactive chemicals and aerosols into the TTL over North Eastern 
Brazil. A launch base located in this area is therefore an ideal place to perform a balloon campaign 
with the aim to investigate such events, as soon as possible.  
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ArcticChange 
 
Who? (teams involved) 

N. Huret and teams associated with STRAPOLETE and ENRICHED stratospheric Projects, and 
Chantier Arctic in France. 

What? (objectives/scientific questions) 

• Climate change and its impact on stratosphere chemical content and circulation 

• Ozone recovery 

• Potential change in Brewer-Dobson circulation  

• Impact of long range transport of air pollution plume from China 

• Impact of boreal forest fires on upper troposphere low stratosphere 

• Comprehensive investigation of halogen chemistry in the entire atmosphere of the Arctic from 
ice sheet to stratosphere 

Why? (context/justification) 

The radiative budget evolution of the stratosphere (layer above 10 km) is not properly taken into 
account in the recent projections of climate change from IPCC (2007). This issue has been addressed 
in the paper of Baldwin et al. (Nature, 2007) entitled “How will the stratosphere affect climate 
change?” The radiative budget of the stratosphere is controlled by ozone, greenhouse gases and 
aerosol abundance and depends on the latitude and season. For example its changes have already 
modified the wind distribution and then the surface temperature in the Antarctic region but “the 

mechanisms by which stratospheric circulation changes are communicated to the surface are not well 

understood” (Forster et al., JGR, 2005). It is well known that in the polar regions halogen chemistry 
can play an important role in the stratosphere (e.g. formation of the ozone hole) as well as in the 
boundary layer (ozone depletion events). Further evidence is mounting that halogen radicals are more 
abundant throughout the atmosphere than previously believed. Therefore, a comprehensive 
investigation of halogen chemistry in the entire atmosphere of the Arctic seems necessary. Such 
investigations should include the observation of halogen compounds in the different layers of the 
atmosphere, the investigation of major formation and destruction processes for the different halogen 
species, their impact on the oxidation of other trace gases, and the interaction at the interfaces of the 
different atmospheric layers.  

 

How? (balloon and flight type/instrumentation) 

BSO short flight with tracers and reactive chemical measurements (payloads involved for example in 
STRAPOLETE and ENRICHED or new instrumentation). 

BSO long duration flights for trans-Canadian flight with tracers and reactive chemical measurements 
and movie camera at nadir. These long duration flights have to be combined with ground 
measurements of Ice sheet evolution during springtime. 

Dedicated process studies to investigate the formation of halogen species in the atmosphere and their 
precursors due to chemical and biological processes will also be needed combining ground 
measurements, air-borne studies using research aircraft and balloons. 

Where and when? 

From Esrange SSC base, Starting: as soon as possible. 

Seasons: winter, spring and summer 

Frequency: every two years, with a minimum of two seasons investigated during each campaign. 
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Change in the dynamics of the Northern Hemisphere: investigation of the 

surf-zone (SurfZone) 

 
Nathalie Huret (LPC2E) 
 
To be detailed. 1 
 2 
 3 
 4 

Collecte d’espèces chimiques dans la stratosphère en vu de leur analyse 5 
isotopique : quelques éléments de prospectives 6 

 7 
1. Motivation 8 
Les échanges de matière entre la basse stratosphère et la haute troposphère sont un maillon 9 
essentiel du fonctionnement de la machine atmosphérique. Or, ces processus d’échange et les 10 
influences qu’ils exercent sur le climat et la chimie atmosphérique sont assez mal contraints. 11 
Il est de plus extrêmement difficile d’étudier ces interactions à l’échelle du passé voire même 12 
d’un suivi continu sur le long terme. Une des principales raisons de ces limitations est 13 
l’absence de traceurs types de la stratosphère capables de produire une indication fiable sur 14 
ces échanges sur des échelles de temps long. 15 
Une voie peu étudiée, due à la complexité de sa mise en œuvre, est l’analyse des isotopes 16 
stables de la matière stratosphérique. Des études précédentes sur les isotopes du CO2  ou de 17 
l’ozone stratosphérique  ont pourtant démontré l’intérêt que pouvait avoir ce type de mesures 18 
en révélant la singularité des signatures isotopiques par rapport à la troposphère. 19 
Malheureusement, cette activité « ballon » s’est estompée au fil du temps suite, d’une part à la 20 
difficulté de mise en œuvre et d’autre part à la disparition du groupe de Mauersberger du MPI 21 
d’Heidelberg.  22 
L’objectif de cette lettre d’intention est de  proposer de récupérer des échantillons 23 
stratosphériques d’ozone le long d’un profile « standard » d’ozone en région polaire. Il s’agira 24 
d’échantillonner l’ozone à une dizaine d’altitudes, depuis la haute stratosphère (35 km), à la 25 
troposphère libre (5 km) soit un échantillon tous les 2,5 km environ en vol stationnaire dans 26 
l’idéal ou en adaptant la vitesse de descente.  27 
2. Choix des molécules cibles 28 
Ozone 29 
L’ozone est la molécule phare de la stratosphère et sa composition isotopique est absolument 30 
unique et peut potentiellement servir d’indicateur d’injection. Nous avons avec mon groupe 31 
développé récemment une nouvelle méthode d’analyse des isotopes de l’ozone basée sur la 32 
réaction entre l’ion nitrite et l’ozone pour former du nitrate, lequel est utilisé pour déterminer 33 
la composition isotopique de l’ozone suivant la réaction : 34 

NO2
- + O3 � NO3

- + O2 35 
Cette réaction est très efficace même à basse température et faible humidité. Elle ne nécessite 36 
aucun système cryogénique comme auparavant et le dispositif expérimental reste simple, 37 
constitué actuellement d’une pompe et d’un filtre imprégné de la solution de nitrite. Nous 38 
souhaitons collecter de l’ozone stratosphérique pour en étudier sa composition isotopique et la 39 
comparer à l’ozone troposphérique. Une différence notable de composition semble exister 40 
entre ces deux réservoirs mais les incertitudes de mesure rendent actuellement toute 41 
assignation peu convaincante. Notre méthode beaucoup plus souple, légère et sensible devrait 42 
permettre la collecte d’un plus grand nombre d’échantillon dans tous les compartiments de 43 
l’atmosphère. Notons enfin que l’ozone est à la source de la propagation d’une anomalie 44 
isotopique en 17O, et que contraindre sa valeur est primordiale pour révéler l’activité oxydante 45 
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de l’ozone et la propagation de l’anomalie en 17O associée. 1 
 2 
L’acide nitrique 3 
HNO3 est une autre molécule fondamentale au fonctionnement de la chimie de la stratosphère. 4 
Elle participe notamment à la formation des PSCs à l’origine de la destruction de l’ozone 5 
stratosphérique et contribue à dénitrifier la stratosphère pendant les hivers polaires. Lors du 6 
programme de suivi de cette molécule au centre de l’Antarctique sur le site du Dôme C, des 7 
compositions isotopiques en oxygène surprenantes sont mesurées systématiquement à la fin 8 
de l’hiver en phase avec le pic de tritium de l’eau atmosphérique  . La question d’une origine 9 
particulière de ce nitrate est donc posée même si nous soupçonnons fortement une origine 10 
stratosphérique. Il serait donc intéressant de lever cette incertitude en collectant et en 11 
analysant la composition isotopique de l’acide nitrique stratosphérique, d’autant plus qu’il 12 
existe des estimations du rapport 15N/14N de l’acide nitrique de la stratosphère entachées de 13 
fortes incertitudes (± 100 ‰), obtenues à partir de l’analyse des données de l’instrument 14 
MIPAS à bord d’ENVISAT . Alternativement, cette mesure permettrait donc de confronter les 15 
mesures bien plus précises du laboratoire (± 0,2 ‰) aux estimations des mesures par satellite, 16 
tout du moins pour les isotopes de l’azote. 17 
L’acide sulfurique 18 
Cet autre acide a un impact climatique lorsqu’il se trouve dans la stratosphère. Sa présence, 19 
issue de l’oxydation du SO2, conduit à la formation de micro-gouttelettes d’acide sulfurique 20 
réfléchissant en partie le rayonnement incident solaire, participant ainsi au refroidissement de 21 
la surface de la Terre notamment lorsque SO2 est émis en grandes quantités dans la 22 
stratosphère par les volcans. Les mesures des isotopes du soufre suggèrent fortement que 23 
l’acide sulfurique formé dans la stratosphère présente une signature unique, semblable à celle 24 
mesurée sur l’ozone. La confirmation d’une telle similitude est fondamentale car elle 25 
permettrait de reconstruire à partir des carottes de glace, l’histoire du volcanisme explosif et 26 
violent, acteur avéré du changement climatique. 27 
3. Besoins techniques 28 
Sous réserve d’une étude technique plus poussée, si possible en coordination avec la DT 29 
INSU et le CNES en réponse à un appel d’offre, le dispositif expérimental à monter sur la 30 
nacelle pourrait se présenter sous la forme d’un pompage d’air stratosphérique passant à 31 
travers une série de filtres imprégnés d’une solution adéquates pour le piégeage des acides et 32 
de l’ozone. Un dispositif permettant la collecte à différentes altitudes devra être mis au point. 33 
Selon les capacités de pompage, le vol devrait être soit de courte durée type montée/descente 34 
avec des paliers de pompage de l’ordre de l’heure, soit de longues durée pour permettre la 35 
collecte de suffisamment de matière. 36 
Notre laboratoire dispose d’un système de collecte automatique sur filtre fonctionnant sur 37 
panneaux solaires et installé à l’observatoire Vallot à 4200 m d’altitude dans le massif du Mt 38 
Blanc. Moyennant un cahier des charges sur les contraintes physiques des nacelles (puissance 39 
disponible, poids, encombrement, contrôle), un tel système pourrait servir de base à une 40 
adaptation pour un vol ballon. Le dispositif pourrait comprendre une dizaine de filtres pré 41 
installé et isolé par des électrovannes, une vanne multi directionnelle, le tout connecter à un 42 
système de pompage bas volume (quelques l/min pour une consommation de quelques 43 
centaines de watts max alimenté 12/24 volts, incluant un chauffage pour la pompe) avec une 44 
électronique de contrôle d’ouverture et fermeture des vannes asservie sur les paramètres de 45 
vols (altitude, concentration d’ozone ou température). Le dispositif lui même ne devrait pas 46 
dépasser une vingtaine de kilo max pour un encombrement autour de 0,5 x 0,5 x 0,5 m.  47 
Se basant sur les données de la bibliographie disponible, la concentration d’ozone moyenne 48 
autour de 20 km est de l’ordre de 3 1012 molécules/cm3, le besoin pour l’analyse isotopique 49 
nécessitant environ 200 nmol d’ozone, un volume de 40 litres aux conditions stratosphériques 50 
devrait suffire, moyennant l’hypothèse d’une collecte totale et en se limitant à l’ozone. En 51 
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utilisant une pompe à 2l/min, des paliers de pompage autour de la vingtaine de minutes 1 
seraient nécessaires.    2 
 3 
Avec quelques ppb d’acide nitrique dans la stratosphère, la collecte de ce gaz demanderait 4 
plus de temps de pompage (quelques heures) ou plus de puissance et dépendra de fait 5 
directement des capacités des nacelles. Une option serait un pompage dans un PSC mais là 6 
aussi beaucoup d’incertitude demeure et un premier calcul indique une concentration de 7 
l’ordre d’acide nitrique 1 à 10 nmol/m3 d’acide nitrique sous forme de NAT. Quant à l’acide 8 
sulfurique, seul le retour d’échantillon permettra de connaître la faisabilité de l’analyse. En 9 
tout état de cause, l’expérience sera dimensionnée pour l’ozone, les acides seront un plus.  10 
 11 
La servitude de la nacelle comprendrait la distribution/fourniture de l'énergie électrique 12 
(ON/OFF) à l'électrovanne, à la pompe et au processeur bord qui commanderait 13 
l'électrovanne. Ceci pourrait être sous-traité au CNES ou à un labo partenaire. Le processeur 14 
bord comporterait aussi des entrées analogiques pour les températures, la pression (un capteur 15 
de précision pour déduire les rapports de mélange) et fournirait les quittances (ou statuts) pour 16 
l'ouverture/fermeture des différentes vannes. Le microprocesseur devrait aussi (par un lien IP) 17 
gérer l'interface avec la télémesure scientifique mise à disposition par le CNES ballon 18 
 19 
4. Zone d’étude 20 
 La zone d’étude à privilégier pourrait soit être soit les régions boréales (à partir 21 
d’Esrange/Kiruna) en hiver/printemps, soit la zone polaire australe en été. La collecte devra se 22 
faire préférentiellement lors de la descente, avec des paliers d’une heure tous les 2,5 km 23 
environ depuis la haute stratosphère jusqu’à la troposphère libre (5 km). Si les paliers sont une 24 
contrainte trop forte, une descente lente (de l’ordre de 10 heures) devra être programmée 25 
(environ 3 km/h, plus lent serait encore mieux)  26 
 27 
5. Equipe et laboratoire 28 
Le LGGE (Joël Savarino) et éventuellement le LPMAA (Christof Janssen). Le service 29 
technique du LGGE (électronique de contrôle) pourrait être mis à contribution, en 30 
coordination avec les équipes ballon du CNES. 31 
 32 
ANNEX-3: CNES conclusions of the balloon workshop held in Pau, 33 
September 22-24, 2008 (issued in 2009)   In the following 4 pages the CNES 34 
conclusions and recommendation resulting from the Pau Workshop are copied for reference. 35 
These conclusions were presented and discussed at the ESA-Pac Conference in June 2009 in 36 
Bad Reichenall.                                                                                                                                    37 
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Selected acronyms 
  
ACE 
AMMA  African Monsoon Multidisciplinary Analyses 
ARGOS 
ASI 
AURA 
BPCL   Ballons Pressurisés Couche Limite  
BPS  Ballon Pressuré Stratosphèrique  
BSO  Ballon Stratospheric Ouvert 
CALIOP 
CFCs  chlorofluorocarbons 
CNES   
CNRS   
CNRS-SA 
DLR 
ENVISAT 
EOLE 
ESA 
ESCOMPTE 
EUMETSAT 
FTS  
GOME  
GOMOS 
GOS   Global Observing System (WMO) 
GTS   Global Telecommunication System 
HCFCs  Hydrochlorofluorocarbons 
HFCs  Hydrofluorocarbons 
HIRDLS  
IASI  
ICARTT  International Consortium for Atmospheric Research on Transport and 

Transformation 
INDOEX 
JAXA 
MAESTRO  
MAP 
MAP-GLOBUS 
Meteosat 
METOP 
MIPAS  
MIR  Montgolfier Infrared balloon 
MLS  
NASA   
NCAR  National Center for Atmospheric Research 
NERC 
NMS   National Meteorological Service 
NOAA/ ARLFRD  National Oceanic and Atmospheric Administration / Air Resources 
Laboratory Field Research Division  
NSC 
NWP   Numerical Weather Prediction 
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ODIN 
ODS  ozone-depleting substances 
OMI  
OSIRIS  
POAM  
PSC  polar stratospheric cloud  
QBO 
RS/RC  Remote Sensing / Remote Control 
SCIAMACHY  
SCOUT-O3 
SESAME 
SMR 
SPOT 
SSC 
STRATÉOLE 
TECHNOPS 
THESEO 
TM/TC 
T-PARC THORPEX Pacific-Asian Research Campaign 
UARS  
UTLS 
VASCO 
VORCORE 
WMO   World Meteorological Organization 
 
 
 
 
 
 
 
 
 
 


