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Campaign Design"

•  Stratéole 2 is a long duration scientific ballooning 
campaign to study the Tropical Tropopause Layer 
(TTL) and lower stratosphere 

•  The project consists of 3 ballooning campaigns – a 
validation campaign in 2017 and two science 
campaigns in 2019 and 2020  

•  Each science campaign will launch a flotilla of 
12-20 balloons near the equator 

•  Each balloon is designed to fly for 3+ months, and 
circumnavigate the Equatorial belt 2-3 times.  
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Science Themes"

•  Transport, Dehydration  and Chemistry in the TTL 
–  Water vapor, trace gases and aerosols 
–  Upwelling and cold point dynamics 
–  Cirrus Clouds 
–  Turbulence and mixing 

•  Dynamics of the Equatorial Stratosphere 
–   Gravity Waves 
–   Operational Meteorology 
–   Satellite Validation 
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Heritage"

•  Stratéole 2 builds on prior successful long duration balloon 
campaigns: Strateole/Vorcore (2005), Amma (2006) , 
Concordiasi (2010). 

•  Demonstrated CNES ability to produce and deploy super 
pressure balloons in the lower stratosphere. 

•  Successful deployment and demonstration of many of the 
instruments planned for Stratéole 2. 

•  Validated mission control, data downlink, and launch 
operations.  

•  Pre-Concordiasi test flights took place the equator and 
established the concept of tropical long duration balloon 
flights 
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Pre-Concordiasi Flights"
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expect to fly a 2-4km long fiber, which from a flight level of 75 hPa (~17.5km) will provide a 
profile of the entire TTL from ~14 – 17km [Randel and Jensen, 2013]. 
 The technology behind distributed temperature sensing using fiber optics is not a new 
development [Dakin et al., 1985] and is a mature technique when used in geotechnical and 
industrial applications.    While a small number of investigators have applied the technology to 
atmospheric boundary layer studies [Keller et al., 2011] and to boundary layer turbulence 
[Thomas et al., 2012] it has not, to our knowledge, been applied to stratospheric measurements or 
measurements from a free flying platform.   The work by Keller et al. [2011] demonstrated that 
the technique was appropriate for making boundary layer temperature profiles with a sensing 
fiber extending up to a tethered balloon.   This work demonstrates that even using an older 
generation technology under field conditions that the instrument performance significantly 
exceeded expectations, with an absolute accuracy of 0.6C and a precision of 0.4C.    This 
previous work suggests that Fiber-optic temperature profiling has a high chance of success in 
providing an unprecedented view of the TTL.  

 
2.Scientific Background and Goals 
 The measurements of TTL temperature profiles that are expected from the FTP during 
Stratéole 2 will be of value to many ongoing fields of research, including in situ validation of 
satellite retrievals of TTL temperature, the effect of convective overshoot on the lower 
stratosphere and the study of cloud formation within the TTL.  There are two specific areas of 
interest that are motivating the development of this instrument: the measurement of small-scale 
gravity waves in the TTL (see letter of support from Joan Alexander) and the measurement of the 
cold point tropopause and its implications for stratospheric dehydration (see letter of support from 
Sean Davis).    
 
2.1 Small-scale atmospheric waves in the TTL 

Measurements from the FTP on Stratéole 2 would provide some of the first and most 
detailed direct measurements of small-scale gravity waves in the TTL.  Not only would the FTP 
provide insight into the vertical structure of these waves, due to the quasi-Lagrangian motion of 
the balloon platform and high frequency of measurements these observtaions can provide 
information on the phase speed spectrum of these waves.  Many large-scale dynamical features of 

Figure 1: Example equatorial balloon trajectory from the pre-Concordiasi campaign (2010).  Courtesy of 
Albert Hertzog, LMD 



Pre-Concordiasi Flights"
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Quasibiennial,OscillaFon,in,,
Tropical,Lower,Stratosphere,Winds,

•  Highly#predictable#circulaLon#on#interannual#Lmescales#
•  Driven#by#mulL=scale#wave#dynamics.#
•  Influences#tropical=extratropical#teleconnecLons#and#seasonal#forecasts#

of#the#North#AtlanLc#OscillaLon#[Scaife#et#al.#2014]#and#tropical#cyclone#
acLvity#(e.g.#Camargo#and#Sobel#[2010]).#

•  More#than#half#the#forcing#due#to#gravity#waves.#
•  Global#models#must#parameterize#the#gravity#wave#forcing.#



Geographic Coverage"
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Balloon Platform"

•  Super Pressure (constant 
density) balloons 

•  Two flight levels 
–  11m diameter balloons at 120g/

m3 (~70 hPa or 18km) 
–  13m diameter balloons at 100 g/

m3 (~50 hPa or 21km)  
•   Cover latitude band 20oS to 

15oN 
•  Total mass ~ 45Kg, ~10Kg 

available for instrumentation.  
•  Modular payload configuration 

– 2-3 instruments/balloon to 
target specific science 
questions 

•  Near real-time data download. 
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Instrument Payload"
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Instrument Measurement Precision / 
Resolution 

Investigator Institution 

GPS 3D Position 3m / 0.1ms-1 Venel CNES 

TSEN P and T 0.2K, 8Pa Hertzog LMD 

Pico-SDLA H2O/CO2/CH4 Durry GSMA 

SAWfPHY H2O 5% Hertzog LMD 

UCOz/B-Bop Ozone 2% / 10ppbv Kalnajs/
Hertzog 

LASP/LMD 

GPS - RO Temperature 
Profiles 

250m (vertical) Haase Scripps 

LOAC Aerosol Sizing Renard CNR 

WOPC Aerosol Sizing 0.075 – 15um  Deshler U. Wyoming 

Fiber Optic 
Profiler 

Temperature 
Profiles 

3m vertical res.,
1K prec.,  3km 
below balloon 

Kalnajs CU - LASP 

Flash/COBALD 
Reeldown 

H2O, Backscatter, 
Temperature 
Profiles  

8 profiles/day 
2km Below 
balloon 

Davis/Hurst CU - NOAA 

Serb Longwave Flux Hauchecorne LATMOS 

Pico-LIDAR Attenuated 
Backscatter 

30m resolution 
5km below ball. 

Fierli CNR 



Quasi-Lagrangian Trajectories"
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Targeted Payload Configuration"

Targeted question: wave driven cirrus cloud formation and 
dehydration 
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Unique Capabilities"

•  200+ high resolution temperature profiles of the LS/
TTL per balloon per day (100,000+ for campaign) 

•  2000+  water vapor and backscatter profiles of the 
LS/TTL over the campaign 

•  ~120 circumnavigations of the equator 
•  Continuous measurements LS winds from all the 

balloons 
•  Unbiased sampling over continents and oceans 
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Stratéole 2"

Questions? 
Comments? 

Suggestions? 
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