
Cargese International 
Summer School
3 – 17 October 2005 – Cargese, Corsica

The role of Upper Troposphere 
and Lower Stratosphere             
in the climate system



A place called Corsica…

Corsica!! (Bari!!)



It looked like this the day I arrived…



…and like this few hours later!



Main Topics and Courses

Observations
Satellite instruments, in-situ and remote measurements of water vapour and chemical 
compounds, clouds in the UT/LS, data evaluation.

Data assimilation
Theory, assimilation of satellite data, numerical weather prediction, assimilation in global 
models of atmospheric chemistry

Modelling and understanding
Dynamics and global circulation, transport and mixing, ozone chemistry, cirrus 
clouds, water budget in the UT/LS, tropical dehydration



Part two
Monday 10 October 2005 
DA 8: Radiance assimilation (Francois Bouttier)
OBS 7: UV-Vis satellite sensors / Envisat SCIAMACHY, GOME (Hennie
Kelder)
DA 9: Mesoscale assimilation (Francois Bouttier)
Extra # 3: Practical aspects of data assimilation (Olivier Talagrand)
OBS 8: UV-Vis satellite sensors / Envisat SCIAMACHY, GOME (Hennie 
Kelder)
OBS 9: UV-Vis satellite sensors / OMI (Pieternel Levelt)
MOD 6: Transport and mixing theory (Bernard Legras)
Tuesday 11 October 2005 
MOD 7: Transport and mixing theory (Bernard Legras)
OBS 10: Eos AURA mission (Pieternel Levelt
KEY 10: Water and the UTLS (Andrew Gettelman)
Extra # 4: Writing skills (Liz Moyer)
OBS 11: Humidity observations in the UTLS region (Liz Moyer)
MOD 8: TTL and water vapour (Andrew Gettelman)
OBS 12: Humidity observations in the UTLS region (Liz Moyer)
Wednesday 8 October 2005 
MOD 9: TTL and water vapour (Andrew Gettelman)
MOD 10: Cirrus clouds (Klaus Gierens)
MOD 11: Introduction to climate-chemistry modelling (Andrew 
Gettelman)
MOD 12: Aerosols in the UTLS (Klaus Gierens)
OBS 13: Microwave nadir sounders (Stefan Buehler)
KEY 11: Microphysical processes in the UTLS (Klaus Gierens)
Thursday 13 October 2005 
Extra 5: To be filled in or left free
DA 10: Evaluation/validation (Olivier Talagrand)
MOD 13 – MOD 14: Modelling of cirrus clouds (Klaus Gierens)
KEY 12: The extra-tropical tropopause mixing layer (Jean-Pierre 
Cammas)
OBS 14: Aircraft observations of the UTLS region (Jean-Pierre 
Cammas)
Friday 14 October 2005
OBS 15: New sensors to study cirrus clouds using sub-mm range 
(Stefan Buehler) 
DA 11: Research satellites and data assimilation (William Lahoz)
OBS 16: New sensors for humidity observations in the UTLS region
from Radio Occultation (Stefan Buehler) 
DA 12: Evaluation of future missions (William Lahoz) 
KEY 13: The future observing system in the UTLS (William Lahoz)
+ EXTRA DAYS Lectures

Part One:
Tuesday 4 October 2005
KEY 1: Radiative transfer (Bruno Carli)
OBS 1: Microwave limb sounders (Stefan Buehler)
KEY 2: The Data Assimilation problem (Olivier Talagrand)
OBS 2 – OBS 3: Radiative transfer for thermal radiation (Bruno Carli)
KEY 3: The tropopause (Bernard Legras)
Wednesday 5 October 2005 
DA 1: Data assimilation methods (Olivier Talagrand)
KEY 4: Gravity waves (Geraint Vaughan)
OBS 4: Infrared satellite sensors / Envisat MIPAS (Bruno Carli)
Extra # 1: Satellite data analysis (Andrew Gettelman)
OBS 5: Ground-based radar and lidar observations (Geraint Vaughan)
DA 2: Data assimilation methods (Olivier Talagrand)
OBS 6: Ground-based radar and lidar observations (Geraint Vaughan)
Thursday 6 October 2005 
MOD 1 – MOD 2: The stratospheric circulation (Alan O’Neill)
KEY 5: Ozone and ozone trends in the UTLS (Dominique Fonteyn – given 
by William Lahoz based on DF material)
Extra # 2: Preparing data graphics (Mark Baldwin)
MOD 3: The role of the stratosphere on low-frequency atmospheric 
variability (Mark Baldwin)
DA 3: Chemistry and the UTLS (Dominique Fonteyn – given by William 
Lahoz based on DF material)
KEY 6: Stratosphere-troposphere connections (Mark Baldwin)
Friday 7 October 2005 
DA 4 - DA 5: Chemistry and the UTLS (Dominique Fonteyn – given by 
William Lahoz based on DF material)
KEY 7: Exchange between PBL and UTLS (Heini Wernli)
DA 6: Dynamics and data assimilation (Richard Swinbank)
MOD 4 – MOD 5: STE in mid-latitudes (Heini Wernli)
Saturday 8 October 2005 
DA 7: Numerical models and data assimilation (Richard Swinbank)
KEY 8: NWP and the UTLS (Francois Bouttier)
KEY 9: Ensemble forecasting: THORPEX and the future for NWP (Richard 
Swinbank)
Week Two
Monday 10 October 2005 
DA 8: Radiance assimilation (Francois Bouttier)
OBS 7: UV-Vis satellite sensors / Envisat SCIAMACHY, GOME (Hennie
Kelder)



And ready to start!



Soon everybody felt involved…



Radiative transfer  (Bruno Carli, CNR, Italy)

jj
http://www.ifac.cnr.it/retrieval/products.html



Observations of water in the UTLS
(Liz Moyer, Harvard Univ.)

How heterogeneous is water in 
the UTLS?
How important is convective 
detrainment?
Will mean RH stay constant in 
the future?
Positive/negative effects?
How much of mid-lat water 
vapour derives directly from the 
tropics? And vice-versa?
Will that change in the future?
Where does air ascend in the 
stratosphere?
How important is tropical and 
midlat deep convection?
Is water vapour really limited by 
saturation mixing ratio?



Water Vapor and the UTLS
(Andrew Gettelman, NCAR)

Satellite data analysis
Water and the UTLS
TTL and water vapour
Introduction to climate                  
chemistry modelling



1) “Satellite data analysis
A (ab)user perspective”



Humidity trends (AIRS data)



3) TTL and water vapor



Anomalies in the TTL



Impact of Northern Summer 
Monsoon on the UTLS exchange

A detailed analysis of model fluxes of water vapor and ozone indicates that 
the Asian monsoon circulation may contribute 75% of the total net upward 
flux in the tropics at tropopause levels from July to September. Some of this 
air may enter the tropical stratosphere and bypass the tropical tropopause
altogether.





4)From the lecture “Introduction to 
climate-chemistry modeling” 



…Someone started to feel suspicious…



So, someone decided to explore more…



…and after some hard thinking…



…decided that water can be fun!!!!



Some people started to believe it…



…Some other did not!!



Measuring Upper Tropospheric humidity with Operational 
Microwave Satellite Sensors (AMSU-B)
(Stefan A. Buehler, University of Bremen, Germany)

ghy





AMSU-B measurements of upper tropospheric
water vapor

ghyj



Validation of AMSU-B UTH retrievals

dddddd



People started to take it seriously… 
while exploring new study techniques



The Belgians followed them…

…and the Russians…

…and the Canadians…



…and the Russians…

…and the Ukrainians…



…Someone did not follow them!!

“The most general form of 
statistical linear estimation: 
the Best Linear Unbiased 
Estimator (BLUE)”
(Olivier Talagrand, Laboratoire
Meteorologie Dynamique, 
Paris)







Even the dog 
fell asleep…!



But someone had different plans…





Someone discovered the pleasure of local drinking…



…and local eating



(Someone –by the way- had very beautiful shoes…)



…Someone decided to escape…



…The clouds were so beautiful that day…









Cirrus Clouds & New Satellite Sensors to study Cirrus Clouds in 
the sub-mm Spectral Range
(Klaus Gierens, DLR Germany & Stefan Buehler)

ttt
Cirrus clouds 
reflect sunlight 
and thus 
increase the 
planetary 
albedo (Low 
thick clouds)

Cirrus clouds 
are radiatively
cold and thus 
reduce the OLR 
(High thin 
clouds)

How will the 
net effect 
change for a 
changing 
surface 
temperature?



Influence of Cirrus Clouds on AMSU-B
Strong Cirrus clouds 
have an important 
influence on AMSU-B 
measurements near 183 
GHz, but
to determine the ice 
water content of weaker 
clouds (and ice particle 
size/shape) we need 
more channels at higher 
frequencies.
NASA proposal SIRICE 
(PI Steve Ackerman).
ESA Opportunity Mission 
Proposal CIWSIR (Cloud 
Ice Water Sub-millimeter 
Imaging Radiometer).







Coffee break…



And maybe more than one coffee…



Talking about gravity waves…
Geraint Vaughan,                                 
Univ. of Manchester, UK

They can propagate vertically and 
horizontally, transporting 
momentum from their source to 
their sink
They are difficult features to 
represent correctly in global models 
– this is an area of active current 
research.
Waves propagate vertically into the 
stratosphere and mesosphere
Wave amplitudes vary as ρ-½:
density decreases so waves grow in 
amplitude with height





Some final notes…



Exploring the interland

(Filitosa)



Exploring along the coast…

(Girolata)



(Cargese)





(Corte)



(Ajaccio)
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