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What ISAC-CNR stands for ? 

Institute for atmospheric sciences and climate 
National Research Council – Earth Enivronment Dept. 
90 Research staff - overall > 200 people 
HQ in Bologna, large dept. in Rome, Lecce, Torino 
Structured in small research groups (4-10 p) 
Dealing with a vast range of activities: 
Meteorology, Atmospheric structure and composition, 
Observations of the planet Earth, Air Quality, 

Applications 
Active in research projects / Teaching / Technological 

transfer 



Summary of results 
Collaboration with CNRS started in ‘90s and focused on the observation of 
processes and upscale to the global models 
 
-  Chemistry and dynamics of the polar stratospheric ozone 
-  Polar Stratospheric Clouds 
-  Role of deep convection and circulation in Tropical Upper Troposphere 

composition and entrance of pollutants in the stratosphere 
-  Survey in the tropical and polar atmosphere from the ground  
 
30 co-authored ISI papers (a lot in ACP) 
10 EU projects (from 1994 to 2017) 
Joint lead of a COST action (2007-2011) 
Joint organization of 3 international summer schools 
Several scientific visits supported within projects 
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Past activities and perspectives 

-  EU campaigns Tropics (HIBISCUS - INDOEX - 
TROCCINOX - SCOUT - AMMA) Polar (SOLVE/
EUPLEX/APE-GAIA/RECONCILE) 
- Modelisation lagrangienne, meso echelle, globale 
-  3 team members & 40 publications in 3 years 

Upcoming 
- STRATOCLIM 2014-2019 (2020) 
 
Collaborations 
- NCAR-NASA Atmospheric Chemistry Asian Monsoon 
- CCMI Initiative 



Understanding processes and constraining climate models 

SPARC GA, Bologna 31 Aug – 5 Sept 2008 

(Corti et al., 2008) 

In Darwin (2005) the evidence of overshooting cirrus hydrating the stratosphere 

Corti et al. GRL 2008 

9362 E. Palazzi et al.: Diagnostics of the TTL from in-situ and model data

Fig. 8. H2O-O3 correlations for ECHAM5/MESSy (left column)
and the observations (right column), relative to the regions and
time periods of APE-THESEO, TROCCINOX, SCOUT-Darwin,
and SCOUT-AMMA campaigns (from top to bottom), divided by
color according to 12hPa-thick pressure ranges whose central value
is indicated in the legend.

occurs and makes CO a “pure” transport tracer (Hegglin et
al., 2009).
The black solid lines in Fig. 7 represent the empirical

stratospheric and tropospheric CO-O3 relationships, derived
using data points with CO<30 ppbv for stratospheric and
O3<70 ppbv for tropospheric. CO decreases from a range
of tropospheric concentrations depending on the campaign,
towards its stratospheric steady value of around 30 ppbv,
reached at about 10–15 hPa above the tropopause.
Overall agreement is found in the case of SCOUT-

AMMA between the modelled (bottom left panel) and ob-
served (bottom right panel) CO-O3 correlation. The transi-
tion region between tropospheric and stratospheric regimes,
in fact, is characterized by similar ozone mixing ratios
(from ∼80 ppbv to ∼450 ppbv) and CO mixing ratios (from
∼30 ppbv to ∼80 ppbv). For TROCCINOX (first row pan-
els) and SCOUT-Darwin campaigns (middle panels), on the
contrary, some differences between the model and the obser-
vations can be noticed. The transition region for both these

Fig. 9. Joint probability distribution functions (PDFs) of the H2O-
O3 correlation for the region and time period of each campaign.
Left: ECHAM5/MESSy; right: observations.

campaigns, as deduced from the model data, occurs for a
smaller range of O3 values (from ∼90 ppbv to ∼350 ppbv)
as well as of CO values (from ∼30 ppbv to ∼60 ppbv) than
those emerging from the observations. The structure of the
transition region inferred from TROCCINOX observations,
for instance, shows the clear impact of in-mixing from mid-
latitudes (due to the fact that this campaign was performed
close to the subtropics), which alters and shifts the overall
CO-O3 scatter plot: it lies nearly completely outside the em-
pirical no-mixing lines and is characterized by higher values
of CO (from ∼30 ppbv to >120 ppbv) and typically strato-
spheric O3 mixing ratios.

5.2 H2O vs. O3

Figure 8 shows the correlation of H2O with O3 for
ECHAM5/MESSy (left column) and the observations from
the four campaigns analyzed (APE-THESEO, TROCCI-
NOX, SCOUT-Darwin and SCOUT-AMMA, in the right col-
umn from the top to the bottom).
In spite of inter-campaigns differences, H2O-O3 correla-

tions have the theoretical tropical “L” shape, that results from
the small cross-tropopause mixing, with respect to the extra-
tropics (Hegglin et al., 2009), and small ascent of air parcels

Atmos. Chem. Phys., 9, 9349–9367, 2009 www.atmos-chem-phys.net/9/9349/2009/

Sulphate (?) Aerosol Layer 
In different campaigns 
Borrmann et al. 2012  
 

Hydration due to 
Overshooting 
convection ? 

How climate chemistry 
models reproduce 
the structure of the 
tropopause seen by 
M55 (Palazzi et al., 
2010) 



Ballonborne observations in convective 
outflow 

  Fly in a convective outflow 

Link optical properties to cirrus 
formation processes 

Fierli et al. 
ACP, 2008 



Transport pathways 

CO	  surface	  emission	  
(India	  and	  South	  

China)	  

convective	  transport	  
(main	  outflow	  near	  

200	  hPa)	  

confinement	  by	  anticyclone	  
(transport	  to	  stratosphere?)	  

8	  

Transport	  above	  200	  hPa	  
by	  large-‐scale	  circulation	  

(+overshooting	  
convection?)	  

Diagnosed from 
chemical transport model 
Park et al, JGR, 2009  



Key points: 
 
•  Asian monsoon circulation provides effective vertical transport  
        and chemical confinement in UTLS anticyclone  
           (region of chronic pollution) 

 
•  CTM with climatological sources and large-scale meteorology 
        shows reasonable agreement with satellite observations 
 
•  Observations of HCN suggest monsoon transport to stratosphere 
        - especially effective for Asian pollution (SO2, NOx, other) 
 

Hofmann et al. 2009 
propose increases due 
to Chinese SO2 increases 

stratospheric 
aerosol 



Science objectives for a Pico-Lidar within Strateole 

-  Aerosol & cirrus vertical profile below the ballon in a 
range TBD + Identify the cloud top height 

 
Cloud stuff 
-  Cirrus dynamics (14-18 km height) 
-  Overshooting (16-18 km height) 
Aerosol stuff - a lot of possible surprises 
-  Subtropical Aerosol layer (Borrmann 2012) @ 360 K 
-  Volcanic background (?) 
Dynamics & Radiation stuff 
-  Ancillary for radiation budget in the UTLS 
-  May be helpful for GW and small-scale cirrus structure 

(time resolution)  
Trade-off on the choice of the instrument 



BALLOON-BORNE MICROLIDAR 
 

•  Developed in   HIBISCUS project, used in  
SCOUT and AMMA 

•   Backscattering and depolarization (night 
time, 15 Km of range, vert. res. 30m, temp. 
res.  300s) 
  
•   Low weight and compact size: 
< 10 Kg (w/o batteries)  30x30x70 cm 

•   Low consumption:  < 4 W (w/o heaters) 

•   Low cost version available. 



Filter Bandwidth      
 

5 nm      
 

Wavelength 
 

532 nm     
 

Telescope FL      
 

2000 mm 
 

Telescope diam.    
 

210 mm     
 

Laser  Energy      
 

1.5 µJ 
 

Pulse repet. rate    
 

1.1 kHz    
 

Total Weight        
 

< 10 Kg     
 

Photo-det. QE 12% @532 nm 
 





Ground test at OHP (CNRS - France) 



First scientific flight with CNES – 19 Feb 2003 Bauru (Brazil) 
 



MULID as passenger of  CNES long duration flights 

-  Infra-Red Montgolfier MIR from 
  CNES (France) 

-  Expected flight of  1-2 months world 
  around at 15 – 35 km of altitude 

-  Global coverage via INMARSAT 
   telemetry  

-  Ultra low consumption of MULID 
   for max. lifetime of 2 months 

-  Powered by lithium batteries, by 
  solar cells for additional heating 



MIR flight  10-19/March/2004 

Microlidar & IR radiometer Di Donfrancesco et al. 
Appl. Opt. 2006 
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PICO LIDAR -- Strateole 

43x27x20 cm 
for 3.6 kg (with batteries)  

Laser @ 532 nm  
Repetition rate: 1kHz 
Average pulse energy: 1.5 uJ 

Filter: Bandwidth 2.0 nm  
Telescope: Fresnel lens 5.5 inch diam x 10inch 

Analog and photon counting mode 

700mW (12V 600mA)  

TROPICO Campaign 2012 - 2013 



Night time profile  
5 min average 

Data storage 
COMPACT FLASH 1 Gb 

Unattended 

Power supply 
12 V [8 batteries]  

USB Interface 



20121127 @ 16.44 UTC 

RANGE CORRECTED SIGNAL NOISE SUBTRACTED 
 

     5 min average 

LEOSPHERE - ORSAY 



COLIBRI  
(COmpact LIdar for BackscatteR Investigations) 

I-AMICA_ALA 22 

22x22x38 cm                                        
5 kg 
23 W@ 12 V DC 
Near Field < 150 m  
(< 10 m con correzione)        
Range diurno        > 600 m 
Range notturno         > 5 km  



Test diurno 

I-AMICA_ALA 23 



Test notturno 

I-AMICA_ALA 24 



PICO LIDAR - Best fit with STRATEOLE-2 requirements 

Need of initial investement to adapt the instrument 
Readiness for the test flights 
 
 
Improvements: 

• Transmission to service nacelle YES 
1 channel / 5 minutes resolution =0.1 Mb/hr 

• A better Fresnel lens  POSSIBLE 

• Bandwidth of the filter POSSIBLE --> Daytime 

• Lighter structure YES --> OK with  weight constraints < 2 kg 
 
Decrease  power consumption POSSIBLE  Seems OK with specifications 

• Implementation of Depolarization  Likely NO Too heavy / costs 
 
•  More powerful laser (i.e. extended range to 10 km) Likely NO / costs / consumption 
 
  
 


