
Transport and the Asian monsoon anticyclone 

•  dominant circulation feature  
     of NH summer UTLS, linked to 
     monsoon deep convection  

•  associated with local maxima 
     in trace constituents 
     (water vapor, ozone, pollutants) 

•  active region for stratosphere- 
      troposphere coupling 
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Dynamical Background 
Anticyclonic circulation extends into lower stratosphere  
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Cloud frequency from 
CloudSat+CALIOP 
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15 km 

CALIPSO satellite lidar cloud observations 

Tibet 
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 from Larry Thomason and Jean-Paul Vernier 

SAGE II satellite observations (cloud cleared; likely due to aerosols)  
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Transport pathways 
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Hydrogen cyanide (HCN) 
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HCN source: biomass burning HCN lifetime:  ~4 years in free atmosphere, 
                        but sink from contact with ocean 

Observations from 
ACE-FTS satellite 



Monsoon transport to the stratosphere 
deduced via HCN 
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ACE JJA climatology 
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Randel et al, Science, 2010 
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Anticyclonic circulation 
contributes to large-scale 
transport to/from tropics 

Kanopka et al, ACP, 2010 
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Also: 
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isentropic  summer 
strat-trop exchange  
linked to anticyclone 



Outstanding issues: 

•  Very few aircraft/balloon measurements in anticyclone (so far). 
       SEAC4RS (summer 2012) will provide experience for ATTREX. 

•  How important is convective overshooting vs. large-scale transport?  
       How does the diurnal cycle influence convective transport?  

• What is the detailed behavior of convective and cirrus clouds? 
       Are aerosols observed?  If so, what optical properties? (absorbing?) 
       What is the radiation balance near the tropopause?    

• What is the detailed structure across vortex edge?  (e.g. filamentation?)  
       What are important exchange mechanisms across edge?   

•  What active chemistry is occurring?  Do aerosols nucleate and grow? 
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12 noon 3 pm 6 pm 

Tibet plateau convection 
in late afternoon 

CALIPSO, Cloudsat 
observations at 1:30 

convective cloud statistics from 
3-hour geostationary (CLAUS) data 

Blue = deep, high convective clouds 

(Motivated from Jonathan Wright, Rong Fu) 
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Thank you 
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Complementary perspectives of CO vs. HCN 

CO lifetime ~2 months HCN lifetime ~4 years 

tropical 
minimum 

no 
tropical 
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