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Ground-based Observations 
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Satellite Observations 
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Long-time SBM simulations 

SGP	
   China	
  

TWP	
  

" One-­‐month	
  regional	
  CRM	
  simula<ons	
  with	
  
Spectral-­‐bin	
  cloud	
  microphysics	
  

•  TWP	
  (Jan.15-­‐Feb.15,	
  2006):	
  tropic	
  oceanic	
  
convec<on	
  

•  China	
  (July	
  2008):	
  summer	
  convec<on	
  of	
  
mid-­‐la<tude	
  coastal	
  area	
  	
  

•  SGP	
  (June	
  2008):	
  mid-­‐la<tude	
  inland	
  
summer	
  convec<on.	
  

	
  

	
  



Validation of Model simulations 
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Cloud Top Height 
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CTH and Cloud Thickness 
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Microphysical Effects (ME) 
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Separation of Microphysical and Invigoration Effects 
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Contribu-ons	
  to	
  CTH:	
  

•  The	
  difference	
  in	
  central	
  ouTlow	
  height	
  
(COH)	
  between	
  Pollu	
  and	
  Clean	
  represents	
  
the	
  invigora-on	
  effect	
  (IE)	
  on	
  CTH	
  	
  	
  

Contribu-ons	
  to	
  cloud	
  frac-on:	
  

•  IE	
  on	
  cloud	
  frac-on	
  is	
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  IE-­‐1	
  

•  Consistent	
  with	
  Morrison	
  and	
  Grabowski	
  (JAS,	
  2013)	
  which	
  found	
  that	
  invigora-on	
  
of	
  hea-ng	
  is	
  limited	
  beyond	
  the	
  convec-ve	
  adjustment	
  -mescale.	
  	
  	
  

	
  	
  



Radiative Effects 

•  Strong	
  upper	
  level	
  radia<ve	
  warming	
  stabilizes	
  atmosphere,	
  leading	
  to	
  
weaker	
  convec<on.	
  	
  

Morrison	
  and	
  Grabowski,	
  ACP,	
  2011	
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Precipitation 
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Other studies with bulk schemes 
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Van Den Heever et al. 2011 	

 Khairoutdinov and Yang 2013	





Summary 
"   Microphysical aerosol effect is the fundamental determinant of the 

increases in cloud cover, CTH, and cloud thickness by inducing 
larger amount of smaller but longer-lasting ice particles in the 
stratiform/anvils of DCCs.  

"   This microphysical mechanism explains the consistent signatures of 
increased cloud top area and height in polluted DCCs revealed by 
observations, even when invigoration of convection is absent. 

"   The microphysical effect produces strong surface/TOA cooling and 
atmospheric warming and reduces diurnal temperature variation.  

"   Over a large region and long time period, the invigoration effect by 
increasing aerosols is buffered partially by the feedback of radiative 
forcing to the system, leaving the microphysical effect to dominate 
the changes on cloud properties. 



Observed Aerosol Effects 
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