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Fire,	
  Yoram	
  &	
  Me	
  



I	
  learned	
  how	
  to	
  detect	
  fire	
  from	
  Yoram	
  

2001,	
  Book	
  “Global	
  and	
  Regional	
  VegetaBon	
  Fire	
  Monitoring	
  from	
  Space,	
  Planning	
  and	
  	
  
Coordinated	
  InternaBonal	
  Effort”	
  (Eds.	
  F.	
  Ahern,	
  J.G.	
  Goldammer,	
  C.	
  JusBce),	
  199-­‐225.	
  



Yoram	
  germinated	
  seeds	
  but	
  
required	
  tens	
  of	
  watering	
  to	
  
make	
  them	
  blossom	
  	
  

The	
  Fire	
  Monitoring,	
  Mapping	
  &	
  Modeling	
  (Fire	
  M3)	
  Team	
  
and	
  I	
  Won	
  6	
  awards	
  in	
  Canada	
  	
  



China	
  Aerosol,	
  Yoram	
  and	
  Me	
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1967:	
  Sekera,	
  aerosol	
  from	
  
satellites	
  polarizaBon	
  meas.	
  	
   1967:	
  ATS	
  III	
  

1972:	
  ATS	
  III	
  dust	
  transport	
  
Carlson	
  and	
  Prospero,	
  

1976:	
  dust	
  -­‐	
  Landsat,	
  Fraser	
  

1972:	
  Landsat,  

1980s:	
  study	
  of	
  transport	
  
aerosol	
  species	
  -­‐	
  effect	
  on	
  
climate;	
  stratospheric,	
  
aerosol	
  overland:	
  Stowe,	
  
McCormicK	
  

1999:	
  MODIS, MISR 
2002:	
  GLI  

1990s:	
  analysis	
  of	
  POLDER,	
  
ATSR,	
  methods	
  for	
  MODIS,	
  
MISR,	
  radiaBon	
  budget	
  

2000s:	
  aerosol	
  climatologies,	
  
aerosol-­‐cloud	
  interacBon	
  

1996:  POLDER 

1991:	
  ATSR 

1984:	
  Earth	
  RadiaBon	
  
	
  budget	
  satellites	
  

1975:	
  GOES-­‐VISSR	
  

1981:	
  AVHRR	
  afernoon	
  

1965:	
  stratospheric	
  aerosol	
  
profiles	
  from	
  Vostok	
  6	
  -­‐	
  
Rosenberg	
  and	
  Tereshkova	
  	
  

1979:	
  SAGE	
  

2003:	
  GLAS  

By	
  Y.	
  Kaufman	
  (2003?)	
  

Trend	
  of	
  Aerosol	
  Studies	
  in	
  the	
  World	
  



	
  
???????	
  
	
  



April-May-June 

Courtesy	
  of	
  Jaehwa.	
  Lee	
  of	
  the	
  Deep-­‐blue	
  Team	
  

15	
  Years	
  Later,	
  our	
  view	
  of	
  aerosol	
  is	
  much	
  more	
  complete	
  sharper,	
  but	
  China	
  remains	
  a	
  hotspot	
  



April-May-June 

Courtesy	
  of	
  Jaehwa.	
  Lee	
  of	
  the	
  Deep-­‐blue	
  Team	
  

To	
  solve	
  the	
  world’s	
  aerosol	
  problem,	
  just	
  pay	
  special	
  ajenBon	
  to	
  a	
  few	
  regions	
  	
  	
  

	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  



Phase I: Observation: 2004-2006 
JGR	
  Special	
  SecBon	
  (20	
  papers)	
  



East	
  Asian	
  Study	
  of	
  Tropospheric	
  Aerosols&	
  Impact	
  on	
  
Regional	
  Climate	
  (EAST-­‐AIRC,2008-­‐2012)	
  	
  

Observation: 2006-2010 
JGR Special Issue II 

(2010-2012, 35 Articles) 



Nature Report (2009) !

EAST-AIRE: The closest cooperation between 
US & China in Climate Change Studies!



13 
Unified Quality-Control, Unified Algorithms, Unified Products	
  

Xianghe 
Northern Plain	
�

Lanzhou	
�

Semi-arid 

Hefei 
Southern Plain	
�

East Asian Study of  Tropospheric Aerosols& Impact on Cloud and 
Precipitation (EAST-AIRcp, Phase III, 2013-2017) 

JGR Special Section (30 Articles)   





May-June-July 

	
  
	
  

	
  
	
  

SAM 
WAM 

SAM 

NAM 

AUM 

EAM 

EAM 

Review	
  of	
  Geophysics	
  (under	
  revision)	
  	
  



What have we learned:���
Aerosol can change every meteor variable���

���
	
  
	
  
	
  

• Cloud 
• Rainfall 

• Temperature 
• Thunderstorms 

• Wind & Circulation 
• Cloud radiative forcing 

• Monsoon circulation & climate 
 
 



Here	
  is	
  My	
  Formal	
  Talk:	
  
Aerosol-­‐Mediated	
  Changes	
  in	
  Cloud	
  

RadiaBve	
  Forcing	
  (AMCRF) 



IPCC, 2013	
  	
  

Aerosol-Induced Changes in Cloud 
Radiative Frocing: Most Uncertain 



Anderson et al. (2003, Science) 

Aerosol-­‐induced	
  changes	
  in	
  the	
  CRF:	
  
An	
  unresolved	
  mystery	
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!

Aerosol-­‐induced	
  changes	
  in	
  the	
  properGes	
  
of	
  deep	
  convecGve	
  clouds 

	
  

(Rosenfeld et al. 
2008, Science) 

(Fanet al. 20138, PNAS) 

(Li et al. 201,1 Nature-Geosci) Koren et al., 2010, ACP  



VariaGons	
  of	
  Mixed-­‐phase	
  &	
  Liquid	
  Cloud	
  
Geometric	
  Paremeters	
  with	
  Aerosol	
  Loading	
  

Peng	
  et	
  al.	
  (2016,	
  JAS)	
  



VariaGons	
  of	
  Ice	
  Cloud	
  Microphysical	
  
ProperGes	
  with	
  Aerosol	
  Loading	
  

Peng	
  et	
  al.	
  (2016,	
  JAS)	
  



VariaGon	
  of	
  	
  Liquid	
  Cloud	
  Microphysical	
  
Parameters	
  with	
  Aerosol	
  Loading	
  

	
  

Peng	
  et	
  al.	
  (2016,	
  JAS)	
  



VariaGon	
  of	
  	
  Cloud	
  RadiaGve	
  Forcing	
  with	
  
Aerosol	
  Loading	
  

Peng	
  et	
  al.	
  (2016,	
  JAS)	
  



§  AMCRF	
  =	
  -­‐4.18W	
  m-­‐2	
  for	
  the	
  enBre	
  tropical	
  region	
  
	
  



Vertical development Horizontal development 

Aerosol invigoration effect： 
•  Warm-based and mixed phase cloud 
•  Cloud top height increase 
•  Anvil expanding 

site	
  

ConvecBve	
  core(	
  τ	
  >	
  10)	
  
	
  Anvil	
  (	
  τ	
  <	
  10)	
  

Clear	
  pixel	
  
20km	
  

FOV	
  of	
  Satellite	
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Yan	
  et	
  al.	
  (2014,	
  ACP)	
  



Long-­‐term	
  mean	
  of	
  Aerosol	
  induced	
  
Changes	
  in	
  Cloud	
  Radiative	
  Forcing 

Estimate of the long-term overall aerosol-related changes in instantaneous 
CRF  is 29.3 W/m2，the	
  long-­‐term	
  mean	
  climate	
  mean:	
  29	
  X	
  1.5%	
  =	
  	
  
0.45	
  Wm-­‐2	
  

CN0 CN0 

27 

TOA Surface 

Yan	
  et	
  al.	
  (2014,	
  ACP)	
  



Can we close the chapter ? 
No, not at all, at the ADCI depends on 
many factors and different time scale:  

 
Diurnal Variation 

Weekly Cycle 
Decadal Trends 

Spatial Migration 
 



Impact of  Aerosol (loading & type) on 
Convection, Cloud & Precipitation in China 
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Sichuan	
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Fan	
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  (2015)	
  

Diurnal Variation 
Guo et al. (2016) 
Lee et al. (2016) 



Comparison of Observed and Modeled 
Diurnal Variaitons 

Guo et al. (2016, JGR) Lee et al. (2016, JGR) 



Thunderstorms 
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Yang and Li (2014, JGR) 

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Visibility Thunderstorms 
SE	
  China	
  



Substantial Contribution of ARI to the Catastrophic 
Floods in Southwest China 

2013 Southwest China flood 
•  The	
  worst	
  in	
  five	
  decades	
  	
  
•  Sichuan	
  mountainous	
  regions	
  

located	
  at	
  the	
  northwest	
  of	
  
Sichuan	
  Basin	
  suffered	
  the	
  
extremely	
  heavy	
  rain	
  and	
  the	
  
most	
  damage	
  (~	
  94	
  cm	
  of	
  rain	
  
from	
  8–9	
  July	
  at	
  Dujiangyan,	
  
Beichuan).	
  	
  

BCH	
�

Sichuan 
Basin 

Fan	
  J.	
  et	
  al.,	
  (2015,	
  GRL)	
  	
  

BCH: Beichuan County 



	
  

	
  

June 25, 2016 34 

8 July	
�

9 July	
�

Main storm period: 2000, 8th to 0700 July 9th   

Rain	
  gauge	
   P_ALL	
  (current	
  emissions)	
   C_ALL	
  (Clean	
  case)	
  

P_NORAD	
  (based	
  on	
  P_ALL,	
  no	
  ARI)	
  
C_NORAD	
  (based	
  on	
  C_ALL,	
  
no	
  ARI)	
  



Clean (or polluted without absorbing aerosols) 

Polluted with absorbing aerosols 
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Difference	
  in	
  the	
  Frequency	
  of	
  Occurrence	
  of	
  ConvecBve	
  Clouds	
  
between	
  Polluted	
  &	
  Clean	
  CondiBons	
  

Chen	
  et	
  al.	
  (2016,	
  JAS,	
  in	
  press)	
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•   Using both global A-Train satellite and ARM ground 

observations of aerosol and cloud properties, strong footprints 

of aerosol on deep clouds are noted.  

•   Satellite-based estimation of the aerosol invigoration effect is 

to cool the planet -4 Wm-2 (~1:30pm), while the overall effect 

over 24 hours is a warming of 0.5 Wm-2 

•   The warming effect could be a key to explain the systematic 

bias in GCM simulation of the aerosol induced changes in 

cloud radiative forcing that has not been accounted for yet.  

Summary  


