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Crossovers & Impact of Bill on My 
Career CAR: Cloud, Aerosol & 

Radiation: A Tribute to Bill’s Legacy



Li et al. (BAMS, 1997)

Global Surface Radiation Budget Estimated from Satellite
The Truth Seems Between Bill’s and My Estimates
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Chang & Li (2005, J. Climate) MODIS C5 Product Simulated ISCCP Product



Overlapped High-Low Cloud Amount: 
27%: Almost same as CloudSat/Calipso
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Chang and Li (2005, J. Climate)



Led the GEWEX Aerosol Algorithm & 
Products Assessment Working Group 

Li et al. (2009, Ann. Geophysics)



Outline
n Aerosol radiative forcing at the top of the 

atmosphere: 
n Aerosol-Cloud-Interaction (ACI)

n Aerosol radiative forcing at the surface: 
n Aerosol-Radiation-Interaction (ARI)

n Aerosol-PBL-Convection Interactions
n Aerosol & PBL height 
n Aerosol & the severe convective system

development (diurnal & weekly cycles & long-term 
trends) 



IPCC, 2013

Aerosol-Induced Changes in Cloud 
Radiative Frocing: Most Uncertain



Systematic difference in aerosol indirect 
radiative  forcing from modeling

Anderson et al. (2003, Science)



Rosenfeld et al (2008, Science)

Impact of aerosol invigoration effect

Li et al (2011, Nature-Geosci)
Based on 10 years of ARM data



Variations of  DC Properties with Aerosol Loading
Based on 4 years of  A-Train data in the tropics

Peng et al. (2016, JAS)



Shortwave(Left)

Net

Quantative estimation of Aerosol Induced Canges in 
Cloud Radiative Forcing (CRF)  

Peng et al. (2016, JAS) 

Longwave (right)



Impact of Aerosol on DC Anvil
& Cloud Radiative Forcing

Fan et al. (2013, PNAS)

We used 10 years of ARM/Satellite data to estimate the long-
term mean aerosol-induced change in CRF to be 0.45 Wm-2

Yan et al. (2014, ACP)
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ACI & ARI Effects
Aerosol-Cloud-Interaction

Li et al. (2017)

Increase Aerosol

Decrease the solar radiation 
that reaches the surface

Less evaporating 
water vapor 

Less convective 
energy

Create more but smaller droplets 

Slow down the coalesce process 
and rime onto ice hydrometeors

stabilization of the atmosphere

Suppress warm clouds

Suppress the rain 
at low level 

The formed ice particle 
release large amount 
of latent heat

Invigorate deep 
convective clouds

Aerosol Radiative Interaction

Stabilize the PBL
Reduce light rain

Destabilize free atmos.
Enhance thunderstorms



Aerosol Direct Radiative Forcing in China

Li et al. (2007, 2010, JGR)



A

Wang et al. 
(2013, AE)

Li et al. (2011, 
Nature-Geosci)

Aerosol-PBL-Convection Interactions
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Impact of Aerosol on Temperature Inversion

Near Surface Inversin
Elevated inversion
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Temperature Profile in SGP

Li et al. (2017)



Aerosol Optical Depth & Single Scattering 
Albedo in China
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Central China
(Low SSA) 

SE China
(High SSA)

Dong et al. (2017, ACP)
Positive Feedback between PBL and Aerosol Absorption

Invention of  a 
“passive aerosol profiler”



Impact on the Diurnal Cycle of 
Convective & Precipitation

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



Visibility 

Impact on the Weekly Cycle of Lightening

Central China

SE China
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Impact of the Decadal Variation of 
Thunderstorms in Central China

Yang et al. (2013, JASTP)



Yang and Li (2014, JGR)

Impact of the Decadal Variation of 
Thunderstorms in SE China



Three new methods of satellite retrieval of 
Updraft Speed at Cloud Base

25

Hopeful to disentangling the effects of  
aerosol from dynamics 



Three new methods of satellite retrieval of 
Updraft Speed at Cloud Base

Method 1: Cu Clouds
• Zheng et al, 2015, JAS
• Region: SGP

Method 2: Marine Sc
• Zheng and Rosenfeld, 2015, GRL
• Region: Pacific Ocean, Amazon

Method 3: St. Clouds
• Zheng et al., 2016, 2017 GRL
• Region: Many ARM sites
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SAMWAM

SAM AUM

EAM

EAM

Aerosol and Monsoon Climate Interactions in Asia

Li et al. (2016, Review of  Geophysics)

65 Pages !

Li et al. (2016, National Sci. Review)



SAMWAM

SAM AUM

EAM

EAM

For more, please refer to the two review articles

Li et al. (2016, Review of  Geophysics)

65 Pages !

Li et al. (2017, National Sci. Review)



Summary
n Impact of ARI on cloud radiative forcing

n Aerosol modify both macro- and micro-cloud 
properties

n Impact on the in DC anvil may help close the gap.
n Aerosol and cloud radiation interactions (ACI)

n Strong regional effects
n To certain extent, drastic changes in aerosol loading in 

China help explain changes in most meteorological 
variables 

n Aerosol-Radiation-Cloud-Interactions (ARCI)
n Most challenging but essential to fully understand  the 

broad impact of aerosol on climate.
n Relate to both the mean and variability of climate



Part 1
Objectives 

cloud base temperature cloud base height PBL water vapor mixing 
ratio

cloud base updraft speed

cloud base temperature is defined as warmest 
cloudy pixel (Zhu et al. 2014)

Hb = (Ta - Tb)/9.8

With a relative humidity of 
100% at cloud base height, the 
Tb can be used to compute the 
water vapor mixing ratio at 
cloud base. To retrieve the wBL, 
we assume a well-mixed BL 
with fixed water vapor mixing 
ratio(Zhu et al. 2014)

(Zheng et al., 2015, JAS)

§ Generation of new remote sensing products and quantify their uncertainties for 
operational application

§ Demonstration of their potentials to improve the weather forecast if the 
information can be ingested into the system.



Wind Speed Changes
Plain: weakening, Mountain top: strengthening
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