
Lecture 13.  

 

Aerosol-cloud-climate interactions: State of current science 

 

 

Required reading:  

 

Introduction, and Chapters 18 and 24 from Heintzenberg&Charlson (2009) 

  

B. Stevens, S. E. Schwartz, Observing and Modeling Earth’s Energy Flows. 

Surveys in Geophysics, 33, Issue 3-4, pp 779-816, 2012. 

http://link.springer.com/content/pdf/10.1007%2Fs10712-012-9184-0 
 



Increasing complexity of climate models 

=> Earth system models 



NRC 2012 



The range of scales of models vs. observations.  



Schematic picture of the microphysical processes that influence the number 

size distribution and chemical composition of atmospheric aerosol particles 



A schematic diagram of the in- or near-cloud processes that 

can alter the aerosol size distribution 

  

Four major processes by 

which clouds can impact 

aerosol populations: 

• Vertical transport 

• Scavenging processes  

(both with water and ice 

hydrometeors) 

• Chemical processes in 

cloud drops 

• Particle formation near 

clouds 





  

Feedbacks (see Ch18) 

 

Aerosol-induced changes in clouds can affect atmospheric dynamics through multiple feedbacks on 

various spatial and temporal scales  

 

Proposed feedbacks: 

i) Aerosol perturbations can modify precipitation rates. Evaporating precipitation cools and thus 

stabilize the subcloud layer.   

ii) In a field of clouds, perturbations to precipitation can change the strength of downdrafts 

associated with rain, altering surface convergence and thus subsequent convection. This can 

occur at a range of scales, from squall lines down to open cell convection in stratocumulus. 

iii) Suppression of freezing associated with smaller drops formed in polluted clouds results in 

latent heat release at higher altitudes, leading to cloud invigoration and deepening.  

iv) Land-use changes can alter the magnitudes of surface fluxes, as well as the Bowen ratio, with 

consequences for the strength of convection and cloud base and cloud top heights. 

v) Smaller drops associated with polluted clouds may evaporate more readily, promoting 

increased entrainment mixing and turbulence, with possible ramification for turbulent 

collection and precipitation formation. 

vi) Greenhouse gas warming is predicted to change general circulation patters, with possibly 

important consequences for the distribution of clouds as well as the distribution and intensity 

of precipitation.      

 

 



   Earth’s energy balance diagram: 

TOA incoming radiation  =   TOA outgoing radiation 

Trenberth et al. 2009 
Considered time period: Mar 2000-May 2004 



Stevens and Schwartz (2012) 








