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Towards satellite retrieval of drop activation 
above cloud base 
Dr. Lauer Oliver, the Hebrew University / MPI

Particles smaller than 80 nm (Aitken mode) are commonly considered too small to be activated in 
the atmosphere and therefore won’t contribute to cloud forming processes significantly. But as 
described in “Substantial convection and precipitation enhancements by ultrafine aerosol 
particles” (Fan, Rosenfeld et al. 2018), in situ aircraft measurements and computer models show the 
possibility of activating very small particles in elevated areas of convective clouds. The 
measurements displaying unexpected average droplet size development with height were taken 
during the ACRIDICON campaign over the Amazon in 2014. Subsequent computer modeling 
revealed the possibility of Aitken mode particles getting activated in elevated cloud areas with high 
local supersatuations, due to the lack of droplet surface area available for condensation after strong 
coalescence and precipitation.

The additional condensation and latent heating can lead to invigoration of the convective 
clouds as manifested by stronger updrafts, deeper clouds and more precipitation.

Multiple cases of activation above cloud base could have been observed via satellite using the 
VIIRS instrument installed on the Suomi NPP satellite. Assuming adiabatic conditions, the 
effective radius (re) and temperature measured by the satellite can be used to create a T-re 
profile. Applying thermodynamic relationships to this profile enables the prediction of CCN 
activated at cloud base. Now this methodology was expanded to investigate clouds with levels 
of significant smaller than expected average droplet sizes. These levels potentially indicate the 
activation of UFP (ultra fine particles) above cloud base. According to theory, activation above 
cloud base is especially likely to occur if only a small portion of particles get activated at cloud 
base. Analyzing and filtering ground based SMPS and CCN data obtained in Manacapuru (near 
Manaus, Amazon) and ATTO (pristine forest area, Amazon) provided the aerosol observations 
meeting the conditions of elevated cloud droplet activation. Furthermore the mechanism 
behind the activation above cloud base, as well as the environmental conditions that pander it 
will be explained and discussed.
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