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1. Introduction 
In the presentation, I would like to focus on the importance of size and hygroscopicity of 

atmospheric aerosols on environmental impacts. There are two deposition processes, dry deposition 
(contacting on earth surfaces) and wet deposition processes (involving cloud processes). There are 
two distinct mechanisms in the wet deposition process: collision and coalescence with rain and 
snow droplets mostly occurring below cloud (washout or below-cloud scavenging) and activated as 
cloud condensation nuclei (CCN) to form cloud droplet (rainout or in-cloud scavenging). Although 
size and hygroscopicity of aerosols are essentially important for all the above deposition processes1, 
the model performances are not very good because some processes are poorly understood. Also, 
the activated aerosols affect the cloud property (cloud albedo, lifetime, and precipitation intensity)2, 
and thus accurate prediction of aerosol size and hygroscopicity is needed for accurate prediction of 
cloud processes, and vice versa (this is so-called aerosol-cloud interaction). 

 
2. Toward a cost effective modeling of aerosol-cloud interactions and the limitations 

Aerosol-cloud interaction (aerosol effects on cloud property) is not negligible. For example, 
the global mean cooling effect of aerosol-cloud interaction could counteract the warming effect of 
major greenhouse gases (CO2, CH4, and N2O)3. On the other hand, none of the numerical models for 
short-term (less than a week) and long-term (several months) weather prediction does not consider 
aerosol processes, because the weather prediction is time-critical and also because the high 
uncertainty in the simulated aerosol field might even aggravate the predictability of cloud and 
precipitation. Importance of aerosol-cloud interaction is a consensus of our atmospheric science 
community, but nobody is brave enough to include the detailed and computationally expensive 
aerosol processes in their weather prediction models for the purpose of predicting cloud and 
precipitation. 

We need to efficiently distribute the limited computer resources to spatial and temporal 
resolution and scales. Therefore, optimization is indispensable toward a cost-effective modeling of 
aerosol-cloud interaction indicated by the following equation: 

 
given  ;)( ==+´= åå itotalboundaryiisum CCECECE ,                       (1)  

 
where Ei(C) is an error as a function of computational cost (relative error from the numerical solution) 
of process module i. The limited total computational cost Ctotal is distributed to each process module 
so that Esum becomes a minimum. For atmospheric models involving aerosol-cloud interactions, 
process modules are fluid dynamics, land-surface interaction, atmospheric radiation, cloud 
convection, cloud microphysics, aerosol microphysics, aerosol chemistry, gas chemistry, liquid-phase  
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chemistry, and etc. Eboundary is an error of boundary conditions (e.g. emission amount, size and 
hygroscopicity when emitted, and etc.).  

Ei(C) is obtained only when the simulation result of module i approaches the true value as 
the resolution is finer (time, space, size, chemical species, and etc.). However, most of the aerosol and 
cloud modules implemented in the three dimensional models are computationally efficient but 
accuracy is not necessarily increasing as the resolution is finer (accuracy is rather case dependent 
than resolution dependent). The uncertainty bars of radiative forcing of aerosol-cloud interaction3 do 
not indicate the uncertainty from the numerical solution or observation values, but the differences of 
different models. However, even though the models are different, the implemented aerosol and 
cloud modules are similar with each other, and so are the simulated results of radiative forcing. In this 
context, nobody could succeed in deriving the plausible values of the radiative forcing of the 
aerosol-cloud interaction. 
 
3. My contribution to the aerosol-cloud modeling community 

In the presentation, I would like to present my small contribution to the aerosol-cloud 
modeling community that Ei(C) is reduced by four-fold for an aerosol microphysics module by 
introducing a new concept, the triple moment sectional approach4. 
 
Conclusion 

The accurate prediction of size and hygroscopicity of atmospheric aerosols are essentially 
important for the accurate prediction of their depositions as well as cloud property and hydrological 
cycles through aerosol-cloud interaction processes. However, due to the limited computer resources 
and limited knowledge of the complexity of processes and properties of atmospheric aerosols, 
accurate prediction of the aerosol-cloud interacting systems is still far from feasible. An innovative 
and cost-effective strategy is needed for the advance in the aerosol-cloud interactive modeling. 
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