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In numerical simulations of atmospheric models, often a 
reduced model has to be used due to computation time or 
resource  limitations.  The  use  of  a  reduced  model, 
however, induces errors to the simulation results. These 
errors are referred to as the approximation errors. 

In  this  study,  we  consider  the  approximation 
errors caused by coarse discretizations of aerosol particle 
number  and  volume  size  distributions  in  a  sectional 
aerosol  model such as  SALSA (Kokkola et  al.,  2008). 
We model the approximation error as an additive noise 
process in the simulation model and employ the random 
forest  (Breiman,  2001)  regression  algorithm  for 
constructing a computationally low cost predictor for the 
approximation error. In this way, the overall simulation 
problem  is  decomposed  into  two  separate  and 
computationally efficient  simulation problems: solution 
of  the  reduced  model  and  prediction  of  the 
approximation  error  realization.  Given  the  trained 
random  forest  model,  the  accurate  model  can  be 
approximated by the sum of the reduced model and the 
predicted approximation error realization.

The proposed approach is tested for handling the 
approximation errors due to a reduced coarse sectional 
representation  of  aerosol  size  distribution in  the cloud 
droplet  activation  parameterization  by  Abdul-Razzak 
and  Ghan  (2002).  Here  a  set  of  approximation  error 
realizations  between  the  accurate  and  reduced  cloud 
droplet  formation  parametrizations  is  first  constructed. 
Second,  these  approximation error  realizations and the 
corresponding input variables of the parametrizations are 
used as the training data for the random forest algorithm 
and the random forest predictor is constructed and used 
in the simulations.

In this study, the approximative and sufficiently 
accurate  parametrizations  consisted  of  7  and  70  size 
sections for the aerosol particle number and volume size 
distributions,  respectively.  The  cloud  droplet  number 
concentration  (CDNC)  samples  simulated  with  the 
accurate  parametrization  as  functions  of  the  CDNC 
samples  computed  both  with  the  approximative  and 
approximation  error  corrected  parametrizations  are 
shown in Figure 1. The mean squared and mean relative 
errors  of  the  CDNC  samples  corresponding  to  the 
approximative  and  approximation  error  corrected 
parametrizations are shown in Table 1. The results show 
a  significant  improvement  in  the  accuracy  of  the 
simulation compared to the conventional simulation with 
a reduced model. The approach proposed in this study is 
rather  general  and  the  extension  of  it  to  different 
physical simulation models is a straightforward task. 

Figure 1. The cloud droplet number concentrations 
(CDNC) computed with the accurate parametrization as 
functions of approximative (up) and corrected (down) 

CDNC values. The solid black lines in the figures 
represent the identity lines.

Table 1. Mean squared errors and mean relative errors of 
the approximative and corrected  CDNC values.

Parametrization
Mean squared 

error (cm-6)

Mean relative 

error (%)

Approximative 1.70×104 20.3
Approximation 
error corrected

1.27×103 8.4
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