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Regularized inversion method for retrieving aerosol size
distribution based on volume scattering function data

at near-infrared waveband
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(College of Meteorology and Oceanography, PLA University of Science and Technology, Nanjing 211101, China)

Abstract: Based on volume scattering data at 0.86 wm, a new method for retrieving aerosol size
distribution functions was put forward. According to the characteristics of aerosol size distribution, size
distribution function n (r) was broken into two part, whole-trend function H (r) and detail-describing
function m (r), and a new series of basis functions were advanced and employed to approach m (r). To
overcome ill-posed nature in retrieval process, Tikhonov regularization method was combined with Mie
scattering theory to strengthen the capabilities to void the influence of measurement noise and errors
caused by numerical integration. Retrieval simulations are performed with size distribution data measured
by Anhui Institute of Optics and Fine Mechanics, which represents three different kinds of aerosol, urban,
rural and oceanic. Results show that, when radius of particles is larger than 0.2 pm, the curve of

retrieved size distribution function nearly coincides with that of actual size distribution, and their
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correlation coefficient is larger than 0.98 on condition that measurement noise isn’t larger than 50% .

Good robustness is also exhibited in the model put forward here; however when radius is smaller than

0.15 pm, there is some deviation when measurement noise is large. To overcome this problem, Junge-

correction method and accumulation-mode-compensation method were put forward, corrected results of

retrieval size distributions show great consistency with actual size distribution. Compared with retrieval

method based on intelligent algorithm, method here is more effective and less time-consuming, and has

advantage in retrieving the detail characteristics of aerosol size distribution.
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Tab.1 Parameters of multi-mode log-normal distribution

Fine mode Middle mode Coarse mode
T/ pm Inoy, Ny T/ pm Inoy, N T/ pm Inoy, No
Type
urban 0.15 0.5 1300 0.85 0.25 15 4 0.6 4.5
(Beijing/Hefei)
0.2/0.5 0.5/0.45 360/42 - - - 2 0.8 1.2
Rural 0.15/0.6  0.48/0.6 300/6 1.2 0.4 1 4 0.8 0.18
(Yuexi) 0.2/0.8 0.6/0.4 20/3.5 1.5 0.6 1.2 4 0.7 0.4
Oceanic 0.1 0.6 1400 0.9 0.35 15 2 0.7 6
(Xiamen) 0.1 0.6 700 0.8/1.7 0.36/0.4 4/0.7 - - -
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Fig.6 Retrieved size distribution by Junge-correction method
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Fig.7 Retrieved size distribution by accumulation-mode-

compensation method
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Tab.2 Correlation coefficient of different retrieved results

Urban Rural Oceanic
Method
0% 30% 50% 0% 30% 50% 0% 30% 50%
Junge-correction method 0.997 0.991 0.988 0.985 0.973 0.964 0.997 0.987 0.984
Accumulation-mode-compensation method 0.998 0.986 0.983 0.999 0.998 0.992 0.999 0.982 0.977
Genetic algorithm 0.996 0.983 0.975 0.999 0.997 0.996 0.994 0.986 0.974
x3I FPRAFERESERNBENREIRE
Tab.3 Relative errors of different retrieved results
Urban Rural Oceanic
Method
0% 30% 50% 0% 30% 50% 0% 30% 50%
Junge-correction method 0.070 0.105 0.180 0.103 0.174 0.252 0.102 0.178 0.193
Accumulation-mode-compensation method 0.057 0.181 0.232 0.029 0.067 0.089 0.067 0.198 0.207
Genetic algorithm 0.080 0.112 0.183 0.043 0.062 0.118 0.124 0.203 0.323
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Fig.8 Retrieved size distribution by genetic algorithm
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Tab.4 Time consumed of genetic algorithm and
method put forward in paper (procedures
are coded in the same computer language

and executed on the same computer)

Method Urban/s Rural/s Oceanic/s
Junge-correction method 5.008 4.892 4.965
Accumulation-mode-
. 5.012 4.973 4.943
compensation method
Genetic algorithm 336.555 333.744 335.141
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