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Table 1 Simulated parameters

Inversion flow chart of aerosol microphysical properties under a priori model radius constraints
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of bimodal log-normal aerosols

Aerosol type 7y, /pm ry./pm o . Cy/(pm®ecm ?) Cy../(pm’ecm™?) Complex refractive index
Urban 0.14 2.88 0.43 0.79 0. 64 0. 36 1.40—0. 0091
Smoke 0.15 3.70 0.40 0.79 0.70 0.30 1.48—0.0171
Marine 0.16 2.70 0.48 0.68 0.33 0.66 1.36—0.0021

Desert dust 0.14 2.50 0.54 0.60 0.07 0.93 1.52—0.0021
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Fig. 2 Retrieved aerosol PSD for four aerosols. (a) Urban aerosol; (b) smoke aerosol; (¢) marine aerosol; (d) desert dust aerosol
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Table 2 MRE between initial size distributions and reconstructed size distributions obtained by two methods

MRE of desert dust

MRE of urban aerosol /%  MRE of smoke aerosol /% MRE of marine aerosol /%

Condition aerosol /%
Fine mode Coarse mode Finemode Coarse mode Fine mode Coarse mode Fine mode Coarse mode
Unconstrained 20. 88 73.27 20. 62 80.76 23.03 27.68 16.97 31.18
Constrained 25.99 30.97 17.74 24.31 14. 88 7.68 16. 46 23.14
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Table 3 Parameter range of bimodal log-normal aerosols

chosen in simulation tests

Aerosol parameter Range
Real part of refractive index 1.40-1.56
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Statistical results of inversion errors of aerosol microphysical properties. (a) Volume concentration V,; (b) surface area

concentration S,; (¢c) number concentration N,; (d) effective radius 7.
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Abstract

Objective  Atmospheric aerosols play a crucial role in climate change and atmospheric pollution. Multi-wavelength
Raman lidars and lidars with high spectral resolution can accurately measure aerosol extinction and backscatter coefficients
for retrieving aerosol particle size distribution, volume concentration, effective radius, and other microphysical properties,
which is significant for studying regional and global ecological environments. However, retrieval errors exist in the
extinction and backscattering coefficients detected by lidars. When the aerosol microphysical properties are retrieved, the
number of unknown parameters required to be solved is often greater than that of optical measurement channels, which is a
typical ill-posed inverse problem. As the retrieved results show significant uncertainty in some cases, additional constraints
should be introduced to improve the retrieval stability. We propose an advanced regularization retrieval algorithm that
introduces a priori mode radius range as a constraint to improve the retrieval accuracy of particle size distribution

parameters of different aerosol types.

Methods In our study, an advanced retrieval algorithm for aerosol microphysical properties based on the regularization
method 1s developed. The entire algorithm process is shown in Fig. 1. Based on the Tikhonov regularization retrieval, the
reliable retrieval of microphysical particle properties can be realized with a combined data set of particle backscattering
coefficients at 355, 532, and 1064 nm and extinction coefficients at 355 nm and 532 nm. Generally, only those solutions
for which the optical discrepancy term takes its minimum are selected in retrieval, but here all individual solutions that are
within a certain range around this minimum solution are averaged. As a result, the retrieval stability can be improved.

Additionally, referring to the aerosol models from the AERONET database, we obtain the volume mode radius ranges of
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coarse and fine mode aerosols. By employing this as a priori constraint, further selection is performed on the reconstructed

particle size distribution to obtain the final retrieved results after averaging.

Results and Discussions To test the effectiveness of a priori mode radius constraints on improving the retrieval accuracy
of particle size distribution, we conduct the simulations of four typical tropospheric aerosol types: (i) urban aerosols,
(ii) smoke aerosols, (iii) desert dust aerosols, and (iv) marine aerosols, with parameters derived from observation data from
several AERONET stations. Fig. 2 compares the distribution changes of reconstructed particle sizes after introducing a
priori constraints. Meanwhile, Table 2 quantitatively compares the results in Fig. 2 by adopting mean relative errors as
the evaluation index. The comparison results indicate that introducing mode radius constraints significantly improves the
retrieval results of coarse mode aerosols. Referring to the range of aerosol microphysical parameters (Table 3) given in
historical data, we generate 1500 sets of bimodal log-normal distribution data to test the algorithm. Considering the effect
of 20% random Gaussian noise, the relative errors of the retrieved effective radius, volume concentration, and surface area
concentration are controlled within the range of +33%, +£45%, and +50% respectively in the cases over 90%. This

indicates that the algorithm has sound stability and can tolerate input error effects within a certain range.

Conclusions We propose an advanced retrieval algorithm for aerosol microphysical properties based on the regularization
method, which significantly improves the stability and accuracy of retrieval and solves the problem of large retrieved errors
in some cases. The proposed algorithm improves the remote detection technology of aerosols by multi-wavelength lidars.
These measurements can provide accurate information about aerosol microphysical properties. The vertical profile of
aerosol parameters obtained from lidar detection can be a great improvement of aerosol modeling, which will help study the

influence of aerosols on climate and environment.

Key words atmospheric optics; multi-wavelength lidar; regularization method; aerosol particle size distribution;

microphysical properties
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