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Abstract. This study proposed an inversion method of atmosphere aerosol or cloud microphysical parameters based on dual 7 

wavelength lidar data. The matching characteristics between aerosol/cloud particle size distribution and Gamma distribution 8 

were studied using aircraft observation data. The feasibility of particle effective radius retrieval from lidar ratio and backscatter 9 

ratio was simulated and studied. A method for inverting the effective radius and number concentration of atmospheric aerosols 10 

or small cloud droplets using backscatter ratio was proposed, and the error sources and applicability of the algorithm were 11 

analyzed. This algorithm was suitable for the inversion of uniformly mixed and single property aerosol layers or small cloud 12 

droplets. Compared with the previous study, this algorithm could quickly obtain the microphysical parameters of atmosphere 13 

particles and has good robustness. For aerosol particles, the inversion range that this algorithm can achieve was 0.3-1.7 μm. 14 

For cloud droplets, it was 1.0-10 μm. An atmosphere observation experiment was conducted using the multi-wavelength lidar 15 

developed by Xi'an University of Technology, and a thin cloud formation process was captured. The microphysical parameters 16 

of aerosol and cloud during this process were retrieved. The results clearly demonstrate the growth of effective radius and 17 

number concentration.  18 

Key words: Lidar; Effective radius; Gamma distribution; Aerosol; Cloud  19 

1 Intruction 20 

The vertical characteristics of aerosol and cloud are of great significance for the study of many scientific issues, such as the 21 

interaction between aerosol and cloud, the mechanism of atmospheric pollution generation, and so on (Lohmann and Feichter, 22 

2005; Kulmala et al., 2004; Miffre et al., 2010). The high-precision detection of aerosol and cloud microphysical parameters 23 

at vertical altitude is important. At present, the main methods for obtaining atmosphere aerosol or cloud microphysical 24 

parameters include in-situ observation (He et al., 2019; Moore et al., 2021; Gao et al., 2022a; Gao et al., 2022b) and remote 25 

sensing observation (Vivekanandan et al., 2020; Johnson et al., 2009). People can obtain microphysical parameters of cloud or 26 

aerosol at vertical altitudes by mounting in-situ observation instruments on equipment such as airplanes or balloons (Kaufman 27 

et al., 1998; Cai et al., 2022), but this method has a low detection frequency and cannot obtain continuous observation data 28 

with high temporal and spatial resolution (Zhao et al., 2018). Lidar, with its advantages of high temporal and spatial resolution 29 

and high detection sensitivity, has been widely used in the field of atmosphere detection, and has important application potential 30 

in detecting optical an5bd microphysical parameters of atmosphere aerosol and cloud (Vivekanandan et al., 2020; Hara et al., 31 

2018; Siomos et al., 2017; Kanitz et al., 2013; Dionisi et al., 2018).  32 

The remote sensing detection of aerosol or cloud microphysical parameters mainly uses three wavelength lidar, which can 33 

obtain four or more optical parameters (usually requiring two extinction coefficients @355 nm&532 nm and three backscatter 34 

coefficients @ 355 nm&532 nm&1064 nm) for the retrieval of aerosol microphysical parameters (Veselovskii et al., 2004; 35 

Müller et al., 1999; Veselovskii et al., 2009). The regularization algorithm (Kolgotin et al., 2023; Veselovskii et al., 2002), the 36 

principal component analysis (PCA) technique (Martin et al., 2013), and the linear estimation algorithm (Veselovskii et al., 37 

2012) have been used for determining the aerosol bulk properties. These algorithms do not require the assumption of complex 38 

refractive index or aerosol particle size distribution (APSD), so they have been widely studied, but their applications are limited. 39 

The inversion results are unstable, and there will be good results under certain spectral types; however, in some cases, the 40 
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inversion error is very large. Not only that, the above methods require the complex lidar hardware systems (Di et al., 2018a; 41 

Meskhidze et al., 2021; Müller et al., 2014).  Therefore, the above algorithms cannot be well applied in most lidar systems 42 

(most lidars in AERONET are dual wavelength), and it is necessary to establish a more reasonable method for inverting 43 

microphysical parameters. 44 

This study proposes an inversion method of atmosphere aerosol or cloud microphysical parameters based on dual 45 

wavelength Lidar. This article mainly includes the following parts: in Section 2,  we studied the APSD and cloud droplet size 46 

distribution (CDSD) measured by airborne instruments and found that they are basically consistent with the Gamma 47 

distribution, and extract the statistical characteristics of their Gamma distribution parameters; In Section 3, the inversion 48 

method and simulation analysis results were presented and described; In Section 4, an atmosphere observation result by lidar 49 

was presented; Section 5 is the conclusion and discussion. 50 

2 Gamma distribution statistical characteristics of APSD and CDSD 51 

2.1 Gamma distribution  52 

The particle size distribution (Di et al., 2018a) is the variation of particle number with particle radius within a certain 53 

radius range r~r+dr per unit volume, defined as 54 

d
( )=

d

N
n r

r
                                                                                     (1) 55 

here, r is the particle radius, n(r) is the particle size distribution, N is the total number of particles per unit volume. The effective 56 

radius (Di et al., 2018a) is an important parameter that characterizes the average particle size, defined as the ratio of the third-57 

order and second-order moments of the particle size distribution, as shown below  58 
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The most common models for APSD are Junge distribution and lognormal distribution. CDSD usually described as Gamma 60 

distribution or corrected Gamma distribution (Kolgotin et al., 2023). The Gamma function has the advantages of integrability 61 

and recursion of various order functions. In this paper, the Gamma distribution is used to describe APSD and CDSD. In 62 

mathematics, 𝛤(x) is defined as Gamma function, and is as follow  63 

1

0
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Then, the particle size distribution can be written as  65 

( )d = db crn r r ar e r−                                                                                    (4) 66 

here, a is related to particle concentration, b is a dimensionless parameter representing shape factor, which is related to 67 

spectral width, and c is a slope parameter. Its p-th moment can be expressed as 68 

max max

min min
1

= ( )d d ( 1)
r r

p p b cr

p p br r

a
M r n r r r ar e r p b

c


−

+ +
= = + +                                              (5) 69 

The effective radius requires second-order and third-order moments, which are 70 
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Substituting Eq. (6) and Eq. (7) into Eq. (2) yields the effective radius as follow 73 
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The Gamma function has recursion, as shown in the following formula 75 

( 1) ( )x x x + =                                                                                  (9) 76 

According to Eq. (8) and Eq. (9), the effective radius can be simplified as 77 

eff
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2.2 APSDs and CDSDs in the vertical altitude 79 

In order to study the characteristics of APSDs and CDSDs in the vertical altitude, the APSDs and CDSDs obtained from 80 

aircraft observations by the Hebei Provincial Weather Modification Office were analyzed (from 2005 to 2006). APSDs were 81 

measured by the PCASP-100X probe, and CDSDs were obtained by the FSSP-100-ER probe (Di et al., 2018b). The number 82 

concentration, effective radius and optical parameter profiles were calculated based on those APSDs and CDSDs. Fit the 83 

obtained APSDs and CDSDs one by one using Gamma function, and statistically analyze these fitting parameters. ~3500 sets 84 

of APSDs and 2221 sets of CDSDs were statistically analyzed. Over 95% of the data have a high goodness of fit in the Gamma 85 

distribution. The goodness of fit of CDSDs is higher than that of APSDs, with CDSDs of 0.983 and APSDs of 0.856. The 86 

parameter a of CDSDs are significantly larger than that of APSDs, and there are obvious differences of b and c for cloud and 87 

aerosol. The literature suggests that there is a certain functional relationship between the Gamma parameters b and c of CDSDs 88 

(Ding et al., 2023). Statistical analysis was conducted on the b and c parameters of APSDs and CDSDs, as shown in Fig. 1. 89 

  90 
Figure 1. Statistical Results of parameter b and c in aerial survey data. (a)Aerosol particles, (b)cloud droplets.  91 

        According to Fig. 1, there are the remarkable linear relationships between parameter b and c. The fitting functions for 92 

CDSDs and APSDs are as follows 93 
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The linear relationship between the two parameters of CDSDs is better with a goodness of fit of 0.948, and a linear goodness 95 

of fit of 0.821 for APSDs. According to the statistical results, the parameter b of APSDs at vertical height is mainly distributed 96 

in the range of 2-7, and CDSDs is mainly distributed in the range of 2-8.  97 

3. The Inversion method for microphysical parameters of atmosphere aerosols or small cloud droplets 98 

3.1 Inversion algorithm 99 

The first step in this algorithm is the retrieval of the effective radius. The parameter a in Gamma distribution shown in Eq. 100 

(4) is related to number concentration. The ratio OR(m, r) (lidar ratio or color ratio)  of the two optical parameters can eliminate 101 
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parameter a, and can be written as  102 
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here, m is the complex refractive index of particles, g1(λ1) and g2(λ2) are the optical parameters at two wavelengths λ1 and λ2, 104 

respectively. It can also be written as follows 105 
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where Q1 and Q2 are the extinction efficiency factor or backscattering efficiency factor at λ1 and λ2. Using the effective radius 107 

in the Eq. (10) instead of parameter c, the Eq. (13) can be written as follows 108 
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According to the Eq. (11) and Eq. (14), if the ratio of optical parameters monotonically changes with the effective radius, the 110 

effective radius can be obtained from the ratio of optical parameters, and then parameters b and c can also be obtained according 111 

to Eq. (11). The ratio here can be chosen as the ratio of backscatter or extinction coefficient of two wavelengths (color ratio) 112 

or the ratio of extinction coefficient of one wavelength to backscatter coefficient (lidar ratio).  113 

After obtaining b and c, a can be derived from the Eq. (15), written as 114 
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and then, the number concentration N can be calculated by integrating the Eq. (4). The algorithm flowchart is shown below 116 

 117 
Figure 2. the algorithm flowchart for atmosphere particle microphysical parameters. 118 

3.2 The simulation 119 

3.2.1 The relationship between lidar ratio, color ratio, and effective radius 120 

Due to the different complex refractive indices of aerosols and clouds, we will discuss them separately. Water clouds are 121 

composed of liquid droplets, the complex refractive index of 1.33-10-7i was selected. The theoretical relationship curves of 122 

https://doi.org/10.5194/egusphere-2024-192
Preprint. Discussion started: 11 March 2024
c© Author(s) 2024. CC BY 4.0 License.



5 

 

lidar ratio of 355 nm, lidar ratio of 532 nm, 355/1064 nm backscatter color ratio, 355/532 nm backscatter color ratio with 123 

effective radius were calculated and shown in Fig. 3(a) to 3(d). 124 

 125 

    126 

Figure 3. The theoretical relationship curves of colour ratio or lidar ratio with effective radius, m=1.33-0.10-7i. (a) Lidar ratio of 355 nm, 127 

(b) lidar ratio of 532 nm, (c) the ratio of backscatter coefficients (355/1064 nm), (d) the ratio of backscatter coefficients (355/532 nm).  128 

The composition of aerosols is complex, with a large variation of complex refractive index, ranging from 1.33 to 1.70 in the 129 

real part and 0 to 0.05 in the imaginary part. Assuming the complex refractive index of aerosols is 1.47-0.002i, Fig. 4(a) to 4(d) 130 

respectively show the theoretical relationship curves of aerosol when parameter b is set to 2-7. 131 
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           133 

Figure 4. The theoretical relationship curves of colour ratio or lidar ratio with effective radius, m=1.47-0.002i. (a) Lidar ratio of 355 nm, 134 

(b) lidar ratio of 532 nm, (c) the ratio of backscatter coefficients (355/1064 nm), (d) the ratio of backscatter coefficients (355/532 nm).  135 

The blue boxes in Figures 3 and 4 refer to the monotonic variation intervals of aerosols and cloud droplets, respectively. As 136 

shown in the figures, when the complex refractive index is constant and the parameter b is set to 2-7 or 2-8, the corresponding 137 

curve trend is consistent. Under a constant complex refractive index, parameter b does not change the trend of the curve. The 138 

change of b has little effect on the curve. Within the monotonic interval, the effective radius of particles can be retrieved from 139 

the curves. The monotonic interval varies with optical parameter. It can be seen that whether it is clouds or aerosols, the 140 

monotonic range of the backscatter color ratio is the widest, as shown in Fig. 3(c) and Fig. 4(c). The larger the value of b, the 141 

more pronounced the Gamma function describes the characteristics of large particles. Therefore, in the subsequent inversion, 142 

b=6 is taken for cloud droplets, and b=3 for aerosols.  143 

Considering the laser's penetration ability, and the monotonic range of optical parameter ratios with effective radius shown 144 

in Fig. 3 and Fig. 4, the backscatter ratio of 355 nm/1064 nm for the inversion is the optimal choice. According to Fig. 3(c), 145 

the effective radius that can be retrieved using backscatter ratio of 355 nm/1064 nm is above 1 μm. The optimal inversion 146 

range is 1-3.4 μm, and the maximum inversion radius can reach 10 μm. For aerosol particles, the theoretically retrieval effective 147 

radius is above 0.3 μm, the optimal inversion interval is 0.3-1.7 μm. The above curves in Fig. 3 and Fig. 4 obtained are 148 

calculated using Mie scattering theory and are suitable for spherical particles. The spherical particles in the atmosphere can be 149 

distinguished from the depolarization ratio.      150 

3.2.2 The influence of complex refractive index on the backscatter color ratio  151 

When the complex refractive index changes and b is 3, the backscatter color ratios of the 355 nm and 1064 nm wavelengths 152 

are shown in Fig. 5(a) to 5(d).  153 
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  155 
Figure 5. The color ratio with different complex refractive indices. (a)Aerosol with different real part of complex refractive index (real 156 

part <1.50), (b)aerosol with different imaginary part of complex refractive index (real part <1.50), (c)aerosol with different real part of 157 

complex refractive index (real part >1.50), (d)aerosol with different imaginary part of complex refractive index (real part >1.50). 158 

According to Fig. 5, when the complex refractive index of particles changes, the color ratio curves will fluctuate, but they 159 

always monotonically decreases at 0.3 μm to 1.7 μm. Therefore, if the aerosol composition is stable, the color ratio curve can 160 

well reflect the trend of effective radius variation.  161 

3.2.3 Algorithm verification 162 

To verify the algorithm described in the above section, the APSDs and CDSDs observed by aircraft were selected for 163 

simulation. The backscatter ratios of 355 nm and 1064 nm were calculated from the APSDs and CDSDs, and then, the 164 

algorithm described in Section 3.1 was used to retrieve the effective radii of aerosols and cloud droplets and their number 165 

concentrations. The inversion results of effective radius and number concentration, as well as their relative errors, are shown 166 

in Fig.6. 167 

    168 

Figure 6. Simulation and verification of the algorithm with aircraft data. (a) effective radius, (b) number concentration, (c) effective radius 169 

error, (d) number concentration error. 170 

Figure 6(a) and 6(b) are the true values and inversion results of the effective radius and number concentration of an aircraft 171 

observation at vertical altitude, respectively. Figure 6(c) and 6(d) show the relative errors, respectively. The light gray and light 172 

blue shaded areas in the figures are cloud layers. It can be seen that effective radius and number concentration can be well 173 

retrieved using the algorithm. Figure 6 shows that the retrieval error of cloud droplets is relatively small, within ±20% and 174 

±30% for effective radius and number concentration. The errors are ±20% and ±40% for aerosol. The inversion error of 175 
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microphysical parameters of aerosol particles is larger than that of cloud droplets. The reasons are: 1) aerosol types are more 176 

complex, and the assumption of complex refractive index is prone to deviation; 2) APSDs is more complex than CDSDs, and 177 

the adaptability to Gamma distribution is relatively low.  178 

3.3 Error analysis of the algorithm 179 

The inversion errors of effective radius and number concentration mainly come from three aspects: 1) error introduced by 180 

non-spherical particles; 2) error introduced by the assumption of Gamma distribution; 3) error introduced by improper 181 

assumption of complex refractive index; 4) error caused by optical parameter inversion deviation. The first three factors have 182 

been discussed earlier, and this section focuses on the inversion error introduced by optical parameters. In order to 183 

quantitatively analyze the impact of optical parameter errors on the effective radius inversion results, the effective radius errors 184 

caused by color ratio error were calculated when they are ±5% and ±10%, and shown in Fig. 7.  185 

 186 

Figure 7. Errors in effective radius in Look-Up-Table when there are ±5% and ±10% errors in the backscatter color ratio. (a)Cloud 187 

droplets, (b)aerosol particles. 188 

From Fig. 7 (a), it can be seen that when there are errors of ±5% and ±10% in the backscatter color ratio, the inversion 189 

errors of the effective radius of cloud droplets are within ±10% and ±20%, respectively. According to Fig. 7(b), when there 190 

are errors of ±5% and ±10%, the inversion errors of aerosol effective radius are within ±20% and ±30%, respectively. The 191 

inversion error of number concentration comes from the final superposition of optical parameter error and effective radius 192 

error, and the error should be slightly larger than effective radius. In this algorithm, the complex refractive index needs to be 193 

assumed. The physical and chemical properties of aerosol particles and cloud droplet particles that interact with the cloud are 194 

similar, with a complex refractive index similar to that of the cloud. Continuous microphysical parameter profiles can be 195 

obtained by this algorithm. For the uniformly mixed aerosol layer, it can be considered that the complex refractive index within 196 

the layer remains unchanged. Therefore, this algorithm is suitable for the inversion of microphysical parameters of uniformly 197 

mixed aerosol particles and small cloud droplet particles. 198 

4 Experiment 199 

4.1 Instrument 200 

A multi-wavelength (355 nm/532 nm/1064 nm) lidar has been developed in Xi'an University of Technology (XUT). A 201 

Cassegrain telescope is employed as the optical receiver, and narrowband interference filters are utilized as core filter devices 202 

to finely separate the backscatter signals. The system consists of five detection channels: the two elastic scattering channels at 203 

the wavelength of 355 nm and 1064 nm, the nitrogen Raman scattering channel at 387 nm, and the two polarization channels 204 

at 532 nm. Table 1 summarizes the main system parameters of the lidar system.  205 
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Table 1. System parameters of multi-wavelength Raman-Mie scattering Lidar.  206 

Instrument Main instrument parameters 

Multi-wavelength 

Raman-Mie 

Scattering Lidar 

Wavelength of laser 355 nm, 532 nm, 1064 nm  

Light source 

Leibao SGR series Nd: YAG pulsed laser 

Pulse width 8.4 ns Repetition frequency 10 Hz 

Laser divergence angle ≤ 0.5 mrad 

Telescope 

Cassegrain telescopes 

Focal length 2 m Field of view  0.5 mrad 

Aperture 400 mm 

Wavelength of signal 
355 nm (Mie channel), 387 nm (Raman channel),  

532 nm (Polarization channel), 1064 nm (Mie channel) 

Resolvable time 2 min 

Minimum resolvable distance 3.75 m 

 207 

    The optical parameters obtained from this system are the backscatter coefficients at 355 nm (β355) and 1064 nm (β1064), 208 

extinction coefficient of 355nm (α355), depolarization ratio of 532 nm (δ532). β355 is obtained by inverting the Mie-scattering 209 

and Raman channel without assuming lidar ratio. β1064 can be inverted by the Fernald method, as described in Wang et al 210 

(2023a) and Li et al (2016). 211 

 4.2 The experimental observation of a cloud generation process   212 

4.2.1 The experimental observation  213 

Experimental observations were performed based on the lidar of XUT at the Jinghe National Basic Meteorological 214 

Observing Station (34.43°N, 108.97°E) on September 16, 2022 (BJT). The observation experiment lasted for 7 hours with a 215 

time resolution of 2 minutes. Figure 8(a) shows the Time Height Intensity (THI) of the Mie-Rayleigh signal at 1064 nm, and 216 

the color bar values in the figure are the logarithm of RSCS. Figure 8(b) are the temperature and relative humidity profiles 217 

obtained from the sounding balloon at 7:15 am.  218 

  219 

Figure 8. Lidar observations at 03:00-10:00 September 16, 2022(CST). (a) THI diagram of RSCS at 1064 nm, (b) temperature and relative 220 

humidity. 221 

According to Fig. 8(a), there are signals changing from weak to strong above the black curve near 3 km. After 5:00, the 222 

echo signal gradually increased and the laser could not penetrate, suggesting that this should be a process of cloud formation.  223 

According to the temperature and humidity profiles shown in Fig. 8(b), the temperature below 3.5 km is higher than 0℃, and 224 

the relative humidity reaches over 90% at 3 km-3.2 km. Therefore, it can be determined that the strong signal appearing near 225 

3 km in the atmosphere is water cloud. 226 

4.2.2 The optical and microphysical parameter profiles 227 

Figure 9 shows the observed signals of the lidar experiment near 5 o'clock on September 16, 2022, as well as the retrieved 228 
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optical and microphysical parameters. Figure 9(a) is the dual wavelength RSCS with enhanced signal in the cloud, especially 229 

at 1064 nm. Figure 9(b) shows the volume depolarization ratio profile. The volume depolarization ratio in aerosols and clouds 230 

is less than 0.05, indicating that the detected aerosols and clouds are spherical particles. Figure 9(c) show the dual wavelength 231 

backscattering coefficient profiles at 355 nm and 1064 nm, while Fig. 9(d) is the ratio of backscattering coefficients at 355 nm 232 

and 1064 nm, i.e., backscatter color ratio (Wang et al., 2023b).  233 

  234 

Figure 9. Lidar observation results at 05:00-05:02 September 16, 2022(CST). (a)Dual-wavelength RSCSs, (b)depolarization ratio, 235 

(c)backscatter coefficients, (d)backscatter color ratio, (e)effective radius, (f)number concentration. 236 

The depolarization ratio of aerosols below the cloud layer does not change significantly, indicating that aerosols are 237 

uniformly mixed. Based on the inversion algorithm, the effective radius and number concentration profiles are calculated, as 238 

shown in Fig. 9(e) and 9(f), respectively. The effective radius of aerosols under cloud layer ranges from 1.1 to 1.3 μm, and the 239 

concentration fluctuates between 17 and 130 cm-3, and the values decrease with increasing height. At the cloud base, the 240 

effective radius reaches 1.6 μm, and the concentration is 20 cm-3. As the height above the cloud base increases, the effective 241 

radius and number concentration both show an increasing trend.  242 

Figure 10 shows the observed signals of the lidar experiment at 7:20 on September 16, 2022, as well as the retrieved optical 243 

and microphysical parameters. Compared with Figure 9, RSCS (Fig. 10(a)) and backscatter coefficients (Fig. 10(c)) in the 244 

cloud layer increases significantly. From Fig. 10(b), the depolarization ratio increases above 3.2 km, and it should be caused 245 

by multiple scattering or low signal-to-noise ratio. The effective radius and numerical concentration of aerosols under the 246 

clouds in Fig. 10 show little change compared to Fig. 9. The number concentration in the clouds shown in Fig. 10(f) has 247 

significantly increased, reaching ~2000 cm-3, but the effective radius didn’t change obviously, about 1-2 μm, see Fig. 10(e).  248 

 249 
Figure 10. Lidar observation results at 07:20-07:22 September 16, 2022(CST). (a)Dual-wavelength RSCSs, (b)depolarization ratio, 250 

(c)backscatter coefficients, (d)backscatter color ratio, (e)effective radius, (f)number concentration. 251 
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4.3 the observation results of cloud process 252 

     Figure 11 shows the THI of color ratio. In the region with cloud, the color ratio is relatively small, about 0.5-2, and the 253 

color ratio of aerosols is relatively large, about 2-7. 254 

  255 

Figure 11. Inversion results of backscatter color ratio at 03:00-10:00 September 16, 2022(CST). 256 

 257 

Figure 12. Microphysical parameters inversion results of atmospheric particulate matters at 03:00-10:00 September 16, 2022(CST). 258 

(a)Effective radius, (b)number concentration. 259 

Figure 12 shows the changes of effective radius and particle number concentration (displayed in logarithmic form). The 260 

observation results can be separated into four stages, marked with “1/2/3/4” in Fig. 12. Stage 1: From 03:00 to 04:30, which 261 

is the early stage of cloud formation, there is an aerosol layer at 3.2 km with an average thickness of 180 m, and the effective 262 

radius and number concentration are relatively small, ranging from 1.2 to 1.5 μm and from 8.5 cm-3-20.6 cm-3. Stage 2: 04:30-263 

05:06, during which the echo signal of the lidar is enhanced, the particles radius increase, and the effective radius increases to 264 

1.4-1.8 μm. The concentration range is 13.3 cm -3-25.6 cm-3.  Stage 3: From 05:00 to 08:30, the cloud layer thickens, the echo 265 

signal intensifies sharply, and the effective radius and number concentration increase significantly, with the effective radius of 266 

1.5-5.3 μm and the concentration of 18.7 cm-3-2853.5 cm-3.  Due to the increase of number concentration, the laser cannot 267 

penetrate the cloud layer. Stage 4: From 08:30 to 10:00, the cloud layer rises and the cloud base height increases from 2.5 km 268 

to 3.27 km. The effective radius inside the cloud remains unchanged, but the numerical concentration decreases. At 9:40, the 269 

cloud signal disappeared, possibly due to the cloud leaving the field of view of lidar and unable to be observed.  270 
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5. Conclusion and Discussion 271 

This study proposes a method to estimate the microphysical parameters of atmosphere aerosols and small cloud droplets 272 

using two optical parameters. Assuming Gamma distribution, the effective radius and number concentration of aerosols or 273 

small cloud droplets can be calculated using the backscatter color ratios of 355nm and 1064nm wavelengths. An atmosphere 274 

observation experiment was conducted using the multi-wavelength Lidar, and the effective radius and number concentration 275 

were retrieved.  The results indicate that the algorithm is stable and reliable.  276 

This algorithm has simple hardware requirements for lidar, requiring only two wavelengths to achieve the retrieval of 277 

microphysical parameters. At the same time, the algorithm is simple, and can obtain stable data inversion results. It is suitable 278 

for the retrieval of cloud droplet generation process and aerosol with uniform mixing and relatively stable composition. The 279 

limitation of this algorithm is that it requires assuming the complex refractive index of particles. The complex refractive index 280 

of aerosols varies greatly, and incorrect assumptions about the complex refractive index can have a certain impact on the results. 281 

Furthermore, this algorithm is not applicable for retrieval of large particle sizes (radius>10 μm). To detect larger particle sizes, 282 

millimeter wave cloud radar and lidar can be used for joint observation. We will carry out this work in the future.  283 
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