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Abstract: Inverse problems in atmospheric optics, for example, the reconstruction of the optical and microphysical properties of aerosols 

and clouds, operational algorithms based on measurements or calculations of solar radiation are used. In this work the patterns of formation 

of the field of reflected solar radiation in a cloudless atmosphere that were obtained during statistical modeling for various optical-

geometric parameters of the observation scheme are discussed. In addition, statistical data processing, the main goal of which was to 

construct a basic parametric model of solar haze brightness, was performed and analyzed. 
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1. Introduction

High-quality radiation models are used to build weather and 

climate models as well as to solve environmental and other 

important scientific and practical problems. To improve existing 

radiation models and develop new ones, it is necessary to solve both 

direct problems associated with predicting the formation of solar 

radiation and inverse atmospheric optics‟ problems, such as 

restoration of aerosol optical thickness, Angstrom index, fine 

aerosol fraction‟s share, etc. and cloud properties‟ restoration. 

Operational algorithms based on measurements or calculations of 

solar radiation are used to solve these problems. Other works (for 

example, [1]) studying the patterns of transformation of the solar 

radiation field show that there is a significant difference in the 

formation of brightness in a cloudless atmosphere and in cloudless 

intervals near cloud formations, which affects the subsequent 

restoration of the characteristics of aerosol and cloudiness. To 

identify the influence of clouds, it is desirable to obtain a basic 

parametric model for a cloudless atmosphere. Such model can be 

obtained, for example, during statistical processing of the results of 

numerical modeling. This work is devoted to study of the 

peculiarities of the formation of a special type of solar radiation - 

reflected solar radiation, in particular, solar haze. Solar haze refers 

to radiation that does not reach the Earth's surface and is reflected 

by the atmosphere. 

2. Optical-geometric model

Let us describe the model used and optical characteristics of the 

atmosphere. Figure 1 shows the geometric scheme and parameters 

of a horizontally homogeneous plane-parallel atmospheric model. A 

plane-parallel single flux of solar radiation falls on the upper 

boundary of the atmosphere in the direction specified by the zenith 

and azimuthal angles ωs = (Θs, φs). The receiver that records the 

angular distribution of reflected solar radiation is located at the 

point with coordinates D(0, 0, H) and makes observations in the 

direction ωd = (Θd, φd). 

Fig. 1 Geometric observation scheme. 

The optical model of the atmosphere is specified using the 

following characteristics: 

1) aerosol scattering coefficients σsc(r) and extinction

coefficients σext(r); single scattering albedo ω0(r); 

2) aerosol scattering phase function g(r, ω, ω′);

3) vertical profiles of temperature and pressure for calculating

molecular scattering coefficients. 

3. Calculation methods

The theoretical basis of numerical experiments is the radiation 

transfer theory [3]. Based on the stationary radiation transfer 

equation the local estimation method on conjugate trajectories for 

calculating the intensity of solar haze in a plane-parallel atmosphere 

[4] consists of following steps: 1) to simulate the trajectory of a

photon moving from point rd in direction ωd and 2) to sum up the 

values characterizing the probability that due to scattering radiation 

„”hits” from the current collision point “the direction” −ωs  at each 

collision point. 

To form a parametric model of solar haze intensity based on the 

least squares method, various types of regression were built in the 

RStudio environment. 

4. Simulation conditions and results

Numerical experiments were carried out for the following 

observation conditions: 

Height H, km: 100. 

Wavelength, µm: 0.44; 0.50; 0.67; 0.87. 

Zenith angles of the Sun, degrees: 0, 30, 60. 

Azimuthal angles of the Sun, degrees: 0, 45, 90, 135, 180. 

Zenith observation angles, degrees: 0, 30, 45, 60. 

Azimuthal observation angles, degrees: 0, 90, 180. 

Aerosol type: continental, mid-latitude summer. [1] 

The choice of wavelengths was determined by the ranges of 

atmospheric transparency windows, so that molecular absorption in 

the atmosphere could be neglected. Wavelength (WL) characterizes 

optical parameters such as total optical thickness (TOT), average 

cosine of the scattering phase function (AC), and single scattering 

albedo (SSA). Table 1 shows these characteristics depending on the 

wavelength. 

Table 1. Optical parameters depending on wavelength. 

WL TOT AC SSA 

0,44 0,4740 0,6447 0,8996 

0,50 0,3742 0,6406 0,8980 

0,67 0,2736 0,6333 0,8828 

0,87 0,2450 0,6339 0,8397 

Some simulation results are shown in Figures 2-3. 

Figure 2 shows the intensity (brightness) of solar haze 

depending on the angle between the direction of incidence of solar 

rays and the direction of observation for various wavelengths and 

various positions of the Sun. The points in the figure reflect the 

results of numerical experiments considering the effects of multiple 

scattering. The solid red lines correspond to a linear regression of 

solar haze brightness from a specified angle for a specific 

wavelength. The behavior of the regression depending on the 

wavelength is noteworthy: it can be assumed that the wavelength 

itself can be considered as a qualitative factor. Another interesting 

result in Figure 2 is the positive trend in solar haze brightness. For 

comparison, Figure 3 shows similar results considering only singly 

scattered radiation. In this case the figure clearly shows a negative 
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trend for the brightness of the solar haze depending on the angle 

between the indicated directions. 

 

Fig. 2 The intensity (brightness) of solar haze including multiple scattering. 

 

 

Fig. 3 The intensity (brightness) of solar haze including single scattering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Conclusions 

Thus, the paper describes a method for calculating the 

brightness of solar haze using one of the Monte Carlo algorithms. 

Simulation results are presented for various optical geometric 

observation conditions. Based on the analysis of the presented data, 

we can conclude that in order to construct a high-quality parametric 

model, multiple scattering should be considered. Otherwise, errors 

occur even when assessing the trend. 
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