View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Tomsk State University Repository

The formation of the sky brightness with horizon position of the sun
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ABSTRACT

This report discusses some simulation results of the angular distribution of brightness of the sky in the case of molecular
scattering in the atmosphere during the civil twilight with solar zenith angles 90 © - 94 °.
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In most well-known papers on the problem of modeling the interaction of the optical solar radiation with atmospheric
particles much attention is given to the field of radiation scattered in the atmosphere at various positions of the sun above
the horizon. In [1-7] the basic mechanisms of the brightness of the atmosphere are considered due to scattering of solar
radiation on its particles already considering geophysical factors, including the position of the sun at the horizon. This
allows us to perform a simulation of the brightness of solar radiation the scattered by the field of Earth's atmosphere, not
only for daytime, but also for the conditions of twilight.

Formation of the brightness of the sky in the morning and evening is of special concern. Transition from day to night and
vice versa - from night to day, significantly alters not only the level of light, but here even the geometric factor is
included related to the change of shading of solar radiation by the body of the planet.

Fig. 1. The results of calculations of the angular distribution of brightness of the sky for three positions of the Sun (zenith
angles: 0°, 60° and 90°) for the case of molecular scattering. The calculation results are normalized to the maximum value
in the frame and are represented in the polar coordinates.

This report discusses some simulation results of the angular distribution of brightness of the atmosphere in the case of
civil twilight, namely: the solar zenith angles of 90° -94°. For the calculations in the developed IAO SB RAS software
package «AtModel» was used [4]. Fig. 1 shows the results of simulations carried out taking into account the spectral
sensitivity of the eye.
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Fig. 2. The results of calculations of the brightness distribution of the atmosphere (in relative terms) in the plane of the
solar meridian at two positions of the Sun: a) the Sun above the horizon (day), and b) the sun over the horizon
(twilight).

Fig. 2 shows the results of calculations of the brightness distribution in the plane of the sky with the sun's vertical
position of the sun above and below the horizon. The results of these calculations in three bands in the visible range of
the electromagnetic spectrum (R, G, B) shows that in the daytime:

. The value of maximum brightness in an image frame, with cloudless weather and negligible small
amount of aerosol in the atmosphere, according to the circumhorizontal zone;
. in the solar zenith angles from 60° to 80° we see the daily maximum brightness of the atmosphere,

which is observed in the sunflower field sky; At the same time, the largest drop of brightness values is noted in
the solar vertical plane between circunhorizontal area in subsolar field sky and direction, spaced at 90° from
the Sun;

. as the Sun approaches to the near-zenith region of the sky the value brightness in the blue part of the
spectrum increases and it is becoming more symmetrical relative to the Sun.

Fig. 3. On the problem of zoning areas of the sky in color criterion.
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ZONE POINT PRIORITY AREA COLOURS
1 0-1 Red (R > G, B)
2 1-3 Green (G>R, B)
3 3-4 Blue (B> G, R)
4 4-5 Green (G>R, B)
5 5-9 Red (R > G, B)
6 1-2 G>R>B
7 2-3 R>B>G
8 4-6 R>B>G
9 6-5 G>R>B
10 9-10 The Dark Zone

As we approach the Sun to the horizon and further sinking of the sun to its line we can see:
. decrease in brightness of the sky, but there is an increase in the proportion of its radiation brightness in
the red region of the spectrum;
. at zenith angles more than 91° in the antisolar side sunscreen zone appears with a minimum brightness
of the sky - "dark zone"; with further sinking of the sun below the horizon increases the height of the zone;
. in the solar zenith angles greater than 90° in the antisolar side the area is seen where the brightness
higher than at the zenith and the radiation in the area in the red part of the spectrum considerably prevails over
radiation in the blue and green part of the spectrum; said region is located above the previously mentioned
"dark" area.
Fig. 3 shows profiles of brightness of the sky in red, green and blue spectral ranges in the plane of the solar vertical at
zenith distance of the sun at 92°. In this figure, there are several areas with the priority level of brightness in the red,
green and blue spectral regions. The results of this zoning are given in the table.
Fig. 4 shows the results of calculations of the angular distribution of brightness of scattered sunlight by molecules of the
Earth's atmosphere. Fig. 4a shows the image obtained for the solar zenith angle of 90°, and Fig. 4b, ¢ - for the zenith
angle of 92°.
To carry out further analysis of the image, in the interests of clarity, Fig. 4c shows the equal brightness levels for the
three ranges of the electromagnetic spectrum - red, green and blue in accordance with the spectral sensitivity of the eye.
The analysis is shown in Fig. 4b and it allows you to mark on this image the sector (anti-direction, near the horizon) with
a sharply reduced brightness value - "dark zone".
In the plane of the solar vertical, above the "dark zone" due to the projection of shadow on the planet's atmosphere, it is a
zone of high brightness with a predominance of red color - is the area of the optical phenomenon known as "Belt of
Venus".
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Fig. 4 a)
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Fig. 4. Calculation results of angular intensity distribution of the atmosphere ("whole sky" rectangular
projection) at the zenith position of the Sun: a) - 90°, b) and c) - 92°.
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