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This paper presents a methodology for assessing the transparency of the Earth’s atmosphere at night using all-

sky imagers with a narrow spectral range, designed to record the spatial distribution of the intensity of emissions

from the Earth’s upper atmosphere. The imagers operate in monitoring mode at the Geophysical Observatory

of the Institute of Solar-Terrestrial Physics (Tory, Buryatia, 51◦48′N, 103◦04′E). The developed methodology

is currently being used to address a number of problems, including: assessing atmospheric transparency at

night; relative calibration of all-sky imagers using
”
reference“clear nights; obtaining additional information for

interpreting data on the spatial distribution of atmospheric emission intensity and evaluating criteria for identifying

traveling wave disturbances. In the future, it is planned to improve this method by optimizing the calculation

algorithm, using more modern star catalogs, and verifying the absolute calibration of the all-sky imagers

used.
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Introduction

Aerosol particles present at various atmospheric altitudes

affect the spectral distribution of twilight and night airglow.

The study of self-radiation of the Earth’s upper atmosphere

and astronomical observations at night time shall consider

atmospheric transparency and other astronomical climate

and optical weather parameters because airglow intensities

measured at various atmospheric transparencies can differ

very much from each other [1]. The effect of atmospheric

aerosol on ground observations of airglow in atomic oxygen

emission lines, [OI] 557.7 and 630.0 nm, was analyzed

in [2] using previously obtained spectral characteristics of

the aerosol optical depth (AOD) and water content of

atmosphere. Dependence of correlation coefficients between

557.7, 630.0 nm and AOD emission intensities is reported

and its nonlinear behavior has been identified. In [1,2],
these atmospheric transparencies were measure using a

sun photometer and generally may not reflect the aerosol

behavior at night time. CCD fisheye lens camera were used

in some studies to evaluate a set of night sky properties such

as atmospheric transparency, night sky brightness, clouds,

percentage ratio of clouds, etc. For example, paper [3]
used the observation data obtained over the period from

2010 to 2015 at the Geophysical Observatory (GPO) of

the Institute of Solar-Terrestrial Physics (ISTP), Siberian

branch of Russian Academy of Sciences, in Tory, Buryatia

(51◦48′ N, 103◦04′ E). Mean nightglow (nighttime airglow)
was evaluated in spectral ranges of the RGB channels of

the color CCD camera for the Eastern Siberia. Paper [4]

proposes a system for quick measurement of night sky

brightness using CCD camera mosaic images made using

a low-cost automated system. Authors of [5] describe all

sky imagers used in Las Cumbres astronomic observatory

network for automatic evaluation of atmospheric trans-

parency. The obtained cloud maps are used to improve the

accuracy of determination of observation conditions. Night

sky brightness measurement systems using all sky imagers

are described in [6,7]. The findings show that spectral

characteristics of light sources shall be considered to ensure

accurate astrometric measurements. The effect of various

types of natural and man-induced aerosols on the nightglow

brightness in the south of Poland was analyzed in [8].
Results show that aerosol particles have significant influence

particularly in low light pollution conditions. A procedure

for mapping zonal and meridional velocity, mean height and

particle sizes of silvery clouds via photometry using identical

RGB all sky imagers spaced at 115 km in near-meridional

direction is proposed in [9]. Considerable difference was

detected in silvery cloud properties in evening and morning

twilight. An AOD measurement technique using the RGB

all sky imager data is proposed in [10]. The findings

show that AOD data obtained via this technique generally

correlates with moon photometer data reaching a correlation

coefficient higher than 0.9.

The above-mentioned studies are based on using broad-

band all sky imagers. The use of all sky imagers with

narrow spectral range photo filters is believed to be no

less promising for solving such tasks. This allows detecting
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almost monochromatic light flux to facilitate and improve

the accuracy of atmospheric extinction calculation [11].

In 2021, trial run of the National Heliogeophysical

Complex (NHC), RAS, optical instruments [12] was started
at GPO ISTP, SB RAS, to carry out monitoring measure-

ments of nightglow in the 400−1650 nm spectral range.

This work shows another, besides airglow measurements,

application of these instruments. Specifically, a technique

is proposed for evaluating atmospheric transparency at

dark time using narrow spectral range all sky imager

data included in the NHC RAS optical instruments. In

addition, the work provides the results of comparison

between the obtained atmospheric transparency data and

the data obtained from the CIMEL CE-318 sun pho-

tometer, included in the AERONET global network of

ground-based stations [13], that was placed at GPO ISTP,

SB RAS, in 2004−2021. Airglow measurements using

narrow-band cameras are currently widely used. Such

measurements are performed, for example, within the

Meridian Space Weather Monitoring Project supported by

the PRC government [14]. Some other research centers

are also equipped with such optical instruments. There-

fore, the proposed atmospheric transparency evaluation

technique may be of interest for many research organiza-

tions.

1. Instruments, data and technique

This study uses the data from the KEO Sentry 4 All Sky

Imager (hereinafter referred to as ASI0 and ASI1) as part of
the Optical Instruments, NHC RAS, designed for detecting

spatial distribution of primary emissions from Earth’s upper

atmosphere. Imager’s field of view is 180◦ , viewing

direction is zenith. Spectral range selection is provided by

automatically removable interference filters. Cameras have

a different set of interference light filters, specifications of

which are listed in the table.

Besides narrow-band filters, both imagers have

715−930 nm broadband filters with spectral range blocking

with a center at 865 nm and FWHM of 18 nm. Figure 1

shows spectral channels of all sky imagers against the

background of the averaged nightglow spectrum in the

Characteristics of all sky imager filters

�

ASI0 ASI1

Center of bandwidth, FWHM, Center of bandwidth, FWHM,

nm nm nm nm

1 557.7 2 557.7 2

2 630.0 2 630.0 2

3 840.0 1.8 427.8 2

4 846.5 1.8 589.3 2

5 857.0 1.8 865.0 10

range of 400−900 nm as of January 23, 2023, measured

using the KEO Spectrograph: VISIBLE spectrometer, which

is also included in the NHC RAS optical instrument

complex. Exposure time for narrow-band channels is—
55 s. Exposure time for the OH (715−930 nm) broadband

channel is 7 s.

The proposed technique is implemented in three stages.

The first stage involves identification of stars in frames. The

star recognition and identification technique developed for

the KEO Sentinel wide-angle optical system was adapted

for the ASI0 and ASI1 imagers [15,16]. Groups of pixels

interpreted as stars are being retrieved. Then the azimuth

and elevation angle are determined using dependences

previously calculated for each retrieved group. Then

the time, azimuth and elevation angle of the group of

pixels in the frame and of the star from PyEphem were

compared [17]. Star intensity in CCD camera ADC counts

is calculated at the next stage as follows

I =

N∑

0

Inp − N · Ibckgr , (1)

where N is the number of pixels in the group interpreted as

a star; Inp are the ADC counts for one pixel in the group;

Ibckgr is are the mean pixel values in the neighborhood of a

star in the ADC counts.

The manufacturer performed absolute calibration for

channels with narrow spectral range of the NHC RAS all

sky imagers. Data for 557.7 nm and 630 nm spectral chan-

nels is hereinafter given in energy units. Total atmospheric

optical thickness τ (λ)total is evaluated at the third stage.

Calculation is performed for each imager frame and for each

identified star, whose exoatmospheric brightnesses are listed

in catalogue [18]. The mean number of stars in a frame

used for calculation is 9. τ (λ)total for each star is calculated

as follows [19]

τ (λ)total =
− ln E

E0

M
, (2)

where E is the detected brightness of the identified star,

E0 is the exoatmospheric brightness of star for the selected

spectral channel [18], M is the optical air mass equal to the

zenith angle secant of the star.

Spectral characteristics of stars E0 were taken from

catalogue [18], which provides energy distribution in

spectra of 602 stars generated by stars at the top of

the Earth’s atmosphere. For further analysis, 557.7 nm

and 630 nm spectral channels were chosen, that are

detected by the NHC RAS all sky imagers with high

time resolution and are covered by a spectral range from

catalogue [18]. For example, exoatmospheric brightness

of Polaris for 577.7 nm and 630 nm, in accordance with

the catalogue, are 5.78 · 10−2 erg · cm−2
· s−1

· cm−1 and

5.02 · 10−2 erg · cm−2
· s−1

· cm−1, respectively. Taking into

account the FWHM of 2 nm of the 557.7 nm and 630 nm

interference filters, luminosities of the 557.7 nm and 630 nm

channels will be equal to 5.78 · 10−9 erg · cm−2
· s−1 and

5.02 · 10−9 erg · cm−2
· s−1, respectively.
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Figure 1. Nightglow spectrum in the range of 400−900 nm (averaged spectrum as of 23.01.2023) measured using the KEO

Spectrograph:VISIBLE spectrometer. Spectral channels of the ASI0 and ASI1 all sky imagers are highlighted in color.

For comparison with the data processing results for

the ASI0 and ASI1 imagers obtained via the above-

mentioned technique, this study uses the total atmospheric

optical thickness data obtained using the CIMEL CE-318

automated sun photometer at the GPO ISTP, SB RAS,

included in the AERONET global network of ground-based

stations [13]. Photometer detects direct solar radiation

in 8 spectral channels: 340, 380, 440, 500, 670, 870,

940 and 1020 nm [19]. For comparison, mean daily total

atmospheric optical thicknesses at 500 nm and 675 nm

from March to November 2021 were used (data processing

level 2.0, including cloud filtration [13]). Atmospheric

transparency data obtained using the sun photometer at

daytime and all sky imager data obtained at nighttime may

certainly differ in intraday dynamics, but they shall have

common features in reflection of processes on large time

scales.

2. Findings and discussion

We had tested the above-mentioned technique for data

from the NHC RAS all sky imagers. Figure 2, a shows the

time variation of the Polaris intensity as of January 1 2022,

in 557.7 nm and 630 nm spectral ranges calculated using

the above-mentioned technique. Moreover, time variation of

intensity averaged in the neighborhood of Polaris in corre-

sponding spectral channels is shown. Figure 2, b shows the

time variation of the relation between the Polaris intensity

detected in the 557.7 nm and 630 nm channels of the ASI0

(Estar) imager and the luminosity generated by Polaris at the

top of the Earth’s atmosphere (E0) [18]. Results shown in

Figure 2 demonstrate the applicability of the technique for

interpreting airglow observations. Local maxima at 14:00,

18:30 and 21:40 UT reflect 557.7 nm atmospheric emission

variations. Decrease in the calculated intensity of Polaris

in the time range of 13−17:30UT coincides with the

mean emission intensity minimum 557.7 nm at 16UT. This

decrease is lower than other minima within the given period,

which can be attributed to passage of slight clouds or mist.

Decrease in the Polaris intensity by more than three times

can be caused by shortcomings of the algorithm of star

identification in an imager frame due to image smearing

under the action of clouds.

Figure 3 shows a time variation of the intensity of several

stars (Estar) normalized to their exoatmospheric bright-

nesses (E0). Experimental data was obtained using the ASI0

imager on January 01, 2022. Some relative star intensities

higher or equal to 1 can be noted (Figure 3, a). This can be

attributed both to inaccuracies in star catalogue [18] and to

star intensity determination algorithm errors. Imagers with

narrow light filters have advantages and disadvantages for

atmospheric absorption evaluation at dark time. On the one

hand, almost monochromatic light flux is detected to facil-

itate and improve the accuracy of atmospheric extinction

calculation [11]. On the other hand, spectral channels of
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Figure 2. Time variation of the Polaris intensity as of 01.01.2022 calculated from the ASI0 imager data (pane a) in 557.7 nm (green curve)
and 630 nm (red curve) spectral channels. Dark green and dark red curves — intensity time variation calculated in the neighborhood

of Polaris (±5◦), in the 557.7 nm and 630 nm spectral channels, respectively. Pane b shows the time variation of the times intensity of

Polaris normalized to its exoatmospheric brightness in the corresponding spectral ranges [18].
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the ASI0 data in the 557.7 nm (green) and 630 nm (red) spectral channels.
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channel data of the all sky imager (green).
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Figure 5. Total atmospheric optical depth for 675 nm according to the CIMEL CE-318 photometer data (black) and 630 nm spectral

channel data of the all sky imager (red).

such imagers are set to atmospheric emission glow lines,

whose intensities even in geomagnetically quiet nights are

comparable with star intensities in a narrow spectral range

(Figure 1). This degrades the signal-to-noise ratio in the star

identification technique compared with systems with a broad

spectral range or a range beyond emission lines or upper

atmosphere bands. In addition, imager channels operate in

spectral ranges with pronounced absorption, unlike the sun

photometer, whose spectral channels were selected taking

into account atmospheric transparency windows [20].

In 2021, all sky imagers (at dark time) and the

AERONET sun photometer (at daylight time) operated

together to allow some kind of comparison. Figures 4 and 5

show total atmospheric optical thickness variations accord-
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according to the NHC all sky imager data.

ing to the AERONET photometer data and variations ac-

cording to the ASI0 all sky imager data during simultaneous

operation of these instruments. The closest spectral ranges

in the instruments were selected: Figure 4 — 557.7 nm

(ASI0) and 500 nm (AERONET), Figure 5 — 630.0 nm

(ASI0) and 675 nm (AERONET).
Total atmospheric thicknesses measured by various tech-

niques using the CIMEL photometer in daylight time and

the all sky imager at dark time agree quite well with each

other (Figure 4, 5). A maximum is identified in August 2021

and is caused by numerous wildfires during this period.

Figure 6 shows the calculated total atmospheric thickness

according to the NHC all sky imager data in the 557.7

nm and 630 nm spectral lines for the period from April

2021 to December 2023. Daily average (thin lines)
and monthly average (thick lines) values are provided.

A slow decreasing trend for total atmospheric optical

thicknesses and abrupt decrease in the difference of ab-

sorption in the 557.7 nm and 630 nm spectral lines can be

seen.

Figure 7 shows a seasonal variation of the total atmo-

spheric thickness for 2021−2023 measured by the NHC

all sky imagers. As can be seen from the figure, the

total atmospheric thickness maximum for the 557.7 nm

and 630 nm spectral ranges is observed in August for 2021

and 2023. In 2022, a typical maximum is not observed. The

Technical Physics, 2026, Vol. 71, No. 3
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smallest total atmospheric thicknesses are observed in spring

and autumn months. In [21,22], a yearly average variation

of monthly average AOD is provided, reflecting seasonal

AOD variations at 380 nm, 500 nm and 870 nm according

to the CIMEL CE-318 photometer placed at GPO ISTP, SB

RA. It has been found that the largest values of AOD for

380 nm and 500 nm are observed in June, while the largest

values of AOD in the 870 nm long-wavelength region fall

on August. The total atmospheric thickness variations can

generally differ from the AOD variation because, besides

the aerosol extinction, the total atmospheric thickness is

affected by molecular (Rayleigh) scattering and molecular

absorption (water vapor, ozone and other gases).

Conclusion

The findings demonstrate that atmospheric absorption

can be evaluated using the data from the narrow-band

all sky imager intended for detection of spatial distri-

bution of the Earth’s upper atmosphere emission inten-

sity. NHC all sky imagers operate in the monitoring

mode and can be used not only in upper atmosphere

studies, but also for environmental monitoring and for

supplementing the information about lower atmosphere

variations. The developed technique fulfils the following

tasks: evaluation of atmospheric transparency at dark time;

relative calibration of all sky imagers by
”
reference“ clear

nights; additional data acquisition for interpreting the data

on spatial distribution of atmospheric emission intensity;

evaluation of criteria for identification of traveling-wave

disturbances (screening of slight clouds, mist, etc.). At

this stage, we show that atmospheric transparency can

be evaluated according to narrow-band all sky imager

data making no claims to measurement accuracy. To

increase the technique accuracy, the algorithm for star

identification and intensity calculation of stars in a frame

shall be improved, and advanced star catalogues and,

accordingly, more accurate exoatmospheric star intensity

data shall be used. In addition, verification (absolute
and relative calibration) of the used all sky imagers is

necessary.
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