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To study dynamics of the upper atmosphere, we consider results of the night sky photometry, using a color CCD
camera and taking into account the night airglow and features of its spectral composition.

We use night airglow observations for 2010-2015, which have been obtained at the ISTP SB RAS Geophysical
Observatory (52° N, 103° E) by the camera with KODAK KAI-11002 CCD sensor. We estimate average brightness
of the night sky in R, G, B channels of the color camera for eastern Siberia with typical values ranging from ~0.008
to 0.01 erg:em™s”'. Besides, we determine seasonal variations in the night sky luminosities in R, G, B channels of
the color camera. In these channels, luminosities decrease in spring, increase in autumn, and have a pronounced
summer maximum, which can be explained by scattered light and is associated with the location of the Geophysical
Observatory. We consider geophysical phenomena with their optical effects in R, G, B channels of the color camera.
For some geophysical phenomena (geomagnetic storms, sudden stratospheric warmings), we demonstrate the
possibility of quantitative relationship between enhanced signals in R and G channels and increases in intensities of

discrete 557.7 and 630 nm emissions, which are predominant in the airglow spectrum.
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INTRODUCTION

The glow in the night sky (GNS) can be split into a glow caused by extra-atmospheric sources (stars, planets,
nebulae) and a glow of terrestrial origin such as natural airglow, light scattered in the troposphere by extra-terrestrial
sources, and multiply scattered sunlight in Earth’s umbra. In clear moonless nights, the fraction of airglow can reach
60 % and more [Fishkova, 1983]. The airglow provides valuable information about aeronomic processes at heights

of its luminescence.

GNS components are of particular interest and are normally studied separately.

Nowadays, however, there arise problems that require knowledge of morphology of total (in a spectral range) GNS
intensity. First, such problems are associated with climatic changes in the atmosphere [Chefov et al., 2006] and, in
particular, with the dynamics of integral GNS, trends and variations in characteristics of aurorae as compared to previous
centuries [Vazquez et al., 2016]. Second, GNS determines the minimum night illuminance, which we should know in a
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number of cases to solve practical problems related for example to the operation of ground- and space-based optical
systems [Zuev et al.,, 1990], peculiarities of human and animal vision under low illuminance, and astronomical

observations [Leinert et al., 1998].

Notice that in recent years great attention has also been given to light pollution of the atmosphere. In this case,
GNS is a natural background allowing us to determine the level of light pollution, hence the need to know

morphology and physics of airglow under diverse heliogeophysical conditions.

In recent decades, the above mentioned problems as well as the possibility of solving them have arisen largely
due to the wide practical application of all-new highly-sensitive light receivers, based on CCD sensors, to

astronomical, atmospheric, and applied research.

The extensive use of up-to-date color CCD cameras and the current practice to put images online during global
heliogeophysical disturbances (large geomagnetic storms, meteorite impacts, etc.) offer an opportunity to employ
these images in studies of GNS to gain information on atmospheric disturbances in regions that lack special-purpose
geophysical stations. To do this requires data on the response of airglow in spectral ranges, exploited in color

channels, to disturbances of various types.

This paper presents some results of studies of GNS carried out at the Geophysical Observatory with the use of a

color camera in 2010-2015.

INSTRUMENTATION AND MEASUREMENT TECHNIQUE

Instrumentation

The camera in hand is based on a cooled color KODAK KAI-11002 CCD sensor (camera VideoScan-11002
designed by RPC VideoScan, Russia [http://videoscan.ru/]). The input objective lens is Mir-20 with a focal distance
of 20 mm and a relative aperture of 1:3.5. The camera has a thermally-stabilized housing and a rotating turret
assembly; it is pointed at the northern part of the sky, at the celestial pole. A Peltier thermoelectric element is used
to directly cool the sensor at 25° relative to the temperature in the housing. The temperature sensor installed in the
KODAK KAI-11002 CCD sensor enables us to control its operating temperature through software. The angular field

of view of the camera is ~90°; sensor resolution, 4004x2671 pixel.

Choice of exposure period

To reliably detect the airglow, we provided all pixels in the sensor with required light loading exceeding the
noise level. This was done by choosing adequate exposure. To suit the requirement for regular observations, the

exposure period was taken to be 300 s.

Figure 1 gives a histogram of typical light loading of the sensor. Registration of GNS was almost always
accompanied by registrations of the spectrum or the main emission lines of airglow.
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Distribution of GNS components over R, G, B channels of the sensor

According to [Fishkova, 1983], the upper atmospheric emission in the visible spectrum during clear moonless
nights contributes most significantly to the integral night airglow emission. Figure 2 schematically shows the mean
GNS spectrum (a) and spectral sensitivity of the KODAK KAI-11002 sensor (b). It is worth noting that one of the
intensive airglow components in total intensity in spectral ranges of R, G, B channels of the camera is continuum. In
the absence of aurorae, hydroxyl emission in the near infrared spectrum can contribute to the signal of the R channel
[Ammosov, Gavrilyeva, 1999]. Yet 557.7 and 630.0 nm emissions of atomic oxygen [OI] being the brightest
discrete lines both in polar aurorae and in airglow occur respectively in different color channels G and R and are
situated in regions with maximum spectral sensitivity of these channels. At middle latitudes, intensities of these
emissions during some geophysical phenomena, such as geomagnetic storms ([OI] 630 nm emission) and sudden
winter stratospheric warmings ([OI] 557.7 nm emission) can increase by an order of magnitude or more [Mikhalev
et al.,, 2001; Mikhalev et al., 2004]. This allows us to consider the possibility of quantitatively associating the
increase in signals in the G and R channels with the increase in intensities of the discrete emissions at 557.7 and

630.0 nm for the above geophysical phenomena.

A decrease in the contribution of the stellar component and its variations to the integral emission can be

ensured by the selection of respective area of sky image near the celestial pole.
Absolute calibration

Absolute sensitivity of the camera was assessed with respect to the standard star Dubhe (Dubhe, Alpha Ursae
Majoris (o UMa), the apparent stellar magnitude is 1.79 ™); its image was in the field of view of the camera and was
taken directly during the observation of GNS each clear night in all frames during the night. The absolute calibration

technique consisted in choosing several clear nights.

Then, for images, captured during those nights, for each of the RGB channels, we calculated energy
luminosities of sensor pixels, which formed the star images, through convolution of spectral sensitivities of the
sensor (Figure 1) with spectral energy distribution of the star Dubhe. In our case, due to the long exposure period the
star images were obtained in the form of tracks (Figure 3). Next, we compared signals of the light loading of sensor
pixels in the star image and adjacent pixels in the background image, using readings of an analog-digital converter
(ADC) in the assumption that the light loading of pixels in the background image was made just by GNS. The
obtained luminosities enabled us to evaluate the energy value of ADC reading (in erg/(cm>CH-s-reading) in order to

recalculate night sky luminosities registered during other nights.

Notice that the discrete character of images taken by digital cameras causes some difficulties for quantitative
image analysis. In particular, a point star image in the ideal case can expose one sensor pixel to light. The ideality in
our case means that the optics in use forms an image of a point object with sizes being smaller than pixel sizes in the
sensor. The image does not fall on the boundary between two and more adjacent pixels. Real images depend on
amplitude-frequency characteristics of optics, exposure period, and other factors. Figure 3 displays Dubhe images
captured during six nights on October 813, 2015 (a), and for comparison, an image of the Polar Star (Alpha Ursae

Minoris, oo UMi) (b).
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Figure 1. Light loading of the sensor. On the left is a histogram of levels of light loading of sensor pixels, stretched four
times its original size. On the right is a scaled-up area of the image. The dashed square denotes a region used to draw the
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Figure 2. Schematic mean GNS spectrum (@) and spectral sensitivity of the KODAK KAI-11002 sensor (b)
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Figure 3. Images of the star Dubhe captured during six nights on October 8—13, 2015 (a), and an image of the Polar Star
(a. UMi) (b). The exposure period is 300 s; the binning is 2x2

Sizes and character of blurring of the star (point sources) images in our case are dictated by resolution of the lens
employed (~50 line/mm) and the operational mode of the camera (binning is 2x2; exposure period is 300 s). The
absolute calibration of the camera and night sky luminosities were estimated by comparing mean ADC values

separately for each color R, G, B channels of the sensor in the Dubhe region and in adjacent regions without stars.

We have used data on spectral energy distribution of the star Dubhe [Kharitonov et al., 1978].
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RESULTS AND DISCUSSION

Diurnal and seasonal variations of GNS

Interpretation of observed data quite often requires information about diurnal and seasonal variations of GNS.
Figure 4 gives examples of night variations of GNS in RGB channels, which show some variability in them. Yet the
amplitude of night variations in GNS during moonless nights is relatively low and is lower on average than
amplitudes of the main mesospheric Na and OH emissions in the OI 557.7 nm line [Fishkova, 1983; Mikhalev,
2011; Mikhalev, 2011].

Seasonal variations of GNS, as deduced from data for 2010-2015 for the region of interest, occur regularly: it
decreases in spring, peaks in summer, and increases in autumn. Figure 5 illustrates seasonal variations of GNS in the
R channel. The thick line shows mean seasonal variations of GNS in the R channel in 2010-2015; thin lines depict
seasonal variations for some years of the period under study. We attribute the summer maximum to scattered

sunlight due to the Sun being slightly below the horizon during summer months (midnight Sun effect).

Some components of the night sky luminosity according to data acquired in this paper (R, G, B) and in [Chefov, 1962;
Fishkova, 1983; Budnik, Lunev, 2008]

Measurement range, nm luminosity
erg-cm’z-s’1

R channel Total airglow is 580-800 ~0.0094
G channel Total airglow is 470-620 ~0.0078
B channel Total airglow is 400-550 ~0.01
[Chefov, 1962] Continuum is 400-700 ~0.021
[Fishkova, 1983] Continuum is 500-700 ~0.013
[Budnik, Lunev, 2008] Airglow at a wavelength A=530 nm ~0.007-0.0185
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Figure 4. Night variations of GNS in RGB channels during geomagnetically quiet days (February 1 and 2, 2014) and

during the magnetic storm on February 27, 2014
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In autumn, winter, and spring, seasonal variations of GNS coincides with seasonal variations of its continuum
[Fishkova, 1983]. This can be explained by the decisive contribution of GNS continuum to the general night sky

luminosity.

Mean luminosities in the celestial pole were ~0.0094, ~0.0078, and ~0.01 erg~cm’2~s’1 in the R, G, and B

channels respectively.
The table lists the obtained luminosities compared to some published data.

Fishkova [Fishkova, 1983], estimating the absolute intensity of the continuum in a range 500—700 nm, found a value
of 4000 R that is equivalent to ~0.013 erg-cm >s ™' for the average wavelength of 600 nm. Budnik, Lunev [Budnik, Lunev,
2008] discuss the brightness of the airglow in the visible spectrum in a range 3.38:107—1.47-10° W/(m®sr) — it

corresponds to luminosity ~7-10°-1.85-10 erg-em *s .
Geophysical phenomena detectable by color cameras during monitoring of night airglow

Among geophysical phenomena detectable and studied with the aid of color CCD cameras are geomagnetic
storms [Podlesny, Mikhalev, 2015], large meteorite impacts [Mikhalev et al., 2014], stratospheric warmings,
propagation of mesospheric waves [Mikhalev et al., 2007; Mikhalev, 2011], etc.

Figure 6 gives an example of an optical manifestation of a magnetic storm in RGB channels of the color camera.

The difference between RGB images, obtained from aspect observations and spectrophotometric measurements,
enables us to determine heights of polar glow in the main dominant [OI] 557.7 and 630 nm emissions and the distance to

the polar glow from an observing site.

o
(=]
pur4
[ %]

|

e
o
T

Lul NN YY" R VS Y A
2 3 456 7 8 9101112
Month

Luminosity, R channel (erg/cm?s)

o
(=]
=
i

', (erg/em?s)

inosity

Lum

1 1|' 3 4 5%%&51[01111]2
Month
Figure 5. Seasonal variations of GNS in the R channel (a) and in comparison with the RGB channels (b). The thick line
depicts average variations for 2010-2015; dashed lines show seasonal variations in some years over the period of interest.
Vertical lines indicate standard errors
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R G B
Figure 6. Optical manifestation of the magnetic storm on March 17, 2015 in RGB channels at the ISTP SB RAS
Geophysical Observatory

Figure 7. Optical manifestation of small-scale mesospheric waves registered with the aid of the color camera at the ISTP
SB RAS Geophysical Observatory on August 11, 2013 at 17:28 UT. The exposure period is 300 s. On the left is the original

frame; on the right, the processed image

Podlesny, Mikhalev [Podlesny, Mikhalev, 2015] indicate that this storm exhibited high correlation between 630

nm emission intensity variations and the signal in the R channel of the color camera.

Figure 7 gives an example of registration of small-scale mesospheric waves. On the left is a segment of the
original image; on the right is an image processed to identify low-contrast irregularities (waves). The bright point at
the top of the images indicates the Polar Star; in the left bottom corner, UMa stars. The typical transverse scale of
the wave disturbances presented in Figure 7 is estimated as ~5.3° or ~9 km in the assumption that the disturbances
occur at a height of ~100 km, close to the heights of luminescence of OH (~70-115 km), 557.7 nm emission (~85—
115 km), and continuum (~80-110 km). The horizontal velocity of wave packet is ~15 m/s; its direction is from

south to north.

The obtained characteristics of mesospheric waves, shown in Figure 7, are consistent with our results obtained
from observations of wave irregularities in hydroxyl emission, which have been made at the ISTP SB RAS
Geophysical Observatory [Tashchilin et al., 2010], as well as with results of other works (see, e.g., [Ammosov et al.,

2006]).
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Thus, the above examples show the possibility in principle to detect and study some geophysical phenomena

with color CCD cameras during registration of GNS.

CONCLUSION

We have obtained the following results:

1.Using observed data acquired at the ISTP SB RAS Geophysical Observatory in 2010-2015, we obtained the
mean night sky luminosity in spectral ranges of R, G, B channels of the color camera for eastern Siberia with typical

values ranging from ~0.008 to 0.01 erg-cm s .

2.We determined seasonal variations of night sky luminosities in R, G, B channels of the color camera, which
decrease in spring, increase in autumn, and have a summer maximum. The summer maximum in seasonal variations

is attributed to scattered sunlight.

3.We discussed some geophysical phenomena which had optical manifestations in R, G, B channels of the color

camera.

4.We established that for some geophysical phenomena it is possible to quantitatively associate signal

enhancement in G and R channels with an increase in intensities of 557.7 and 630.0 nm discrete emissions.

This work was carried out as part of the Russia-Bulgaria project "Atmos".
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