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1. Introduction

In regions with extreme continental climate, the distribution of aerosol in the air depends on
seasonal movements of the wind masses, which are related to the geographical location of the
region and to the geophysical situation in the region.

In case of Yakutia with its extreme continental climate and the nature of the anomalous mag-
netic field latter may have a significant role in shaping the structure of the aerosol, especially during
winter. Because of that, the physical model of the atmosphere at a latitude of Yakutsk, is signifi-
cantly different from the standard, which describes the atmosphere in temperate latitudes [1]. When
conducting observations in the optical wavelength range at the Yakutsk one has to take into account
all these factors, measuring the aerosol co of the atmosphere and transparency [2, 3].

2. Observation results

2.1 Model of the atmosphere in Yakutsk region

Because of the extremely average temperatures (T = - 30 - 45◦) during winter at a latitude of
Yakutsk there is a change in height and density of the air temperature profile. The density of the
air increases and the temperature inversion occurs at low altitudes ranging from altitudes of 2 ÷ 4
km. The quantitative difference in the distribution of air density at altitude we can see in Fig. 2
and Table. 1. In this case, the predominant role in the scattering and absorption of light have near
ground layer of the atmosphere. Such a distribution density of air causes a change in slope of the
spatial distribution of the Cherenkov light, and for showers, which are below the maximum depth
H = 4,5 km (X ∼ 550 g / cm2) to increase the total flux of light compared to standard atmosphere.
This feature has to be taken into account when processing the data of air showers[4].

Table 1: Winter atmosphere model in the region of the Yakutsk array.
Model of the atmosphere T0 ρ0 n-1 X0

Winter 243 1.453·10−3 3.45·10−4 1020
Standard 288 1.226·10−3 2.92·10−4 1030

2.2 Atmospheric optical thickness analysis during different periods of observation.

Optical properties of the atmosphere associated with aerial dispersion of optical medium con-
taining particles of different sizes of natural and artificial origin. This is largely affects the prop-
agation of light through the dense layers of the atmosphere where the EAS develops and spreads
Cherenkov radiation. Therefore, carrying out regular observations of the atmosphere using a pho-
tometer CE 318 and LIDAR at a wavelength of 532 nm to measure the transparency of the atmo-
sphere in the vicinity of Yakutsk are required [5, 6]. Figure 3a and 3b shows the average values
for the month of AOT (atmospheric optical thickness) in the annual cycle of observations for a
wavelength of 500 nm. On average, from May to August, the value of AOT equal ∼0.20 ± 0.02
and decreases to 0.08 ± 0,02 in September - November. Long-term observations revealed that the
distribution of AOT, reflecting the transition from winter to summer observations, there is a sea-
sonal variation. If the spring and autumn AOT has the lowest value, the value in the winter slightly
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Figure 1: Vertical profile of air temperature distribution at the time of giant air showers registration. Lines
are data for December, February and March. There is inversion of the temperature in near ground layer of
the atmosphere during winter. Green curve is for spring observations.

Figure 2: Dependence of air density from height by Yakutsk data in comparison with standard model of the
atmosphere.
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increases. This is likely due to changes in the atmosphere, namely the inversion of the temperature
and the increase in density of the air near ground level. During this period, the multiple scattering
of photons of Cherenkov light increases significantly and this must be taken into account in the
registration and processing of signals from the photomultiplier.

a) b)

Figure 3: a) The AOT value distribution by years, 2004-2009. Signs represent averaged by month AOT
value for λ = 500 nm. b) AOT value distribution by years, 2009-2013. Signs represent averaged by month
AOT value for λ = 500 nm.

2.3 Transparency of the atmosphere measurement by air shower Cherenkov light of small
energies.

In the paper [7] it was shown that the frequency spectrum of showers with energies ≥ 1015 -
1016 eV can be used to control the relative transparency of the atmosphere. For the measurement
of absolute transparency at Yakutsk we use a laser at a wavelength of 532 nm [3].

Analysis of long-term observations of the transparency of the atmosphere in the region of
Yakutsk showed seasonal variation of τλ . Fig. 4 shows the transparency of the atmosphere, reg-
istered in different years. The data were averaged over a monthly observing sessions. The results
show that from year to year coefficient τλ slightly varies and indicates a stable seasonal variation in
atmospheric transparency in the region of Yakutsk. Minimum values τλ fall on the coldest months
- December, January and February, in the remaining months of observations transparency of the
atmosphere is considered to be the best [3].

Methods of determining the transparency of the atmosphere by measuring the Cherenkov radi-
ation of extensive air showers in the energy range 1015 - 1016 eV is a priority for the Yakutsk array
[8] and is used in the reconstruction of the basic characteristics of EAS at ultrahigh energies [9, 10,
11].

The study of the characteristics of EAS, namely, the longitudinal and lateral development by
measuring Cherenkov radiation in the spectral range of 300 - 800 nm, requires observations of the
atmosphere condition. The first is the measurement of AOT and transparency of the atmosphere,
because from these characteristics depend on the quality of the Cherenkov light flux measurements,
and hence the subsequent measurement of energy and cascade shower development curve [9, 10,
11].

At the Yakutsk the observations of the atmosphere and fixed characteristics such as temper-
ature, pressure, and transparency have been conducting since 1970. A database of continual data
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Figure 4: The average monthly atmospheric transmittance for a wavelength of 430 nm. These numbers refer
to the month in which the optical measurements are carried out at the Yakutsk array of extensive air showers:
1 - September, October 2.-, 3.- November 4.- December, January 5.-, 6.- February 7.- March 8.- April.

series of these parameters have been created, which allow us to get correction coefficients and apply
them in the primary analysis of EAS.

At the same time it is possible to analyze the series of geophysical data and get more infor-
mation about changing parameters of the atmosphere and climate as a whole [12]. For example,
analysis of the AOT and transparency of the atmosphere for a long period of time, revealed a sea-
sonal variation of these parameters in the context of the spring - summer - autumn - winter cycle,
which is important for air showers data averaging for the annual and long-term perspective obser-
vations as well.

In general, the atmosphere in the region of the Yakutsk array is quite transparent and favorable
for measurement of Cherenkov radiation in the optical wavelength range.

3. Conclusion

The study of the characteristics of EAS, namely, the longitudinal and lateral development by
measuring Cherenkov radiation in the spectral range of 300 - 800 nm, requires observations of the
atmosphere condition. The first is the measurement of AOT and transparency of the atmosphere,
because from these characteristics depend on the quality of the Cherenkov light flux measurements,
and hence the subsequent measurement of energy and cascade shower development curve [9, 10,
11].
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At the Yakutsk the observations of the atmosphere and fixed characteristics such as temper-
ature, pressure, and transparency have been conducting since 1970. A database of continual data
series of these parameters have been created, which allow us to get correction coefficients and apply
them in the primary analysis of EAS.

At the same time it is possible to analyze the series of geophysical data and get more infor-
mation about changing parameters of the atmosphere and climate as a whole [12]. For example,
analysis of the AOT and transparency of the atmosphere for a long period of time, revealed a sea-
sonal variation of these parameters in the context of the spring - summer - autumn - winter cycle,
which is important for air showers data averaging for the annual and long-term perspective obser-
vations as well.

In general, the atmosphere in the region of the Yakutsk array is quite transparent and favorable
for measurement of Cherenkov radiation in the optical wavelength range.
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