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Abstract: In this article, we present the results of astronomical seeing measurements conducted at
the Maidanak observatory and the influence of meteorological parameters on astronomical seeing. A
differential image motion monitor (DIMM) was used to measure astronomical seeing. Astronomical
seeing observations were made between 2018-2022, mainly in the summer and autumn months. A
total of 266 night observations were conducted between 2018 and 2022. For the whole time frame, the
median seeing value was 0.69 arc seconds. With a median value of 0.65”, 2019 is the year with the best
seeing, and 2021 has the worst seeing (0.71”). Analysis of long-term variations of the amount of clear
time revealed a small trend of decrease in the amount. The correlation between the meteorological
parameters and seeing was analyzed. It was determined that the meteorological parameters with the
greatest impact on the seeing are wind speed and nighttime temperature variation. The correlation
coefficient was equal to 13% and 21% for both quantities. It was found that wind direction and
temperature have a relatively weak correlation with astronomical seeing.

Keywords: optical turbulence; astronomical seeing; differential image motion monitor; wind speed;
wind direction; temperature; temperature variance

1. Introduction

Astroclimate is a set of atmospheric parameters that can affect astronomical obser-
vations. These include such parameters as the amount of clear time, integral turbulence
(also known as seeing), atmospheric transparency, atmospheric extinction, and parameters
relevant to adaptive optics performance [1,2]. The main purpose of astroclimatic studies (or
site testing) is to increase the efficiency of existing observatories and to choose a place with
good atmospheric conditions for a future telescope so that it produces valuable scientific
output after installation.

Astronomical seeing is a quantity that evaluates the optical turbulence of the atmo-
sphere [3]. The integral seeing represents the sum of turbulence throughout the atmosphere.
Meteorologically, the atmosphere is divided into 3 layers. These layers are the free atmo-
sphere, boundary layer, and ground layer. The meteorological parameters in the ground
layer reflect the processes in the lowermost layer of the atmosphere. Therefore, they can
affect astronomical seeing, i.e., atmospheric surface turbulence and meteorological parame-
ters are interrelated. By measuring meteorological parameters in the ground layer, we can
study its effect on seeing since a part of the near-ground turbulence contributes to overall
seeing.

The previous period of site testing at Maidanak Observatory took place in the period
from 1996-2003 [4,5]. The seeing in comparison to the La Silla and Paranal observatories,
high-altitude wind speed, optical turbulence in the free atmosphere, and extinction, were a
few of the atmospheric characteristics that were investigated [6-9].
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New small-to-medium-size telescopes are going to be installed at Maidanak obser-
vatory. The largest of these, a 4-m telescope project started in 2017, gave a strong reason
to reassess atmospheric factors important to optical astronomy, including the integral
turbulence above the observatory. At the observatory, measurements of seeing and meteo-
rological parameters started in 2018 [10-12]. This makes it possible to study astronomical
seeing and the negative impact of meteorological parameters on astronomical seeing.

Studying the relationship between meteorological characteristics and astronomical
seeing is very important. For example, the relationship between ground layer seeing and
ground wind speed, as well as the tropopause, was investigated above Cerro Tololo Obser-
vatory [13]. The article [14] describes the results of the analysis of astroclimatic conditions
in the Big Telescope Alt-azimuthal (BTA) region in terms of cloud cover, components of
wind speed, and optical turbulence. Similar long-term studies of the astroclimate are also
carried out in other mountain observatories at the Sayan Ridge, Lake Baikal, the Altay, and
the North Caucasus [15,16].

This article provides detailed information about site testing at Maidanak observatory.
The data obtained from the observations were analyzed to study the correlation of seeing
with meteorological parameters: temperature; temperature variance; wind speed; wind
direction. Section 2 provides information about a new analysis of the amount of clear
nighttime. Section 3 describes the method of differential measurements of seeing. Section 4
is devoted to the correlations between seeing and meteorological parameters.

2. Amount of Clear Time

The duration of astronomical observations of celestial bodies directly depends on the
quantity of cloudless time, making it one of the most crucial factors for an astronomical
observatory’s operation. This characteristic is typically first established when selecting
a location for a new observatory or building a telescope based on observations of the
cloudiness of the available nearby meteorological stations. Since global climate change
is an indisputable fact, it became necessary to study the influence of this change on each
parameter of the astroclimate of the area. If such a factor is found, it will be necessary to
quantify how much cloudiness contributed to the alteration in the astroclimate.

A statistical analysis of cloudiness was conducted based on ground-based observations
of the Minchukur meteorological station, which is close to the Maidanak Astronomical
Observatory, to search the cloudiness regime over the Maidanak observatory for the pres-
ence of long-term trends. The time interval covers the period between 1991-2017. Only the
nighttime data between the astronomical twilights were used for this analysis.

Figure 1 shows the amount of clear time in percent to the maximum possible night-
time for two periods. The blue line represents the 27-year-long meteorological data of
Munchukur station monthly. The data of the previous period (shown in red) was compiled
according to the observation logbook of seeing measurements in 1996-2003, and it is the
quantity of observational night hours.

The blue curve demonstrates that the observatory has a good amount of clear time
between May and October, whereas the rest of the year is around 50% or lower. The slight
difference between the two curves is caused by (a) the length of the periods are different,
and (b) the fact that the series in the period 19962003 does not take into account the
absence of the observation due to technical aspects, for example, electricity problems or
other technical maintenance.

A search for a long-term trend revealed that the time series of the amount of clear time
has slight decrease over decades, which might be the influence of global climate changes.
Figure 2 shows the warm and cold periods of the year separated: the period May—October
in blue; November-April in green; the yearly average value in red. It should be noted that
all 3 quantities have a negative trend of 5-7% for 27 years.
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Figure 1. Seasonal distribution of the amount of clear time.
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Figure 2. Long-term trends of the amount of yearly clear time.

3. Method of Differential Measurements of Seeing

One of the most important optical parameters of the atmosphere that affects the perfor-
mance of telescopes is the seeing. When comparing observatories with each other, seeing is
taken into account first. There are several methods of measuring seeing, the most common
of which is the differential method. The full name of the modern standard equipment
based on this method is called the Differential Image Motion Monitor (DIMM) [17]. The
astronomical seeing is a measure of integral atmospheric turbulence in arc seconds. It is a
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full width at half-maximum (FWHM) diameter of a star, measured with a long exposure
in the wavelength of 500 nm in zenith using a big telescope. The atmospheric conditions
with less turbulence correspond to a smaller value of seeing in arc seconds. The magnitude
of the seeing is calculated by observing standard and bright stars using a telescope. Two
images of the star are created using a wedge prism installed on the entrance of one of two
subapertures. A series of 500 measurements of the distance in longitudinal and transversal
directions make up one set. Then variances of distances are used for seeing calculation
according to a well-known theory [18].

Meteorological parameters are of particular importance in studying the characteristics
of the atmosphere above the observatory. The main meteorological parameters include air
temperature, pressure, wind speed, and direction. In September 2021, a new weather station
was installed next to the DIMM equipment located on a 6-m platform to continuously
record and monitor these meteorological parameters, as well as to study their impact on
seeing. It is a medium-class wireless meteorological station (HP2550) previously calibrated
with the meteorological station operating at Maidanak observatory [19].

The DIMM telescope is installed on a 6-m platform located around 100 m south of the
AZT-22 telescope at the Maidanak observatory (Figure 3). The weather station was also
installed on the same platform next to the DIMM instrument at the same height.

SRR
A~ >

Figure 3. DIMM equipment and weather station.

The weather station records one value of meteorological parameters every 5 min
throughout the day. And the DIMM receives 3 values every minute. Due to the difference
in the data recording time of both devices, the seeing values were adjusted to the time of
the meteorological parameters, and the intermediate seeing values were averaged. Thus,
seeing and meteorological parameters were synchronized. These results were processed and
analyzed using MatLab software (https://www.mathworks.com/products/matlab.html).

4. Seeing Measurements and Statistics

The astronomical seeing observations covered four years in the period 2018-2022
with a total number of 266 nights. Table 1 summarizes the early numbers of nights,
measurements, and percentile values of seeing, as well as average and standard deviations.
The data gaps are caused by technical maintenance and Covid-19 restrictions (2020-2021).
Figure 4 shows the seeing time series for all four years.
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Table 1. Yearly statistics of seeing at Maidanak Observatory for 2018-2022.
. Seeing (Arcseconds)
Years Number of Nights Number of Measurements - Std
Median Mean 25% 75%
2018 81 12,189 0.70 0.73 0.60 0.83 0.18
2019 36 31,614 0.65 0.69 0.56 0.77 0.18
2021 87 56,743 0.71 0.74 0.63 0.82 0.17
2022 62 32,874 0.69 0.72 0.59 0.81 0.19
Total 266 133,420 0.69 0.72 0.60 0.81 0.18
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Figure 4. The seeing time series at Maidanak observatory for 2018-2022.

A total of 133,420 measurements of seeing were acquired during the observations
(Table 1). Figure 5 displays the cumulative distribution of seeing for two distinct period
observations. The median seeing value for the full observation period was 0.69”. For
comparison, the red line displays the seeing distribution from 1996 to 2003, where the
median value of the seeing was 0.71. It was discovered that the annual median value of
seeing was 0.70” in 2018, 0.65” in 2019, 0.71” in 2021, and 0.69” in 2022.

From the recent measurements of the seeing acquired at the Maidanak Observatory,
monthly statistics were also examined. Table 2 displays these values. The overall standard
deviation period was found to be 0.18. The seeing results for the comparable months of
1996-2003 are also displayed for comparison. The new survey results show that October
is the best month and December is the worst. From 1996 through 2003, November and
February were the best and worst months, respectively.
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Figure 5. Cumulative distribution of seeing measured in 2018-2022 and 1996-2003.
Table 2. Monthly seeing statistics for 2018-2022 and 1996-2003.
2018-2022 1996-2003
Months . Number of Seeing Standard Seeing
Number of Night Measurements (Arcseconds) Deviation (Arcseconds)
March 4 2388 0.76 0.26 0.71
April 6 2803 0.68 0.30 0.77
May 8 2935 0.74 0.21 0.70
June 24 13,605 0.68 0.15 0.71
July 5 2416 0.73 0.20 0.74
August 48 15,998 0.70 0.16 0.72
September 79 43,840 0.70 0.18 0.70
October 52 28,431 0.64 0.18 0.69
November 34 17,084 0.69 0.19 0.65
December 5 3920 0.79 0.17 0.72
Total 266 133,420 0.69 0.18 0.71

5. Correlation between Seeing and Meteorological Parameters

The correlation between seeing and meteorological parameters was analyzed based
on the data obtained in 2021. The correlation coefficient was determined for 3 main
meteorological parameters—temperature, wind speed, and direction.

5.1. Seeing Versus Wind Speed and Direction

The simultaneously measured seeing and wind speed are shown in Figure 6, where
wind speed is placed on the x-axis and seeing on the y-axis, and these values are shown in
blue. The red color in the graph is the regression line for both quantities. Through this line,
you can see how both quantities are connected. The correlation coefficient between wind
speed and seeing was —13%. As can be seen from the graph, the seeing is inversely related
to the wind speed in the range of 0—4 m/s. That is, as the wind speed increases in this
interval, the seeing decreases. Also, when there is no wind at all, that is, when the speed is
zero, the seeing will be bad. As the wind speed increases from 4 m/s, the value of seeing
also increases. The best value of the seeing occurred when the wind speed was 34 m/s.
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Figure 6. Seeing versus wind speed.

At the Maidanak observatory, the main part of the wind blows from the south and
adjacent directions (120-200°). This can be seen in Figure 7. In the graph, the north point is
0°, the south point is 180°, and the east and west directions correspond to 90° and 270°,
respectively. The wind blows mainly from the south at night at Maidanak observatory.
In other directions, relatively little wind blows. The seeing has the best value when the
wind blows from the south. When it blows in other directions, the seeing will have a
relatively high value. The worst value of seeing occurs when the wind blows from the
north. Generally, the correlation coefficient between seeing and wind direction is —11%.
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Figure 7. Correlation of seeing and wind direction.

5.2. Seeing Versus Temperature

The refractive index of air depends on temperature. The air temperature in the Maid-
anak observatory is 10-15 degrees lower than in residential areas. The air temperature is
very low in winter in the observatory; that is, it can decrease to —15°C. The maximum
temperature at night is around 25-30 °C. The correlation coefficient for seeing and tempera-
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ture was only 2%. This means that the correlation between both quantities is very small. It
can be shown in Figure 8 that the temperature is very low; that is, the seeing is relatively
worse at minus and large values of temperature. The seeing will be relatively better at
temperatures between 5-10 °C.
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Figure 8. Correlation of seeing and nighttime temperature.

Table 3 shows correlation coefficients between seeing and meteorological parameters.
During the research, we also studied how temperature variance over time affects seeing.
First, the maximum and minimum temperature values during the night were found. The
maximum and minimum temperature values mainly correspond to the sunset and sunrise,
respectively. Using the average value of seeing during the whole night and the difference
between the maximum and minimum values of the temperature during the night, the
relationship between both quantities was calculated. The obtained results showed there is
a weak connection between the seeing and the temperature variance (Figure 9). The value
of this link is +0.21. That is, the temperature variance and its increase negatively affect the
seeing.
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Figure 9. Correlation of seeing and temperature difference during the night.
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Table 3. Correlation coefficient for seeing and meteorological parameters.
Wind Speed Wind Direction Temperature Temp.ere.lture
Variation

References

Seeing —0.13 —0.11 —0.02 +0.21

6. Conclusions

New statistically significant seasonal values of clear time were obtained. The observa-
tory had more than 60% clear time between May and October, and was lower for the rest of
the year. The statistical analysis of the amount of clear time revealed a long-term trend to
decrease at the rate of ~7 percent in 27 years.

The first observations of seeing were made at the Maidanak Observatory in 1996—
2003. The seeing observations resumed after 15 years. New observations at the Maidanak
Observatory began in August of 2018 and covered the second half of the years 2018, 2019,
and 2021, and the period from March-November 2022. The median value of the seeing for
the entire observation period was 0.69”.

The results showed that global climate change, and other global processes, did not sig-
nificantly affect the seeing. It means that the optical turbulence properties of the atmosphere
of the Maidanak Observatory remained almost unchanged.

The correlation between seeing and meteorological parameters is very weak. In
particular, among meteorological parameters, it was found that wind speed has the greatest
correlation to seeing. Seeing is good when wind speed is up to 4-5 m/s. This may be
because the persistence of a small wind prevents the formation of local turbulence. The
seeing is worse if the wind speed is zero or greater than 5 m/s.

If the wind blows from the south (dominant direction), the seeing values are better,
and if it blows from the other direction, the seeing values increase. The highest value of
seeing occurs when the wind blows from the north.

The correlation between the absolute value of temperature and seeing is very small
(—0.02), though the temperature variance has a negative effect on the seeing. There is a
weak (+0.21) correlation between seeing and temperature variance. A sharp change in
temperature during the night causes the deterioration of turbulence on the surface layer.

This research confirms the suitability of the Maidanak Observatory for the installation
of a new telescope. Once installed, it can be effectively used for astronomical observations
requiring high-angular resolution.
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