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Abstract. Solar emission in meter waves originates
from upper layers of the solar corona. We present abso-
lute measurements of solar flux from Irkutsk Incoherent
Scatter Radar (161 MHz frequency) and Learmonth
Observatory (245 MHz frequency). We perform correla-
tion analysis to investigate the relation between solar
flux values at different frequencies. Background emis-
sion of the quiet Sun is within the expected limits. We
examine the behavior of background and slowly-varying
emission components during a solar cycle. By compar-
ing the Pearson correlation coefficient with the Spear-
man rank correlation coefficient, we have found that the
dependence of the meter flux on the F10.7 index is non-
linear. The correlation between solar flux measurements

at 161 and 245 MHz appeared to be lower than that with
the F10.7 index. Analysis of daily correlation and auto-
correlation shows a diurnal variation that introduces an
error into the measurements.
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INTRODUCTION

Solar emission covers the entire radio frequency
spectrum, and the mechanism of its occurrence and in-
fluence on the Sun—Earth system varies significantly
with frequency. To date, many instruments have been
developed to observe solar emission, but VHF emission
is less frequently studied [Borkowski, 1982; Lantos,
1998; Iwai et al, 2012]. In this range, the emission
source is located in the solar corona. The dominant
mechanism of emission depends on solar activity: for
the quiet Sun, it is thermal bremsstrahlung; during radio
bursts (sharp increases in emission intensity), non-
thermal emission at the plasma frequency, its harmon-
ics, or gyrofrequency harmonics. Recently, new large
calibrated radio telescopes in the range to 300 MHz
have appeared — LOFAR (LOw Frequency Array)
[Vocks et al., 2018] and MWA (Murchison Widefield
Array) [Oberoi et al., 2017], which, however, explore
the Sun only in individual experiments. Nonetheless, the
instrumental coverage of meter waves leaves much to be
desired. Moreover, to extensively study emission and
spectral distribution, as well as to compare data from
different instruments, it is necessary that solar emission
measurements be absolute, i.e. a specific physical value
is obtained by a calibrated instrument [Tapping, 2013;
Luetal., 2015; Tan et al., 2015].

General estimator of the level of solar emission is
the spectral flux density of solar emission, briefly called
the total flux. This value is measured in solar flux units
(s.f.u.). In this paper, we conduct a correlation analysis
to study the relationship between solar fluxes at differ-
ent meter wave frequencies in a solar cycle and make a
comparison with the F10.7 index. We present solar flux

measurements performed with the Irkutsk Incoherent
Scatter Radar (IISR) at a frequency of 161 MHz and at
Learmonth Observatory at a frequency of 245 MHz.
The choice is due to geographical location: 1ISR is lo-
cated at 120 km from Irkutsk (103° E); Learmonth, in
Australia (114° E); therefore, they can observe the Sun
at about the same time. IISR data covers the period from
2011 to 2022; Learmonth data, from 2006 to 2022.

Since 1990s, 1ISR operating in 154-163 MHz has
been used to solve various scientific problems
[Medvedev, Potekhin, 2019] such as ionospheric re-
search, detection and tracking of space objects, radio
astronomy observations. ISR has also been used in a
number of special experiments: observation of coher-
ent echoes from field-aligned irregularities; study of
ionospheric irregularities occurring when Progress
spacecraft engines worked, and radiosounding of the
Moon. Location of the radar is unique because it is
the only such scientific instrument in Eastern Siberia.
During the spring-summer period, the radar makes
observations of the Sun and solar emission flux
measurements at 161 MHz (A=1.86 m). They are of
interest because there are few radio telescopes in the
world that can perform absolute measurements in
meter waves with high sensitivity. The radar receiver
has been calibrated and a solar flux measurement
method for several observation modes has been de-
veloped [Setov et al., 2020]. Here we examine the
statistical features of the solar flux data compared to
the data from Learmonth Observatory.

Learmonth Observatory is part of the Radio Solar
Telescope Network (RSTN), which performs regular
absolute measurements of solar flux at eight discrete
frequencies. RSTN data is often used for studying the
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behavior of solar emission in a wide frequency range
[Kashapova et al., 2021], as well as for calibrating other
scientific instruments [Hamini et al., 2021] and tele-
communication systems [Giersch, Kennewell, 2022].
Giersch and Kennewell [2022] have carried out a correla-
tion analysis of data between different RSTN stations and
described measurement errors at different frequencies.

We describe in detail methods of processing IISR
data, examine the behavior and statistical characteristics
of mean annual, mean daily, and diurnal solar fluxes at
161 and 245 MHz. In addition, we compare solar flux
distribution during the quiet Sun with expected model
values. At the end of the paper, we investigate the auto-
correlation of measurements for neighboring days and
the source of measurement errors — the unexplained
diurnal variation.

1. DATA PROCESSING METHODS

IISR has a horn antenna of size 246x12 m and of
height ~20 m [Potekhin et al., 2009; Medvedev, Po-
tekhin, 2019]. The antenna beamwidth is 0.5°x10°. In
the horn there is a polarization filter consisting of metal
strips and passing only one (horizontal) polarization.
The long side of the antenna is oriented north—south.
At the base of the antenna is a trench structure with feed
horns at the input and output. The antenna pattern beam
direction is determined by the frequency of the exciting
wave. Changing the frequency from 154 to 163 MHz
leads to a 30° southward beam steering. This limits the
bandwidth of signals received from a certain direction.
Since a 200 kHz band is used to measure the solar flux,
the effective beamwidth is 1.25°x10°.

The Sun enters the 1ISR field of view in the spring-
autumn period and is observed in the main beam from
May 1 to August 15. As the Sun passes through the field
of view, the frequency at which the signal is maximum
varies from 159 to 163 MHz, but we will refer the result-
ing solar flux to the frequency of 161 MHz — the mean
frequency of observing the Sun at the antenna pattern
maximum. The measurements are carried out in radio
astronomy mode when the radar transmitter system is
completely disabled. Most measurements are made in the
period from 03:30 to 07:30 UT (from 10:30 to 14:30 LT).

The method of estimating the solar flux from IISR
data involves filtering and averaging a received signal,
calibrating radar receiver and antenna pattern, and di-
rectly calculating the total flux. In this paper, we deal
with the background and slowly-varying components of
solar emission and filter out short-term radio bursts last-
ing to 1 min. The background component corresponds
to the quiet Sun's emission when there are no sunspots
on the disk. The slowly-varying component represents
long-term increases in the level of solar emission when
active regions appear on the Sun's surface. Short-term
radio bursts and electromagnetic interference are filtered
through threshold filtering, using median absolute devi-
ation that is more resistant to intense outliers than the
standard deviation. After the filtering and averaging, the
time resolutionis 1 s.

To calibrate the IISR receiver, we have long used
[Setov et al., 2018, 2020] sky noise maps obtained for
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a specific frequency by the model of diffuse galactic
radio emission [Zheng et al., 2016]. The calibration is
performed as follows: a signal at each individual fre-
quency is compared with a model signal to determine
the frequency response and the noise temperature of
antenna—receiver system. The calibration allows us to
determine the received signal power in watts.

The novelty of this work is an additional correction
of the antenna pattern made using an archive of solar
observations. According to the results of comparison
between waveforms (tracks) for the same day and
month, but for different years, the true antenna pattern
shape at frequencies above 159 MHz proved to differ
significantly from the model one and change considera-
bly with frequency. To correct the diagram, we have
chosen a reference track of the Sun corresponding to the
quiet Sun for each combination of day and month, and
have normalized it. Then, the antenna pattern was ad-
justed in accordance with the reference track for a par-
ticular day of observation. In addition, we corrected the
temperature dependence. Since the antenna is large and
is subject to temperature expansion and compression,
strong temperature gradients of the sharp continental
climate of Eastern Siberia cause coefficients of the
scanning equation to change. A peak signal from radio
sources is shifted in frequency. To compensate for the
shift, we fit the Gaussian to the spectrum of the received
signal at the processing stage. Additional adjustments to
the antenna pattern allowed us to increase the duration
of daily measurements and the total number of days of
solar flux measurement compared to earlier works.

The received signal power P, has the form

2
aiil (0,9)F (6,0, f)G(f)dfdQ,

R 1)
where | is the radio source intensity; F is the antenna
pattern; G is the gain; B is the receiver bandwidth; Q is
the solid angle; A is the wavelength.

To calculate the solar flux, we assume that angular di-
mensions of the Sun are small compared to the effective
beamwidth for a signal with B=200 kHz. Then (1) can be
simplified:

7\’2
F)r =§GO (909 (po)ssunﬂ (2)
where G is the gain at (6g, ¢g); Ssun IS the desired solar
flux (the intensity integral over the solar disk).

In (2), the received flux is doubled to account for the
effect of the linear polarization filter in the antenna.
This approach is often adopted when calculating the
solar flux in meter waves since the solar background
emission is not polarized in it, and during radio bursts
the emission has circular polarization, which for an an-
tenna with linear polarization leads to the same reduc-
tion in the received power by half.

A random measurement error is estimated by the er-
ror propagation method. It is assumed that received sig-
nal quadratures have a Gaussian distribution. It has been
found that for 92 % of flux measurements the relative
standard deviation is lower than 10 %; for 98 % of the
measurements, lower than 20 %. The systematic meas-
urement error includes the diurnal variation in data se-
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ries (discussed in more detail below), calibration errors,
and errors due to assumptions made when calculating
the solar flux. It is difficult to accurately estimate the
effect of the systematic error, but comparative analysis
of data for different years allows us to assume that the
error is 5-25 %.

RSTN consists of four stations spaced so as to en-
sure continuous observation of the Sun. The stations
have a standard set of antennas for recording solar
emission at eight discrete frequencies from 245 to
15400 MHz [Giersch, Kennewell, 2022]. Learmonth
Solar Observatory, located in Australia, has a variety
of instruments for studying the Sun, including RSTN
antennas. In this paper, we are interested in Lear-
month measurements of solar flux at 245 MHz, available
on the website [https://www.sws.bom.gov.au/Solar/3/4].
At this frequency, a log-periodic antenna with a size
of 8.5 m and a beam width of 10° is used. Absolute
measurements are carried out mainly from 22:00 to
10:00 UT and have a time resolution of 1 s. When
processing the data, we filtered out the flux values
smaller than 2 s.f.u. and above 10000 s.f.u.

The correlation analysis is based on the Pearson
correlation coefficient R as a measure of the linear
dependence of two random variables and the Spearman
(rank) correlation coefficient S [Spearman, 1904],
which shows how well the relationship between two
random variables can be described by a monotonic
function. When determining the Spearman coefficient,
initial data series are replaced with ranks — ordinal
numbers of measurements in samples sorted in ascend-
ing order. Next, the Pearson correlation between the
sets of ranks is calculated by a simplified formula

6 n

WZ(Ri(X)—Ri(Y))'

s=1- 3)

i=1

where Ri(X), Ri(X) are the ranks of the i-th measure-
ment in samples X and Y; n is the size of the samples.
We utilize the Spearman coefficient as a more general
metric of correlation between two values, not limited
only by linear dependence.

2. STUDYING MEAN ANNUAL
VARIATIONS IN A SOLAR CYCLE
AND DISTRIBUTIONS OF MEAN
DAILY FLUXES

Figure 1 plots the mean annual solar flux at frequencies
of 161 and 245 MHz in 2006-2022 as a function of sun-
spot number. Table at the bottom of the plot showsthe
number of days per year in which the flux measure-
ments were carried out. For IISR data, the total number
of days is 643 days; for Learmonth data, 5458 days.
IISR makes measurements only in spring and summer
and alternates them with active ionospheric and satellite
observations, whereas Learmonth instruments are de-
signed for round-the-clock monitoring of solar activity.
In 2014-2016, 1ISR made almost no measurements.
Figure 1 shows that the solar flux in meter waves in-
creases with increasing solar activity. It seems that the
new cycle will be more active in VHF because the flux
at 245 MHz in 2021-2022 has already exceeded the
values of the last cycle (2008-2019), as well as the flux
at 161 MHz in 2022 exceeded that in 2011.

The flux at 161 MHz exceeded that at 245 MHz in
2012, 2013, and 2015, although it is theoretically ex-
pected that the flux should increase with frequency at
least for the quiet Sun [Benz, 2009]. For 2015, the dif-
ference is due to a small sample of data — in a short 14-
day period from June 19, 2015 to July 02, 2015, a strong
radio storm was observed (a long, sometimes multi-day,
solar flux increase). In 2011-2013, ISR worked in the
former mode that did not allow for effective filtering of
interference and could introduce an error in measure-
ments. On the other hand, during years of high solar
activity, the mean annual flux at 161 MHz could be
higher due to the fact that radio storms were more in-
tense at this frequency. To estimate the difference be-
tween 161 and 245 MHz, we have constructed histo-
grams of the mean daily flux (Figure 2). The distribu-
tion over the entire observation period exhibits a variety
of solar flux values from a few to hundreds of s.f.u. The
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Figure 1. Mean annual solar flux and mean annual sunspot number. The black line is a flux at a frequency of 245 MHz; black
crosses mark a flux at a frequency of 161 MHz; the gray line is the sunspot number. The X-axis is the total number of days of

solar observation at the corresponding frequency
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Figure 2. Mean daily solar flux for the entire observation period on a logarithmic scale (left); for the quiet Sun (right). The
black vertical line indicates a model quiet-Sun flux according to [Benz, 2009]

distribution mode at 161 MHz is expected to be lower
than that at 245 MHz, but the 1ISR measurements have
a large number of extreme values (above 200 s.f.u.)

The mean annual flux (see Figure 1) is the sum of
the background emission and the slowly-varying emis-
sion component. The background solar emission can
further be measured when there are no sunspots on the
solar disk. In two right panels (see Figure 2) are histo-
grams of the quiet-Sun flux. We have selected the days
when the number of sunspots is zero on the day of ob-
servation, the day before and after the day of observa-
tion: 124 days for ISR data (19 % of all data), 1416
days for Learmonth (22 % of all data). The measure-
ments are compared with the model quiet-Sun flux (ver-
tical lines) according to [Benz, 2009], where the formu-
la approximating the flux at solar minimum is given.
The model values are 4.8 s.f.u. for 161 MHz and 11.1
s.f.u. for 245 MHz. Hamini et al. [2021] have modified
the formula [Benz, 2009] based on data from the San
Vito RSTN station in order to approximate the solar
flux during solar maximum (8.1 s.f.u. for 161 MHz and
18.8 s.f.u. for 245 MHz). However, quiet days are more
often observed at solar minimum, and the sample for
solar maximum is unrepresentative. Thus, the 1ISR and
Learmonth quiet-Sun fluxes are close to the expected
values during solar minimum (the mean, median, and
mode of distributions are shown in Figure 2).

3. CORRELATION ANALYSIS
OF MEAN DAILY FLUXES

We have carried out a correlation analysis, using da-
ta on the mean daily solar flux. Averaging has been
made over all data for each day. Duration of solar flux
measurements for each selected day is at least 1 hr; with
the average duration of Learmonth measurements ~10
hrs; 1ISR, ~3 hrs.

When calculating the correlation, outliers that intro-
duce an error in the estimate are usually eliminated. As
it has been shown above, the VHF solar flux varies by
two orders of magnitude; it is therefore interesting to
study the correlation dependence on the outlier cutoff
threshold. Figure 3 illustrates the Pearson and Spearman
correlation matrices between the 161 MHz flux, F10.7
(2800 MHz) [Tapping et al., 2013] and the 245 MHz
flux. In each cell of the matrix, the corresponding Pear-
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son or Spearman coefficient is calculated from the part
of the sample where flux values are equal to or below a
certain threshold (percentile).

Comparing the 161 MHz flux and F10.7 (top pan-
els) shows that the Pearson correlation is the highest
R=0.7+0.74 for the 161 MHz flux values below 14
s.f.u. (80 % of the data). At the same time, the Spear-
man correlation is maximum S$=0.79 when using all
available data, which suggests that the relationship
between the fluxes is non-linear. The correlation ma-
trix between 245 MHz and F10.7 (not shown in Fig-
ure) has an identical distribution with the Pearson cor-
relation maximum R=0.67 for the 245 MHz flux val-
ues below 24.7 s.f.u. (80 %) and with a sharp decrease
in the Pearson correlation to R=0.25 when using all
data with S=0.71. A sharp decrease in the Pearson cor-
relation to R=0.2+0.4 for the 100 % percentile with a
slight change in the Spearman correlation suggests that
a large increase in the 161 and 245 MHz fluxes is not
accompanied by a significant change in the F10.7 flux.
A similar comparison of the 161 and 245 MHz fluxes
with the sunspot number has revealed that both Pear-
son and Spearman correlations are by ~0.1 lower than
the correlation with F10.7.

Comparing the 161 and 245 MHz fluxes (bottom
panels) has shown two features. Firstly, the Pearson
correlation is maximum when all data is used. First of
all, this is due to noise storms that are observed simulta-
neously at both frequencies and have fluxes above 100
s.f.u. The second feature stems from the fact that the
maximum Pearson and Spearman correlation coeffi-
cients (R=0.71, S=0.71) are unexpectedly lower than
those in the correlation matrix with F10.7, despite the
proximity of meter-wave frequencies. Estimated corre-
lation may have an error since daily Learmonth meas-
urements have a longer duration; therefore, short-term
increases in the 161 MHz flux can cause an error in the
estimated mean daily flux, whereas averaging of 245
MHz measurements better smooths out single peaks.

4, CORRELATION ANALYSIS OF
DIURNAL FLUX VARIATIONS

Due to the close longitude location and the 1 s time
resolution, we can directly compare the flux measure-
ments at two frequencies obtained during the day. Figure 4
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tions at 161 and 245 MHz. The vertical black line indicates the
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presents a histogram of the Pearson correlation between
diurnal variations in the 161 and 245 MHz fluxes. The
distribution has a Gaussian shape with a slight shift to
positive correlations. The mean correlation coefficient is
0.04. We have verified that the distribution does not
depend on year and is the same for the quiet/active Sun.
Figure 5 gives examples of flux measurements at two
frequencies with positive correlation. In the case of the
quiet Sun, the flux varies little and the correlation is
low. In the case of a noise storm, despite the difference
between emission intensities, the flux behavior at differ-
ent frequencies is the same and R=0.97. We have found
that except for two days with particularly intense noise
storms (one of them is the storm in Figure 5) the diurnal
correlation does not depend on the mean daily flux.
Analysis of individual days with high anticorrelation
has shown that in Learmonth and IISR data there may
be a diurnal variation introducing an error in measure-
ments. To address this potential problem, we have car-
ried out an autocorrelation analysis.
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5. AUTOCORRELATION
ANALYSIS OF DIURNAL
FLUX VARIATIONS

Ideally, no diurnal variation and correlation are ex-
pected between solar flux measurements made on
neighboring days. We have calculated the Pearson cor-
relation between measurement series of each pair of
consecutive observation days (autocorrelation with a
one-day delay). Figure 6 on the left shows histograms of
the correlation for the 161 and 245 MHz fluxes. Distri-
bution shapes for different frequencies differ signifi-
cantly, but a shift to positive correlations is observed in
both cases (Ryean=0.27 for 161 MHz, Ran=0.44 for 245
MHz). As examples of a high correlation R>0.8, com-
parisons between series of flux measurements on neigh-
boring days at the corresponding frequency are shown
on the right. In both cases, there is an obvious iterative
diurnal variation in the data. Based on the shape of the
correlation distribution and the method of measuring the
flux with ISR, we can conclude that in part of the 161
MHz data series there is a diurnal variation associated
with the error of determining the directional pattern. For
the 245 MHz flux we assume that the shape of the cor-
relation distribution consists of two modes: a mode near
zero for measurements that do not correlate from day to
day, and a mode with high correlation near p=1 for days
with a significant diurnal variation. This assumption is
confirmed by visual analysis of different Learmonth
measurement series: most data with high autocorrelation
has a pronounced diurnal variation (see Figure 6, the
row for 245 MHz).

Figure 7 shows an autocorrelation value averaged
over months and years. Monthly variations are insignifi-
cant and close to the general mean value for the corre-

sponding frequencies. Annual variations are more inter-
esting. For the 161 MHz flux, the highest mean correla-
tion occurred in 2015 (only for 14 days of observation);
and the lowest, in 2017, yet the correlation changes little
with time. The mean correlation for Learmonth data is
high in 2006-2010 (Ryean=0.5), decreases to Ryean=0.15
in 2011, and then increases to the maximum value
Rmean=0.7 in 2021 and 2022.

Simple threshold filtering of 1ISR and Learmonth
data with high autocorrelation R>0.8 allowed us to in-
crease the correlation coefficient of mean daily fluxes,
presented in Section 3, by ~0.05. Nevertheless, ratios
between the correlation coefficients for different combi-
nations of frequencies (see correlation matrices in Fig-
ure 3) changed little.

6. DISCUSSION

New additional methods for correcting the 1ISR di-
rectional pattern have expanded the number of available
measurements of the 161 MHz solar flux as compared
to previous works [Setov et al., 2020]. Despite their be-
ing sparse with large gaps, the IISR data provides in-
formation about a rarely studied part of the solar emis-
sion spectrum. However, the autocorrelation analysis
has shown the presence of an error due to the unex-
plained diurnal variation associated with the influence
of the antenna pattern. Nonetheless, in previous studies
the error was higher because the antenna pattern model
was used which did not display significant frequency
variations in the range of solar observation. In the fu-
ture, we plan to reduce the measurement error by im-
proving antenna models and the IISR directional pat-
tern, as well as by increasing the number of measure-
ments due to observations in subsequent years.
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Figure 5. Comparison between variations in 161 and 245 MHz fluxes in the quiet Sun and during a noise storm
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The background solar flux at 161 and 245 MHz, de-
tected by 1ISR and at Learmonth, takes values close to the
model ones at solar minimum. This is primarily an indica-
tor of the reliability of IISR and Learmonth data calibra-
tion. The mean annual flux follows changes in the sunspot
number during a solar cycle. There is a positive, albeit low,
correlation between the mean daily flux and F10.7 (varies
from 0.26 to 0.79 depending on the method of calculating
correlation). The Spearman correlation between the VHF
flux and F10.7 is higher than the Pearson correlation,
which suggests that the dependence is non-linear. Study of
the correlation between different data percentiles has
shown that a significant increase in the 161 and 245 MHz
fluxes is not accompanied by significant changes in the
F10.7 flux. On average, the correlation between 161 MHz
and F10.7 is by ~0.08 higher than that between 245 MHz

52

and F10.7. Since there is no physical justification for this,
we believe that this difference relates to the quality of
measurements. The correlation with the sunspot number is
lower than that with F10.7. This might be due to the fact
that the sunspot number takes a constant zero value when
the Sun is quiet, whereas F10.7 may vary.

Contrary to expectations, the correlation between
161 and 245 MHz is on average lower than that between
161 MHz and F10.7, as well as between 245 MHz and
F10.7, despite the proximity of meter-wave frequencies.
Some series of daily measurements during noise storms
show a clear high correlation through which the Pearson
correlation takes a maximum value R=0.71 when all
available data is used. Yet, if we discard these rare
storms, the correlation decreases to 0.4-0.6. Calibration
of the IISR and Learmonth power is a linear transfor-
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mation and hence it should not change the correlation
coefficient. In the absence of any physical justification,
we attribute this discrepancy to measurement errors.
Note that the Learmonth data also showed a relatively
low correlation coefficient (0.6-0.8) with data from
other RSTN stations [Giersch, Kennewell, 2022].

The distribution of the correlation between diurnal
variations in the 161 and 245 MHz fluxes is slightly
shifted to positive direction. Some days feature a high
correlation, especially during long radio storms, but
most data series are not correlated. Autocorrelation
analysis has revealed that there is a diurnal variation in
the data, which is part of the reason for the negative
correlation of daily series. We believe that the diurnal
variation in the IISR data appears due to errors in cor-
recting the antenna pattern. For the Learmonth data,
however, the nature of the diurnal variation is unclear.
A large number of days, especially in recent years, seem
to contain intense slow variations with the same every-
day behavior. We have not found any mention of the
diurnal variation in other papers that use Learmonth
data. In a follow-up work with both IISR and Lear-
month flux measurements, it is necessary to develop
techniques that will show the presence or absence of the
diurnal variation.

CONCLUSION

We have carried out a comparative correlation anal-
ysis of solar flux measurements made with ISR in radio
astronomy mode at 161 MHz and at RSTN Learmonth
Observatory at 245 MHz. The IISR data covers 2011-
2022 and, due to the correction of the antenna pattern,
includes at least 56 observation days every year from
2017 to 2022 with a duration from 1 hr. Absolute meas-
urements of the total flux in VHF complement the spec-
tral measurements made with numerous but low-
sensitive spectropolarimeters. In this paper, we have
examined flux variations during a solar cycle and sepa-
rately estimated the distribution of the quiet-Sun back-
ground flux. The quiet-Sun fluxes at 161 and 245 MHz
have been demonstrated to agree with model calcula-
tions. The analysis has shown a correlation between the
VHF flux and the F10.7 index, but the correlation be-
tween 161 and 245 MHz was lower than that with
F10.7. Possible reasons are the error in estimating the
correlation due to the difference between Learmonth
and ISR data sets, as well as the presence of a diurnal
variation in part of Learmonth data.

We have found a correlation between diurnal varia-
tions in fluxes for neighboring days. The presence of the
correlation is interpreted as a result of measurement
error. For ISR, this error may be due to an error in es-
timating the radar directional pattern. In follow-up
works, we plan to develop a method for correcting the
diurnal variation and reducing the error, as well as to ana-
lyze noise storms at 161 MHz with high time resolution.
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[https://rscf.ru/project/22-17-00146/] in terms of developing
the data processing method and analyzing the results. The
work was financially supported by the Ministry of Science
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and Higher Education of the Russian Federation in terms of
observations. We have used measurement data from the
Unique Research Facility "Irkutsk Incoherent Scatter Radar"
[http://ckp-rf.ru/usu/77733/]. Data on the solar flux meas-
ured at Learmonth Observatory is available on the FTP serv-
er of the Bureau of Meteorology of the Australian Govern-
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