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Abstract

Abstract

lonosphere is the ionized part of earth’s atmosphere which spreads over 60km.
to more than 250km altitude. lonization in this region is preliminarily due to the
solar radiation. Studies shows that there are regions where the density of
electrons changes with altitude, referred as the D, E, Es, F1 and F2 layers.
These layers are normally identified by using HF radars. Several decades ago,
a "C"-layer around 50-60km altitude has been found, but which is not widely
accepted. Medium frequency radars are used for the identification of this layer.
A 3.17 MHz medium frequency radar is used in IAP, which is operated in
Northern Norway. This radar is very sensitive to enhanced ionization, so that it
can detect even the partial reflections caused by particle precipitation from even
50km altitude.

In this work, layers around 60km altitude caused by precipitating particles with
low energy are detected. The particle precipitation is observed by spectral
analysis. Also, such layers occurring at these altitudes, which are not related to
particle precipitation is observed. The analysis is done by using both the pre
analyzed data and the original radar raw data. The raw data is further used for

the analysis of broadening of the spectral arc due the horizontal wind.



Abstrakt

Abstrakt

Die lonosphare ist der ionisierte Teil der Erdatmosphéare, der sich Uber eine
Hohe von 60 km bis zu mehr als 250 km erstreckt. Die lonisierung in dieser
Region ist in erster Linie auf die Sonneneinstrahlung zurtickzufihren. Studien
zeigen, dass es Regionen gibt, in denen sich die Elektronendichte mit der Hohe
andert, die so genannten D, E, Es, F1 und F2-Schichten. Diese Schichten
werden normalerweise mit Hilfe von HF-Radargeraten identifiziert. Vor einigen
Jahrzehnten wurde eine "C"-Schicht in 50-60 km Hohe gefunden, die jedoch
nicht allgemein anerkannt ist. Fir die Identifizierung dieser Schicht werden
Mittelfrequenzradare  eingesetzt. Ein Mittelfrequenzradar wird im IAP
eingesetzt, das in Nordnorwegen betrieben wird. Dieses Radar ist sehr
empfindlich gegeniber verstarkter lonisierung, so dass es sogar die durch
Partikelniederschlag verursachten Teilreflexionen aus 50 km Hoéhe erkennen

kann.

In dieser Arbeitwerden Schichten um 60 km Hohe, die durch niederschlagende
Partikel mit niedriger Energie verursacht werden, erfasst. Der
Partikelniederschlag wird durch Spektralanalyse beobachtet. Aulerdem
werden in diesen HOhen Schichten beobachtet, die nicht mit dem
Partikelniederschlag in Verbindung stehen. Fir die Analyse werden sowohl die
voranalysierten Daten als auch die urspringlichen Radarrohdaten verwendet.
Die Rohdaten werden weiterhin fir die Analyse der Verbreiterung des

Spektralbogens aufgrund des horizontalen Windes verwendet.
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1 Introduction

1 Introduction

The atmosphere that surrounds the Earth is a very complex system. It is comprised of
gases, which is bounded by gravity. The density and composition of the gases and their
physical properties changes with increase in height, forming regions with distinct

properties.
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Figure 1 . Representative temperature and electron density as a function of

altitude. [1]

Based on various criteria’s, the atmosphere can be divided into different layers. The major
parameters used for defining the layers are temperature, composition, and the electron
density. The temperature distribution profile determines the layers troposphere,
stratosphere, mesosphere thermosphere and exosphere and electron density determines
the ionosphere. The lowest layer is the troposphere which extends up to 12km, followed
by stratosphere, Mesosphere Thermosphere. A further region, beginning from about 500
km above the Earth's surface, is the exosphere. Each layers have different lapse rate,

defining the rate of change in temperature with height.
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Figure 2: Division of ionosphere regions by electron density. [1]

The ionosphere represents the upper part of the atmosphere, where the electrically charged
particles are present. It absorbs the incoming solar radiation that is the high energy X rays
and UV rays from the sun and creates the electron ion pairs resulting in a weakly ionized
plasma. Its behavior is determined by the solar and geomagnetic activities. The ionosphere
increases in thickness and moves closer to the Earth during daylight and rises at night.
Also, the boundaries of these layers varies during season to season. In the morning time
more ions are created because of the presence of sun and during night recombination
process happens inthe absence of sunlight and the ion density drops. Hence, during night
the lower part of ionosphere disappears entirely and the upper part gets weaker. It allows
certain frequencies of radio communication over a greater range. Generally, ionosphere

extends from 50 km altitude to more than 500 km.

The layers of ionosphere is classified into D, E, Es, F1 and F2. The F region starts from an
altitude range of 150 km. The altitude range from 90 km refers to E layer and the region
below 90 km is named the D layer, which is the layer typically observed in IAP. D region
normally starts from 60 km and the echo power intensifies and maximize near 85-90 km
altitude. Sometimes we can detect signals also around 50-60 km altitude and this is referred
as C layer. Decades ago scientists postulated that, C layer exists but some people opposed
this.
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This layer is difficult to detect as it needs a powerful system to see and may be this is the
primary reason why people refused to believe this concept. In IAP a medium frequency

radar is used to see this C layer.
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Figure 3 : Regions of the ionosphere showing the D, E and F layer. [2]

This project focuses mainly on low altitude ionosphere ranges from 50 to 60 km altitudes,
which is the D region and below. The datas for many years are checked and looked for
presence of the C layers and also the relation of these layers to the atmospheric conditions
are analyzed. Forinstance, checking whether the solar radiations like X-rays and UV were
very intense during the presence of the C layer or not. Also large geomagnetic storm
caused by solar flares and coronal mass ejection (CME) from the sun is analyzed in this
study. The magnetic belts are present especially around and over the polar regions, where

the radar is located.

Sometimes the particle precipitation due to aurora are often intensely seen at high
altitudes and further down, we can see the precipitation of electrons and protons down to
50 km altitude and so there is probably a relation of these events to the layers. In this

thesis, these particle precipitation events is connected to the layers.
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These events occur fairly often mainly around the equinoxes. The northern light is seen in
lower atmosphere around spring and autumn, we can visually see these around 100-150

km altitude and they leave a clear signature in the radar data.

Figure 4: Charged electrons in Earth’s magneto tail. Figure 5: Northern light seen in western Canada.

[3] [4]

1.1 Motivation

Several decades ago, experimental results have indicated the existence of a layer of
ionization below the D-region of the ionosphere. According to Rasmussen et al.[1980], A
constant thick layer is seen at 63km altitude after sunrise and before sunset hours, which
is shown in Figure 6. They claim that the low altitude ionization may indeed be a C layer,
but does not give a clear idea about the persistence of this layer. Scientistintroduces this
phenomena related to chemistry of the atmosphere [Bain and May, 1967].According to
Nicolet et al.[1960], the low altitude layer occurred during day time is due to the combined
action of cosmic rays and solar radiation. During night, the electrons produced by the
cosmic rays combines with the neutral particle to form negative ions. The electrons,
emitted by the negative ions due to solar radiation by photodetachment causes an electron
population. However, it does not interact with VLF wave. These electrons form a band of
ionization, which extends well below the D region of the ionosphere. The low altitude

ionization based on electron profile discontinuity named as C layer by Krasnushkin [1962].
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Figure 6: Pulse reflected data of 28/12/1972(left) and 6km thick layer of ionization located at 63km
altitude.[5]
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Figure 7: Data obtained at camboriu showing weak reflections (circled areas) from altitude below the normal
D-Region. [5]

The distinct layers in the ionosphere can be observed by particle precipitation events. The
experiment for the identification of energetic particle precipitation, by understanding the
electron density variations using a medium frequency radar is conducted in IAP. During
precipitation events the altitude as low as 50 km can be significantly ionized causing
apparent layers [T. Renkwitz et al. 2017]. The Figure 8 shows an example of the D, E, F
layers as seen by the Saura MF radar. In this, the F layer is seen in between 200-300 km,
the E region is seen from 150 km altitude and below that is the D region from 60-90 km

altitude.
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Figure 8: Data obtained from Saura MF radar showing the D, E, F regions on 4t September 2021

Energetic particles like protons, heavier ions and electrons that precipitate in the
atmosphere comes from different sources. These particles comes directly from the sun in
large solar particle events (SPEs), from the aurora, from the radiation belts during
geomagnetic storms and sub storms, or from outside the solar system. The Galactic
cosmic rays (GCRs) or other energetic particles enters the Earth’'s atmosphere and react
with the chemical species in the atmosphere. The high kinetic energy of these particle
causes ionization of neutral constituents and leads to the additional production of HOx and

NOx, which accelerate the ozone depletion (Os) cycle inthe middle atmosphere.

The effects of energetic particle precipitation on observation by the medium frequency
radars are very rarely reported. Also, the precipitation of highly energetic solar proton
events are clear. The goal of this thesis is to investigate precipitation events associated
with particles having low energy, thereby analyzing the C region and D region of the

ionosphere.

11
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2 Instrumentation

Radio detection and ranging abbreviated as RADAR, are used for the measurement and
observation of atmosphere. It radiates electromagnetic waves, which will be reflected or
scattered by targets. The nature of the echoes provides the information about the targets.
The range to the target is often calculated by taking the time required for the radiated
pulse from the radar for it's to and fro travel. Angular location of the target is observed
with a narrow beam emitted from the directive antenna (AOA, Angle of arrival
measurement of the echo signal). The Doppler shift gives information about the location
of a moving target. Target size and shape can be calculated by improving the radar
resolution. The magnitude of the returned echoes to the receiver gives an idea about the
target size and the direction of received echoes gives the information of target shape.
Radars was originally developed for the military application. However, it is used for civil

applications and remote sensing of the environment, especially the weather.
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Figure 9 : Simple block diagram of a radar employing a power amplifier, transmitter and a receiver [10].

Radar can operate in a wide frequency range from several megahertz to gigahertz (MHz
to GHz) region of the spectrum. 300-3000 kHz is considered as medium frequency, 3-30
MHz is considered as High frequency (HF), 30-300 MHz is very high frequency (VHF),
and 300-3000 MHz is ultrahigh frequency (UHF) and so on. The MST (mesosphere-
stratosphere-troposphere) radar technique is used for the observation of middle
atmosphere. This technique gives an excellent time and space resolution and is used for
observing winds, waves, turbulence and atmospheric stability over the altitude till 200km
[Balsley and Gage, 1980].

12
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Figure 10 : The Electromagnetic spectrum [12]

2.1 Architecture of Saura MF radar

This study aims on the middle atmosphere mainly in 50-90 km altitude. The radar target
in this region are plasma irregularities occurred due to solar and geomagnetic activities
and dynamics like wave activities. The 3.17MHz medium frequency Saura radar, built in
July 2002 is used for the study of energetic particle precipitation in lower ionospheric
region. The radar was installed 20 km south of the Andoya Space Centre in Northern
Norway at 69.1°N and 16.02° E.

Figure 11 : The Saura MF radar
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2 Instrumentation

The key feature of this radar is its antenna system, the antenna array consists of a total of
31 antennas, of which typically 29 antennas are used for transmission and the remaining
two antennas are to complement the receiving capabilities, these two antennas are used
for the interferometric analysis of the detected signal. The 29 crossed half-wave dipoles
arranged in the shape of a cross, called mills cross structure. The distance between the
cross dipole is 0.7 radar wavelength. The beam width is 6° and thus results in a sufficiently
small observation volume. A schematic of Saura MF radar is shown in Figure: 13 with its
major component and antenna array. Each dipole is fed by its own transmitter / receiver
unit with a power of 2 kW (phase-controlled for transmission and reception). This achieves
a high level of flexibility in beam shaping and alignment. It is also possible to carry out
measurements in right and left circular polarization matching with both magneto ionic
components, the ordinary and extra ordinary components (0- and x-mode) for differential
absorption and phase measurements. In addition, the antenna beam can be directed in the
five directions NW, NE, SE, and SW at zenith angles. Furthermore, radar beams with
different widths can be generated with the same swivel angle. The experiment conducted
by Saura radar have a length of typically 220s and a pulse repetition frequency for daytime
of 12 min long and consist of a vertical only experiment, five beam scanning experiment

and a long range monitoring experiment. [7]
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Figure 12 : Schematic structure of the Saura MF radar. [13]
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2.2 Advantages of Saura MF radar

This radar is placed in polar latitude and hence itis very sensitive to enhanced ionization
caused by solar and geomagnetic activity. It have a very low frequency fluctuations, so
even small electron number densities are sufficient to allow partial reflection from the
sparsely ionized middle atmosphere. The coverage depends on the ionization state of the
atmosphere and gets the best results from 50 km altitude and upwards. Other than wind
observation, the Saura MF radar can be used to derive the turbulence parameters from
the spectral width of the radar echoes. Furthermore, from the calibrated echo power,
information about the atmospheric turbulence can be derived. The Saura radar is used
with an exceptionally large antenna array and can be used for many atmospheric radar
measurements. For example, Doppler beam swinging measurement, which is used for
the estimation of wind and the electron density. The estimated electron density will give
information about the ionization state of the middle atmosphere. For this, the differential
phase and differential amplitude experiment (DPE, DAE) are utilized, by analyzing the
relation of the ordinary and extra ordinary mode for a given time and altitude. The
experiments have a length of typically 220s and a pulse repetition frequency (PRF) for
daytime of 100Hz. The entire measurement sequence consist of five beam scanning

experiment and a long range monitoring experiment.

Geographic position 69.14°N, 16.02° E

Peak power 116kW

Range resolution 1000m

Antenna array 29+2 crossed dipole

Gain 17 dB

Beam width 6.4°

Number of receivers 9

Polarization Circular, O/X

Beam positions Typically 1 vertical and 4 tilted
Objectives Estimation of wind, electron density

Table 1: Technical parameters of Saura MF. [13]

15



3 Particle precipitation events

3 Particle precipitation events

3.1 Overview

Due to solar activities, energetic particles precipitate into the atmosphere. These energetic
particles includes charged protons, electrons, galactic cosmic rays (GCRs) etc. These
energetic particles enter to the earth are guided by the interplanetary magnetic field (IMF)
through space. The highly energetic electrons that are trapped in the van Allen belts and
protons are penetrated to the earth during solar flare, while the GCRs are deflected by the
IMF because of the strong activities of sun. The input of GCRs to the atmosphere are
more, when the solar activities are low and these energetic particles ionizes the
atmosphere. The typical energies of EPP particles ranges from 1 MeV to few hundred
MeV for proton, and from tens of keV to a few MeV for electrons. These particle with high
kinetic energy enters at the polar cap regions and reacts with chemical species in the
atmosphere, which leads to ionization of the atmosphere and thereby increases the
production of HOx and NOx .These reactive nitric oxides and hydrogen oxide gases causes
ozone (Oz3) depletion in the middle atmosphere. The energetic particle precipitation can
also affect the temperature and dynamics of the atmosphere. The combined effect of
SPEs and EPP results in stratospheric warming events and cooling rates, the mean
circulation, wave propagation and breaking. Furthermore, NOx is one of the main
participant in catalytic ozone destruction, [M. Sinnhuber et.al.2012]. The ozone loss inthe
middle stratosphere of up to 40% to 60% have been inferred from the correlation of
observed EPP-NOx enhancements Randall [1998].

Winter pole Equator Summer pole

m EPP EPP.

Impact on wave
propagation and wind§ -
dynamical coupling
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Figure 13 : Energetic particle precipitation (EPP). [15]
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3 Particle precipitation events

Figure 13, shows the main direct and indirect impacts from EPP (including EEP and SPE).
EPP ionization is focused on the Polar Regions leading to the production of HOx and NOx.
Transport processes are shown with grey dotted lines, while coupling mechanisms are

indicated with grey dashed lines. Direct chemical impacts are shown with black arrows.

Additionally, Magnetospheric substorms reacts with geomagnetic field causes EPP and
the enhanced ionization results in an ozone loss of 5-50% in the mesospheric region
depending upon the seasons, [A. Seppala et.al.2015]. Substorms provide a significant
proportion of precipitating electrons. The Substorms consist of growth, expansion and
recovery phase. The energy that is accumulated in the magnetosphere in the growth
phase is released during the expansion phase. During expansion phase the
magnetosphere return to a dipolar state and this changing magnetic field accelerates

electrons and ions.
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Figure 14 : Energetic particle precipitation (EPP) impact on the atmosphere. [17]
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Unlike proton precipitation from SPEs, the electron precipitation does not take place
homogeneously across the polar cap, but it is tied to the geomagnetic latitude around the
auroral oval and the radiation belts. The ionization rates of solar proton events are very
high compared to the others (Figure 15). The precipitation of the lower energy particles
(<10 MeV), which occurs more frequently than the solar proton events are focused in this
study.

3.2 Observation of particle precipitation events by Saura MF

Precipitation of the energetic particles increases the ionization in the atmosphere and it
results in the rapid increase of electron number density in the ionosphere. The particles
from various sources (from the aurora and the radiation belts during geomagnetic storms
and substorms or from outside the solar system) have different energy spectra and
interact differently with the terrestrial magnetic field. Therefore, they affect different
altitudes in ionospheric region thereby varying the electron density. The detected echoes
of the radar depends on absolute electron number density. The electromagnetic wave
from the radar gets absorbed because of the energetic particles, so their amplitude

decreases while propagating through the ionized plasma and sometimes vanishes.
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3 Particle precipitation events

The analysis was done using the pre analyzed DBS data by programming in python. The
data from the beginning of 2017 to the end of 2020 is taken. The below flow chart (Figurel7)

will help to understand the algorithm used for the analysis.

Start

Read the daily
DBS data

¥

K

(UT Range Fower)

Extract parameters }

Generate power plots

End

Figure 16: Flow chart for generating daily power plots.

The daily DBS data includes the received echo power, time (UT), the range in km from

which the echo is reflected. Using these informations daily power plots were generated with

range over time.
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3 Particle precipitation events

3.2.1 Analysis of Quiet and disturbed days

Power follows normal _
electron density profile B Quiet day

Daily power plot > Analysis of echo power

Absorption or vanish in

echo r E— Disturbed day

Figure 17: Block diagram of the analysis procedure.

As mentioned earlier, the normal electron density profile of D region is from 60 km altitude
increasing towards 90km altitude. Generally, the days can be classified into two categories
depending on the partial reflections observed with MF radar. Quiet days are days in which
the partial reflection follow the electron density profile of D region. Whereas in disturbed
days, severe ionization causes drastic reduction in echo power in the upper altitude,

especially above 75km altitude.
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Figure 18: Power plot of a quiet day.
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3 Particle precipitation events

In the example (Figure 18) of power plot for a quiet day, first echoes are seen around 60
km altitude and itincreases gradually towards the higher altitude. In this the echo intensity
roughly follows the electron density profile of D region. On the contrary, indisturbed days
solar and geomagnetic conditions varies and as a result of this ionization shoots up and
due to the increased ionization of highly energetic particles the emitted electromagnetic
waves gets progressively absorbed. As a result of this particle precipitation events,
ionization will increase and so echoes from lower altitudes are seen. So the maximum
echo power is visible at these altitude and at higher altitude high absorption is observed.

Furthermore, athin layer is formed at lower altitude.

These absorption is commonly seen in the forenoon times (9:00 to 13:00 UT). Compared
to the ordinary mode intensity the extraordinary mode gets attenuated more. The example
for a disturbed day is indicated in Figure 19, in this x mode component gets absorbed
more from 5 to 10 UT and apparent layer is visible at 60km altitude. These layers are
termed as isolated lower mesospheric echoes (ILME) [C: M: Hall et.al.2006]. For some
days, due to high ionization layers are seen even below this altitude, which will be

explained later.
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Figure 19: Power plot of a disturbed day.
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3 Particle precipitation events

3.3 Selection of ILME events from DBS data

The dataset which is used for daily power plot analysis is again used for the analysis of

ILME events formed due to particle precipitation.
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3 Particle precipitation events
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Figure 20: Flow charts for calculating the ILME events.

The flowchart 20 explains how the events are selected. All the quiet days in a month
shows somewhat a same behavior and so these days were averaged to get a monthly
quiet day reference profile. The reference profile for all the months are generated by
averaging the observed individual profiles. The maximum power and altitude
corresponding to the maximum power is obtained from the derived average power and
these datas are stored as an hdf5 format. These datas are considered to be the reference
power and reference altitude (normally found in between 75-90 km) for doing the further
analysis. The quiet day reference profile obtained for the month of February 2018 in shown

in the figure 21.
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3 Particle precipitation events

Power profile of quiet day (x-mode)
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Figure 21: Monthly power profile for quiet days.

During late night and early morning, strong interference occur from other distant
transmitters. In this 4 hours resolution, itis clear that during day time when the availability
of sun is more gives maximum power and during other times of a day the average power
obtained is less comparedto the 8 -12 UT and the disturbances are observed mostly in the
lower altitude regions. In this quiet day profile the maximum power is observed around 88

km altitude.

Similarly, the peak power and the altitude corresponding to all individual days spanning a
period of 4 years are obtained. For making the analysis more reliable, the power profile are
smoothed by using Savitzky Golay filter. Sometimes, maximum powers (second maximum)
were observed above or below the observed maximum power. So | checked whether there
isany maximum power available in 10 km above and below the observed maximum power
and the corresponding altitude for all the cases are saved as an hdf5 format. After this,
the peak values obtained is compared with the quiet day reference values, which is already

saved.
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3 Particle precipitation events

The comparison of the maximum power values of the day under investigation to the
quiet day reference gives the precipitation events. In Python, a yearly precipitation
event vector is generated and for making this vector, | have applied a condition. If the
maximum power obtained on an investigated day is 10 km below the reference value
of the quiet day, then it is occurred due to particle precipitation. By applying this
condition, one can clearly differentiate a disturbed day from a normal day. So that the
disturbed days can be easily differentiated from the normal days. The difference of
these layers from reference height gives a clear idea about the intensity of the particle
precipitation events. After obtaining the precipitation vector for all the four years, the
plots are made.

3.4 Statistics of Particle precipitation occurrence

Precipitation Events 2017-2020

Precipitation Events 2017-2020
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Figure 22: Annual occurrence of ILME ewvents (Absolute counts) form 2017 to 2020.

In this section, the statistics of the detected particle precipitation into the mesosphere
are presented and discussed. During March- April and August — October and from
6:00 — 12:00 UT, precipitation events are observed most frequently (Figure 22). In the
combination of particle precipitation detections from the year 2017 to 2020, the ILME
events are more prevalent in spring and autumn. Additionally, the counts are seen

around 63km altitude and at 10 UT. Less number of counts were seen down to 55km
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3 Particle precipitation events

altitude. Taking individual years in to account, the behavior was almost same except
in 2017, which will be discussed later. The maximum occurrence rate from the year
2018 to 2020 was found to be around 35- 40%.

Precipitation Events 2018
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Figure 23 : Particle precipitation events obtained for 2018.

The particle precipitation events of the year 2018 show an occurrence rate of 36% in
September, which was the highest and 31% in March. In all the other years the count
rate was around 40% in both the times. On the whole, the highest count rates were
observed in spring and autumn equinoxes as explained earlier. In these three years, a
higher number of precipitation events occurred on March- April than in August-
September. The events were been observed mostly around 65 km altitude and at the
same time less number of events were observed down to 52km altitude. Furthermore,
most events were visible around the magnetic noon. Events were also visible in night
times, however with less count rates. The interference of distant transmitters were also
seen in night times. During the times of ILME occurrence, these interference are not

present because of the intense absorption.
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34.1 Special Case
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Figure 24 : ILME ewents in 2017.

2017 was a special year, inthis year very high number of particle precipitation events
was observed. As explained, one of the reasons for the occurrence of precipitation
events are geomagnetic storm. The month of September in this year was an
exceptional case as there was intense solar activities. From 6-10™" September, the
sun emitted twenty seven M class and four X class flares and released several coronal

mass ejections [Lina Tran, 2017].

CME are capable to generate powerful geomagnetic storms in Earth’s magnetic field.
On 7t and 8™ September severe and multiple geomagnetic storming were observed,
AGU [2021]. In short, high ionization happened and results in very high number of
precipitation events due to this active geomagnetic storms. The occurrence rate in
September was very high when compared with the occurrence in spring season. This
remarkable increase can be seen in the plot also (Figure 24). The ILME events down

to 52km altitude can be seen clearly in this plot.
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3.5 Comparison of the observations with previous analysis.

MF events occurrence 2003-2016
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Figure 25 : Annual particle precipitation events obtained from the year 2003 to 2016. [9]
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Figure 26 : Obsernved ILME ewvents (Absolute counts) in the current study.

Comparing the observations done by T. Renkwitz and R. Latteck [2017] (Figure 25)
for the period ranging from 2003 to 2016 with my observations in the period 2018 to
2020 (figure 27), one can say that precipitation events in spring season is higher than
in autumn season. | have got a similar pattern of annual occurrence plot like in the
study of Renkwitz and Latteck expect for the year 2017(Figure 26 left panel).
However, if 2017 is included then due to higher number ILME events because of

geomagnetic storms, the plots shows a contrary results to the previous observations.
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3 Particle precipitation events

35.1 Geomagnetic indices

Geomagnetic indices plays a key role in characterizing the state of the entire Earth’s
magnetosphere as well as that of the surrounding interplanetary medium (IMF).These
are used for detecting and describing atmospheric events. Geomagnetic events
measures the geomagnetic activities which is a signature of the response of the Earth
magnetosphere and ionosphere to solar forcing [Menvielle et.al. 2011]. The indices
which measures the geomagnetic activities are K and A index, they give indications
of the severity of magnetic fluctuations and hence the level of disturbance to the
ionosphere. The K index, which is measured using magnetometer is a three hourly
measurement of the variation of the Earth’s magnetic files compared to quiet day
conditions. It defines the disturbances (geomagnetic storms) in the horizontal
component of earth’s magnetic field, representing calm to greatly disturbed conditions
with integer range from 0-9. The A index is a linear measure of Earth’s filed and is
derived from K index. Ap and Kp indices are the planetary average of all the A and K
indices.
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Figure 27: Relation between the Kp index and ionospheric conditions. [22]
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Figure 28 : The Kp index from the year 2017 to 2020.

Highest number of Kp index in 2017, results in large precipitation events. The

plot was generated using NMDB online data access tool. [23]
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4 Investigation of ionospheric layers by analyzing radar raw data

In the previous section, the ILME occurrence due to particle precipitation events were
analyzed by using the DBS data. Here the layers due to particle precipitation and also
layer occurring without much visible particle precipitation are analyzed using the
original radar raw data. The days in which layers are formed due to particle
precipitations were very clear, because from the daily plot analysis the disturbed day
can be easily analyzed and so the particle precipitation events and the layer
occurrence is well understood. There were days having no visible indication of particle
precipitation or even without precipitation. However, a layer is persistent throughout
the day or sometimes during the noon time, which shows that there may be layers

occurring at lower altitude of the ionosphere without the precipitation events.
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Figure 29: Layer present at lower altitude (red circles) seen in the power plots of x-mode for
14t and 21st March 2019

The power plots (Figure 29) depicts the presence of an isolated layer between 50 and
65 km altitude without visible particle precipitation events (At higher altitude there is
no much absorption of echo power). The layer is seen mainly in day time and high
level of interference is observed during early morning and night times. Due to these
interference, the layers are not visible at these times in the daily power plots. The
days having isolated layers were specially analyzed by using the radar raw data by

calculating the spectrum.
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4 Investigation of ionospheric layers by analyzing raw data

Ideally the radar echo of an antenna is assumed to be like a pencil beam, but in
actual case the radiation pattern may have side lobes [R. Latteck and T.renkwitz,
2019], because of the presence of turbulent cells or for multiple atmospheric scatters,
which may result in broadening of the spectra. Sometimes the highly efficient scatters
are away from the vertical or the nominal beam pointing direction, but in the side lobe
positon. These are still within the view of the radar and such situations leads to super
position of the oblique scatter with the vertical echo. Actually, the oblique echoes for
the same altitude have a different range but it is smeared into higher vertical
amplitude. To avoid orto overcome these situations interferometric methods are used

to estimate the scattering position of the individual echoes.

sin(B) cos({)
attenuation / dB

«— W sin(8) sin(0) E—

Figure 30: Simulated radiation pattern of the Saura MF radar pointing to ¢=56.2°
and ¢=6.8°. The narrow main lobe as well as pronounced side lobes are visible.
[24]
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4.1 Analysis procedure
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Figure 31: Flow chart for the analysis of isolated layers by raw data.
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The flow chart (Figure 31) shows the detailed analysis of the layer by using raw data.
For this, the daily power plots were analyzed and separated the days with and without
isolated layers. The days without layers were no longer considered for further analysis
and the days with isolated layers are considered and the radar raw data for the
corresponding days has been downloaded from DMF. The DMF data of Saura MF for
the particular month and year was chosen and then by using the command ‘dmget’,
retrieved the radar raw data of a particular day from the vertical experiment or
sometimes the sd-07-ox4c experiment. The generated daily spectra from the original
radar raw data were analyzed. The calculation of the spectra and the inferences will

be discussed in the coming sections.

41.1 Data migration facility (DMF)

DMF is a software used to transfer files mainly with the purpose to allow users to keep
an increased volume of data in the files under their home directories. Radar raw data
need a very large amount of space and hence in this application DMF plays an

important role.

This software transport large volume of data from a high performance device to a low
performance device, which is commonly called a secondary storage. DMF is able to
transfer or recall the transferred data. It keeps the disk space available to user by

moving unused files to storage on tape.

Create/Recall

Create new files in the
managed filesystern

on high-performance disk
and recall previously
migrated files

Free

Free least-recently accessed

file data blocks in the Copy

managed Copy file data to
filesystem secondary storage

Monitor

Monitor the free-space
minimum threshold

of the managed
filesystem

Figure 32: DMF migration cycle between the managed file system and the secondary storage. [38]
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The DMF commands list, put, find and get files of tape are used for controlling the file
transfer for example, if we want to retrieve the migrated files to active disk for the

purpose of read or write we normally use these DMF commands (Table 2).

Commands Description

dmls Directory listing showing file migration
status

dmget Retrieve migrated files to disk

dmput Cause files to migrate to backup on tape

dmfind Find files under a directory hierarchy

dmcopy Copy all or part of offline files

dmattr List attribute of files

Table 2: Commands used for operating DMF system. [38]

The managed file system (XFS or CXFS) is mounted with an enabled Data
Management Application Programming Interface (DMAPI) on the high performance
disk and itis always monitored by the DMF software, so that it can maintain a certain
amount of free space in the file system, which allows creation of new files or recalls
the migrated one. If the free space threshold exceeds then the DMF transports the
data files. For this, the datais first copied to a secondary storage and then data blocks
is released by monitoring the access time and its size. It always keeps the timely data
on the high performance disk and shifts the other to secondary storage by keeping a
files metadata. In order to prevent the file data loss like, failures in the storage device
or deletion of migrated copy occurs, it won't affect the DMF environment because it
creates two secondary storage copies of the files. However, the users is able to
access all the files regardless of the time or actual location of the data. DMF software
can migrate data to different media like Disk, Fiber channel tapes and tape libraries
that are supported by the Open Vault or TMF mounting services, Cloud storage, and
another servers via FTP etc. DMF is a very cost effective method for transferring

infinite amount of data without sacrificing accessibility of users.

35



4 Investigation of ionospheric layers by analyzing raw data
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Figure 33: DMF before migrating data. [38]
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Figure 34: DMF after data migration and freeing space. [38]
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4.2 Calculation of spectra using python

The programming language Python was used for the calculation and analysis of
spectra. As mentioned in the previous section, the downloaded original radar raw data
is used for programming. In python, the day (24 hour) having isolated layer was
imported and from that, the raw o-mode and raw x-mode power of the hourly data is
extracted. Thereafter a suitable number of coherent integration was applied to improve
the signal to noise ratio. After that, | have converted the time domain signal to frequency
domain by taking the FFT and then the spectrum is calculated and plotted the
magnitude of the spectra. Then the analysis of the spectra was done for the purposes

as follows:

1. Forfinding the days with and without precipitation.

2. For finding whether the isolated layers are subjected to particle
precipitation or not.

3. Forfinding the time period of occurrence of isolated layer.

4. For finding the months having the highest occurrence rate of layers with

and without precipitation in a year.

Figure 35 : Spyder window

37



4 Investigation of ionospheric layers by analyzing raw data

4.3 Preparation of the data set

This section describes how a data set is prepared from the spectral analysis. For this,
raw data from 2017 to 2020 was taken and the spectra was calculated for the days
having isolated layer in the daily power plots. In this the pattern of the spectra shows
information about the particle precipitation. Due to particle precipitation events, the
spectrum broadens to form an arc like shape. If the spectral arc is visible, it is
considered to come under the category of time with precipitation and if echo is visible
without this arcs, then it comes under the category of time without particle
precipitation. The radar is conducting 15 experiments per hour including five vertical
experiments for getting the raw data. In this analysis the raw data (several terabytes)

taken is mostly from vertical experiments.
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Figure 36 : Raw data block of x-mode power for 2018/03/01 at 4:04 UT
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Figure 37 : Spectral broadening
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Figure 38: Isolated echoes at lower altitude without visible particle precipitation.
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These spectra was generated for each hours in a day in which the layer was found and
the observed details was entered in an excel sheet. A clear spectral arcs were visible
on some days, which is an indication of particle precipitation (Figure 37). In some days
multiple arc shaped components were seen because of different energies of the

precipitating particles. As per the data set | have prepared, my findings are as follows:
The layers occurring can be classified into two

1. Layers seen with proper precipitation from the onset till the end.

2. Layers seen without precipitation from the onset till the end. In this case,
no spectral arcs were seen, but only isolated echoes from the lower
altitude.

3. Layers seen only at the middle of a period due to precipitation, where the
onset and end of the period having no precipitation. In this case, the layer
occurred has no relation with precipitation events, since the layer was

present hours before visible precipitation. Hence, | categorized this under
classification 2.
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Figure 39 : Multiple arcs in the spectra.

Sometimes multiple arcs were seen in the spectra. In Figure 39 one arc is visible at
66km altitude and a really isolated echo is seen around 52 km altitude. A mild

indication of particle precipitation is seen here also, because a spectral arc is visible.
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43.1 Unusual echoes seen in spectral analysis

During the analysis unusual spectral lines were visible in +/- 0.1 Hz. This was similar
to the echoes but not actually the original echo from the atmosphere. These were sea
clutters and ground clutters, which is a common problem seeninthe spectral analysis.
The shift in frequency of the received echo signal due to the Doppler effect caused by
a moving target allows a radar to separate desired moving targets (such as aircraft)
from undesired stationary targets (such as land and sea clutter) even though the
stationary echo signal may be many orders of magnitude greater than the moving

target.

For an operational radar the back scattered transmitted signal may have interferences
by the elements of the sea surface, these interfering signals are generally referred as
sea clutter or sea echoes. Sea surface has a variety of features such as wedges,
cusps, waves, foam, turbulence and spray as well as breaking events of all sizes and
masses of falling water. These features contribute to the scattering of electromagnetic

wave responsible for sea clutter. Mostly in this analysis these sea clutters were visible
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Figure 40: Clutter and Interferences. [12]
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Figure 41: Sea clutter in spectra (2019/01/22 12:08UT)
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4.4 Statistics

Isolated layer 2017 to 2020
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Figure 42: Isolated layer observed from 2017-2020

The results of the analysis by using raw data shows that the layers are seen mostly in

the day time. The maximum number of layers were seen in between 9-13 UT. It is

considered to be a day light phenomenon, since it maximizes around the noon. Hence,

we can conclude that, the occurred isolated layers were modulated or controlled by

the sun.
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Figure 43: Isolated layers with and without precipitation seen on March 2018.
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Isolated layer not due to precipitation October 2018
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Figure 44: Isolated layer with and without particle precipitation observed on July and October
2018.

After checking the dataset of all the years, the layer occurred due to precipitation were
mostly seen in spring and autumn. The layer occurred without precipitation was seen
more in summer, may be because, during summer time the sun is above the horizon
for a longer time. As a result of this, all the days in March, July and October for the
year 2018 are statistically analyzed in detail. The statistics shows that during March
and October the layer occurred due to precipitation was more and this contradicts the
result obtained in July. The layer occurred without precipitation is more in summer time

and it has no connection to precipitation events and itis mostly seen in sunlit periods.

Isolated layer in 2018

March

October

Figure 45: Isolated layer not related to precipitation for the three months in 2018 (March, July
&October).
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4.5 Causeof occurrence of isolated layers

451 Ground clutter

The senja island which is located nearly 40-45 km away from the MF radar have a
mountain of 500-600 m height. As explained in section 4.3.1 there is a chance of
getting false echoes otherwise called ground clutters from these islands. The sun rises
and heats up the lower ionosphere and sometimes tropopause at 10-12 km altitude is
occurred and scattering may occur at the topopause.This is usually for very high
frequency range. Eventhough we are using a medium frequency radar the possibilty
of tropopause scattering is checked. The scattered signal from the topopause may hit
this mountain and there might be a possibility of receving these echoes by the radar.

This echo fits nearly 60 km distance.

tropopause

/N

Figure 46: Tropopause scattering

According to the equation of refractive index in ionosphere [Balsely et.al.1980],

0.373 - ¢ N 77.6-1075Pa  40.3n,
T T f3

n—1=
Neutral atmosphere ~ Contribution of free electron in
the ionosphere in ionosphere

e(mb) — partial pressure of water vapour
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Pa(mb) — Total atmospheric pressure
T (K) — absolute temperature
fo- Operating frequency

By calculating this, the electron density of D region,caused by ionization due to incident
radiation of the sun, the backscatter is received at mesosphere height with a MF radar
radar with 3MHz frequency is in the range of 1 for 50-60 km altitude [Balsley
et.al.1980]. This means that there is no gradient of refractive index till 60 km
altitude.(Figure 47 ). Therefore the electron density variation cannot be defined for 3

MHz frequency.

The changes in the altitude of tropopause is not equal to the change in the range of
received echo. Therefore we can conclud that the echoes are receving from the lower
ionosphere and not due to scattering of tropopause. This can be further proved by

checking the auto correlation of the radar echo.
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Figure 47: Refractive index of 3 MHz radar (Black). [25]

Auto correlation function is conducted by using the radar echoes. The time lag is
analyzed by observing the phase and amplitude plot. If the auto correlation is narrow,
then the correlation time is short and hence the target (layer) is short lived and vice
versa. The flow chart (Figure 48) explains the algorithm used for the calculation and

plotting of auto correlation.
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4 Investigation of ionospheric layers by analyzing raw data
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Figure 48: Flow chart for performing auto correlation.

As mentioned, the auto correlation and the power plots are generated. The complex
radar raw data contains information about the power of O-mode and X-mode
experimental values, times, the number of ranges, receivers, and samples used for the
experiment. A suitable number of coherent integration is performed to improve the
signal properties and the power is calculated. Auto correlation is performed for all the

receivers and corresponding plots are observed.
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Figure 49: Auto correlation plots for the radar data taken on 09/10/2020 at 09:12 UT.
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Figure 50: Auto correlation plots for the radar data taken on 18/10/2020 at 07:04 UT.
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4 Investigation of ionospheric layers by analyzing raw data

The power plots shows the presence of a layer in the range between 50-60 km
altitudes. The auto correlation of radar echoes shows that the maximum power is seen
at zero time lag. Since the correlation is done with same signal, it shows no time lag,
but the width of the correlation gives information about the duration of the structure.
The auto correlation observed in the plots is very broad showing a high electron
density around these altitudes, which indicates longer correlation time and hence the
structures seen around these altitudes are long lived. Hence, we can conclude that

these strong echoes are receiving from the lower ionosphere.

452 Radiation sources

Solar radiations penetrate below 85 km altitude and are Galactic and solar cosmic
rays, Lyman a, EUV, Solar X rays. They also contributes to ionization in the D region
[Nath et.al. 1976]. The sunspot number index R gives the amount of solar activity. It
measures the area of solar surface covered by spots. As the number of spot increases,
magnetic complexity also increases and this results in large eruptive energy release
known as solar flares.
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Figure 51: Penetration of cosmic rays to 50
km altitude.[27]

Figure 52: The principle sources of ionization at

the lower part of ionosphere [28].

The cosmic rays down to lower D region are capable to ionize the molecular nitrogen
and oxygen to form nitric oxides. The figure 51 and figure 52 shows that, the cosmic

rays have a significant influence in the region of 50-60 km altitude. According to the
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4 Investigation of ionospheric layers by analyzing raw data

study of Thomas [1974]. The primary factor for ionization above 90km is due to solar
UV radiations and X-ray. The ionization for a region range from 60-90 km is due to hard
X-rays and Lyman a. The region below 60km is ionized due to the effect of cosmic rays.
From the auto correlation graphs, which is described in the previous section shows that
the echo power coming from these altitudes are intense. Therefore, the cosmic ray

radiation during the period of 2017-2020 was analyzed.
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4 Investigation of ionospheric layers by analyzing raw data

The figure 54 gives information about the cosmic rays and the sunspot number (solar
activity). Beginning from 2017 to the mid of 2020, there is a drop in the solar activities
and the Galactic cosmic rays at these times were checked and the result shows that,
when there is anincrease in cosmic radiations, the sunspot number decreases and vice
versa. During these times, the presence of isolated layers at lower altitude that is, 50-
60 km altitude was found more (Figure 42). Hence, it can be concluded that the
occurrence of these layers has an influence of cosmic rays. The Figures 55 shows that,
the cosmic radiation in July was very high. At the same time the layer not connected to
precipitation that is observed from the original radar raw data also have a very high
count rate.
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Figure 55: Cosmic rays observed in July 2018. [23]
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Figure 56: Counts of isolated layer present in July 2018.
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5 Broadening of spectral arc

5 Broadening of spectral arc

The radar target in the middle atmosphere is drifted due to background wind. Due to
horizontal wind, a few portion of the precipitated particles may move towards or away
from the radar which will give a positively or negatively Doppler shifted spectral
component. The relative motion of the target is obtained by the detected Doppler shift
within the frequency domain. Beam broadening effect has a profound influence onthe
measured Doppler spectrum, mainly governed by mean background wind [Chue
,2002].
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Figure 57: Broadened spectral arc.

For the atmospheric measurements, the wind field is assumed to be homogeneous and
the precipitated particles, which are the targets with respect to the radar are moving in
this homogeneous medium. The radial velocity is measured for each beam pointing
direction towards the target. Because of the movement of the target, the range from the
radar will increase resulting in the increase of radial velocity component of the horizontal

wind. This makes an arc like shape to the spectra.
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Figure 58: Horizontal wind measured by the Saura Mf radar in April 2018 [31].

As mentioned earlier, Saura MF can be used to measure electron density and wind in
middle atmosphere (50- 90 km altitude). It is operated with five beam scanning
experiment, a vertical and four oblique beam directions. Both extra ordinary and
ordinary modes were probed during these times. The run time of the experiment was
220s, with 100Hz pulse repetition frequency and to increase the average output power
and to neglect the interferences, a four bit complementary code was used which
requires two coherent integrations. After that, Doppler beam swinging method (DBS)
was applied to derive the horizontal and vertical wind fields. The experimental length
is typically 12 minutes, which is the minimum temporal wind resolution corresponding
to the experimental length.

The wind estimation from the Saura MF shows (Figure 58) the presence of wind in
between 50 to 85 km altitude. The observation of wind was partially around 50 km
altitude and very high in 60-80 km altitude. [Ralph et.al.,2019]
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Figure 59: Schematic of particle precipitation events as seen by the Saura radar. [31]

The narrow red conical shape indicates the radar beam volume during quiet
geomagnetic condition and the enlarged grey portion indicates the increasing volume

of the scattered radar beam during the particle precipitation events. [Ralph et.al.,2019]

5.1 Wind measurement technique

The Doppler beam swinging method (DBS) is a technique commonly used for wind
measurement in the atmosphere. This method assumes that multiple and well
distributed target exists and are drifting within a homogeneous medium. DBS method
uses different oblique beams into individual pointing direction of the radars and from
this the radial velocity of the target is measured, and these beam are combined with
the direction of measurement to derive horizontal and vertical winds. The vertical
velocity can be obtained directly from the vertical beam. Horizontal wind velocity can
be derived using different beam configuration. This technique helps to find east west
and vertical component of wind from the radial wind velocities along at least three non
collinear narrow beams. Accuracy of the wind estimation depends on the system of
observation and atmospheric conditions. The wind estimate from four beam
configuration has better results than the two and three beam configuration [Rao
et.al.2008].
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5 Broadening of spectral arc

According to Woodman and Guillen [1974], the five beam configuration gives accurate

results when compared to the three beam configuration.

North

East
X

Antenna

Figure 60: Doppler beam swinging (DBS) technique for wind measurement with a five beam

configuration. The altitude, range and zenith angle are denoted by z, r and 6 respectively. [32]
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5 Broadening of spectral arc

5.2 Calculation and Comparison of horizontal wind on spectra

In this section the relation of magnitude of the horizontal wind to the spectral arc is
described. The horizontal wind has two components u and v. The magnitude of the
horizontal wind is calculated by using Pythagorean Theorem, sqrt (u2+v3). Then the
relative Doppler frequency of the horizontal wind velocity is calculated (by subtracting
the radar frequency to the calculated Doppler frequency). This velocity of horizontal

wind is cross checked with the observed spectra.
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Figure 61: Spectra obtained on 2" May 2020(left) and the matching of estimated
wind (red arc) with the spectral arc for X-mode (right).

The spectra for 02 May 2020 at 10:00 UT are shown in figure 61. In this, an arc shape
is seen with a bottom height of 69 km altitude at 0 Hz Doppler frequency extending to
higher altitude range of around 90km with a Doppler frequency of +0.4Hz. This arc is
believed to be occurred because of particle precipitation event. The radar volume
increases at very high altitude so the measurement above 85 km is not considered.
Saura DBS hourly data has a reasonably good result below 85 km altitude [Wilhelm et
al.2017] The magnitude of the horizontal wind velocity and the relative Doppler
frequency are calculated and checked whether it fits at 69 km altitude or not. The result
is shown in the right panel of figure 61 and it shows that the echo power perfectly fits
the magnitude of horizontal wind velocity. Many similar situations were tested and the
estimated wind perfectly matched with the spectral arc. Hence, | can conclude that this

horizontal wind velocity have an influence in the spectral arc.
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Case 2
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Figure 62: Spectra obtained for 51 May 2020 at 9:04 UT.

When there is only single spectral arc, the estimated wind velocity perfectly fits the
arc. There are conditions where multiple arcs were seen in the spectra. For instance,
the spectra obtained for 5" May 2020 at 09:48 UT shows that two precipitation events
with different energies are formed one at 66km altitude and the other at 70 km altitude.
Similar to the previous case, checked whether the simulated Doppler shift for the
estimated wind velocity matches the spectral arcs. The spectral arc at 66km altitude
is represented by red colored arc and the other with black and it matched with the

spectral arc.
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Figure 63: Estimated wind calculations (red) for the observed multiple arcs (Precipitation

with different energies).
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5.3 Potential errors in wind measurement

Estimated winds sometimes tends to show incorrect values and these erroneous wind
measurements are described with example in this section. As we know that the
radiation pattern get wide due to particle precipitation and this increase in spectral
width is in relation to magnitude of horizontal wind velocity. If the wind estimation does
not work properly then the winds data contains errors, as we couldn't assume the
spectrum is false since it is taken from the original radar raw data. The particle
precipitation may affect and impair wind estimation. So, if the estimated winds tend to
show incorrect values during particle precipitation events and if this estimate is not
consistent to the DBS wind value, the DBS should be flagged as not reliable.
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Figure 64. Mismatch of estimated wind with the spectral arcs.

In this example (Figure 64), two spectral arcs are seen in different altitudes at 69 and
73km with two different wind velocities. The estimated wind fits the lower altitude (69
km) closely, but in upper altitude it doesn't fit, as the Doppler estimation at upper

altitude are contaminated by particle precipitation events at the lower altitude.

Wind is calculated from DBS and spectra was generated for every beam pointing and
then the Doppler shift is estimated. In this case, there is two maximum and so the
Doppler shift can be very symmetric. In DBS experiment, the radial velocity of the wind
from these altitude is calculated for the wind inversion at the end (5 beam direction).
These five beam directions are inverted to horizontal and vertical wind. If these radial

velocity are wrong then the wind datas are wrong as well.
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Figure 65: Wrong wind measurements.
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Also, there may be situations in which no detected echo power at the center of the

spectrum. This may happen, when the vertically emitted and potentially reflected wave

is highly attenuated. This may also spoil the Doppler shift estimation.
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Figure 66: Mismatch observed in estimated winds at 10:00 and 11:00 UT
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In this example on 315t May 2020 (Figure 66), the precipitation event was persistent,
and so the spectral arcs were present at 10:00UT and 11:00 UT at same altitude but

the wind estimation at 10:00 UT shows erroneous result whereas in 11:00UT shows

more accurate result. From these examples, | conclude that there are probability in

getting errors in the DBS wind data.
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53.1 Solution to wind correction

As | have stated inthe above section, there are possibilitiesfor errors inthe wind data.

In order to avoid these errors, we can use the below mentioned solutions.

Identifiy the altitude in which
spectral arc is seen

h

Consider a horizontal coverage,
area with zenith angle +/- 40°

‘Assume the wind velocity that may
occur at these altitude

k4

Check different wind

Calculate possible doppler shift :
velocity

h 4

Overlap the assumed model
with spectral arc

heck the degree of

similarity

Best wind fits the
spectral arc

Figure 67: Wind correction technique.

This detection process can be done earlier, when and at which base altitude these
spectral arc would occur. During that time the altitude can also be iterated for checking

the best fit of estimated wind to spectra.
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6 Conclusions and summary

The relation of energetic particle precipitation with the layer formation in lower
ionosphere isinvestigated in this work. During high solar activities, the highly energetic
protons causes precipitation and layers from very low altitude are visible. In this study,
these high energetic solar proton events are purposefully eliminated and low energetic
particle like auroral and radiation belt electrons are considered. The solar proton
events are very rare and the latter is more frequently observed. Medium frequency
Saura MF radar is used for this study, because of its high sensitivity to solar and

geomagnetic activities.

During the geo-magnetically disturbed days, because of high ionization most of the
echoes at higher altitude vanishes and a thin layer can be seen around 60-65 km
altitude, which is termed as Isolated Lower Mesospheric Echoes. For some days,
significant ionization was observed below normal D region altitude due to particle
precipitation and these ILME events can be seen as low as 50km altitude, which can
be considered as C layer. In 2017, very high series of geomagnetic storm was
observed and the ILME occurrence seems to be very high during this year. In all the
other years, the occurrence is found to be around 40%. The events are seen more

around the equinoxes (spring and autumn) and daylight hours.

A study with raw data come to an end that there are echoes seen at lower altitude (50-
60km) without obvious precipitation events in higher altitude. For many days, these
echoes at lower altitude was present all day long. These phenomenon was mostly
observed in summer season, may be due to the relentless behavior of sun during this
season. Thus we can conclude that this C layer is persistent even without much
particle precipitation, but the cosmic radiations plays a significant role in the formation
of C layer. These cosmic ray penetrate to lower ionosphere and performs ionization.

Thereby increasing the electron density.

| a nutshell, when comparing the wind estimation to the generated spectra from raw
data, it is obvious that the background wind has a relation with particle precipitation.
The background wind broadens the spectral arc as the magnitude of the calculated

wind velocity matches the spectral arc occurred due to particle precipitation
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The wind data taken from DBS experiments are not fully reliable as it shows errors.
The reason for this may be the failure in Doppler shift estimation. This errors in the
wind measurement can be eliminated by assuming a horizontal coverage (+/- 40°
zenith angle) around the precipitation area. Thereafter applying a trial and error
method by varying the possible wind velocity and altitude.
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