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Abstract Meteoroids constantly enter the Earth’s atmosphere, collide with atmospheric molecules, and
heat and ablate in the sufficiently dense atmospheric layers at heights between 70 and 110 km. It is still a
problem to recognize properties of the meteor streams among the sporadic background. The meteor radar
observations at Sodankylä Geophysical Observatory (67°220N, 26°380E, Finland) during 2008–2017 show that
meteoroids of some showers produce ionization trails at altitudes noticeably exceeding those of sporadic
meteors. Using the median height of meteor trails and corresponding upper and lower quartiles as a metric,
we unambiguously distinguish all northern hemisphere meteor showers with a zenithal hourly rate larger
than 12, namely, the Quadrantids, Lyrids, Eta Aquariids, Arietids (or/and Daytime Zeta Perseids), Perseids,
Orionids, Leonids, and Geminids. Additionally, signatures of a possible meteor stream during 26–30 January
were detected, although identification of this stream is still under question. This new analysis indicates that
the origin of the shower meteor trails at higher altitudes is likely due to higher speed and probably lighter or
less dense meteoroids belonging to the showers.

Plain Language Summary Sporadic meteors and shower meteors originate from different
extraterrestrial bodies and thus have specific properties (composition, size, velocity, and angle at which
they enter the atmosphere). Meteor radar is able to detect the meteor showers because the meteors
belonging to a particular shower ablate at different altitudes.

1. Introduction

The main sources of cosmic dust are collisions between asteroids, the thermal decomposition of surface
minerals, and the sublimation of dust-laden icy comets as they approach the Sun on their orbits through
the solar system. Dust particles from the asteroid belt and long-decayed comet trails give rise to sporadic
meteors, while dust trails produced by the comets which crossed the Earth’s orbit relatively recently are con-
sidered as sources of meteor showers or streams. Meteor showers are known as periods of unusually high rate
of optical meteors coming from the same radiant. Some of the showers, being caused by annual meteor
streams, repeat each year, while irregular, nonrepeating showers also exist. A tight group of meteoroids that
actually do not originate from the same parent body may be optically detected as a shower (Jenniskens,
2006). There remains a problem to recognize properties of the meteor streams among the sporadic
meteor background.

The recognition of the streams is important at least in three aspects. First, it is meteor streams that pose a
danger for satellites in the orbit. Second, meteor showers help to identify the comet matter and to distinguish
it among the population of asteroids. Finally, the characteristics of the streams may serve as early warning of
comet impacts. The approach of a comet to the Earth has potential dramatic destructive consequences
(Lewis, 2000). Our ability to identify any systematic changes in the behavior of extraterrestrial bodies well
in advance is crucial to find the best solution to such a possibility.

Several thousand meteoroids enter Earth’s atmosphere each day, collide with atmospheric molecules, heat,
ablate, and produce ionization in the sufficiently dense atmospheric layers at heights mostly between 70 and
110 km, and up to 130–140 km. Echoes from the ionizing meteor trails are detected by meteor radars (MRs).
Since the trails expand in the radial direction and decay in the background atmosphere due to ambipolar dif-
fusion, the amplitude of the MR backscattered radio signal decays in the course of this expansion. The routine
MR output includes the meteor count, the height at which a meteor is detected, and the meteor echo decay
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time. The measured meteor echo decay time allows the temperature of the neutral atmosphere to be
estimated (Hocking, 1999). Thus, meteors serve as sensitive probes of atmospheric conditions in a range of
the altitudes not easily studied by other means. MRs have been widely used to monitor the neutral wind
velocity and temperature in the mesosphere/low thermosphere region (e.g., Iimura et al., 2011; Lukianova
et al., 2017).

The interferometric SKiYMET-type radars primarily serve for determining the atmospheric parameters from
the properties of the meteor echo. These radars are not able to determine the radiant of any individual
meteor; however, by using the data of elevation and azimuth of the trails, it is nonetheless possible to deter-
mine locations of radiants when many meteors have a common origin (Hocking et al., 2001). Some other
specific radars such as the Canadian Meteor Orbit Radar (CMOR), the Norwegian high power large aperture
radar (Middle Atmosphere Alomar Radar System, MAARSY), and the Southern Argentina Agile Meteor
Radar (SAAMER) enable the identification of meteor showers and their properties from the measurements
of individual meteor echoes and orbits (Blaauw et al., 2011; Brown et al., 2008, 2010; Bruzzone et al., 2015;
Janches et al., 2013; Kero et al., 2012; Pokorný et al., 2017; Schult et al., 2018; Younger et al., 2009). Meteor
studies by using high power large aperture radars such as EISCAT 930 MHz (Kero et al., 2008), Aresibo
430 MHz (Mathews et al., 2010), and Jicamarca 50 MHz (Chau & Woodman, 2003; Janches et al., 2014) have
been performed. These systems are capable to detect head echoes of the micrometeors.

More than 100 strong and weak streams of different duration have been found, some of them previously
unrecognized or poorly characterized. The routine observations of the standard MRs, the number of which
constantly grows over the world primarily for meteorological purposes, may also contribute to recognition
of the meteor showers and provide some information on the shower members.

Radar and optical observations allow the determination of key properties of the shower meteors like radiant
and speed, although some features such as its chemical composition and physical properties are not yet well
known. Because of the different nature of parent bodies the properties of the sporadic and shower meteor-
oids may be inherently different. For instance, Kozlovsky et al. (2016) revealed an indication of unusual prop-
erties (mass, density, and/or chemical composition) of the Geminid and Quadrantid meteoroids compared
with sporadic ones. The effect is manifested as an enhanced percentage of overdense meteor trails detected
by MR during these showers because the algorithm may accept overdense meteors lasting less than few
tenths of a second.

The MR count rate may be enhanced during meteor showers. The heights at which MRs detect meteor trails
depend on the atmosphere (height profile of density and composition), characteristics of the radar, and prop-
erties of the meteoroids (Stober et al., 2014). Height distributions of the meteor trails, therefore, contain some
information on the meteoroid mass, speed, density, and composition and hencemay be used for recognizing
meteor showers.

The purpose of the present paper is to investigate meteor heights and their relations to the properties of the
meteoroid. In the study we use the median and quartiles of the meteor height distributions as robust and
valuable metrics. Analyzing these quantities we reveal several previously unknown interesting features.

2. Instrument

Routine MR observations at the Sodankylä Geophysical Observatory (SGO, 67°220N, 26°380E, Finland) started
in December 2008. The all-sky interferometric SKiYMET MR located at SGO (SGO MR) transmits very high fre-
quency waves (36.9 MHz) and receives backscatter from the trails of ionized gas left by meteors entering the
atmosphere (meteor echoes). The echoes are detected within a 300-km area around SGO. The radar detects
the occurrence of meteors and determines the location of meteor trails, their radial drift speeds, and decay
times. Algorithms of the SKiYMET radar signal processing are described in the paper (Hocking et al., 2001).
The five-antennae receiving array is arranged as an interferometer, and phase differences in the signals arriv-
ing at each of the antennae of the interferometer are used to determine an unambiguous angle of arrival, that
is, allows the determination of meteor echo azimuth and elevation angles. The elevation angle measure-
ments in combination with measurements of the echo range allow meteor echo heights to be estimated.

Because of the 2,144-KHz interpulse frequency of MR transmissions the range may be determined with a
70-km ambiguity. To reduce the range ambiguity, the MR data analysis algorithm assumes that meteor
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trails are preferably at heights between 70 and 110 km, so that about 70%
of meteors are located unambiguously. For the height distributions in the
present paper we use only unambiguous detections, whereas meteor
counts (e.g., daily counts in Figure 1) include all detections.

3. Observations
3.1. Daily Meteor Count

The number of meteors detected by the SGOMR varies on an hourly, daily,
and monthly basis. Figure 1 depicts the superposed daily number of
meteor echoes (the daily MR count) in 2009–2017. Within the annual cycle
the daily counts vary between 3,000 and 17,000. Because of astronomical
factors (Younger et al., 2009), the highest continuous meteor count rates
are observed during the summer months, while a minimum is seen in late
winter-spring and the meteor fluxes occurring in the first part of the year
are more homogeneous compared to those during the second part.

Scattering of the data in Figure 1 is due to four factors, at least. First, in
September 2009 the power of the radar transmission was increased from
7.5 to 15 kW, which resulted in an increased meteor count. Second,
because of the SGO position in the region of auroral oval (at the corrected

geomagnetic latitude of 64.1°), the meteor count is sometime reduced because of the radio wave absorption
during ionospheric disturbances (Kozlovsky & Lester, 2015). Third, the meteor count is sometimes reduced in
winter (late October to early April) because of snowfalls and the snow cover on the antennae. Fourth, there
were short intervals when the radar was not operating because of technical problems.

Superposed upon the annual cycle, several distinct episodes of high meteor counts (up to 20,000) during
specific meteor showers are seen. The most intense of these are in January (the Quadrantids), August (the
Perseids), and December (the Geminids). Other major established meteor showers of the Northern hemi-
sphere, such as the Lyrids in April, Eta Aquarids in May, Arietids in June, Orionids in October, and Leonids
in November are less distinctly manifested in the MR count, while the Leonids seem not to be an active
meteor stream these years. The Draconid meteor shower which peaked in October 8 does not produce a
notable increase in the observed meteor count, although an intense outburst was detected in 2012 (Ye
et al., 2013).

3.2. Median and Quartiles Heights

It is known that the statistical height distribution of meteor count rates shows the peak occurrence at
approximately 90 km. The height at which a meteor echo is detected depends on the height profile of atmo-
spheric density and the parameters of the meteoroid. For each day we have calculated the median height (M)
and the upper and lower quartiles (Uq and Lq, respectively) of the meteor trails detected during a day. At the
heights between the upper and lower quartiles 50% of meteors are detected. To calculate these daily
parameters we used data from the days when the radar operated more than 22 hr.

Because of the SGO location in auroral zone, the MR frequently accepts nonmeteor targets associated with
auroral activity. There might be radar echoes from the ionospheric plasma waves generated due to the
Farley-Buneman instability (e.g., Kelley, 2009), which typically occurs during substorms when the ionospheric
electric field is strong enough. The Doppler velocity of such targets is up to a few hundred meters per
seconds. Mostly these targets are detected at low elevation (below 30°). The other type of nonmeteor echoes
is associated with pulsating aurora (Kozlovsky & Lester, 2015). These targets are also observed at low eleva-
tion (below 30°), although they have near-zero Doppler velocity. In order to reject the nonmeteor echoes we
used only the detections at elevation angle higher than 30° with the Doppler velocity less than 100 m/s.

The top panels in Figure 2 depict the time series of daily M, Uq, and Lq heights. The black curve shows the
smoothed variations obtained by applying a 31-point FFT filter. One can see the quasiperiodic seasonal
oscillations and also shorter (a few to 10 days) variability. M varies in the range of 87–91 km, while Uq and
Lq span the ranges 92–96 and 83–87 km, respectively. The bottom panel in Figure 2 shows the daily meteor
counts for the days when the radar was operating longer than 22 hr.

Figure 1. Daily number of meteor echoes detected by Sodankylä
Geophysical Observatory meteor radar each year in 2008–2018. The black
line shows a median of the daily count. The main meteor showers are
denoted.
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To make the seasonal variations of sporadic meteors and the meteor showers more evident, a composite was
constructed by superposing daily data from all the years. In such a way the interannual variability is smoothed
out while the regular annual peculiarities are manifested. The composite annual variations of the M, Uq, and
Lq heights are presented in Figure 3 together with modeled constant levels of atmospheric density above
SGO (blue lines). Two interesting features in Figure 3 are worth mentioning. First, and the most important,
the signatures of several major meteor showers are clearly identified in the M, Uq, and Lq heights as positive
peaks lasting from one to several days. Seven peaks are readily identified in the Uq height (in Figure 3 they
are denoted by numbers in red circles), and some of them are also seen in the Lq height. The largest and
narrowest peaks occur in the early January, late April, andmiddle of August. These peaks coincide well in time
with the peaks of the Quadrantid, Lyrid, and Perseid meteor showers, respectively. Though smaller in ampli-
tude, other peaks are seen in May (the Eta Aquarids), June (the Arietids), October (the Orionids), and
December (the Geminids). There is also one noticeable peak in late January for which, however, no suitable
established meteor showers are known. Characteristics of the corresponding meteor showers are given in
Table 1. The columns of Table 1 are as follows: dates of the shower, date of the maximal height peak, type
of the peak (either it is seen solely in the Uq, or solely in the Lq, or in both metrics), name of the shower, date
of its maximum, and shower parameters.

The peaks seen in M, Uq, and Lq heights indicate that the shower meteor trails tend to be detected up to 1 to
2 km higher than sporadic meteors. For a given radar, the detection height of a particular meteor depends on
the atmospheric conditions and physical/chemical properties of the meteoroid. It is very unlikely that the
sharp changes of meteors’ height distribution could occur due to short-time atmospheric changes exactly
coinciding with the annual meteor showers. Hence, the larger meteor heights are most probably due to spe-
cific properties of the meteoroids of the meteor streams. Furthermore, parameters of height distributions
(like width and symmetry) of meteor trails of different showers are different.

The second feature worth noting in Figure 3 is the annual variation of the meteor height. Onemay expect this
variation to be due to the seasonal change of the atmospheric density. This is demonstrated by comparison
with the lines of constant atmospheric density (isobars) calculated for the SGO site using the NRLMSISE-00
model (Picone et al., 2002) as a reference atmosphere (the blue lines in Figure 3). At altitudes below 90 km
the model shows a seasonal tendency of the density to decrease in winter and increase in summer. Above
90 km the tendency is opposite. Except the peaks associated with the meteor showers, the observed heights
of M, Lq, and Uq generally follow the model isobars, although with certain discrepancies to be discussed
below in section 4.

Figure 2. (top) Daily median (M) and upper (Uq) and lower (Lq) heights of meteor detection. The black line depicts a
smoothed curve. (bottom) Daily number of meteor echoes detected by the meteor radar. Only data from the days were
used when the radar operated more than 22 hr.
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3.3. Thickness of Ablation Layer

To distinguish shower meteors which penetrate to lower altitudes from those producing ionization trails at
the higher altitudes, in Table 1 the peaks seen only in the Uq height are labeled by “U” and those seen only
in the Lq height are labeled by “L.” Letters “UL” denote the peaks seen in both the upper and lower quartiles.
The Lyrids (late April, #3 in Table 1) and Orionids (late October, #7) burn up within atmospheric layers, which

Figure 3. The 9-year composite of the median (M) and upper (Uq) and lower (Lq) heights. The numbers in the red circles
correspond to the first column of Table 1. The blue lines show the levels of constant atmospheric density (in 10�10 g/cm�3)
calculated for the Sodankylä Geophysical Observatory site using the NRLMSISE-00 model.

Table 1
Characteristics of the Meteor Showers: Ordinal Number Since the Beginning of the Year, Date of the Shower, Date of the
Maximal Height Peak, Type of the Peak (See Section 3.3), Name of the Shower, Date of Its Maximum, Right Ascension RA,
Declination D, Geocentric Velocity VG, and Zenithal Hourly Rate ZHR

#
Dates of shower
(date of maximum) Type Showers Peak RA D VG ZHR

1 2–4 January (3) UL Quadrantids 4 Jan 15 +49 41 130
2 26–30 January (29) UL (?) Alpha Leonids 24–31 January 10 +9 30

(?) January Nu Orionids 28 January 6 +12 12
3 21–23 April (22) U Lyrids 22 Apr 18 +32 47 13
4 3–8 May (6) U Eta Aquariids 6 May 23 �1 65 28
5 4–16 June (9) UL Arietids 7 June 3 +24 37 54

Daytime Zeta Perseids 9 June 4 +23 27 20
6 8–16 August (12) U Perseids 13 August 3 +58 59 84
7 19–25 October (23) U Orionids 22 October 6 +16 66 25
8 11–16 December (13) UL Geminids 14 December 7 +33 35 120
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appear to be thicker than the layers where the sporadic meteors usually
ablate. For these showers an increase is observed in the Uq height, while
the Lq height stays the same as that for the sporadic meteors. For the
Geminids (December, #8) the thickness of ablation layer is reduced
because of the larger Lq height. Some other showers (the Quadrantids in
January, the unknown shower in late January, and the Arietids in June)
are detected within the atmospheric layers which are located ~1 km
higher than that for the sporadic meteors (see Figure 3). However, the
thickness of the layers for the shower members and sporadic meteors
stays approximately the same. The peak corresponding to the Perseids
(August, #6) is observed in both the Uq and Lq heights, although it is more
prominent (>2 km) in the Uq height. As a result, the thickness of the abla-
tion layer is considerably enhanced.

The thickness of the atmospheric layer in which the meteoroids ablate
depends primarily on the background atmosphere. However, the signa-
tures of meteor showers are also seen in this parameter. Figure 4 depicts,
as a composite year, the mean difference between daily Uq and Lq (i.e., the
thickness of the layer within which 50% of the trails are detected). The ver-
tical gray lines indicate a standard deviation. The shape of the annual var-

iation of the thickness generally agrees with the NRLMSISE-00 prediction of the seasonal change of
atmospheric density (shown by the blue line). The amount of air in the column where meteors ablate does
not vary considerably, although the thickness of the layer (i.e., the column width) changes from 9 km in sum-
mer to 14 km in winter.

Note that the thickness of the air column within which the meteor ablation layer is located may increase in
association with dynamic impact in the winter stratosphere since sudden stratospheric warmings (SSWs)
often occur in January. During the period of observations two major SSWs occurred in 2009 and 2013 and
amedium SSW occurred in 2010. During SSW2009, which occurred under conditions of very low solar activity,
a pronounced mesospheric cooling has been observed by SGO MR (Lukianova et al., 2015). In 2013, at the
peak of solar cycle 24, the mesospheric temperature perturbation associated with a major SSWwas marginal.
The atmospheric density at the mesosphere/low thermosphere heights responds to the stratospheric
heating by a considerable altitude variation of constant density surfaces due to elevated stratopause (i.e.,
Zülicke & Becker, 2013). To check the SSW effect, temporal variations in the atmospheric density at the
meteor heights retrieved from the Sounding of the Atmosphere using Broadband Emission Radiometry
instrument on board the Thermosphere, Ionosphere, Mesosphere Energetics and Dynamics (Russell III
et al., 1999) over the SGO site have been analyzed. It appears that in association with a major SSW which is
accompanied by a pronounced mesospheric cooling, the neutral density isolines are shifted to lower alti-
tudes by about 1 and 3 km at 90 and 80 km height, respectively (not shown). As a result the distance between
the constant density surfaces increases; that is, the SSW effect may mimic the meteor shower effect in the
ablation layer thickness. However, since SSWs occur at a different time, this meteorological effect is smoothed
and not seen in the composite year presented in Figure 4.

Short-time deflections from the smooth annual variation of the column height appear solely during meteor
showers. The thickness of the ablation layer increases in August (Perseids), October (Orionids), and April
(Lyrids), while it decreases during Geminids (December) and Quadratids (early January). Remarkably, there
is a noticeable increase of column height in the middle of November. These dates correspond well with
the Leonid meteor shower, although this shower is hardly identified in the median and quartiles heights in
Figure 3. For the meteor showers numbered in Table 1 as ##2, 4, and 5 (late January, early May, and June)
the layer thickness also increases, but the effect is less significant.

4. Interpretation and Discussion

In the analysis presented above, we used the median and upper and lower quartile heights of MR detections
as simple and robust parameters for studying the height distribution of meteor ablation. We show that the M,

Figure 4. The 9-year composite of the width of the atmospheric layer within
which 50% of meteoroids ablate. The blue line corresponds to the NRLMSISE-
00 model.
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Uq, and Lq heights may be used to identify periods of specific meteor showers and to infer the properties of
meteoroids of the showers.

4.1. Identification of Meteor Showers

It is remarkable that all the northern hemisphere regular meteor showers with zenithal hourly rate (ZHR)
larger than 12 have been identified in the height distribution data. Note that being primarily related to
visual estimation of the meteor count, the ZHR is defined for a specific mass range, which is not necessary
the exact mass range detected by the MR. However, the shower obviously contains the meteors detect-
able by MR. Most of the showers are manifested as sharp peaks in the upper quartile, whereas the signa-
ture of Geminids appears preferably in the lower quartile and the Leonids are indicated in the width of
ablation layer.

Possible signatures of a meteor shower were identified on 26–30 January, which does not correspond to any
established meteor shower to be observed at a given latitude. Based on the dates we may speculate that two
possible meteor streams might be responsible for the observed effect. The first one is the Alpha Leonid
shower which peaks in the last week of January (Kronk, 2014). The evidence for this stream’s existence comes
from the radio meteor project conducted during the 1960s (Sekanina, 1973, 1976). The second possible
candidate is the January Nu Orionid asteroidal meteor stream occurring during 1 January to 4 February with
a peak on 28 January (Jenniskens, 2006). To solve this problem, data from other MRs around the globe as well
as a source radiant, velocity, and orbital data in solar longitude are required. However, without sufficient
astronomical information, we are not able to proof that this is a new shower.

Data from the identified meteor showers (and possible candidates for the late January shower) are given in
Table 1. The data are taken from Jenniskens (2006), except the Alpha Leonid shower data cited from Kronk
(2014). The parameters are dates of peaks, right ascension, declination, geocentric velocity, and ZHR.
Looking at the velocity data in Table 1, we notice that for the showers identified in the upper quartile (classi-
fied by “U”) and hence ablated at higher altitudes, the speed of meteoroids is 50–70 km/s, whereas the
meteors detected at lower heights (classified by “L” or “UL”) have a smaller speed, typically 30–40 km/s.
This remarkable feature is discussed in the next section.

4.2. Properties of Meteoroids

Smooth seasonal variations of the meteor height are basically variations of the height of sporadic meteors.
On the seasonal background, meteor showers are readily identified as a sharp rise of the altitudes at which
they burn up. Likely due to their specific properties, the shower members tend to burn up at lower atmo-
spheric density than the sporadic meteors.

Detection of the shower members at higher altitudes is obviously due to easier ablation of the meteor mate-
rial. The primary equations describing the evolution of a meteoroid entering the Earth’s atmosphere are the
equation of braking and the equation of mass loss. Solving these equations, Bronshten (1983) has shown that
motion of a particular meteoroid is essentially determined by three parameters: the speed of the meteoroid
at the atmospheric boundary, its initial mass (or its density), and angle of trace to the vertical. If two meteor-
oids with the same speed but different mass and angle enter the atmosphere, they will break and lose the
mass following the same law but at different heights. For the height interval of 80–100 km (where the atmo-
spheric height scale is 6 km), if one meteoroid is twice as heavy as the other, the former will reach the same
degree of ablation about 1.4 km lower than the latter. The same height difference occurs if the density of the
two meteors differs by a factor of √2. The meteor density is known poorly, but these estimations allow us to
presume that the detection of a meteor shower at higher altitudes is due to the presence of lighter meteor-
oids, such as like a dust cloud (Opic, 1955). Different chemical compositions as well as a fragmentation of the
meteoroid into its smaller subunits may also play a role.

It has been proposed in several reports that the shower members are small and of low density. Jacchia et al.
(1967) have found that Orionids only need a relatively small amount of air to slow the meteoroids down and
end above 90 km. The Aquariids and Quadrantids are efficiently decelerated in the atmosphere with a high
fragmentation rate. The Arietids were found to peak at altitude of about 92 km with a narrow distribution of
heights, whereas the Quadrantids of a similar size are observed at about 95 km (McKinley, 1961). Properties of
the Draconids are likely close to those of sporadic meteors. Our present observations also agree with the find-
ing of Kozlovsky et al. (2016) that the height distribution of the Geminids has a maximum at 91 km, whereas
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the sporadic backgroundmeteors on 20–22 December show amaximum at 88 km. On average, the Geminids
trails were detected 3 km higher than sporadic meteors, which results in about a 1 km higher median of the
net (i.e., the shower plus sporadic) meteor distribution during Geminids on 12–14 December (indicated by “8”
in Figure 3). Stober et al. (2012) simulated the effects of meteor velocity and neutral atmospheric density on
meteor peak height and found that a 1-km/s difference in the initial velocity of a meteoroid with an entry
angle of 45° translates into a detection height difference of approximately 0.3–0.4 km.

The comprehensive MR systems (CMOR, MAARSY, and SAAMER) are designed to measure the individual
meteor orbits. Among a number of meteoroid characteristics the mass distribution index is calculated. A
higher mass index indicates that there is more mass in smaller particles, and a lower mass index indicates that
there is more mass in larger particles. It was shown that the Quadrantids and Geminids consistently have the
lowest mass indices, whereas the Eta Aquariids and Orionids have peak mass indices slightly higher (Blaauw
et al., 2011). The presence of meteoroids in streams having masses as low as 10�9 kg to as small as 10�10 kg,
for faster meteor showers, is directly demonstrated by their visibility in the head echo data. The MAARSY data
provide themass index of about 1.5 for Perseids, Quadrantids, and Geminids, while the Orionids show amuch
steeper mass index of about 2.0, suggesting smaller meteoroids (Schult et al., 2018). Using the CMOR facility
Bruzzone et al. (2015) studied the Daytime Arietid meteor shower. This survey recorded orbits having repre-
sentative masses of 8 · 10�8 kg and sizes of ≈0.4 mm; the mass index of the stream is about 1.6. The CMOR
radar provides velocity for more than 100 of the detected streams contained particles with mass near
10�7 kg. In particular, the velocity at the time of maximum of the Quadrantids, Geminids, Eta Aquariids,
and Orionids is about 42, 35, 64, and 65 km/s, respectively (Brown et al., 2008, 2010). The quantitative esti-
mate of meteor velocity is confirmed by the southern hemisphere radar observations, although the overall
tendency for CMOR’s velocity to be slightly higher is mentioned (Pokorný et al., 2017).

A meteor shower direction and velocity may provide important information on the narrow shower source
region and the shower parent body. Using the Shigaraki Middle and Upper Atmosphere Radar in Japan,
Kero et al. (2012) investigated the radiant distribution (the radiant is expressed in terms of the Sun-centered
ecliptic longitude and latitude and geocentric velocity) and diurnal rate for more than 105 sporadic and
shower meteors. For sporadic meteors, the characteristics of six main sources were identified along with sev-
eral compact radiant concentrations due to meteor showers.

Using statistical techniques applied to the SAAMER observations Janches et al. (2013) identified the radiants
of 32 showers, while Pokorný et al. (2017) found the characteristics of 58 showers, approximately a half of
which are not from the International Astronomical Union catalogue. Using MR observations collected during
at Davis Station, Antarctica, and Darwin, Australia, 37 distinct meteor showers were detected, including 9 not
in the International Astronomical Union catalogues, and their radiant and velocity were estimated (Younger,
Astin, et al., 2009). For the Quadrantids, Geminids, and Orionids the velocity estimate is 41, 35, and 61 km/s,
respectively. The peak velocity for the sporadic meteors is about 20 km/s (Nesvorny et al., 2011). These values
are related to the height at which meteors start to ablate. Some kind of deceleration occurs during the
process of ablation and at any one height the spread in velocity can be as large as several km/s (Cervera
et al., 1997).

Comets emit many small dust grains (40–100 μm). The small grains are ejected with higher speed and are
pushed more by solar radiation force (Jenniskens, 2006). Entering the atmosphere at higher speed the
meteoroid ablates in less dense air, hence, at a higher altitude. Indeed, this agrees with the result of the
present paper that larger speed meteors (50–70 km/s) are detected in the upper quartile, whereas signatures
of slower meteors (30–40m/s) are more distinct in the lower quartile. Ceplecha et al. (1998) predicted that the
ablation heights nonlinearly increase as a function of a faint meteor speed below ~30 km/s, while for higher
speeds the dependence tends to become linear.

The parent bodies of the majority of meteor showers are comets. In particular, the Perseids are caused by
the largest comet Swift-Tuttle, while the parent body of the Orionids is the comet Halley. The parent body
of Geminids is the Phaeton asteroid, the nature of which, however, is similar to a comet because its mate-
rial is evaporated while the asteroid approaches to the Sun. Thus, we may expect that speeds of shower
meteors are typically larger than that of sporadic background. This is the most likely explanation for the
observational results of the present study. This relatively simple method of recognition of the meteor
streams from the much stronger sporadic background may contribute to the recognition of the
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candidates for previously unknown streams. An unequivocally identification needs the geocentric velocity
and orbit information, though.

5. Conclusions

Data from the MR observations in SGO (67 N) during 2008–2017 were used to study the height distribution of
ionized meteor trails. Generally, the annual variation of the height distribution agrees with the annual varia-
tion of the atmospheric density predicted by the NRLMSISE-00 model. However, meteoroids belonging to
showers likely produce ionization trails at higher altitudes compared to the sporadic meteors. The effect is
manifested as short-time (one to few days) elevations of the median and quartiles of the meteor height
distribution. This can be used (1) to identify periods of specific meteor showers and (2) to infer physical
properties of meteoroids of the showers.

1. Using this method, we have identified all themain northern hemisphere regular meteor showers, whereas
only a few of these showers are seen in the daily MR counts. Most of the showers (Quadrantids, Lyrids, Eta
Aquariids, Arietids and/or Daytime Zeta Perseids, Perseids, and Orionids) are manifested as sharp peaks in
the upper quartile, whereas the signature of Geminids appears preferably in the lower quartile.
Additionally, signatures of one more meteor shower are identified on 26–30 January, which does not
correspond to any established shower to be observed at the given latitude. Looking through the northern
hemispheric database several candidates can be found, but just from the date, it is impossible to link the
observations to the database. Among hypothetical candidates there may be the Alpha Leonid shower
peaking in the last week of January and the January Nu Orionid asteroidal meteor stream occurring during
1 January to 4 February with a peak on 28 January.

2. We found that for the showers identified in the upper quartile and hence ablated at higher altitudes, the
speed of meteoroids is 50–70 km/s, whereas the meteors detected at lower heights have smaller speed of
about 30–40 km/s.

A notable result is a new simple method of recognition of the meteor streams from the much stronger
sporadic background. The presented method is only sensitive to meteor showers having properties
differing from the sporadic background. Usually, it is very difficult to classify the properties of the meteoroids.
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