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ABSTRACT

In this work a wavelet spectral study of a time series of brightest fireballs
is presented. The wavelet analysis shows that are two solar periodicities around
27 and 13.5 days. These periodicities have been associated to Carrington rotation
and lunar motions and indicate that both Solar and Lunar rotations could have an
influence on the brightest fireballs that fall on Earth. A third periodicity around
2.5 days was also identified in almost all spectra but it could be a harmonic of those
periods.

RESUMEN

En este trabajo se presenta un estudio espectral de series de tiempo de la
entrada de meteoroides pequeños a la atmósfera terrestre usando la técnica wavelet.
El análisis muestra que hay dos señales alrededor de 27 y 13.5 d́ıas. Estas perio-
dicidades han sido asociadas a la rotación Carrington y a los periodos lunares que
podŕıan estar influenciando la cáıda de este tipo de objetos sobre la Tierra. Una
tercera periodicidad alrededor de 2.5 d́ıas fue identificada en casi todos los espectros
obtenidos y podŕıa ser una señal armónica de las periodicidades lunar y solar.

Key Words: meteorites, meteors, meteoroids — Moon — Sun: rotation

1. INTRODUCTION

There are many phenomena that can be observed
in the atmosphere of our planet, from the forma-
tion of clouds to the arrival of bodies that come
from space and cross the different layers of the at-
mosphere, producing luminous phenomena such as
meteors and meteor showers. An average of 100,000
metric tons of material from space arrives on Earth
yearly (Brownlee 2001; Trigo-Rodŕıguez 2019). Part
of this material ablates in the atmosphere while the
rest can survive and be deposited as meteorites on
the Earth’s surface, at the bottom of the oceans or
on the ice of Antarctica, where it can be collected.
A particular case of extraterrestrial material that
reaches Earth are dust particles (IDPs), also called
Brownlee particles, which can remain suspended in
the stratosphere and be collected by planes to be
analyzed in laboratories (Duprat et al. 2007) or
become embedded in spacecrafts where they impact
(Moorhead et al. 2020). The IDPs contain informa-
tion on the compounds that come from the cloud of

1Instituto de Geof́ısica, UNAM, México.
2Instituto de Cambio Climático, y Ciencias de la

Atmósfera, UNAM, México.

gas and dust that gave rise to our Solar System, as
well as information from the pre-solar period. These
bodies come mainly from comets and probably from
asteroids (Bradley et al. 1996; Vernazza et al. 2015).

From recent studies carried out on meteorites it
is known that much of the extraterrestrial material
comes mainly from undifferentiated bodies, small as-
teroids and comets (Trigo-Rodŕıguez 2019). In par-
ticular, it has been observed that the extraterres-
trial material that reaches the surface of our planet
is mainly of a chondritic nature. On the other hand,
material that has an origin in differentiated bodies
can also reach Earth, as is the case of achondritic me-
teorites whose origin may be Mars, as the ALH84001
meteorite (McKay et al. 1996; McSween & Harry
1996), the asteroid Vesta from which the Tatahouine
meteorite comes from (Maravilla et al. 2013) or the
Moon, as the lunar meteorites found and collected
in Northern Africa (Korotev & Irving 2021; Heiken
et al. 1991).

A particularity of asteroids and comets is that
they are constantly subjected to erosion processes,
which makes them one of the main sources of me-
teoroids that form the zodiacal cloud. While aster-
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166 MARAVILLA, PAZOS, & CORDERO

oidal meteoroids are produced by impacts, cometary
meteoroids come from the degassing of their par-
ent bodies (Jenniskens 1998; Trigo-Rodŕıguez 2019)
considering that comets were formed in distant re-
gions of the protoplanetary disk from the accre-
tion of primordial materials made up of ice, or-
ganic material and dust grains (Trigo-Rodŕıguez
& Blum 2022), and asteroids were formed in the
inner solar system and are made up fundamen-
tally of minerals (JPL NASA CNEOS: NEO Basics,
https://cneos.jpl.nasa.gov/fireballs/). When comets
approach the Sun, they sublimate, generating jets
that emit large quantities of meteoroids into space.
These meteoroids form beams of dust that can re-
main in stable orbits around the Sun for thousands
of years (Williams 2002) and can be intercepted by
planets such as the Earth. To exemplify this fact,
the Earth receives tens of kilograms of material that
comes from meteor showers such as the Leonids or
the Perseids (Trigo-Rodŕıguez & Blum 2009) that
have their origin in the comets 55P/Tempel- Tuttle
and 109P/Swift-Tuttle respectively.

In recent years, it was discovered by the JUNO
space mission that Mars is the main source of dust
in the zodiacal cloud between 1 and 2.8 AU (Jor-
gensen et al. 2020), becoming the third source of ma-
terial that feeds the zodiacal cloud. When cometary
or asteroidal meteoroids impact a planetary atmo-
sphere, they will be decelerated, fragmented, evapo-
rated and/or pulverized. The speed of a meteoroid
that impacts the atmosphere is in the range of 11
to 72 km/s. As cometary meteoroids are made up
of organic matter, micrometric dust and volatiles,
they cannot survive their passage through the atmo-
sphere (Trigo-Rodŕıguez & Blum 2009). As a result
of the collision of a meteoroid with the atmosphere,
ionization, ablation, fragmentation and light genera-
tion can occur (fireballs) (Trigo-Rodŕıguez 2019; Mas
Sanz et al. 2020).

Trigo-Rodŕıguez & Blum (2022) presented the re-
sults of an investigation based on the study of mete-
oroid stream flux and mass distribution of cometary
material that arrives on Earth. The fundamental
results of this work show that there is a gap be-
tween the mass distribution of cometary dust and
the largest IDPs collected in the atmosphere, and
show that the typical sizes of cometary meteoroids
(3 cm) cannot survive their passage through the at-
mosphere; but if fragmentation occurs in the upper
atmosphere, then the meteoroids may not undergo
ablation and therefore some of the IDPs could be
fragments of low-velocity meteoroids. The results
also indicate that the direct flow coming from the

meteoroid streams has a minor contribution from
cometary meteoroids accreting on the Earth (of the
order of 500 tons/y). The same work also mentions
that comets could have participated in the massive
delivery of sodium and organic compounds to the
early Earth.

The study from a scientific point of view of the
extraterrestrial material that reaches our planet has
been carried out since the last century through the
construction of observation networks, detection in-
struments and monitoring networks; highlights are
the US Government sensors (USG) that have docu-
mented the entry of fireballs around the world since
1988 (Tagliaferri et al. 1994) and the worldwide
FRIPON network, which has monitored the entry
of 4000 meteoroids since 2016 (Colas et al. 2020)
above part of western Europe and characterized its
physical and dynamic properties. With this network,
the flux of meteorites larger than 100g has been esti-
mated, being of the order of 14/yr/106 km2. Accord-
ing to Ceplecha et al. (1998) and Rubin & Grossman
(2010), once a body coming from the interplanetary
medium travels across the terrestrial atmosphere, it
can produce a luminous phenomenon called meteor
if its size is larger or equal than 100 microns. Fire-
balls are meteors whose magnitude is −4 or brighter
(Blanch et al. 2017). This phenomenon can be regis-
tered by different instrument such as optical tele-
scopes, radar, lidar, and infrasound sensors (Ed-
wards et al. 2005; Brown et al. 2008; Trigo-Rodŕıguez
et al. 2008).

Peña-Asensio et al. (2022) reported the orbits
of the meter-sized hazardous projectiles that im-
pacted the Earth’s atmosphere and investigated the
possible connection that the projectiles could have
with cometary and asteroidal meteoroid streams and
NEO’s ( Near Earth Objects). The authors used
the series of superbolide events from the CNEOS
database recorded by the United States Government
sensors. Of the 887 events in the database, only 255
were analyzed because they had enough information
to calculate their heliocentric orbit. The results of
this research indicate that only 58 of the events prob-
ably have a cometary or asteroidal origin. These 58
events represent 23 % of the total number of meter-
sized projectiles that produce large bolides, which
implies that one in four superbolides is originated
by near-Earth objects (NEO’s). The authors, based
on the height and speed of each event in the database
(CNEOS), found that 61.9 % of the projectiles are
rocky or rocky-iron, 35.7 % are carbonaceous and
2.4 % are cometary. In relation to their heliocen-
tric orbit, 85.5 % have orbital elements similar to
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ASTRONOMICAL SIGNALS IN BRIGHTEST FIREBALLS 167

those of asteroids and 9.8 % correspond to comets
of the Jupiter family. Of the events analyzed, the
researchers identified 5 events with hyperbolic orbits
and identified the orbital elements of the first in-
terstellar superbolide detected on January 8, 2014,
concluding that at least 1 % of the large meteoroids
that impact the Earth’s atmosphere could be of in-
terstellar origin.

The Earth and the Moon are under the gravita-
tional and electromagnetic influence of the Sun. The
effects on the Earth have been identified through
spectral analysis of time series of solar phenomena
or events such as sunspots, the magnetic solar cycle
or solar cosmic rays. Through spectral analysis us-
ing different techniques, several short, medium and
long-term periodicities have been identified, ranging
from days to years. Some of these periodicities have
been identified in terrestrial phenomena from geo-
magnetic, atmospheric and oceanographic points of
view, showing that there is a relationship between
the Sun and the Earth. But just as this relationship
exists, the Sun has also influence on other bodies of
the Solar System, such as meteoroids, comets and
asteroids; there is also a strong gravitational influ-
ence of the Earth and the Moon on the bodies living
in the terrestrial vicinity.

2. THE BRIGHTEST FIREBALLS DATA

In this research a time series related to regis-
tered fireballs corresponding to the last 33 years is
spectrally studied taking into account 852 events
with energies greater than 0.073 Kt from 15 April
1988 to 29 December 2020. The data were pro-
vided by the United States Government sensors
homepage and released to the Near Earth Ob-
ject Program (https://cneos.jpl.nasa.gov/fireballs/);
they contain the following information: peak bright-
ness data/time, geographical location, altitude and
speed when the object reaches its maximum bright-
ness, approximate total optical energy and calcu-
lated total impact energy.

2.1. The Spectral Method

When astronomical and astrophysical data are
analyzed we can expect gaps or errors due to
different record techniques and times (Jopek &
Kan̆uchová 2017; Soon et al. 2019). Spectral anal-
ysis has been used to study time series with miss-
ing astronomical and astrophysical data (Feigelson
1997; Scargle 1997; Ding et al. 1998). The Fourier
transform (FT) can be applied to analyze the time
series. However, this method might not be suitable
for non-stationary and irregularly spaced time series;

therefore, another method is required to study a time
series with gaps such as the brightest fireball events.
The classical wavelet technique (Torrence & Compo
1998; Velasco et al. 2017) is used for non-stationary
time series. The wavelet method is useful for ana-
lyzing local variations of power within a single non-
stationary time series at multiple periodicities. We
applied this method using the Morlet function spe-
cially developed for geophysical phenomena, which
provides a good time resolution (Torrence & Compo
1998). We also applied the Morlet mother function
to analyze the power spectral density (PSD) of the
brightest fireballs, since this mother function does
not only provide a higher periodicity resolution but
is also a complex function that allows to calculate
the inverse wavelet transform (Torrence & Compo
1998; Soon et al. 2011; Velasco et al. 2017; Soon et al.
2019). The meaningful wavelet periodicities with a
confidence level greater than 85% must be inside the
cone of influence (COI), and the interval of 85% con-
fidence (Torrence & Compo 1998) is marked by thin
black contours in the spectra. The global spectra
have been included in all wavelet plots to show the
power contribution of each periodicity inside the COI
(See Figure 1, for example). Also, we established the
significance levels in the global wavelet spectra with
a simple red noise model where the power increases
at lower frequencies (Gilman et al. 1963). The un-
certainties are obtained by dividing the maximum
peak width and measuring both halves at the base,
related to the period scale (Mendoza et al. 2006).
By applying this method to the whole time series of
the brightest fireballs and using the toolbox devel-
oped by Grinstead et al. (2014) we obtained period-
icities of different time scales, ranging from days to
years. We aimed to focus on periodicities of higher
frequency (scale of days), and then we filtered the
data with a high pass band filter. The periodicities
found with the wavelet method were validated using
Redfit-X (Björg Ólafsdóttir, et al. 2016).

3. RESULTS AND DISCUSSION

The first wavelet PSD was obtained with the
complete time series. Later, this time series was fil-
tered and spectrally analyzed by short intervals con-
sisting of the brightest fireball series related to the
ascending and descending phases of the solar cycle.
Based on the span of the brightest fireball time se-
ries used, we found three short intervals associated
with the descending solar phases and corresponding
to solar cycles 22, 23 and 24, and two related to
the ascending solar phase of solar cycles 23 and 24,
respectively. The short time series associated with
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168 MARAVILLA, PAZOS, & CORDERO

Fig. 1. Wavelet spectrum of the brightest fireball meteor data provided by United States Government sensors from 1988
to 2020. On the right side the global spectrum shows significant periodicities at 2.5, 12.7 and 106.2 days, and 4.6 and
10.3 years. The red dotted line represents the 85 % confidence level. The PSD spectrum is shown in the middle of the
figure. The time series of the brightest fireballs is presented above the PSD. The color figure can be viewed online.

the descending solar phases correspond to the follow-
ing intervals: 1991 to 1996 for solar cycle 22; 2000
to 2008 for solar cycle 23 and 2014 to 2020 for so-
lar cycle 24. The short time series related to the
ascending solar phases correspond to the following
intervals: 1996 to 2000 for solar cycle 23 and 2008
to 2014 for solar cycle 24.

3.1. Wavelet Analysis

3.1.1. The Complete Time Series of the Brightest
Fireballs

The wavelet spectrum of the complete time series
of the brightest fireballs shows five significant peri-
odicities (Figure 1) From an inspection of Figure 1,
the peak with the hightest power is located at 10.3
years while the next one is at 4.6 years. The other
three periodicities are located at 106.2 days, 12.7
days and 2.5 days, respectively (Table 1). All these
periodicities are related to an 85% confidence level.
Ge (2007), describes accurately that the significance
test of the wavelet method developed by Torrence
and Compo addresses the issue of how to distinguish
statistically significant results from those due to pure
randomness when only one sample of the population
is studied, as is the case of the time series of fireballs
used in this research. The confidence level is also
calculated by the program and has been established
in the results by the red noise line. The length of
the time series and the temporal resolution are re-
lated with this level of confidence. The longest and
highest resolution of data in a time series increases
the confidence level.

TABLE 1

PERIODICITIES OF THE COMPLETE TIME
SERIESa

Periodicity + -

2.5 d 0.9 0.25

12.7 d 5.5 3.2

106.2 d 36.5 21.9

4.6 y 0.9 1.15

10.3 y 1.3 4.16

aThe uncertainties are indicated with the signs + and -
respectively. Days - d; Years - y.

3.1.2. Filtered Short Time Series of Brightest
Fireballs

a) Solar descending phases
In order to obtain the PSD spectra, the wavelet

technique was used again in all short time series.
Figures 2, 3 and 4 show the spectra of the brightest
fireball time series associated with the descending
phase of solar cycles 22, 23 and 24, respectively. Fig-
ure 2 shows the PSD related to solar cycle 22. In this
figure two periodicities can be observed around 2.5
and 117 days (Table 2). Only the peak at 117 days is
above the 85% confidence level. Figure 3 shows the
wavelet PSD spectrum of the brightest fireball me-
teors linked to the descending solar cycle 23. In this
figure it can be seen that there are five periodicities
at 3.1, 5.8, 14.7, 22 and 280.1 days (Table 2), all of
them under the 85% confidence level. The wavelet
PSD spectrum associated with the descending solar
phase of solar cycle 24 appears in Figure 4. In this
plot, four periodicities appear at 2.5, 7.4, 29.5 and
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ASTRONOMICAL SIGNALS IN BRIGHTEST FIREBALLS 169

Fig. 2. PSD spectrum of the brightest fireball time series associated to the descending solar phase of solar cycle 22. The
red dotted line represents the 85 % confidence level. The color figure can be viewed online.

Fig. 3. Wavelet PSD of the brightest fireball time series linked to the solar descending phase of solar cycle 23. All peaks
are under the dotted red line that corresponds to the 85 % confidence level. The color figure can be viewed online.

Fig. 4. Wavelet PSD of the brightest fireball time series linked to the descending solar phase of solar cycle 24. All peaks
are under the dotted red line that corresponds to the 85 % confidence level. The color figure can be viewed online.
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TABLE 2

PERIODICITIES IN SOLAR CYCLES
(DESCENDING PHASEa)

Solar Interval Periodicity (+) (-)

cycle (years) (days)

22 1991− 1996 2.5 0.8 0.4

· · · · · · 117 22.3 29.5

23 2000− 2008 3.1 0.6 0.6

· · · · · · 5.8 0.7 0.3

· · · · · · 14.7 3.9 2.3

· · · · · · 22.0 5.7 3.5

· · · · · · 280.1 93.8 82.1

24 2014− 2020 2.5 0.8 0.2

· · · · · · 7.4 1.9 0.8

· · · · · · 29.5 7.7 3.2

· · · · · · 99 25.9 20.4

aUncertainties are indicated with the signs + and - and
are stated in days(d).

99 days and only the periodicity around 29.5 days is
above the 85% confidence level (Table 2).

b) Solar ascending phases
Figure 5 shows the PSD spectrum of the fireball

time series connected with the ascending phase of
solar cycle 23. In this plot four periodicities appear
at 2.6, 4.4, 12.4 and 105 days (Table 3). The red line
represents the 85% confidence level and all peaks are
under this line.

The plot associated with the ascending phase of
solar cycle 24 is presented in Figure 6 where three pe-
riodicities at 2.5, 3.7 and 29.5 days can be seen. Only
the last one is above the 85% confidence level. Ana-
lyzing the periodicities observed in Figure 1 and con-
sidering uncertainties, the peak at 12.7 days could
be linked to the Carrington rotation (27.275 days)
as well as to the four Moon periods: synodic, side-
real, nodical or draconic, and anomalistic (SSNA).
The synodic period has a duration of 29.531 days,
the sideral period has a duration of 27.322 days.
The nodical or draconic period is of 27.212 days and
the anomalistic month has a duration of 27.555 days
(Karttunen et al. 2017). The periodicity at 12.7
days in Figure 1 could be a harmonic of all these
periodicities (around 13.5 days). Both the Carring-
ton rotation and the 13.5 days period have been
observed in many solar-terrestrial parameters such
as sunspot number, solar magnetic emergence, solar
wind, the Ca-K-line plage index, sudden storm com-
mencements, and others (Mursula & Zieger 1996;
Prabhakaran et al. 2001, 2002, 2004; Emery et al.
2011; Singh & Badruddin 2014). It is important to

TABLE 3

PERIODICITIES IN SOLAR CYCLES
(ASCENDING PHASEa)

Solar Interval Periodicity (+) (-)

cycle (years) (days)

22 1988− 1991 · · · · · · · · ·
23 1996− 2000 2.6 0.3 0.3

· · · · · · 4.4 0.5 0.3

· · · · · · 12.4 2.3 2.5

· · · · · · 105 27.3 21.7

24 2008− 2014 2.5 0.8 0.2

· · · · · · 3.7 0.6 0.6

· · · · · · 29.5 7.7 3.2

aUncertainties are indicated with the signs + and - and
are stated in days(d).

point out here that the 13.5 days periodicity has also
been reported in several scientific papers and is re-
lated e.g., to solar wind and ionospheric parameters;
its dependence on the solar radiation wavelength has
been also found by Donnelly & Puga (1990) and it
could be also the lunar periods (SSNA) first har-
monic. The peak at 10.3 years could be associated
to the sunspots cycle while the peak at 4.6 years
may be the first harmonic of that spectral signal.
From the spectral analysis of the short time series of
the brightest fireball data associated with descending
phases of the considered solar cycles (22, 23 and 24),
the periodicities at 22 days (solar cycle 23, Figure 3)
and at 29.5 days (solar cycle 24, Figure 4) are related
to the Carrington rotation period (27.275 days) and
the latter periodicity could be associated with the
lunar periods (SSNA) if uncertainties are taken into
account. In Figure 3, the peak at 14.7 days (solar
cycle 23) could have a connection with the solar ro-
tation period (27.275 days) and the Moon periods
(SSNA), being its first harmonic. Analyzing the re-
sults obtained from the wavelet spectral analysis of
the short time series of the brightest fireball data
linked to the ascending phases of solar cycles 23 and
24, a peak at 29.5 days is observed in Figure 6 (solar
cycle 24), possibly connected with the Carrington ro-
tation and the lunar signals (SSNA), whereas a peak
at 12.4 days is observed in Figure 5 (solar cycle 23),
which could be a harmonic of the 27.175 days solar
rotation and lunar periodicities (SSNA).

Summarizing, the Carrington rotation signal
(27.275 days) and the lunar periods (SSNA) are man-
ifested in the spectra of the brightest fireball time
series related with descending phases of solar cycles
23 and 24 (Figures 3 and 4) and with the ascending
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Fig. 5. Wavelet PSD of the brightest fireball time series linked to the solar ascending phase of solar cycle 23. All peaks
are under the 85 % confidence level (dotted red line). The color figure can be viewed online.

Fig. 6. Wavelet PSD of the brightest fireball time series linked to the solar ascending phase of solar cycle 24. The peak
at 29.5 days is above the dotted red line that corresponds to the 85 % confidence level. The color figure can be viewed
online.

solar phase of cycle 24 (Figure 6). The first har-
monic of the Carrington rotation (13.5 days) could
be present in the PSD of the brightest fireball meteor
spectra associated with the entire solar cycle 23 (Fig-
ures 3 and 5). The presence of a periodicity close to
the Carrington rotation period (27.275 days) and the
Moon periods (SSNA) in the wavelet spectra of cy-
cles 23 and 24 indicates that the solar rotation and
lunar signals have left their mark in the brightest
fireballs detected in the terrestrial atmosphere and
could be modulating the fall of these extraterrestrial
bodies on Earth. Additionally, a periodicity around
2.5 days appears in almost all spectra of the complete
and short time series of the brightest fireballs associ-
ated with the considered solar cycles (ascending and

descending phases), (Tables 2 and 3) although the
3.1 days periodicity in the descending solar phase
of solar cycle 23 could be also included here if the
uncertainty associated with this peak, is considered.
The physical reason for this periodicity is unknown
though it could be a minor order harmonic of both
the Carrington rotation and the Moon periods.

In order to look for the periodicities we found
in the previous analysis (Figures 1-6) and possi-
bly other ones, an additional wavelet analysis was
done using the maximum velocity e.g. the entry
velocity of meteoroids into the Earth’s atmosphere
(https://cneos.jpl.nasa.gov/fireballs/). We use the
data from 2000 to 2020 because there is no maximum
velocity registered before 2000. Separating the max-
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Fig. 7. PSD spectrum of the maximum velocity time series related to solar cycle 23 from 2000 to 2008 years (descending
phase). The red dotted line represents the 85 % confidence level. The color figure can be viewed online.

Fig. 8. PSD spectrum of the maximum velocity time series related to solar cycle 24 from 2008 to 2014 years (ascending
phase). The red dotted line represents the 85 % confidence level. The color figure can be viewed online.

imum velocity time series based on the solar cycle
length, three different intervals were selected corre-
sponding to two descending solar phases from 2000
to 2008 (solar cycle 23) and from 2014 to 2020 (solar
cycle 24), (Figures 7 and 9) and one ascending solar
phase from 2008 to 2014 (solar cycle 24), (Figure 8),
(Table 4).

In the descending period from 2000 to 2008, three
periodicities are present at 3.1 days, 5.8 days and
31.2 days, while in the descending period from 2014
to 2020, the periodicities we found are located at
2.8 days, 4.4 days, 6.9 days and 19.7 days. In the
ascending phase from 2008 to 2014, five different pe-
riodicities were identified, at 2.9 days, 5.5 days, 8.7
days, 16.5 days and 35 days respectively. Taking into

account the uncertainties, the lunar periods (SSNA)
and the Carrington rotation period (27.275 days) are
present in the descending solar phase from 2000 to
2008 and in the interval from 2008 to 2014, corre-
sponding to an ascending solar phase. Analyzing
these results from the spectral wavelet analysis we
note that regarding the periodicity we observe in so-
lar cycle 23 (Figure 7) at 31.2 days (solar descending
phase), the periodicity at 35 days in solar cycle 24
(Figure 8), (solar ascending phase) and the periodic-
ity at 19.7 days in the descending phase of solar cycle
24, all of them could be related to the Moon periods
(SSNA) as well, if we consider the uncertainties. The
other periodicities (Table 4) could be minor order
harmonics of these last periods. If we assume that
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Fig. 9. PSD spectrum of the maximum velocity time series related to solar cycle 24 from 2014 to 2020 years (descending
phase). The red dotted line represents the 85 % confidence level. The color figure can be viewed online.

TABLE 4

PERIODICITIES IN THE VELOCITY VECTOR
TIME SERIESa

Solar Interval Periodicity (+) (-)

cycle (years) (days)

23 descending 2000−2008 3.1 1.27 0.78

phase

· · · · · · 5.8 2.96 1.42

· · · · · · 31.2 12.92 6.44

24 ascending 2008−2014 2.9 1.48 0.6

phase

· · · · · · 5.5 1.1. 0.9

· · · · · · 8.7 3.7 1.3

· · · · · · 16.5 5.6 2.6

· · · · · · 35 9.1 11.6

24 descending 2014−2020 2.8 0.7 0.5

phase

· · · · · · 4.4 1.1 0.7

· · · · · · 6.9 1.9 1.1

· · · · · · 19.7 11.5 5.0

aUncertainties are indicated with the signs + and − and
are stated in days(d).

the fireballs that arrive to our planet could be associ-
ated with a potential source of meter-size projectiles
as is the case of Near Earth Objects (NEO’s), (Peña-
Asensio et al. 2022) and since NEO’s are closer to
the Moon, our satellite has a strong gravitational in-
fluence on the NEO’s dynamics and the lunar signals
are present in the time series analyzed, as shown in
the wavelet spectra.

Peña-Asensio et al. (2022) reported that ‘cer-
tain meteoroid streams’ could be another important
source of meter-sized hazardous projectiles; then,
meteoroid streams could have a significant role as a
source of fireballs arriving to Earth as is the case of
fragments of comets and asteroids. One example of
this are the Taurids (streams and showers) that have
been associated not only with NEO’s but also with
a cometary origin. In this case the comet associated
is 2P/Encke (Peña-Asencio et al. 2022).

4. CONCLUSIONS

1. A periodicity around 27 days was found in
the time series of the brightest fireball meteors, in-
dicating that the Carrington rotation and the Moon
(SSNA periods) are modulating the fall of meteors
on Earth.

2. The periodicity around 13.5 days is barely
present in several wavelet spectra of the short fire-
balls time series. This periodicity could be a har-
monic of the main peak observed around the Car-
rington rotation and the Moon periods (SSNA), re-
spectively.

3.- The periodicities found around 30 days in the
maximum velocity analysis are close to both the Car-
rington rotation and the lunar periods (SSNA).

4. A peak at 2.5 days was found in almost all
spectra (brightest fireball time series) and could be
a small harmonic of the Carrington rotation period
and lunar signals. On the other hand, this peak is
under the 85% confidence level in all spectra of the
short time series and is only significant considering
the complete time series (Figure 1).
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5.- Because most of the fireballs used for the
wavelet analysis are less than 10 meters in size, they
are not affected by the Yarkovsky effect, but they
could be affected by radiation pressure or by the pe-
riodical gravity force of the Moon.
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Blanch, E., Trigo-Rodŕıguez, J. M., Madiedo, J. M., et
al. 2017, in Assessment and Mitigation of Asteroid
Impact Hazards, ed. J. M. Trigo-Rodŕıguez, M. Grit-
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J. M. Trigo-Rodŕıguez, F. J. M. Rietmeijer, J. Llorca,
& D. Janches (New York, NY: Springer), 209

Brownlee, D. E. 2001, in Accretion of Extraterrestrial
Matter Throughout Earth’s History, ed B. Peucker-
Ehrenbrink & B. Schmitz (New York, NY: Kluwer
Academic/Plenum Publishers)
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ence, ed. J. M. Trigo-Rodŕıguez, F. J. M. Rietmeijer,
J. Llorca, & D. Janches (New York, NY: Springer)
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