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Abstract. We present the first global simulations on the oc-
currence of meteor trail plasma irregularities. These results
seek to answer the following questions: when a meteoroid
disintegrates in the atmosphere, will the resulting trail be-
come plasma turbulent? What are the factors influencing the
development of turbulence? and how do these trails vary
on a global scale? Understanding meteor trail plasma tur-
bulence is important because turbulent meteor trails are visi-
ble as non-specular trails to coherent radars. Turbulence also
influences the evolution of specular radar meteor trails; this
fact is important for the inference of mesospheric tempera-
tures from the trail diffusion rates, and their usage for meteor
burst communication. We provide evidence of the significant
effect that neutral atmospheric winds and ionospheric plasma
density have on the variability of meteor trail evolution and
on the observation of non-specular meteor trails. We demon-
strate that trails are far less likely to become and remain tur-
bulent in daylight, explaining several observational trends for
non-specular and specular meteor trails.

Keywords. Space plasma physics (Ionization processes;
Numerical simulation studies; Turbulence)

1 Introduction

The daily occurrence of billions of meteor trails in the Earth’s
upper atmosphere presents a powerful opportunity to use
remote sensing tools to better understand the meteoroids
that produced them, and the atmosphere and ionosphere in
which their trails occur. One of the most promising tools
employed in this endeavor are high-power-large-aperture
(HPLA) radars. Such radars routinely observe two distinct
types of meteor echoes: head echoes and non-specular me-
teor trails. Head echoes are radar reflections from targets
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with short durations, usually less than 1 ms at a given range,
and moving at apparent meteoroid velocities (Close et al.,
2002; Janches et al., 2000, 2006; Mathews et al., 2001; Chau
and Galindo, 2008; Dyrud et al., 2008). When the radar
is pointed perpendicular to the Earth’s magnetic field, head
echoes are often, but not always, followed by echoes last-
ing seconds to minutes (Dyrud et al., 2005a, b; Zhou et al.,
2001; Malhotra et al., 2007a, b). Because these echoes oc-
cur simultaneously over multiple radar range gates, the term
non-specular echoes has been adopted by many authors in or-
der to differentiate them from echoes detected with specular
meteor radars, which require that the trail be aligned perpen-
dicular to the radark vector (Ceplecha et al., 1998; Cervera
and Elford, 2004). It is now understood that non-specular
trails are reflections from plasma instability generated from
field-aligned irregularities (FAI) (Chapin and Kudeki, 1994a;
Oppenheim et al., 2000; Zhou et al., 2001; Dyrud et al., 2001,
2002, 2007; Close et al., 2008). However, the influence that
turbulence has on specular observations of meteor trails has
only been briefly studied (Hocking, 2004; Galligan et al.,
2004), and we do not yet understand the degree to which me-
teor trails are inherently plasma unstable. This paper seeks
to address some of these unknowns.

We focus on the role that neutral atmospheric wind and
ionospheric plasma density have on the development of me-
teor trail turbulence and its evolution. Our goal is to un-
derstand how regional, diurnal, and seasonal variability in
these background parameters will influence the role that tur-
bulent meteor trails have on various applications and scien-
tific studies. Most prominently, turbulent trails are thought
to have a diffusion rate that can exceed the nominal cross-
field ambipolar diffusion rate by up to an order of magnitude,
significantly altering trail evolution, duration, and radar re-
flectivity (Dyrud et al., 2001). The effects of this turbulent
evolution are important for specular radar derivations of dif-
fusion rate and therefore neutral temperature (Tn) (Hocking,
1999; Kumar, 2007), meteor burst communication (Fukuda
et al., 2003), and scientific studies of meteors and the upper
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atmosphere involving non-specular trail observations in gen-
eral (Dyrud et al., 2005a, b, 2007; Malhotra et al., 2007a, b).

In order to understand the global variation of meteor trail
turbulence, we expanded a model of the evolution of an indi-
vidual meteor from atmospheric entry to trail instability and
diffusion (see Dyrud et al., 2005a, b, 2007, for a detailed de-
scription of the model) by incorporating climatological mod-
els for the relevant ionospheric and atmospheric parameters.
For readers interested in the global modeling of the incom-
ing meteor flux see Janches et al. (2006) and Fentzke and
Janches (2008).

Our model was originally used to simulate artificial radar
range-time-intensity (RTI) images for comparison with fa-
cilities like the 50 MHz Jicamarca Radar, where interfer-
ometeric measurements of meteors are regularly undertaken
(Chau et al., 2007) as well as other coherent radars (Chau
and Galindo, 2008; Urbina et al., 2000; Dyrud et al., 2005a,
2007; Hinrichs et al., 2009). This program simulates head
echoes and non-specular trails for meteoroids of a chosen
velocity, mass, and composition that enter the Earth’s at-
mosphere. Our new program runs this individual meteor
model, and evaluates several key parameters pertaining to
trail plasma instability. In this paper, we focus on the du-
ration of trail plasma instability, which is closely associated
with the duration of an individual non-specular trail obser-
vation. Further, duration also acts as a guide for researchers
interested in specular meteor trail observations, and meteor
burst communication, by indicating when, where, and to
what degree they can expect turbulent versus laminar meteor
trail evolution. By analyzing trail variation on a global scale,
we show that properties of the atmosphere and ionosphere
play a critical role in the observation and interpretation of
meteor trail observations, and that as a result, the character-
istics of meteor trail evolution are considerably more variable
than previously expected.

2 Model description

The model simulates meteoroid entry into the atmosphere,
including ablation, ionization, thermal expansion and plasma
stability based upon the meteor Farley-Buneman Gradient-
Drift (FBGD) instability (Dyrud, 2001, 2002; Oppenheim et
al., 2000, 2003a, b). The program can automatically take
as input variables: location, time, and specific ionospheric
and atmospheric data from three main climatological models:
Committee on Space Research (COSPAR): The COSPAR In-
ternational Reference Atmosphere (CIRA-05), the Interna-
tional Reference Ionosphere (IRI2000) (Bilitza, 2001), and
the Horizontal Wind Model (HWM) (Hedin et al., 1996).
The parameters required from these models include electron
density, atmospheric mass density, neutral temperature and
wind speed, and from these we also derive ion and electron
collision frequencies based upon the formulas from Banks
and Kockarts (1972) for a given location and time. This in-

formation is used to make location specific meteor simula-
tions, which are then called multiple times to build up global
maps of meteor trail characteristics. While we recognize
that these climatological models do not capture the day-to-
day variability of aeronomical and ionospheric parameters,
they do allow for an examination of the resulting climatolog-
ical and global variation expected for meteor trail evolution.
Until now this topic has never been explored, particularly in
light of the known influence of plasma turbulence.

An example of non-specular trail comparisons between
observation and modeling results is displayed in Fig. 1. We
show the results of this model as a simulated range-time-
intensity (RTI) image of a head echo and non-specular trail,
similar to those produced by coherent radar observations
(Chapin and Kudeki, 1994a, b; Close et al., 2002; Oppen-
heim et al., 2008; Dyrud al., 2005a, b; Malhotra et al., 2007a,
b). This figure displays the head echo trace as a diagonal col-
ored line, with color corresponding to the trail electron line
density per meter divided by 106, such that it may appear
on the same color bar as the FBGD growth rate shown in
the non-specular trail portion of the RTI plot that appears af-
ter the head-echo. We have developed numerous head echo
models (see Dyrud and Janches, 2008) and have opted to plot
a parameter which is related to head echo strength, but is also
of direct physical relevance to the development of plasma in-
stability in the trail. To the right of the head echo, this plot
displays the calculated, non-negative, FBGD growth rate as
a function of time and altitude for a diffusing meteor col-
umn. Examination of Fig. 1 reveals that only a limited alti-
tude portion of the trail is immediately plasma unstable, with
the width of this unstable portion decreasing in time. The to-
tal duration of plasma instability for this example is approxi-
mately 15 s, which is defined as the time from trail generation
at a given altitude to the time the growth rate becomes neg-
ative at that same altitude. The duration and altitude of the
observed and simulated meteor trails are similar, and this was
achieved by using the climatological neutral winds, densities
and electron densities for this location and time and a mete-
oroid with a 20 µg mass, traveling at 55 km s−1 with a zenith
angle of 45◦. The observations displayed in Fig. 1 are from
Fort Macon, North Carolina and were obtained in a campaign
during June 2001 (Hibit, 2010). Note that the apparent sig-
nal observed by the radar below approximately 97 km in the
right panel results from the decoding process.

3 Global model results

In this section, we examine the duration of meteor trail tur-
bulence as a function of geographic location, for a trail pro-
duced by a 10 µg and 1 µg meteor traveling at 55 km s−1

on 1 January 2001 at 00:00 UT, with a zenith angle of 45◦.
These characteristic meteoroid parameters were chosen be-
cause this is a commonly measured size class of meteoroids
among the billions of daily meteors (Mathews et al., 2001;
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Fig. 1. In the left panel, a simulated head-echo and non-specular trail for a meteoroid entering at the time and geographic location of an
observed meteor in North Carolina (35◦ N, 76◦ W) using the Univ. of Illinois radar operated at Fort Macon (right panel). The meteor was
recorded near 00:00 UT, on 27 June 2001. The simulated meteoroid mass is 20 µg, traveling at a velocity of 55 km s−1 with a 45◦ entry
angle, composed of an atomic mass of 30 AMU (Chondritic type meteoroid). The duration of the trail turbulence is approximately 15 s. The
color bar on the left shows the instability growth rate in s−1 for the trail, and the simulated head echo electron line density per meter divided
by 106 (units chosen such that they appear on the same scale). The range-time-intensity (RTI) portion of the non-specular trail on the right
side of the figure has the same altitude and time range as the simulation, with the color bar representing SNR.

Dyrud and Janches, 2008). The meteor simulation of the type
shown in Fig. 1 is repeated several hundred times across a
5◦ latitude and longitude grid, with the analyzed results dis-
played in Fig. 2a. This plot shows, in color, the duration of
plasma instabilities within the meteor trail for each location,
these durations are shown to vary in the range from 0 to ap-
proximately 35 s. Where 0 indicates that no trail turbulence
is generated. The first striking observation from this figure is
the dramatic global variation of meteor trail evolution, even
for trails produced by the very same meteoroid. Some of
the features shown are: a clear day to night variation, i.e.,
that duration is significantly longer in the dark regions of the
globe, and since we show a January day one can see that
more of the Northern Hemisphere contains longer turbulent
durations than the more sunlit Southern Hemisphere. We also
see that that duration is in general longer near equatorial re-
gions with enhancements that appear in the Northern Atlantic
Ocean, over South America and Africa. The variation in this
figure is caused by variation in the main drivers for instabil-
ity, which are primarily background ionization levels, and the
magnitude of the neutral wind blowing both perpendicular to
the trail and the geomagnetic field.

We point out here that only the HWM was used for deter-
mination of winds at typical meteor altitudes, and therefore
the climatogical HWM results will likely vary to a larger ex-
tent at the equator and at the highest latitudes where iono-
spheric drifts due to electrojets dominate the neutral winds.
Hinrichs et al. (2009), has specifically analyzed a 24-h me-
teor simulation for the radar located at Jicamarca with the
inclusion of an electrojet drift model to show that the mag-
nitude of the electrojet drift strongly modulates trail dura-
tion. We note that in the future we expect to incorporate cli-
matological models for the high and low latitude electrojets

into this global simulator. The magnetic field model used for
our simulations is the IGRF model. We note that this has a
very minor effect on the potential development of turbulence
(Dyrud et al., 2001). Currently, we are modeling the inherent
physics of instability generation based on growth rate, but
in the future we hope to include the effects of different ob-
serving geometries to future refine our modeling capability,
which will require modeling the angle of the radar to the ge-
omagnetic field. We continue with a presentation of both the
meteoric and atmospheric parameters responsible for vari-
ability in meteor trail evolution.

4 Meteor properties

We now investigate meteor properties and their influence on
meteor trail duration. The two meteor properties that have
the greatest effect on meteor trail duration are mass and ve-
locity. Figure 2b is a global simulation with identical param-
eters as 2a except the mass of the meteor has been decreased
from 10.0 µg to 1.0 µg in order to investigate the effect of
mass. As seen by comparing Fig. 2a and b, a meteor with
a mass of 10.0 µg will produce longer duration meteor trails
compared to a meteor with a smaller mass. A more mas-
sive meteor produces steeper plasma density gradients, and
penetrates to lower altitudes where polarization fields are the
strongest. Steeper plasma density gradients generate stronger
ambi-polar electric field thereby increasing instability growth
rate. Qualitatively, the meteor FBGD instability is similar
to the FBGD instability responsible for auroral and equato-
rial electrojet radar echoes and becomes unstable when the
electron drift (gradient andE × B drift) speed exceeds a
modified ion acoustic speed; the reader is referred to Dyrud
et al. (2007) for a more detailed discussion. Not only do
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a

b

Fig. 2. (a)A global simulation of the duration of meteor trail turbulence of a single 10.0 µg meteor simulated on all the world grid points
separated by 5◦, traveling at 55 km s−1 with a 45◦ entry angle at 00:00 UT on 1 January. The units of the color bar are in seconds after meteor
trail creation. Each pixel results from the measured duration of a simulation of the type shown in Fig. 1. Panel(a) illustrates the combined
influences of the background atmospheric properties: electron density and horizontal wind speed on a meteor’s trail duration.(b) A global
simulation of the duration of meteor trail turbulence, but for a 1 µg meteor simulated for all global grid points, again traveling at 55 km s−1

with a 45◦ entry angle at 00:00 UT on 1 January. The units of the color bar are in seconds after meteor trail creation. Again, each pixel
results from the measured duration of a simulation of the type shown in Fig. 1. Notice that a meteor of lesser mass experiencing the identical
atmospheric parameters as panel(a) will produce meteor trails of shorter duration or no meteor trail at all depending on the location and
sunlit conditions.

meteors of larger mass result in longer duration meteor trails
at night, but during daytime hours as well. These meteors
with higher masses are now turbulent in regions where the
1 µg meteors were not.

Unlike mass, an increased meteor velocity doesn’t always
have a complementary effect that increases meteor trail dura-
tion. However, Fig. 3 shows the drastic effect velocity has on
meteor trails’ durations. For example, a slow meteor travel-
ing at 15 km s−1 has less ablation and ionization, which pro-
duces a relatively short lived meteor trail, if any trail at all. A
very fast meteor traveling at 55 km s−1 has so much energy
that all of its mass becomes ionized at such high altitudes
that short trails are produced, due to weak polarization fields
above∼100 km, and more rapid trail diffusion. Based upon

our modeling effort we find that the longest meteor trails ob-
served are created by meteors of speeds in between both ex-
tremes. A velocity ranging from 25–35 km s−1 allows the
meteor to reach lower altitudes where polarization electric
fields become stronger, yet still generate steep density gra-
dients (see Dyrud et al., 2007, for discussion). The impact
that meteor velocity has on global meteor trail variability is
shown by comparing Figs. 2b and 4. Figure 4 shows a global
simulation of a 1 µg meteoroid, identical to that in Fig. 2b,
but with a velocity of 35 km s−1 entering at 45◦. One may
see that the slower velocity results in longer duration trails
and more daytime trails.
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5 Atmospheric properties

In order to understand the atmosphere’s role in meteor trail
evolution we investigate the parameters that have the most
profound effects on trail evolution. We find that these param-
eters are: the ionospheric electron density and the horizontal
winds that are present at meteor ablation altitudes. Small
changes in atmospheric properties result in dramatic global
variability. Since electron density and winds also affect me-
teor trail duration, we must further investigate the variability
seen in these parameters to understand the global meteor trail
outlook.

First, we investigate the influence of electron density as
its effect on trail duration is quite evident, as seen in the
day/night variability of trail duration shown in the global
simulations. Electron density is important because densi-
ties in the day differ from nighttime densities by a factor of
two or more and electron density directly effects meteor trail
evolution and duration. A meteor immersed in high iono-
spheric electron densities will produce a shorter plasma tur-
bulent trail than if lower densities were present. Figure 5
shows the electron density across the globe at 100 km for 1
January at 00:00 UT. The global structure of electron den-
sity determines the area across the globe in which conditions
favor meteor trail evolution.

Electron density is an important factor in meteor trail evo-
lution, but identical meteors that encounter constant elec-
tron density still have variability in trail duration around the
globe. This is attributed to the winds that a meteor encoun-
ters. A meteor that is exposed to high winds will have a
longer duration than the same meteor that is exposed to lower
wind speeds. The impact that wind speed has on trail dura-
tion of meteors at different entry velocities is shown in Fig. 6.
To demonstrate the effect that global winds have on meteor
trail duration we examined the horizontal wind speed at the
altitude where maximum duration of the meteor trail occurs
(normally around 90 km), this is shown in Fig. 7. In the fig-
ure wind speeds vary from 0.5 m s−1 to 100 m s−1. The wind
speed at the altitude of maximum duration (around 90 km)
gives a good picture of the way winds directly influence a
meteor’s plasma trail. Both the distinct global structure of
winds at the altitude of maximum duration and the diurnal
cycle of electron density are essential in understanding the
global variability presented in this paper.

6 Seasonal variability

The effects of the atmosphere on meteor trail evolution can
be seen not only globally, but seasonally as well. We now
look at seasonal variability of meteor trails and how they are
influenced by the seasonal variation in atmospheric proper-
ties. To best capture seasonal variation we inspect the sim-
ulations near the equinox and solstice. Seasonal variability
in meteor trail duration can be seen by comparing Figs. 2b

Fig. 3. The duration of 3 meteor trails of different atomic masses:
8, 30 and 60 AMU (representative of Oxygen, Chondrite and Iron
compositions, respectively) for a variety of entry velocities. The
duration of a meteor trail is plotted in seconds and the meteors’
velocities in km s−1 for a 10.0 µg particle entering with 0◦ entry
angle with a background wind speed of 10 m s−1 wind.

and 8. The obvious differences in the global plots of meteor
trail duration for identical meteors on 1 January and 27 June
are the result of subtle, yet key, changes in the atmosphere
throughout the seasons.

One seasonal difference results from a shift in the structure
of the global electron density. Figure 5 showed the global
variation of electron density in winter for the Northern Hemi-
sphere. The electron density distribution can change signifi-
cantly throughout the seasons as it shifts based on the amount
of sun present throughout the day at various latitudes. For
example June’s electron density is a horizontally flipped ver-
sion of Fig. 5 since the night is present longer in the Southern
Hemisphere. Since both hemispheres experience roughly the
same amount of sunlight during the months near equinox,
electron density will reflect accordingly. We note that the
other main change in atmospheric structure influencing trail
duration throughout the seasons is the horizontal winds that
an entering meteor experiences. The structure and the magni-
tude of horizontal winds at the altitude of maximum duration
changes throughout the year, due to the change that occurs in
global circulation and dynamics.

The large difference seen in both day/night observations
and seasonal variability of meteor trial measurements across
the globe is largely explained by the combination of electron
density, winds, and meteor properties. With this understand-
ing we now have a much better knowledge about the role that
seasonal variability in the structure of the atmosphere has on
worldwide variability of meteor trail evolution.
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Fig. 4. A global simulation of the duration of meteor trail turbulence of a single 1 µg meteor simulated globally with 5◦ grid points, traveling
at 35 km s−1 with an entry angle of 45◦ at 00:00 UT on 1 January. The units of the color bar are in seconds after meteor trail creation. Each
pixel results from the measured duration of a simulation of the type shown in Fig. 1. This 35 km s−1 case provides an interesting comparison
with Fig. 2b, which has a speed of 55 km s−1. This simulated meteor traveling at 35 km s−1 has a preferred velocity for producing a long
duration meteor trail. Not only are longer duration trails produced, but there are also trails in areas where they were absent or short lived in
Fig. 2b.

!
Fig. 5. The global structure of electron density in the Earth’s ionosphere is plotted at an altitude of 100 km for the simulated cases shown
in Fig. 2a and b. Density is measured in m−3 at 00:00 UT on 1 January. The color bar shows densities that range from high density present
during daytime hours to the low densities present at night. Notice the distinct diurnal cycle of high daytime density located at the east/west of
the map and the low nighttime density area located at the center of the map. Note that higher electron density inhibits meteor trail evolution.

7 Discussion

This paper presents a dramatic global and seasonal variability
in meteor trail evolution. We find that variations in trail tur-
bulence duration are caused by two main atmospheric prop-

erties: electron density of the ionosphere and the magnitude
of horizontal winds. While the observational studies of me-
teor trail turbulence and non-specular meteor trails remain
sparse based on geographical and local time coverage, sev-
eral observational trends have been reported in the literature
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(Sugar et al., 2010). The model we constructed is useful for
placing data from individual sites into the context of a global
meteor flux based upon local atmosphere and ionosphere ob-
serving conditions. Here we review some observations on
diurnal trends.

Chapin and Kudeki (1994a, b) published some of the first
observations of non-specular trails from the Jicamarca radar.
While it was not the focus of their paper, the difference in
trail occurrence and duration before and after sunrise was
clearly shown in their Fig. 4. The figure shows two distinct
periods of meteor observations; the first half contains over
125 meteor echoes before sunrise near 06:20 LT, followed
by an abrupt decrease in the number trails observed. After
06:20 LT only 20 meteor echoes are seen throughout the sec-
ond half of the observation.

Recently, Oppenheim et al. (2008) drew specific attention
to the diurnal variability of non-specular echoes at Jicamarca.
Before dawn, 341 non-specular trails were observed for 1288
head echoes and only 81 trails for 1240 head echoes after
dawn. They suggested that this was evidence of a previously
published theory by Dimant and Oppenheim (2006a, b) that
predicted stronger internally generated zeroth order ambipo-
lar fields at night, and therefore an enhanced driver for in-
stabilities. In contrast, we provide an alternative explanation
for this day night variability based on the results presented
herein: In addition to background electron density, the pres-
ence of background electric fields resulting from electrojets
or winds drive polarization fields that dominate the ambipo-
lar fields within the meteor trail (see Dyrud et al., 2007).

Zhou et al. (2001) presented observations of head echoes
and non-specular trials from the MU 50 MHz radar in Japan.
This experiment was conducted with the radar pointing both
perpendicular, and off perpendicular to the geomagnetic
field. They noted that essentially all head echoes had a cor-
responding non-specular trail in the perpendicular toB ge-
ometry, while the off perpendicular had essentially no trails,
but similar counts of head echoes. Their data were collected
from 00:00 to 08:30 LT over 4 nights, but made no comment
on pre and post sunrise differences. These results cemented
the view that non-specular echoes result from plasma insta-
bility induced field aligned irregularities (FAI). While not the
primary focus, Close et al. (2008) recently demonstrated that
larger meteoroids are more likely to produce non-specular
echoes than those that are smaller.

Simek (1995) examined the seasonal and diurnal variabil-
ity of specular meteor trail durations and showed that mean
sunlit durations were 2.27±0.11 s, but that night durations
were 1.97±0.06 s. Although the observational differences
were relatively small, these general trends fit what we expect
and report herein. That is, enhanced diffusion due to trail tur-
bulence during predominantly nighttime conditions reduces
meteor trail duration. However, the durations reported here
include a number of additional factors that influence dura-
tion such as changing echo altitude as a function of local
time. However, specular echo duration as a function of al-

Fig. 6. A plot of trail duration versus wind speed for the cases of 4
different velocities and a 1.0 µg meteor with 0◦ entry angle. Notice
the influence that an increased magnitude in horizontal wind speeds
has on a meteor’s plasma trail and its duration. The plot used data
from simulations of the meteor trail durations of 4 identical mete-
ors traveling at different speeds: 25 km s−1, 40 km s−1, 55 km s−1

and 70 km s−1. Each of the meteors is simulated at different wind
speeds. Note that meteor trail duration is directly linked to the mag-
nitude of the wind speed.

titude, which helps to isolate the effects of trail turbulence,
has been examined by Singer et al. (2008). They showed
that low altitude decay times decreased at high latitude in
summer. In addition, they showed that strong echoes from
trails had longer decay times than weaker echoes (stronger
echoes likely typify higher electron line densities produced
by larger meteoroids). However, examination of this author’s
Fig. 2 shows that these trends are reversed near the highest
altitude of observation (94 km). The results reported here ex-
plain this seasonal and meteor size trend reversal at higher
altitudes. In the summer hemisphere trails are more likely
to be produced in a sunlit ionosphere, and therefore remain
turbulent for shorter periods of time or not at all. If turbulent
decay rates are faster than laminar decay rates as reported by
Dyrud et al. (2001) we expect summer trails to possess, on
average, longer decay times. Since larger meteoroids pro-
duce larger plasma density gradients we also expect larger
trails (or stronger echoes) to possess faster decay times. Fur-
ther, these effects of turbulent diffusion are more pronounced
at higher altitude as also discussed by Dyrud et al. (2001).

In a study of specular trail diffusion as a function of radar
pointing to B, Hocking (2004) suggested “. . . future theo-
retical analysis need to include externally imposed electric
fields in order to produce accurate simulations of diffusion
rates. . . ” This is exactly what we have included in this study.
Hocking (2004) examined decay times as a function of radar
azimuth angle and time of day, and found that there was
far stronger anisotropic diffusion at greater altitudes above
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!
Fig. 7. A global plot of the magnitude of horizontal wind speed present on 1 January at 00:00 UT at 100 km in Fig. 2a and b. The color bar
shows wind speed in m s−1. The wind pattern shown here is present throughout the day and is fixed in local time. Notice the large variations
in the magnitude of horizontal wind speed and its geographic distribution, which effects trail evolution.

Fig. 8. A global snapshot of the meteors’ trail duration, measured in seconds, is plotted above. This simulation for a 1 µg meteor traveling
at 55 km s−1 with an entry angle of 45◦ on 27 June at 00:00 UT. The units of the color bar are in seconds after meteor trail creation. The
simulated meteor is identical to Fig. 2b with the exception of the date. Notice the differences in the global structure of trail duration compared
to Fig. 2b, which is simulated on 1 January. The differences are caused by the changes in the atmosphere throughout the seasons; namely the
structure of electron density and the magnitude of the horizontal wind.

93 km, and that winds and electric fields appear to influence
the diffusion rate in general, and the overall anisotropy.

As the above summary of studies show, the existing non-
specular and specular trial observations do support a day to
night variation in the occurrence of meteor trail plasma tur-
bulence. The studies also show that larger meteoroids are
more likely to produce turbulent trails. Further, our simula-

tions here indicate that this day/night occurrence variation is
one that is predicted to be global. However, the detailed vari-
ability is a result of the altitude dependent magnitude of wind
profiles. Understanding this variability will require substan-
tially increased observations, both in terms of geographical
and local time coverage, and comparison with data from
other instruments. We conclude by noting that the driving
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factors accounting for meteor trail turbulence are many, com-
plex and interrelated, thus it is not the focus of this short letter
to describe all the competing forces but to publicize the pre-
dicted dramatic variability to researchers in various meteor
related fields. We are working on a detailed analysis of the
various contributions and expect to report them in an upcom-
ing publication, but can summarize the general trends here:

1. The primary drivers for turbulence duration are back-
ground ionization: turbulence lasts longer at night;

2. Wind or drift velocity: higher winds or drifts produce
longer turbulent durations;

3. Meteoroid mass: larger meteoroids produce longer tur-
bulent durations;

4. Velocity: velocities near 35 km s−1 (with some mod-
ification with entry angle and a particular mass) pro-
duce longer lasting turbulence because they deposit
their mass at preferred altitudes for turbulence, between
90–105 km altitude.

We expect that a more complete understanding and charac-
terization of all the driving forces behind meteor trail tur-
bulence will improve our knowledge of non-specular trails,
but also dramatically improve our ability to use specular trail
observations to derive atmospheric temperature and other pa-
rameters, by isolating decay rates from the influence of tur-
bulence.
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