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Propagation of Nighttime Medium-Scale Traveling
Ionospheric Disturbances (MSTIDs) During High
and Low Solar-Activity Conditions
Alexandre Alvares Pimenta
Abstract – Using all-sky imaging systems and a
Digisonde 256, measurements of moving medium-scale
traveling ionospheric disturbances (MSTIDs) in the OI
630.0 nm nightglow emission were detected in the low
latitudes/tropical region. Estimates of the spatial
damping decrements for MSTIDs by the theory of
magnetohydrodynamics show that the increase in
electron concentration in the F region is the main
parameter for MSTIDs absorption. From this point of
view, we can understand the fact that most moving
disturbances covering distances of several thousands of
kilometers during low solar activity are recorded
probably at heights below the peak of the F layer. In
this paper, we present and discuss for the ﬁrst time the
effect of ionization in the absorption of MSTIDs during
low and high solar-activity periods.

1. Introduction
Although medium-scale traveling ionospheric
disturbances (MSTIDs) were discovered about 70 years
ago, they continue to be an important subject of
intensive experimental and theoretical investigation
because they have an inﬂuence on transionospheric
radio-wave communications. The main observational
techniques used have been ionosondes [1–2], scintillations [3], wide-angle imaging systems [4–6], and global
positioning systems [7–8].
Observations of the OI 630 nm nightglow
emission using a wide-angle imaging system have been
carried out at Cachoeira Paulista, Brazil (22.78S,
45.08W, 15.88 dip), during the period from 1989 to
2001. The all-sky images in the OI 630 nm emission
obtained during the period from January 1989 to
December 1990 and January 2000 to December 2001
(high solar activity [HSA]; average 10.7 cm solar cycle
ﬂux . 160 3 1022 W m2 Hz1), and January 1995 to
December 1996 (low solar activity [LSA]; average 10.7
cm solar cycle ﬂux , 90 3 1022 W m2 Hz1) were
used to analyze MSTIDs propagation. Our observations
of the MSTIDs are not related to disturbed geomagnetic
conditions. These structures are aligned from northeast
to southwest and drift toward the northwest at an
altitude of approximately 220 km to 300 km. Perkins
instability might be involved in the generation of these
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structures in high or midlatitudes that are observed also
in the tropical region [9–11].
On the other hand, since the ionospheric F region
is a weakly ionized gas, it is assumed that the
propagation of the wave in this region is supported
solely by the neutral component of the atmosphere, with
the ionized portion of the atmosphere set into motion by
ion-neutral collisions. Thus, the effects on MSTIDs of
the ionization in the F region via ion-neutral collisions
can be discussed in terms of magnetohydrodynamic
absorption theory. Also, this experimental study presented an opportunity to discover important information
on the origin and manner of MSTIDs in the thermosphere/ionosphere region and to investigate the impact
on nightglow emission chemistry and dynamics.
Section 2 presents observational measurements
and a statistical study of MSTIDs occurrence as a
function of solar cycle. Section 3 uses magnetohydrodynamic theory to calculate the absorption of MSTIDs
for both low and high solar-activity periods. The paper
ends with concluding remarks in Section 4. Particular
attention is paid to the effects of electron density in the
F region on propagation of MSTIDs during both high
and low solar-activity periods.

2. Measurement Technique and
Observations
Figure 1 shows the ﬁeld of view of the all-sky
imager together with other relevant information. The OI
630 nm emission is produced in the bottom side of the F
region by the dissociative recombination Oþ
2 þe  Oþ
O*(1D), with spontaneous photon emission by the
excited oxygen atoms O*(1D)  O þ hv (630 nm),
and is widely used to monitor important ionospheric
processes at F region heights. An important characteristic of the imager is the relationship between zenith
angle and image size. A zenith angle of approximately
908 encompasses 6158 latitude/longitude from the
zenith, which is equivalent to a horizontal diameter of
approximately 3600 km at 275 km altitude [12]. The
imaging system uses a 10 cm diameter interference ﬁlter
with a bandwidth of 1.35 nm and records intensiﬁed
monochromatic images on 35 mm ﬁlm using a
conventional single-lens reﬂex camera. The images
were recorded at intervals of 20 min with 32 s exposure
time. The OI 630 nm image observations were carried
out on 12 or 13 nights around new-moon periods, when
weather conditions permitted. During the period of
nearly 11 years (January 1989 to December 1991 and
January 1994 to December 2001) of observations, about
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Figure 3. Example of temporal variation of ionospheric parameters
hpF2, h 0 F, and foF2 for the night of June 10–11, 1996. The vertical
dashed lines emphasize the abrupt rise of the F layer around 2400 local
time during the passage of MSTIDs on the zenith of Cachoeira
Paulista.
Figure 1. OI 630.0 nm emission all-sky image obtained at Cachoeira
Paulista, Brazil, on June 10–11, 1996 at 2400 local time, with its
respective ﬁeld of view (considering an emission height around 275
km).

12,732 good images of OI 630 nm nightglow emission
were obtained. More details on the all-sky imager used
in this paper can be found in [13].
Figure 2 shows a sequence of images of the OI
630 nm emission obtained on June 10–11, 1996, from
2340 local time to 2440 local time. In this example, the

MSTIDs entered from the southeast and moved
northwest across the ﬁeld of view, with an average
speed of about 180 m/s, a horizontal wavelength of 900
km, and a period of 3.0 h to 3.5 h. In order to calculate
these parameters, the images were transformed using
the unwarping method described by [14–15]. As a
complementary tool, a Digisonde 256 (DGS256)
located at the same site as the all-sky imager was used
to obtain vertical sounding data of the ionosphere. On
June 10–11, 1996 (Figure 3), around 24 local time, the
Digisonde registered abrupt increases in both F layer
peak height (hpF2) and base height (h 0 F) when the lowintensity band (MSTIDs) passed over Cachoeira
Paulista (coinciding with the all-sky image observations). This behavior of the ionospheric parameters is a
typical signature of the MSTIDs phenomenon in the
midlatitudes [16].
A statistical study of MSTIDs occurrence as a
function of solar cycle is shown in Figure 4. The
occurrence frequency is exhibited as a percentage of the
hours of observation from 1989 to 2001 (two periods of
HSA). Gray bars indicate the airglow observations in
the OI 630 nm emission, and black the MSTIDs
occurrence rate (%). The occurrence frequency is
inversely correlated with the solar cycle. Nevertheless,
no MSTIDs occurrence is observed during the peaks of
HSA (1990 and 2000), and the greatest occurrence is
during the period of LSA (1995 and 1996).

3. Discussion

Figure 2. Example all-sky images in the OI 630 nm emission
obtained on June 10–11, 1996, from 2340 local time to 2440 local
time. The white arrows indicate the MSTIDs (dark structures). The
MSTIDs entered from the southeast and moved northwest across the
ﬁeld of view.

One question that needs to be answered is: Why
during high solar-activity periods is the occurrence of
MSTIDs extremely low? This section, using the theory
of magnetohydrodynamic absorption and ground-based
optical and radio-technique observations, shows for the
ﬁrst time that in both low latitudes and tropical regions,
the appearance or not of these structures is associated
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Table 2. Distances D at which wave amplitude decreases by a factor
of e during HSA
Altitude (km)
220
250
300

Figure 4. Occurrence of MSTIDs in the low-latitude region during
the solar cycle phases. HSA refers to high solar activity (F10.7 .
150), and LSA to low solar activity (F10.7 , 90). Gray bars indicate
the airglow observations in the emission OI 630 nm, and black bars
the MSTIDs occurrence rate (%).

mainly with the decrease or increase of electron
concentration in the F region. So solar-activity periods
play an important role in the propagation or absorption
of MSTIDs.
A. Absorption of MSTIDs
A good parameter to explain the magnetohydrodynamic absorption of these moving disturbances in the
F region, which are generated in high or midlatitudes, is
the magnitude of the index of absorption. According to
[17], this index can be written as
"

 #
kx2
cos c 2
Rx ¼ G 1 þ 2  cos a 
ð1Þ
kz
kz
where G ¼ Ne Mmim kx =Nm Mm x; and cosa, cosb, and
cosc are the projections on the x-, y-, and z-axes,
respectively, of the magnetic-ﬁeld direction in a
Cartesian coordinate system (x is positive to northward,
y to eastward, and z to upward); Ne is the electron
density (available from Digisonde data); M is the ion
mass; mim is the ion-molecule collision frequency; x is
the wave angular frequency; kx and kz are the horizontal
and vertical wavenumbers; Mm is the molecular mass;
and Nm is the molecule concentration. We can estimate
in (1) the value of G independent of the orientation of
the magnetic ﬁeld B.

Table 1. Distances D at which wave amplitude decreases by a factor
of e during LSA
Altitude (km)
220
250
300

G (cm1)

D ¼ 1/G (km)

2.5 3 109
6.9 3 109
1.6 3 108

4000
1500
625

G (cm1)
8

1.7 3 10
4.0 3 108
1.0 3 107

D ¼ 1/G (km)
588
250
100

Tables 1 and 2 give values of G (in cm1) for
altitudes of 220 km, 250 km, and 300 km during both
low and high solar-activity periods. In these estimates,
we use the phase velocity in the horizontal direction Vph
¼ x/kx ¼ 250 m/s, obtained from the observations
(available from the all-sky imager), and the collision
frequencies mim for the speciﬁed altitudes during low
and high solar-activity periods. In addition, the
molecular concentration is obtained from the MSIS-E90 model. The expression in square brackets in (1)
depends on the orientation of the direction of propagation relative to the ﬁeld B. We can compare the Rx
values for propagation of MSTIDs along the meridian,
deﬁned in (2) as ðRx Þm , and in the east–west direction,
deﬁned in (3) as ðRx Þn . If we assume that the direction
of propagation in the horizontal plane is parallel to the
x-axis, the direction of the magnetic meridian coincides
approximately with the x-axis and cosb ¼ 0. Then from
(1) we have


kx cos a 2
ðRx Þm ¼ G sin a þ
ð2Þ
kz
and for propagation in the east—west direction, cosa ¼
0 and we obtain


kx2 sin2 c
ð Rx Þ n ¼ G 1 þ
ð3Þ
kz2
 In [18] it was shown that under the condition
x2 kx2 C02  1 (which means that the rate of movement
in the horizontal direction is considerably lower than the
velocity of sound), the disturbances have kx  kz . Then
for very small
 a (for example in the tropical region),
ðRx Þm ¼ Gkx2 kz2 , and for large a (high to midlatitudes),
ðRx Þm ¼ Gsin2 a. It is evident that ðRx Þm , ðRx Þn , and
the absorption of the disturbance must be minimal in the
north–south
direction. It is true that at midlatitudes,

ðRx Þm ðRx Þn ’ 1 (for meridional propagation, the angle
a coincides with magnetic inclination). But as we
approach the tropical region,
 a decreases and conditions
are possible where ðRx Þm ðRx Þn  1. Thus at high and
midlatitudes, all the directions of propagation of
MSTIDs are approximately equal with respect to
magnetohydrodynamic absorption. Consequently,
Rx ’ G.
Tables 1 and 2 show values of G for both low and
high solar-activity periods. Considering that the absorption can be expressed by expðRx Þ, we can ﬁnd the
distances
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1
ð4Þ
G
at which the wave amplitude decreases by a factor of e.
In Table 1, at a height h ¼ 220 km (which can
represent the F layer’s bottom side), we have D ¼ 4000
km, and consequently MSTIDs take around 4 h to
completely dissipate (considering the phase velocity
Vph ¼ x/kx ¼ 250 m/s). This space-time estimation of
MSTIDs lifetime seems to be reasonable and agrees
with the MSTIDs shown in Figure 2. However, around
the F layer peak (h ¼ 300 km), we have D ¼ 625 km,
and MSTIDs take around 40 min to completely
dissipate. These absorption estimates indicate that the
distance of propagation of MSTIDs during an LSA
period does not generally exceed 4000 km. It can be
expected that maximum absorption takes place in the
vicinity of the F layer maximum. From this point of
view, it can be understood that most moving
disturbances covering distances of several thousands
of kilometers (for example, the event on June 10–11,
1996) are recorded probably at heights below this
maximum.
However, during an HSA period, as shown in
Table 2, MSTIDs do not propagate over long distances.
At a height h ¼ 220 km, we have D ¼ 588 km, and
consequently MSTIDs take around 40 min to completely dissipate. Around the F layer peak (h ¼ 300 km), we
have D ¼ 100 km, and MSTIDs take around 7 min to
completely dissipate. The short lifetime of MSTIDs
during an HSA period can explain why these structures
are hardly seen in the low latitudes and tropical region.
In addition, [19] showed that the growth rate determined by Perkins is considerably higher during sunspot
minimum conditions than during sunspot maximum
conditions for comparable altitudes of the ionospheric F
layer, and this is consistent with our results.
D’

4. Conclusions
The observed features of MSTIDs during LSA and
HSA periods in the low latitudes and tropical region can
be summarized as follows:
1) Estimates of absorption index Rx show that the
increase in absorption of MSTIDs is associated
mainly with the increase in electron concentration during HSA. The short lifetime of
MSTIDs during an HSA period can explain
why these structures are hardly seen in the low
latitudes and tropical region.
2) It can be expected (from Tables 1 and 2) that
maximum absorption of MSTIDs takes place
in the vicinity of the F layer maximum. Most
moving disturbances covering distances of
several thousands of kilometers are probably
recorded at heights below the F layer maximum during LSA.
3) The structures reported here are aligned from
northeast to southwest and drift toward the
northwest at an altitude of approximately 220

km to 300 km and are probably generated in
the high or midlatitudes. We conjecture that
Perkins instability might be involved in the
formation of MSTIDs structures.
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