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Abstract

An All-Sky Airglow Imager was operated at Silchar (24.68�N, 92.76�E), India from 9 to 11 December 2018, during a special obser-
vational campaign. We report the presence of two simultaneous mesospheric fronts observed in OH airglow emission propagating
orthogonal to each other on the night of 9 December 2018, which was a rare and unique observational feature. A third mesospheric front
was observed on 11 December 2018. Temperature and OH intensity measurements from SABER instrument onboard TIMED satellite
were used to characterise the environment of the frontal propagation. Though one of the frontal structures resembled a mesospheric
bore, the other frontal events do not satisfy a few of the requirements to be met for a bore. We also report the modulation of the
OH emission layer by the passage of the mesospheric front on the night of 11 December 2018.
� 2022 COSPAR. Published by Elsevier B.V. All rights reserved.
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1. Introduction

A mesospheric front is marked by an extensive step-like
onset of enhanced or depleted airglow intensity, which
divides the night sky into dark and bright regions followed
by alternating crests and troughs of intensity (categorised
as waves) or turbulence. Several frontal events have been
reported earlier, and they are generally classified into two
groups: (1) wall events (e.g., Batista et al., 2002; Li et al.,
2007; Swenson and Espy, 1995) and (2) bore events
(Bageston et al., 2011; Brown et al., 2004; Fechine et al.,
2005, 2009; Fritts et al., 2020; Medeiros et al., 2005,
2016, ;Narayanan et al., 2009b, 2012, 2021 Pautet et al.,
2018; She et al., 2004; Smith et al., 2003, 2005). Each group
of these frontal events reflects distinctly different frontal
wave phenomena, yet they all display similar characteristics
https://doi.org/10.1016/j.asr.2022.05.011
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in all-sky airglow images. Thus, a careful interpretation is
required to distinguish them. The bore, for example,
requires a duct or a channel to propagate. This can be a
thermal (e.g., Meriwether et al., 1998; She et al., 2004;
Smith et al., 2003) or a Doppler (e.g., Fechine et al.,
2009) duct or a combination of both (e.g., Bageston
et al., 2011; Narayanan et al., 2021). The ducts enable
long-distance propagation of gravity waves, particularly
when energy dissipation is neglected (e.g., Dewan and
Picard, 2001). Thus, they provide an effective means of
wave energy and momentum transport over large distances
in the atmosphere.

In this work, we report three mesospheric frontal events
observed by an all-sky airglow imager on the nights of 9
and 11 December 2018 over the low latitude Indian site,
Silchar (24.7�N, 92.8�E). Out of the two nights, the obser-
vations on 9 December 2018 were peculiar in that we
noticed a quasi-monochromatic gravity wave and a meso-
spheric front propagating antiparallel to each other, with
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a simultaneous propagation of a second front orthogonal
to both. Another front was observed on 11 December
2018 that propagated almost antiparallel to the direction
of one of the fronts observed on 9 December 2018. Coinci-
dent temperature and OH 1.6 lm emission profiles
obtained from the Sounding of the Atmosphere using
Broadband Emission Radiometry (SABER) instrument
on board the Thermosphere Ionosphere Mesosphere Ener-
getics and Dynamics (TIMED) satellite (Russell et al.,
1999) are utilized in this work to assess the environmental
conditions that prevailed at the time of frontal propaga-
tion. Using the criteria given by Dewan and Picard (1998,
2001), and based on the prevailing understanding, the fron-
tal event observed on 9 December 2018 was inferred to be a
mesospheric bore. On the night of 11 December 2018, we
report a severe modulation of the OH emission layer, and
we ascribe this to the propagation of the mesospheric front
occurring around this time.

2. Observations

The all-sky airglow imaging observations commenced at
the Magnetic Observatory of Indian Institute of Geomag-
netism within the Assam University campus at Silchar,
India, during November 2017. The site is located at a dis-
tance of �500 km from the Himalayas in the north and
at a similar distance from the Bay of Bengal. The Hima-
layas can be the potential sources of orography generated
gravity waves. The contribution of the Himalayan orogra-
phy to the gravity wave generation (Liu et al., 2019; Miller
et al., 2015; Ramkumar et al., 2021) is poorly understood,
making this location a useful site for gravity wave studies.
Moreover, the Bay of Bengal can be a source of convec-
tively generated gravity waves (Bindu et al., 2016; Dutta
et al., 2009; Niranjan Kumar and Ramkumar, 2008;
Rakshit et al., 2018), especially during the monsoon sea-
son. Further, the southeast Asian maritime continent of
Indonesia provides hotspots for atmospheric convective
activity, which can be a source for gravity waves. Fig. 1
shows the location of the observing site along with the
footprints of SABER passes on the nights of 9 and 11
December 2018 (discussed later).

2.1. Data and methodology

The Silchar all-sky airglow imager, originally built by
Keo Scientific Ltd., Canada, is equipped with interference
filters tuned to monitor the OI green line at 557.7 nm,
the sodium yellow line with center wavelength at
589.3 nm with 2 nm bandwidth (D1 and D2 lines of sodium
at 589.0 and 589.6 nm, respectively), and the OI red line at
630.0 nm. A broadband filter is used to capture the OH
Meinel band emission in the wavelength range 715–
930 nm, along with a notch at 865 nm and a narrowband
filter at 572.3 nm to monitor the background sky. The ima-
ger uses a Mamiya medium-format f/4 achromatic fisheye
lens with a field of view (FOV) of 180�. The CCD detector
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has an ultrafast Cannon lens (f/0.95), is back-illuminated
and operates with 1024 � 1024 pixels at a pixel depth of
16 bits. The physical dimension of the CCD array is 13.3
mm � 13.3 mm with a pixel size of 13.3 lm. The camera
system is thermoelectrically cooled to �70 �C during image
acquisition. Observations were conducted in special cam-
paigns during November-December 2017, March and
December 2018. From January 2020, the imager was
moved to a specially constructed hut and is being operated
continuously on moonless and cloud-free nights since then.

The December 2018 campaign was conducted on four
nights from 8 to 11 December 2018. As stated earlier, in
this work we report three mesospheric frontal events and
a quasi-monochromatic gravity wave observed on the
nights of 9 and 11 December 2018. The observational
details of these events are presented in the next section. It
may be noted that along with airglow intensity variations
across the sky that carry useful information about wave
signatures, any light contamination from stars, city lights,
etc. is also captured in all-sky images. To retrieve useful
atmospheric wave parameters, several image processing
steps are needed to be performed on the raw images. For
this purpose, we adopt the procedure outlined in Garcia
et al. (1997) and Narayanan et al. (2009a). As a first step,
each of the pixels is tagged with a corresponding position
in the sky using a star map. Bright stars are removed from
the images using a median filter. An algorithm then identi-
fies pixels with much higher intensity values than their sur-
rounding 50 � 50 pixel area. When the difference between
the intensities of the raw pixel and the median of the sur-
rounding pixels exceeds a certain threshold value, the
intensity of the raw pixel is replaced by the median value.
We have applied subsequent time-differencing (TD) to indi-
vidual images for easy visualisation, as this enables the con-
trast of smaller scale wave features to get enhanced.
According to Swenson and Mende (1994), the time-
differencing technique applied to all-sky images could
introduce artefacts that would resemble a wave structure.
Thus, care needs to be taken while drawing inferences from
these TD images.

A set of TD images depicting the propagation of front in
both these emissions obtained by this procedure is pre-
sented in Fig. 2. The dotted arrows in the top (557.7 nm
images on 9 December 2018) and middle (OH images on
9 December 2018) panels indicate the front propagating
towards southwest direction, while the dashed and solid
arrows indicate the front observed in OH images on 9
December 2018 (propagating towards northwest direction)
(middle panel) and 11 December 2018 (propagating
towards southeast direction) (bottom panel), respectively.
The solid arrow in the top panel shows the propagation
direction (southeast) of a quasi-monochromatic gravity
wave (QMGW) with its pronounced crests and troughs
observed in 557.7 nm emission on 9 December 2018. We
next project the TD images on to a geographic grid corre-
sponding to the altitudes of airglow emission layers,
namely, 87 and 97 km for OH and OI 557.7 nm emissions,



Fig. 1. Map showing the location of the observing site (solid triangle) along with the footprints of TIMED/SABER passes with the measurement times (in
UT) on the nights of 9 and 11 December 2018 indicated. The great circle around the observation site represents the field of view of the all-sky imager
corresponding to altitude of 97 km.

Fig. 2. Time-differenced images showing the frontal events observed on the nights of 9 December 2018 (top and middle panels) and 11 December 2018
(bottom panel). Details are presented in the text.
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respectively. As a supplementary material to this article, we
show a set of movies (M.1, M.2 and M.3) depicting the
wave, ripple and the frontal structures observed on 9 and
11 December 2018.

Since no simultaneous ground-based mesospheric tem-
perature measurements are available, we used the data sets
on temperature and 1.6 lm OH volume emission rate
(VER) for altitudes between 75 and 105 km obtained by
the SABER instrument on board the TIMED satellite. In
its limb viewing mode and while scanning the horizon,
SABER measures atmospheric emissions in 10 broadband
spectral channels ranging from 1.27 to 17 lm (Russell
et al., 1999). Vertical profiles of kinetic temperature are
retrieved from broadband measurements of CO2 15 lm
limb emission in the MLT region. On 9 December 2018,
the SABER pass was available �2 h after the event
detected by the all-sky imager. Assuming that the horizon-
tal extent of the observed mesospheric front was of the
order of a few hundred to several hundreds of km, the
SABER measurements at the locations shown in Fig. 1
are considered to represent the then background environ-
ment for the respective bore feature, more so, on 11
December 2018 when the SABER footprint appeared to
overtake the bore front very close to the imager field of
view.

Due to the non-availability of simultaneous wind mea-
surements, we have utilised the updated Horizontal Wind
Model (HWM-14) (Drob et al., 2015). This empirical
model outputs comprising zonal and meridional winds
for the specified range of location, altitude, and time are
used in this work. As the model outputs need not represent
the realistic wind scenarios, the calculations shown in Sec-
tion 3 are to be treated with caution.

2.2. Observations on 9 December 2018

On 9 December 2018, the imaging observations com-
menced at 13:00 UT. At 15:53 UT, an intense, quasi-
monochromatic gravity wave (QMGW) was recorded in
OI 557.7 nm as well as in OH images, and subsequently this
wave was seen propagating towards the southeast. This
wave event was so intense in OI 557.7 nm emission that
several crests and troughs could be identified in the images,
as they propagated one after the other. The wave crests
were more prominent in OI 557.7 nm images than in OH
emission images. It can be seen in the sample images shown
in Fig. 2 (top panel) that the wavefront covered almost an
entire cross-section of the field of view, and thus the hori-
zontal extent of the wavefront would have been at least
�500 km. The calculations performed over the entire
sequence of images yielded an average horizontal wave-
length of 46.3 ± 4 km and an average estimated phase
speed of 90.7 ± 11 m/s, with the propagation of the
QMGW directed towards an azimuth of 143� (from north
(clockwise)). The wave event was observed until �17:50
UT, after which the individual crests and troughs begin
to break into smaller scale waves, as shown in Fig. 3. This
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would imply that the wave had attained saturation, was
under the influence of instabilities, or would have gone
through a critical level interaction.

Around the same time when the QMGW was observed,
two mesospheric fronts were found to propagate in orthog-
onal directions and near simultaneously. In Fig. 4 we show
a select set of TD images (OI 557.7 nm on the left panel and
OH on the right panel), wherein one of the fronts (hereafter
denoted by F1), indicated by dotted arrows, can be clearly
seen.

The front F1 first appeared in the field of view of the
imager at 16:12 UT in the north-east sky, and was visible
in both OH and OI 557.7 nm images (marked by dotted
arrows). The front appeared bright in OI 557.7 nm emis-
sion images, while it appeared dark in OH emission. With
its alignment in the northwest-southeast direction, this
frontal structure propagated towards the southwest at an
azimuth of �230�, which was in a direction orthogonal
to the direction of propagation of the QMGW, though
with a smaller average estimated phase speed of 35.6 ± 7 m
/s. The front was followed by a gravity wave train, and this
feature was similar to the previous observations of meso-
spheric undular bores (Bageston et al., 2011; Fechine et
al., 2005, 2009; Medeiros et al., 2005; Narayanan et al.,
2009b; She et al., 2004; Smith et al., 2003; Taylor et al.,
1995). At least three wave crests were observed behind
the front in both emissions. The average horizontal wave-
length of the undulations was �21 km. The front began
to fade as it crossed the zenith and the undulations disinte-
grated into the background as shown in Fig. 5. This feature
finally disappeared at 17:36 UT.

The observations reported here were similar to those of
an earlier report by She et al. (2004). The front and its trail-
ing waves along with the complementarity effect between
OH and OI 557.7 nm images suggest that the front F1
could have been a mesospheric bore. Although the
bright-and-dark complementarity between OH and OI
557.7 nm images observed herein was opposite to that pre-
dicted by Dewan and Picard (1998), it is noted from the lit-
erature that such a frontal feature can still be considered as
a mesospheric bore, as the width and location of the duct
responsible for this effect could be different in a real sce-
nario from the predicted ones (Medeiros et al., 2005, for
example). The ducting condition, which is necessary to
form a bore, is discussed in Section 3.

During the period of frontal propagation, several ripple-
like structures were also observed between 16:38 UT and
17:10 UT in OI 557.7 nm emission images (marked by rect-
angular boxes in Fig. 6). The phase fronts of these ripple
structure were aligned parallel to the QMGW phase fronts,
which suggest that they could have originated in dynamical
instabilities acting on the QMGW. The wavelength of these
ripples was found to be �10 km, as they were propagating
towards north-east, i.e., in the direction of their phase
fronts. We herein speculate that the observed ripples were
instabilities associated with the breaking or dissipation of
the QMGW (e.g., Carvalho et al., 2017; Hecht et al.,



Fig. 3. The wave crest of QMGW breaking into smaller-scale waves is evident in OI 557.7 nm (left panel) and OH (right panel) emission images.

Fig. 4. Images (OI 557.7 nm on the left panel and OH emission on the right panel) projected onto a geographic grid of 512 km � 512 km at their respective
emission altitudes. The solid and dashed arrows indicate the direction of propagation of QMGW and front F2 respectively. The dotted arrow indicates the
direction of propagation of front F1. A ripple patch observed in OI 557.7 nm emission is highlighted with a rectangular region and can be seen in images
(b) to (d) on the left panel.

Fig. 5. Selected images of OI 557.7 nm emission showing the fading of wave front of F1 marked by the dotted circle.
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2001, 2005; Li et al., 2005; Yamada et al., 2001) or due to
the decay of the bore.

Besides the presence of the QMGW and the front F1,
another dynamical feature marked by a dark front was
observed, but only in the OH emission (marked by the
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dashed arrow in Fig. 4). This front, hereafter referred to
as F2, entered the field of view at 16:22 UT from the south-
east sky. The front, aligned in the northeast-southwest
direction, propagated towards the northwest at an azimuth
of �315�, which was orthogonal to the propagation



Fig. 6. The OI 557.7 nm emission image showing the ripple structure
aligned parallel to background QMGW fronts.
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direction of F1 and antiparallel to the propagation direc-
tion of QMGW. Undulations were observed behind F2,
as the latter crossed the zenith. The occurrence of QMGW
at the same time made it difficult to estimate the horizontal
wavelength of the undulations. The estimated phase speed
of F2 was 63.6 ± 5 m/s, which was nearly double the speed
of F1. The front F2 began to fade at 17:48 UT and disap-
peared from the field of view at 17:58 UT. Though no
appreciable change in the direction of propagation was
seen, the front revealed a curved shape (undulating front)
as it progressed northwest. Such a curvature might arise
due to the non-uniform speed of a front along its length
(Hozumi et al., 2018). This was in contrast to the front
F1 that retained its near straightened shape throughout
its propagation across the sky. Both F1 and F2 crossed
the zenith simultaneously at �17:00 UT. As the front F2
was observed only in OH images, any search for comple-
mentarity effect did not arise. It was possible that the front
was propagating below the peak OH emission altitude
(�87 km). As we were not certain about the favourable
ducting condition, we refer to F2 as a frontal structure
rather than a mesospheric bore.
Fig. 7. Selected images of 557.7 nm (left) and OH (right) images obtained on 1
the right panel indicates the propagation direction of front F3.
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2.3. Observations on 11 December 2018

On the night of 11 December 2018, the observations car-
ried out until 18:33 UT were obscured by cloud cover, but
later the sky became clear. On this night, three filters (OH
broadband, OI 557.7 nm and OI 630.0 nm) were used for
the observations. The OI 630.0 nm images did not show
any wave or ionospheric activity. At 18:51 UT, a dark front
(hereafter, F3) entered the field of view of the imager from
the northwest part of the sky, as can be seen in the OH
images on the right in Fig. 7. The front, observed only in
OH emission, propagated at an azimuth of �140�, i.e.,
towards the southeast. The observed phase speed of F3
was 34.5 ± 6 m/s. Fig. 7 shows a sample sequence of the
processed images of OI 557.7 nm (left panel) and OH (right
panel) emissions on 11 December 2018. Since the front F3
was observed only in OH emission layer, we expect a pos-
sible ducting structure below the height of the peak OH
emission, i.e., 87 km.
3. Discussion

To investigate the background environment during the
propagation of QMGW and fronts, we used OH volume
emission rate (VER) and temperature profiles retrieved
from SABER instrument data sets from the TIMED mis-
sion, as mentioned earlier. Dewan and Picard (2001) sug-
gested that a mesospheric bore would require either a
thermal or a Doppler duct, or both to propagate. As tem-
perature inversion layers tend to be long-lived phenomena
(Meriwether and Gardner, 2000; Meriwether and Gerrard,
2004), it is reasonable to assume that such a layer was pre-
sent even after the passage of the bore or front. On the
night of 9 December 2018, SABER measurements were
available �2 h after the passage of the two fronts (F1/
F2) observed, as mentioned earlier (refer Fig. 1 for the
locations and times of SABER observations). The squared
buoyancy frequency or the Brunt-Väisälä frequency (N2)
1 December 2018, projected onto the geographic grid. Solid white arrow in
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and the squared vertical wavenumber (m2) can be obtained
from the SABER temperature and HWM14 winds using
the following equations (Nappo, 2012):

N 2 ¼ g
T

dT
dZ

þ g
cp

� �
ð1Þ

where t is temperature, g, the acceleration due to gravity to

be taken as 9.53 m=s2 at the emission altitude and the speci-
fic heat cp being1005 J/Kg/K, and

m2 ¼ N 2

c� U 0ð Þ2 þ
U 00

0

c� U 0

� k2h �
1

H 2
ð2Þ

where c is the observed horizontal phase speed of the front,
U 0 is the horizontal wind along the front propagation
direction, the second derivative of Uo being

U 00
0 ¼ d2U 0=dz2, kh is the horizontal wavenumber and H is

the scale height (Isler et al., 1997). Equations (1) and (2)
are used to identify the presence of the ducting region, be

it thermal (positive N 2 with negative N 2 above and below)
or Doppler (positive m2 with negative m2 above and below)
or both. The SABER temperature and OH VER profiles
corresponding to 19:05:26 UT (25.45 �N, 99.18 �E) were
the closest to the observation site (refer Fig. 1) and hence

they are used in the calculation of N 2 and m2. In Fig. 8,
we show these parameters.

A large temperature inversion, herein referred to as
mesospheric inversion layer (MIL), of about �40 K in
the altitude range of 89–95 km can be observed in Fig. 8
(a). Such inversion layers can act as thermal ducts and pro-
vide a path for waves or fronts to propagate over large dis-
tances, as they have horizontal extension of several
hundred km and are long-lived structures (She et al.,
2004; Smith et al., 2003; Meriwether and Gerrard, 2004).
Fig. 8. (a) Temperature (solid line) and OH 1.6 lm VER (dashed line), (b) squa
F1 and (d) square of vertical wavenumber, (e) contribution of terms in m2 equ
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Owing to the temperature inversion, the N 2 profile shows
a region of high stability with positive values surrounded
by low stability with low or negative values over the region
of 88–97 km. It was likely that this inversion layer was
responsible for the propagation of front F1. The squared
vertical wavenumber (m2) shows the presence of a duct
layer between 88 and 97 km altitude region (Fig. 8(d)).
To assess the nature of the duct, we calculated the contri-
bution of each term in equation (2) (shown in Fig. 8(e)).

The first term ðN 2
= c� U 0ð Þ2) was found to have the largest

contribution, followed by the second term ðU 00
0=c� U 0Þ

and much smaller contributions come from the square of

the horizontal wavenumber term ðk2hÞ and the scale height

term ð1=4H 2Þ. Though it is tempting to conclude that the
wind did not have any role to play in forming the duct,
these calculations are to be treated with caution, consider-
ing that the model winds are known to reveal less shears
and therefore could be different from the actual winds. In
this context, it may be noted that even without the wind
in equation (2), the duct-like structure between heights 88
and 97 km could be seen in the m2 profile computed for this
event.

We have used Dewan and Picard (1998) model to obtain
the bore parameters for the front F1. Based on the hydrau-
lic jump theory applicable for a river bore, this model
allows calculating the bore parameters such as horizontal
wavelength ðkhÞ, phase speed ðc0Þ, amplitude ðaÞ, and bore
strength ðbÞ. The width of the duct after the bore propaga-
tion ðh1Þ is taken as 4.5 km (refer Fig. 8(c)). Following
Dewan and Picard (1998), we calculate the undisturbed
width (h0), which turns out to be 3.23 km. Utilising h0
and h1, we calculate the bore strength ðbÞ to be 0.39. If
b < 0:3, the energy is dissipated by the generation of waves
re of buoyancy frequency, (c) wind in the direction of propagation of front
ation obtained from SABER and HWM14 model on 9 December 2018.
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behind the bore front. Such a feature, wherein the waves
are phase-locked to the front, belongs to the category of
undular bores. For b > 0:3 situation, the waves are
expected to break and the bore front to propagate with a
trailing region of turbulence. This disturbance is referred
to as a turbulent (foaming) bore. The model estimated
phase speed of the bore was found to be 46.4 m/s, whereas
the observed phase speed was 35.6 m/s. The projected wind
speed,U 0 ¼ c� c0, should then be -10.8 m/s. The horizontal
wind from HWM14 wind (see Fig. 8(c)) was 12.1 m/s,
which is consistent with the model prediction that the bore
must be propagating against the background wind. The
bore amplitude ðaÞ from the Dewan and Pickard model
turns out to be 1.01 m. The bore parameters are sum-
marised in Table 1. The model predicted and observed
parameters are in reasonable agreement, and this supports
our inference that the front F1 was a mesospheric bore.

On the night of 11 December 2018, SABER made simul-
taneous tangent-point measurements of the frontal event,
approximately 450 km from the observation site, when
the front (F3) was still in the FOV of the imager as shown
in Fig. 9(c). The SABER footprint overtook front F3 very
close to the observing site on this night. For our analysis,
we considered four SABER profiles corresponding to the
geographic coordinates (27.92�N, 85.51�E) at 19:28:54
UT, (23.63�N, 88.16�E) at 19:30:22 UT, (20.19�N, 89.96�
E) at 19:31:31 UT and (17.95�N, 91.02�E) at 19:32:15 UT
labelled as L1, L2, L3 and L4, respectively.
Table 1
The observed (values in bracket) and model derived bore parameters.

Parameters of Bore h0=h1 (km) b

9 Dec. 2018 3.23/4.5 0.39

* The numbers in the bracket indicate the observed values.

Fig. 9. Profiles of (a) temperature and (b) OH 1.6 lm emission rate obtained f
overlaid on map with SABER footprints.
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It may be noted that at the time of the SABER pass the
location L1 (27.92�N) was behind the front, location L2
(23.63�N) was close to the bore, and locations L3 and L4
(20.19�N and 17.95�N) were ahead of the front. A weak
temperature inversion layer of 10–12 K at an altitude of
77–80 km can be seen in Fig. 9(a). It is interesting to note
the changes in the OH 1.6 lm peak volume emission rate
along the SABER pass in Fig. 9(b). It is well known that
the vertical profile of the OH volume emission rate profile
inherits a Gaussian-like structure, with a peak at an alti-
tude of 86–87 km in the mesosphere. Some earlier reports
even presented a double-peak structure of the volume emis-
sion rate (VER) (Melo et al., 2000; Narayanan et al.,
2009b). In our case, the location L1 shows the development
of a secondary peak at �87 km besides the primary peak at
85 km. The subsequent OH emission profile at location L2
shows no distinct peak, and the emission rate was consid-
erably lower, as can also be seen in Fig. 9(b). It was likely
that the propagation of the front F3 caused considerable
reduction in the OH emission rate. Just ahead of the front
and at location L3 (refer Fig. 9(c)), the VER shows two
prominent peaks at 80 and 87 km. Further ahead at loca-
tion L4, the peak at 80 km shows recovery in the emission
rate. This observation indicates the possibility that the OH
emission rate was significantly modified by the passage of
the mesospheric front.

An important question to be addressed is by what mech-
anism such frontal structures are driven and what could be
kh (km) U (m/s) a (km)

21.25 (*21.2) 46.4 (*35.6) 1.01

rom SABER on 11 December 2018. (c) The unwrapped image of front F3
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the possible sources. In some previous studies, the fronts
were seen to show a curvature and those studies could iden-
tify their source location(s) by assuming a radial propaga-
tion for the disturbance (like in the case of a tropospheric
point-like source) (Smith et al., 2017). In our study, the
frontal structure (F1 and F3) observed on 9 and 11 Decem-
ber 2018 and the QMGW observed on 9 December 2018
did not show any curvature (except that F2 showed a curvy
structure). This suggests their sources might have been far
away (say, greater than 1000 km) rather than being local or
close to the observation site. Considering that the propaga-
tion of the front F2 was antiparallel to that of the QMGW,
we expect there were two different source regions present.
The Himalayan mountain range can act as a potential
source for orographically generated gravity waves (Liu
et al., 2019; Miller et al., 2015; Ramkumar et al., 2021).
Furthermore, the Bay of Bengal and the Indian Ocean
are known to give rise to convective activity (Bindu et al.,
2016; Dutta et al., 2009; Niranjan Kumar and
Ramkumar, 2008; Rakshit et al., 2018), when warmer con-
ditions prevail over these large water bodies.
4. Summary

In this work, we present the all-sky imaging observa-
tions of two orthogonally propagating frontal systems on
9 December 2018 and another frontal system on 11 Decem-
ber 2018 over Silchar. One among the two frontal events
observed on 9 December 2018 displayed the complemen-
tarity effect, and it was inferred that this was likely to be
a mesospheric bore. The other two frontal events do not
show complementarity between the two airglow emissions
nor was a duct-like feature observed in N2 profiles, provid-
ing reasons for why they could not be identified as meso-
spheric bore or wall events. The observations of
temperature and OH intensity from the SABER instrument
were available for the 9 December 2018 two hours later.
We also utilised the horizontal wind measurements from
HWM14 in the analysis of the frontal/bore events. It was
found the bore propagation was supported by the thermal
duct, as inferred from the temperature and N2/m2 profiles.
Moreover, the parameters obtained from the observed
images and those derived from Dewan and Picard (1998)
model were in good agreement. As for the night of 11
December 2018, simultaneous SABER observations were
available. The analysis for this night brought out the envi-
ronmental conditions ahead and behind the bore front. A
notable finding has been a significant reduction in the
OH emission gleaned from SABER observations at the
time of the frontal propagation noticed in all-sky images.

A quasi-monochromatic gravity wave was also observed
on the night of 9 December 2018 propagating opposite to
the direction of propagation of one of the fronts, while at
the same time its direction of propagation was orthogonal
to that of the other front. During the propagation of bore
and QMGW, we also observed ripples in the OI 557.7 nm
707
emission. The phase front of ripples were parallel to the
phase front of QMGW and appeared propagating towards
the northeast. It is an indication of the operation of
dynamical instability on wave propagation, which might
have been responsible for the dissipation of QMGW and
the appearance of ripples. As more observations from this
important site of Silchar are being gathered, our future
work is expected to shed light on the contribution of Hima-
layan orography to the dynamics of this region.
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