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Response of the low latitude
mesosphere and lower
thermosphere to the recent
sudden stratospheric warming
events of 2017–18 and 2019
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Upper mesospheric wind data acquired by the medium frequency radar at
Kolhapur (16.7oN, 74.2oE) and Modern–Era Retrospective analysis for Research
and Application version 2 (MERRA-2) temperature and wind reanalysis datasets
are used to investigate the dynamical response of the low-latitude middle
atmosphere to the sudden stratospheric warming (SSW) events that occurred
during the 2017–18 and 2018–19 winters. When the amplitude of the high-
latitude stratospheric planetary wave (PW) of zonal wavenumber one reduces
considerably with the onset of the SSW event, the low-latitude mesospheric
PW over Kolhapur also shows a considerable reduction in the PW activity. It is
noteworthy that the upper mesospheric winds are eastward for approximately
3 weeks after the onset of SSW. The reduced PW activity is associated with the
enhanced gravity wave activity in the meridional wind during the SSW 2018–19
event. The plane of propagation of gravity waves obtained from the perturbation
ellipse method suggests that their predominant plane of propagation is in the
north–south direction. The persistence of the eastward winds is suggested
to be due to the interaction of the northward propagating gravity waves
with the mean flow, leading to the eastward acceleration due to the Coriolis
force.

KEYWORDS

planetary waves, gravity wave, mesosphere and lower thermosphere, sudden
stratospheric warming, wavenumber, polar vortex

Highlights

• Enhanced planetary wave (PW) activity prior to the onset of SSW in 2019 in the low-
latitude mesopause region.

• Mesospheric gravity wave activity increased when PW activity is reduced during SSW
of 2019.

• At low latitudes, the zonal wind is westward at upper stratospheric heights
during the SSW 2018–19 event due to the convergence of the PW
flux.
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1 Introduction

A sudden stratospheric warming (SSW) event is the sudden
increase in the temperature of the cold polar stratosphere during
some winters. The event can persist for a few days with either
just a deceleration of the eastward winds in a minor event or a
complete reversal of the eastward winds in a major event. The
widely accepted mechanism for the formation of SSW events
is the anomalous generation and vertical propagation of the
quasi-stationary planetary waves (PWs) from the troposphere
to the stratosphere and their interaction with the mean flow
(Matsuno, 1971). These westward-propagating planetary waves
induce westward forcing in the polar winter stratosphere, resulting
in the deceleration and/or reversal of eastward winter winds.
This process leads to a downward circulation in the stratosphere,
producing adiabatic heating and an upward circulation in the
mesosphere and leading to adiabatic cooling, as observed by Liu and
Roble (2002) and Liu (2005) in their numerical simulations. Their
simulations also reveal that the stratospheric westwardwinds during
SSW permit only eastward propagating gravity waves (GWs) while
filtering the westward propagating gravity waves. These eastward
propagating gravity waves reach the mesosphere and contribute to
the change in the circulation by inducing eastward drag, leading
to a change in the prevailing poleward/downward circulation
during the northern hemispheric winter to the equatorward/upward
circulation (Liu and Roble, 2002).

The high-latitude mesosphere responds to the SSW events
with an enhancement in the PW amplitude just prior to the
SSW event, followed by a drastic decrease in the amplitude with
the SSW onset, along with zonal wind reversal and significant
cooling (Shepherd et al., 2014; Zülicke and Becker, 2013; Stray et al.,
2015; Zülicke et al., 2018). Using observations from multi-satellite
missions including the Constellation Observing System for
Meteorology, Ionosphere, and Climate (COSMIC), Challenging
Mini satellite Payload (CHAMP), High-Resolution Dynamics Limb
Sounder (HIRDLS), and Thermosphere–Ionosphere–Mesosphere
Energetics and Dynamics (TIMED)/Sounding of the Atmosphere
using Broadband Emission Radiometry (SABER), Wang and
Alexander (2009) revealed the enhancement of the GW amplitudes
in the stratosphere and reduction in the same in the lower
mesosphere during SSW events. Jia et al. (2015) observed large GW
amplitudes during the SSW events of 2008 and 2009.

Although there are many studies on the high-latitude middle
atmospheric response to the SSW events, there are only a few
studies on the low-latitudemiddle atmospheric response to the SSW
events. Sridharan and Sathishkumar (2008) and Sathishkumar and
Sridharan (2009) observed enhancements in the upper mesospheric
gravity wave activity during the major SSW events. There had been
many major events during 1999–2013, at least once a year or in
alternate years. However, no major SSW event has occurred from
2014 until early 2017. Recently, major SSW events have occurred
during the successive winters of 2017–18 and 2018–2019, giving us
an opportunity to examine the low-latitude dynamical response to
these two SSW events. Particularly, the present study examines and
compares the variabilities of mean winds and planetary wave and
gravity wave activities in theMLT region over a low-latitude station,
Kolhapur (16.7°N, 74.2°E), during these two recent SSW events.

2 Datasets used

2.1 MERRA-2 reanalysis datasets

For this study, the daily wind and temperature data from the
Modern–Era Retrospective analysis for Research and Application
version 2 (MERRA-2) reanalysis (Bosilovich et al., 2015) for the
period 01 December 2017–28 February 2018 and 01 December
2018–28 February 2019 are used. MERRA-2 data are available over
0.625° × 0.5° longitude–latitude grids at pressure levels ranging
from ground to 0.1 hPa. As the MERRA-2 data represent the global
features of stratospheric and lower mesospheric circulations quite
well, they are frequently used to study dynamical events in the
stratosphere, including planetary waves and SSWs.

2.2 Medium frequency radar data

The 1.98 MHz medium frequency radar at Kolhapur (16.2°N,
74.2°E) was installed by the Indian Institute of Geomagnetism,
Mumbai, India, in 1999, and it is currently being operated with
32 kWpeak power, 25 μs pulse duration, and 2 kmheight resolution.
The system specifications are similar to the one installed earlier
at Tirunelveli (8.7°N, 77.8°E), except that the antennae for the
latter were linearly polarized (Rajaram and Gurubaran, 1998). The
radar provides horizontal wind data in the MLT region between
70 and 110 km with a time resolution of 1 min using the spaced
antenna method. More details about the instrumentation, data
analysis, and method of retrieval of winds can be found in Rajaram
and Gurubaran (1998). Though winds are computed with a high
resolution of 1 min, several data points are rejected if they do not
satisfy several data acceptance criteria adopted in the method of
retrieval. The winds obtained are hourly averaged, and the hourly
data are used for further analysis.

3 Results

3.1 The SSW 2017–18 and 2018–19 events

The occurrence of a major warming event has traditionally been
identified by the positive temperature gradient between 60°N and
the pole and the reversal of zonal wind at 60°N at 10 hPa (Andrews
et al., 1987).Thedifferent panels of Figure 1 show the daily variations
in zonal mean temperature difference between pole and 60oN, zonal
mean temperature and zonal wind at 60°N and 17°N, and amplitudes
of PWs of zonal wavenumbers 1–2 at 60°N and 17°N for the periods
1 December 2017 to 28 February 2018 and 1 December 2018 to 28
February 2019.During the 2017–18winter, the occurrence of a series
of SSW events can be noticed during days 62–66, 70–73, and 82,
whereas the eastwardwind gets decelerated and turns westward only
on day 75 (major SSW). The reversal of the eastward wind persists
till the end of February 2018 (day 87). As shown in Figure 1, the
PW amplitudes in the zonal wind with wavenumber one enhance
2 weeks before the onset of warming at 60oN at 10 hPa, and their
amplitude rapidly decreases during SSW (days 31–45). During the
2017–18 winter, the PW (k = 1) enhances prior to SSW, and the PW
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FIGURE 1
(A–P) State of stratosphere during the 2018–19 and 2017–18 winters at high latitudes (90°N-60°N) and 17oN. The four vertical columns (A–D) shows
the time-altitude cross section of temperature gradient from pole and 60°N, zonal mean zonal wind at 60°N, PW (k = 1) amplitude in zonal wind and
PW (k = 2) amplitude in zonal wind, second column (E–H) shows time-altitude cross section of zonal mean temperature, zonal mean wind, PW (k = 1)
amplitude in zonal wind and PW (k = 2) amplitude in zonal wind at 17°N during 2018–19 winter, third(I–L) and fourth (M–P) column are similar to first
and second column except for the winter 2017–18. (I–P) Same as (A–L), but for the days starting from 01 December 2018.

(k = 2) also increases during the onset of SSWof the 2018 event.This
event is a vortex split-type event.

During the 2018–19 winter, an occurrence of the SSW event
can be inferred to have taken place during 25 December 2018–16
January 2019 (day 47) based on the positive temperature difference
between 90°N and 60°N, the deceleration of zonal mean zonal wind
on 25 December 2018, and the subsequent reversal to westward flow
that lasted until 16 January 2019 (major SSW). The peak positive
temperature gradient of 27 K can be observed on 27 December
2018, which is associated with westward wind (−10 m/s) on day
41 (09 January 2019). During the 2017–18 winter, the PW (k =
2) increases during February 2018, and it was a split-type event.
However, the PWs of k = 1 and k = 2 have larger and comparable
amplitudes during the 2018–19 event, whereas the PW (k = 1)
amplitude is dominant at the end of December and the PW (k
= 2) is larger in the first week of January 2019, and hence, it is
a mixed-type event with the combination of both displacement
and split types.

The low-latitude circulation responds to the February 2018
event, and the westward wind is weakened by approximately 5 ms−1

in the middle and upper stratosphere regions between days 65 and
85. Above 48 km, an intense eastward is reverses to the westward of
approximately 10 m/s on days 75 to 81, coinciding with the major
SSW event occurring at high latitudes. During the 2018–19 winter,
the low-latitude circulation responds well to the SSW event, with an
intense eastward wind of 40 m/s prevailing during the days 25–45
in the middle and upper stratosphere regions. Relatively, the low-
latitude middle atmosphere responds well to the SSW of 2018–19
winter than to the SSW of 2017–18 winter.

3.2 Wave forcing during the SSW events

The Eliassen–Palm flux (EP flux) has been widely
used to represent wave propagation and zonal wave

forcing in the meridional plane. It is defined by the
following equations in spherical and log-pressure coordinates
(Andrews et al., 1987):

F(φ) = ρoa cos φ(uz
v′θ′

θz
− u′v′), (1)

F(z) = ρoa cos φ×{[ f − (a cos φ)
−1(ucos φ)φ]

v′θ′

θz
− u′w′}, (2)

∇.F = (a cos φ)−1 ∂
∂φ
(F(φ) cos φ) + ∂

∂z
F(z), (3)

D = 1
ρoa cos φ

∇.F. (4)

The terms in Eqs 1–4 correspond to the standard notation
of Andrews et al. (1987). Overbars and primes denote the
zonal means and deviations along with their respective means.
The subscripts ϕ and z denote the meridional and vertical
derivatives, respectively. The direction of PW propagation
can be identified from the orientation of the EP flux
vectors. Negative (positive) EP flux divergence, i.e., ∇.F <
0 (∇.F > 0), corresponds to strong EP flux convergence
(divergence). The convergence (divergence) of the EP flux
indicates the piling up (export) of wave activity in the polar
stratosphere. Wave driving (D) is proportional to the EP flux
divergence (∇.F).

Wave forcing is an important component influencing the
variability of the polar vortex and its position at low latitudes.
The estimations of flux divergence and wave forcing are inevitable
elements in wave propagation and amplification during SSW
events. Therefore, EP flux divergence is significant for studying
the dynamics of the polar vortex. In order to study wave driving
and its behavior, we identified three days for the two SSW winters
to represent prior to warming, peak warming, and post-warming,
respectively. The wave transience arising from EP flux divergence
and convergence yields eastward wind deceleration or acceleration.
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FIGURE 2
(A–C) EP flux cross-section in the meridional plane for prior, during, and post-warming days, i.e., 20 December 2018 and 04 and 14 January 2019,
respectively. Contour represents the value of the wave-driving term D. (e–f) The same as for the day except for zonal wind.

The planetary wave propagation direction can be inferred from
the orientation of EP flux vectors. Figure 2 shows the meridional
cross-section of EP flux vectors and wave forcing in the contour
prior (20 December 2018), peak warming (4 January 2019), and
post-warming (30 January 2019) events (left) and zonal mean zonal
wind (right) for those days. The EP flux vectors are multiplied
by e(Z/H) to view the vectors clearly in the stratosphere (Mechoso
et al., 1985), and the vertical component of the EP flux vectors
is magnified by a factor of 150 with respect to the horizontal
component (Randel et al., 19877). As shown in Figure 2A, an intense
convergence of wave flux on 20 December 2018 at high latitudes
in the stratosphere gives rise to the precondition of warming. On
04 January 2019, strong convergence can be noticed equatorward
up to 20°N in the height region above 30 km, associated with
a strong westward wind in the zonal mean zonal wind (right).
On 30 January 2019, the convergence of the EP flux extends
further to the low latitudes at the equator. The westward winds
can be observed in the upper stratosphere over equatorial latitudes.
The winds return to normal in the high-latitude stratosphere.
Figures 3A–F show similarity to Figure 2 except for the days
02, 16, and 28 February 2018. During the 2017–18 winter, the
convergence reached up to 30°N during peak warming days.
However, unlike the 2018–19 winter, the extension of convergence
to the equatorial latitudes is not observed during the 2017–18
winter. It could be due to the fact that the 2017–18 SSW event
is relatively moderate and associated with weaker planetary wave
activity.

3.3 Low-latitude MLT circulation

The response of the low-latitude MLT circulation to the two
SSW events is depicted in Figure 4, which shows the daily mean
zonal and meridional winds for the height region of 78–98 km
acquired by the MF radar at Kolhapur. It may be recalled that a
major SSW event occurred on days 25–45 during the winter of
December 2018–February 2019. Before the onset of SSW, the zonal
wind over Kolhapur exhibits alternating patterns of eastward and
westward winds. However, immediately after the onset of SSW, the
wind becomes largely eastward around day 30. The eastward wind
persists for more than 20 days until around day 52. In the eastward
wind regime, the winds aremore eastward initially (>30 m/s), which
later become approximately 20 m/s. After day 52, the westward wind
is predominantly present. The meridional wind is in the poleward
wind direction before the onset of SSW. It shows a quick transition
to an equatorward direction around day 30, and it immediately
changes to poleward. This poleward wind persists up to day 60.
After day 60, the wind becomes equatorward, starting first at higher
heights. When these results are compared with the SSW 2017–18
event, which is observed to occur during the days 62–82 as three
successive bursts, it is apparent that during the SSW 2017–18 event,
strong westward wind prevailing prior to the onset of the SSW event
gets decelerated to weak eastward wind when there is reversal of
stratospheric zonal wind at high latitudes. Weak fluctuations in the
zonal winds are only present. In addition, there is no significant
change observed in the meridional wind.
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FIGURE 3
(A–C) The same as Figure 5 except for days 02, 16, and 28 February 2018 and (E, F) the same as for the days except for zonal wind.

FIGURE 4
(A–D) Time-altitude cross-section of daily mean zonal (A, B) and meridional wind (C, D) over Kolhapur (16.7°N, 74.2°E) during 2018–19 and
2017–18 winters.

3.4 Planetary waves

In order to investigate the temporal variation of planetary wave
activity in the MLT region over Kolhapur, the hourly mean MLT

winds at 90 km over Kolhapur are subjected to wavelet analysis.
Figure 5 shows the wavelet spectra of zonal and meridional winds at
90 km during the 80-day period of 1 December 2018–19 February
2019. As shown in Figure 5, the wavelet spectrum of the zonal wind
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FIGURE 5
(A–D) Wavelet spectra of zonal (A, B) and meridional (C, D) winds at 90 km for 1–90 days starting from 01 December of 2018–19 (A, C) and 2017–18
(B, D).

over Kolhapur shows more energy in 12–17 day periodicity prior
to the SSW, indicating the presence of the 16-day planetary wave,
and the wave activity decreases drastically just before the onset of
the SSW. In addition, the presence of a ∼5-day wave is also noticed
during days 20–30. During the winter of 2017–18, PW activity with
periods near 11 days is noticed in the zonal wind spectrum prior to
the SSW event, though it is less when compared to the SSW 2018–19
event. In both events (SSW 2017–18 and 2018–19), PW activity
observed in the low-latitude MLT region is similar to that observed
in the high-latitude stratosphere. In both the polar stratosphere and
low-latitude mesosphere, PW activity is absent for several days after
the onset of the SSW event.This clearly reveals that PW variabilities,
even in the low-latitude MLT region, are predominantly influenced
by the major SSW events. The meridional wind spectrum does not
show any significant wave periods during this course of the event,
though a weak wave activity with a period of ∼10 days is present
during days 20–30.

3.5 Gravity waves

Previous studies from high latitudes observed enhanced
gravity wave activity in the MLT region during SSW events
(Hoffmann et al., 2007; Manney et al., 2008). In order to investigate
the temporal variation of gravity wave activity in the low-latitude
MLT region, the hourly zonal and meridional winds are subjected
to residual filter (RS) analysis to examine gravity wave activity with
a period of the order of few hours (Gavrilov et al., 1995). The RS
filter data were obtained by estimating the variance of residual
hourly values by removing mean winds and tidal components (24,
12, and 8 h). The output of the RS filter will yield an estimate
of the intensity of the wind variation with a period in the range

2–6 h (Gavrilov et al., 1995). Figure 6 depicts gravity wave activity
in meridional wind and zonal wind during 1 December 2018–19
February 2019 and 1 December 2017–28 February 2018, along
with the state of the high-latitude stratosphere for the high-latitude
region. During the SSW 2018–19 event, GW variance in the
meridional wind over Kolhapur shows an enhancement from days
32 to 40 during the reversal of the eastward winds in the high-
latitude stratosphere. However, during the SSW 2017–18 event,
though there is a transient enhancement in the gravity wave variance
near day 56, no persisting gravity wave activity is noted. There is no
significant change noticed in the zonal wind variance during the
SSW events.

3.6 GW propagation direction during SSW

To infer the direction of propagation of GW activity from
the perturbations of gravity waves, the perturbation ellipses have
been calculated using the following equation (Gavrilov et al., 1995;
Jacobi et al., 2006):

ξ′ = u′ sinφ+ v′ cosφ, (1a)

where φ is the direction vs. north. The total variance ξ’2 in the
direction φ is

́ξ′2 = ́u′2sin2φ+ ́v′2cos2φ+ r√ ́u′2v′2sin2φ, (2a)

where r is the correlation coefficient between u’ and v’. The above
equation describes an ellipse with the direction of the main axis as
the preferred plane of propagation to be determined.

Frontiers in Astronomy and Space Sciences 06 frontiersin.org

https://doi.org/10.3389/fspas.2024.1308198
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org/journals/astronomy-and-space-sciences#articles


Sathishkumar et al. 10.3389/fspas.2024.1308198

FIGURE 6
(A–C) Zonal mean temperature difference between pole and 60°N and zonal mean zonal wind 60°N at 10 hPa for the (A) 2018–19 and (B) 2017–18
winters and (B, E) altitude-time cross-section of gravity wave variance in meridional winds over Kolhapur (B) for 2018–19 and (E) 2017–18 winters for
the right of the middle and (C, F) the same as (B, E) except for gravity wave variance in zonal wind in the bottom.

We have

∅pre f =
1
2
(nπ+ atan

2r√ ́u′2v′2

u′2v′2
), (3a)

where n = 1, if the denominator in Eq. 3 is negative, and n =
0 for r > 0 or n = 2 for r < 0, respectively, if the denominator
in Eq. 3 is positive. One should keep in mind that Eq. 3 gives the
angle of inclination of the main axis of the drift variance oval,
which corresponds to the line of the propagation of the main
wave component.

Figure 7 shows the perturbation ellipses at 86 km (top) and
90 km (bottom) over Kolhapur obtained from the group of days
representing, respectively, prior to, during, and after the SSW
event of the winter 2018–19. The propagation direction of gravity
waves is in the northeast–southwest direction at 86 km and the
northwest–southeast direction at 90 km prior to as well as post-SSW
at 90 km. However, during the SSW event, an enhancement in the
gravity wave activity is noticed from the expansion of the size of
the perturbation ellipse during SSW. It is also interesting to note
that the direction of propagation is consistent in the north–south
plane at both 86 and 90 km. As there is 180° ambiguity, we can
only determine the plane of propagation without precisely knowing
the direction of propagation of gravity waves. The enhancement of
gravity wave activity during SSW shown in Figure 8 is observed
during the 2017–18 winter from the expanded ellipse. In this case,
the direction of propagation is close to the north–south plane
during SSW. There is also a change in the plane of propagation

from northwest–southeast prior to SSW to northeast–southwest
after SSW.

4 Discussion

In this paper, we present the variabilities of mean winds and
planetary wave and gravity activities in the MLT region over
Kolhapur during the two recent stratospheric sudden warming
events of February 2018 and January 2019. It is noticed that both
events (2017–18 and 2018–19) exhibit enhanced planetary wave
activity in the stratosphere prior to the onset of SSW events,
whereas in the low-latitude mesosphere, the enhanced PW activity
is observed well before the onset of SSW of 2019 and considerably
diminished during and after the onset of SSW. The reduced PW
activity continues even a few days after the onset of the SSW
event. However, there was relatively little enhancement in the PW
activity in the MLT region prior to the SSW 2017–18 event when
compared to the SSW 2018–19 event. During the 2018–2019 winter,
gravity wave activity is observed to be enhanced when there is a
reduced planetary wave in the MLT heights. However, there is no
such enhancement in the gravity wave variance noticed during the
2017–18 winter. Hoffman et al. (2007) also noticed an enhancement
in GW activity at high-latitude MLT heights when there was a
reduction in PW activity in the high-latitude stratosphere during
2005–06. Dunkerton and Butchart (1984) adopted the ray-tracing
technique to study the propagation of the gravity wave during SSW
and explained that enhancement in the PW amplification could lead
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FIGURE 7
Perturbation ellipses for the days prior to (1–10 December 2018), during (04–14 January 2019), and post SSW (08–18 February 2019) of the winter
2018–19 obtained from the wind perturbations at heights 86 km (top) and 90 km (bottom).

to propagating and forbidden zones, thus reducing gravity wave
propagation into the mesosphere. Our results also reveal the smaller
GW variance prior to the onset of SSW events at times when the
PW amplitudes are larger. The enhanced PW activity drives strong
westward wind in the high-latitude winter stratosphere, causing
the reversal of the stratospheric jet. The critical layer created for
the upward propagation of the PW by the reversal of the jet leads
to the breakdown of the wave. There is no significant PW flux
observed above the critical layer, leading to the reduced PW activity
at low-latitude MLT heights after the onset of the major SSW event.

During the 2018–19 winters, GW variance in the meridional
wind over Kolhapur shows larger values from day 30, and it
is associated with the reversal of stratospheric eastward wind.
It might be a response to the reversal of eastward winds and
diminished PW amplitude at stratospheric heights, which enable
eastward propagating gravity waves to propagate upward. The
TIME-GCM model results of Liu and Roble (2002) show that
eastward gravity wave forcing in the winter hemisphere induces an
equatorward and upward flow due to the Coriolis force at upper
mesospheric heights.

Each SSW event has different dynamical responses to the MLT
region over low latitudes, and it is highly variable in nature with
respect to the other event. We also observed an increase in GW
activity during 2018–2019 and not in the 2017–18 winter and
differences in GW and PW activity during the SSWs, which may
reflect the discrepant impacts of the different types of SSWs on
the dynamics of the MLT region. The variability is mainly due

to the variability in the GW activity at MLT heights, which is
influenced by the wave-source mechanisms, the background winds
through which they propagate, and the presence of PW of large
amplitudes.

At low latitudes, the zonal wind is westward (Figure 1F) at upper
stratospheric heights during the SSW 2018–19 event due to the
convergence of the PW flux at low latitudes, which can be inferred
from the large PW activity at 17°N (Figure 1G) just before the
onset of the SSW. It might have caused the filtering of westward-
propagating waves above the stratosphere. The eastward winds
present in the lower stratosphere are relatively weaker.The eastward-
propagating gravity waves can reach upper mesospheric heights
and induce eastward acceleration. This explains the persisting
eastward wind regime after the onset of the SSW. During the
SSW 2017–18 event, the behavior of lower atmospheric winds was
different. Large westward winds are present in the stratosphere,
and eastward winds are present in the lower mesosphere. This
might have prevented the gravity waves, which have both eastward
and westward directions of propagation, from reaching the
mesospheric heights.

In the present study, the perturbation ellipse was obtained from
the residual wind perturbations after removing the tidal components
that represent gravity wave activity in the north–south plane
during the SSW event. Though the precise direction of propagation
of gravity waves cannot be obtained from the perturbation
ellipse method, the predominant plane of propagation can be
obtained. Kovalam et al. (2011) observed that the direction of
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FIGURE 8
Perturbation ellipses for the days prior to (30 December–09 January 2017), during (14–20 February 2017), and post SSW (23–28 February 2017) of the
winter 2017–18 obtained from the wind perturbations at heights 86 km (top) and 90 km (bottom).

gravity wave propagation in the MLT region over Tirunelveli
and Pameungpeuk is oriented in the north–south direction
rather than the east–west direction. Earlier, Sridharan and
Sathishkumar (2008) also noted the direction of propagation of
gravity waves in the northwest–southeast direction.The northward-
propagating gravity waves can induce northward acceleration,
which, due to the Coriolis force, changes to eastward. This
could also be the reason for the persisting eastward winds
over Kolhapur.

5 Summary and conclusion

The important results obtained from the present study are
summarized below.

1. The low-latitude mesospheric response to the recent two SSW
events (2017–18 and 2018–19) is studied using the medium-
frequency (MF) radar over Kolhapur. These two SSW events
are different in the sense that the SSW 2017–18 event is the
vortex split one, whereas the January 2019 event is relatively
stronger with the vortex displacement type followed by the
split type.

2. Using the EP flux and its divergence, the present study clearly
shows the robust entry of PW energy from the high-to-low-
latitude stratosphere during the SSW 2018–19 event, and PW

activity reaches up to 20oN when the warming reaches the
peak.However, during the SSW2017–18 event, the PWactivity
is limited only up to 30oN.

3. PW activity is observed to be enhanced well before
the onset of SSW of 2019 and considerably diminished
during and after the event in the low-latitude mesosphere,
whereas during the SSW 2017–18 event, there was
only relatively less enhancement in PW activity in the
MLT region prior to the event when compared to SSW
of 2018–19.

4. When there is a reduced PW activity, enhancement
in the GW activity in the low-latitude mesosphere
over Kolhapur was noticed during the SSW
2018–19 event. However, no significant enhancement
in GW activity is observed during the SSW
2017–18 event.

The plane of propagation of gravity waves is observed
to be in the north–south direction during the SSW 2018–19
direction, and they could induce northward/southward
acceleration in the background wind, which could be changed
to eastward/westward acceleration by the Coriolis force, and this
explains the enhanced eastward winds observed during the SSW
2018–19 event.

In our future work, we intend to conduct further
investigations using both observations and modeling to better

Frontiers in Astronomy and Space Sciences 09 frontiersin.org

https://doi.org/10.3389/fspas.2024.1308198
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org/journals/astronomy-and-space-sciences#articles


Sathishkumar et al. 10.3389/fspas.2024.1308198

understand the SSW influence on the low-latitude mesospheric
dynamics.
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