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Evaluation of Inter-Hemispheric Characteristics of the

Tropopause—Stratopause—Mesopause Over Sub-Tropical Regions

Som SHARMA,'

Abstract—The transition regions in thermal structure
viz. Tropopause, stratopause and mesopause play a vital
role in the vertical coupling of the Earth’s atmosphere.
For the first time, inter-hemispheric characteristics of the
transition regions over two subtropical regions are studied
using temperature observations from the SABER onboard
TIMED satellite and the ERA Interim reanalysis during
year 2002 to 2015. Results show that tropopause height is
higher over Reunion Island (21.11°S, 55.53°E) in the
Southern Hemisphere (SH) as compared to Mt. Abu
region (24.59°N, 72.70°E) in the Northern Hemisphere
(NH). Temporal variation of tropopause temperature
reveals a decreasing (~ 4 K) trend from year 2002 to
2008 and beyond this, an increasing (~ 1.5 K) trend is
found in tropopause temperature. These features are
reinforcing for Mesopause as compared to tropopause
tem-perature. The SH shows stronger variations in
Mesopause temperature (~ 7 K) compared to NH during
year 2002 to 2008. The occurrence frequency of
mesopause and stratopause height shows that the
maximum occurrence frequency (~ 60%) of mesopause
at ~ 100 km in NH, while frequency is found to be ~
55% in the SH. Results show that stratopause
(mesopause) is cooler (warmer) in NH as compared SH.
Moreover, Lomb Scargle Periodogram and wavelet
transform techniques are used to inves-tigate the
periodicity of mesopause, stratopause and tropopause
temperatures and heights. Investigations revealed
prominent annual oscillations in the tropopause and
stratopause temperatures in both hemispheres. These
findings will be of immense use for the vertical and inter-
hemispheric atmospheric coupling studies.
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1. Introduction

The Earth’s atmosphere is classified in terms of
regions, making up the vertical structure of the tem-
perature field. These regions are termed the
troposphere, stratosphere, mesosphere and thermo-
sphere, while the boundaries between them are called
the tropopause (about ~ 16 km at low-lati-
tudes, ~ 12 km at mid-latitudes and ~ 8 km at
high-latitudes), stratopause (~ 48 km) and meso-
pause (~ 85 km), respectively. The tropopause is the
boundary between convective (turbulent) and non-
convective (stable) regions, stratopause is joining
stable to turbulent region and Mesopause is a tran-
siion region between the homosphere and
heterosphere. Coupling between different regions of
the atmosphere is very important to study as each and
every region is intricately coupled with different
regions, and this coupling is very complex (Gettel-
man and Forster 2002).

The tropopause, stratopause and mesopause play a
vital role in the vertical coupling of the Earth’s
atmosphere. Height and temperature of these pauses
is crucial in investigation of various processes taking
place in the atmosphere (Sharma et al. 2006, 2012).
Atmospheric waves that propagate upward are
working as a coupler in different atmospheric regions
by interacting with mean flow. Dunkerton (1997)
showed that the tropical Quasi-Biennial Oscillation
(QBO) is determined by joint forcing of gravity
waves, Kelvin waves and by mixed Rossby-gravity
waves. Planetary waves (PW) are very crucial in
deciding dynamical state of the atmosphere. In the
Northern hemisphere (NH) winter, PW are influenced
by air flowing over the mountain ridges and over
continental land masses. PW propagates upwards and
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are affecting stratosphere, mesosphere and/or may
break in these regions (e.g., McIntyre and Palmer
1983). In contrast to the NH, Southern Hemisphere
(SH) is having lesser land mass and relatively less
number of mountain ranges. Therefore, PW are
weaker in SH, and hence weakly modulating strato-
sphere—mesosphere system than in the NH;
consequently southern polar vortex is relatively dor-
mant (Thompson et al. 2002).

The tropopause is a changeover region between
the convectively dominated troposphere and the
radiatively controlled stratosphere (Gettelman and
Forster 2002). Recently, the tropopause layer has
received large attention due to stratospheric—tropo-
spheric exchange of mass, water and chemical
constituents between the two layers (Hoinka 1998).
Randel et al. (2004) studied the interannual variations
of stratospheric water vapor and its correlations with
tropical tropopause temperatures over 1992-2003
using Halogen Occultation Experiment (HALOE)
satellite measurements. Authors reported that QBO
and El Nino Southern Oscillations (ENSQO) have their
influence on tropopause temperature. Hoinka (1998)
studied global statistics of tropopause height, tem-
perature, potential temperature, mixing ratio of water
vapor, and zonal, meridional and vertical wind
parameters for 15 years period (1979-93) derived
from European Center for Medium range Weather
Forecasting (ECMWF) reanalysis Interim (ERA-In-
terim) data by applying the thermal and dynamical
definitions of the tropopause.

Tropopause height and its temperature play an
important role in the transport between the strato-
sphere and the troposphere. It is crucial to properly
quantify the transport between the tropical, sub-
tropical, middle-latitude and over the Polar Regions
which are having different processes and constituent
characteristics. Danielsen (1968) studied upper tro-
pospheric fronts and associated tropopause folds.
Furthermore, different synoptic events, which are
varying widely, and control the processes associated
with irreversible transport, need further investiga-
tions. These are having influence on various
processes such as wave transience, turbulence and
convective transport (Sharma et al. 2012).

The stratospheric—tropospheric interactions and
exchanges have been studied extensively in last

decades (Appenzeller and Davies 1992; Baray et al.
1999; Meloen 2003; Hocking et al. 2007; Das 2009,
Skerlak et al. 2014 and reference therein). Holton
et al. (1995) presented a very exhaustive review on
the features of dynamical, chemical and radiative
coupling in the troposphere and stratosphere. Over
the mid latitude regions, various studies were carried
out on stratosphere—troposphere interactions and
exchanges processes (e.g., Narayana Rao et al. 2008
and references therein). The tropical upwelling is an
important feature of stratosphere—troposphere cou-
pling as air enters the stratosphere primarily in the
tropics. Tropical and sub-tropical tropopause and the
chemical composition of air in these height ranges lay
down the boundary condition for the global strato-
spheric composition. The stratospheric circulation is
also significantly influenced by the tropical upwelling
(Rosenlof 1995), and it can be inferred from the
interpretations of minor constituents (Hall and
Waugh 1997; Niwano et al. 2003 and references
therein). During NH winter the tropical upwelling
imposes comparatively larger yearly cycle in the
lower stratosphere and is seen in form of a large
annual cycle in the temperature of the tropopause
region, which further influences seasonal cycle of
stratospheric water vapour (e.g., Mote et al. 1996).
Seasonality in the tropical upwelling could also result
in stratospheric forcing induced by PW. The maxi-
mum forcing was found during September to
November in the SH and during November to March
in the NH (e.g., Yulaeva et al. 1994). Tropopause
features have been studied extensively over the globe
as it is rather easy to explore troposphere using
ground-based instruments viz., MST radars, Lidars,
Balloons, etc. Exploration of stratopause region is
rather difficult from ground-based observations as
balloons are limited by height coverage and MST
radars are blind in this region and Rockets are limited
to coastal coverage and are very sparse. From ground,
Rayleigh lidars are very good but these are also
limited to night-time clear weather condition obser-
vations. Space-borne instruments are able to provide
global observations in these altitudes regions.
Stratosphere is one the important regions of the
Earth’s atmosphere and having very weak and/or no
turbulence due to stable temperature structure.
Ramaswamy et al. (2001) studied temperature trends












































