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Preface

Lidar is one of the important remote sensing instruments to monitor the struc-
ture and dynamics of the atmosphere. A wide range of studies have been carried
out on the middle atmospheric structure and dynamics, mostly at mid- and high-
latitudes and a few at low-latitudes using various types of Lidars. However, there
are very few studies over sub-tropical latitudes (between 20°N to 30°N). Studies
in sub-tropical regions are crucial as they bridge the gap between low and mid
latitudes and have an imprint of the processes associated with low- and/or mid-
latitudes. This thesis presents a comprehensive study of the thermal structure of
the upper stratosphere and the mesosphere (30-75 km) over a sub-tropical loca-
tion, Gurushikhar, Mount Abu (24.5°N, 72.7°E, ~1.7 km above MSL), (henceforth
referred to as Mt. Abu) using Rayleigh lidar measurements for approximately 400
nights from 1997 to 2007. The thesis is structured in the following way.

Chapter 1 presents an introduction to the structure and dynamics of the Earth’s
atmosphere with emphasis on the middle atmospheric processes.

Chapter 2 describes techniques of the atmospheric probing, a brief summary
of the scattering and extinction of the light in the atmosphere, the lidar technique,
PRL’s Nd-YAG laser based Rayleigh lidar system and the method used for lidar
data analysis. A brief description of errors in the measurements is also given. An
account of other data sets (Satellites, NCEP and ERA-40) which are used in char-
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acterizing the observed temperature structure are also described.

Chapter 3 presents results of the temperature structure in the height range of 30
to 75 km over Mt. Abu obtained using PRL’s Rayleigh lidar. Aspects of the temper-
ature structure presented include the day-to-day, seasonal, annual and stratopause
variability over Mt. Abu. The climatological mean temperature is estimated and
discussed. A possible association between ozone and the stratospheric tempera-
ture is also studied.

A comparative study of the thermal structure is presented in Chapter 4. The
lidar observed temperatures are compared with CIRA-86, MSISE-90 and an Indian
low-latitude model. Results are also compared with similar observations at three
different locations in the northern hemispheres, viz., Gadanki (13.5°N, 79.2°E),
Mauna Loa (19.5°N, 156°W), Observatoire de Haute Provence (OHP) (44°N, 6°E)
and a southern hemispheric station, Reunion Island (20.8°S; 55.5°E), to examine
hemispheric anomaly, if any, in the sub-tropics. Temperature structures over Mt.
Abu are also compared with HALOE (onboard UARS) observed temperatures.

Chapter 5 deals with the event-based studies of some of the interesting geo-
physical phenomena in the stratosphere and the mesosphere viz., double strato-
pause, mesospheric temperature inversion, and stratospheric sudden warming.
Various characteristics of these and associated operative processes are described
through a few case studies. In addition, a detailed statistical study is also carried
out. The observed characteristics are compared with the low- and mid-latitudes
and discussed in the light of the current understanding of the source mechanisms.

Chapter 6 describes a brief study of the long term temperature trends over Mt.
Abu using about 11 years of the Rayleigh lidar data. In view of the increasing an-
thropogenic activities and their consequent impact on various middle atmospheric
geophysical processes, an effort has been made to delineate possible causes for ob-
served temperature trends over Mt. Abu.

Chapter 7, which is the last chapter of the thesis summarizes the results ob-

tained and presents prospects of possible future work on related themes.

xiv
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