Acknowledgments

This thesis is the outcome of the support, inspiration, and encouragement
of a large group of people, in one way or another, and without which it would
not have been possible to finish it in present form. Though, only a few of them
are mentioned below by name I am grateful to all my well-wishers for their
direct or indirect support.

First of all, I would like to express my deep sense of gratitude to my the-
sis supervisor Prof. Duggirala Pallamraju for his constant support, guidance,
and enduring encouragement he has provided in the completion of my the-
sis. I am highly influenced by his in-depth knowledge in multidisciplinary
fields. Throughout this period, I have been greatly benefited from his positive
attitude in life. I thank him for his patience, providing an opportunity for
independent thinking, and giving importance to my views and ideas. I highly
value his concern in both scientific and personal front. I thank him for his
critical comments and making important suggestions to improve this thesis.
My sincere thanks also go to Prof. Nisarg K. Bhatt for agreeing to be co-guide
of my thesis work. His continued support, untiring help, encouragement, and
co-operation on various issues have been of immense help to finish this work.

[ am thankful to former PRL Director Prof. J. N. Goswami for allowing
me to pursue my thesis work. I express my sincere gratitude to the Director
Dr. Anil Bhardwaj and the Dean Prof. P. Janardhan for their generous sup-
port and taking a personal interest in my thesis work. I am also thankful to
former Deans Profs., U. Sarkar, A. S. Joshipura, and S. Rindani; former Reg-
istrars Shree Y. M. Trivedi and present Registrar Prof. J. S. Ray for providing
necessary facilities and encouragements to pursue my research work.

I am highly indebted to Prof. S. R. Kulkarni (Hon. Vice Chancellor, Sardar
Patel University), Dr. R. H. Rajput (Registrar, Sardar Patel University),
Prof. P. N. Dave (Department of Chemistry, Sardar Patel University), and
Dr. Mayank Bhatt (Assistant Registrar, Sardar Patel University) for their

xx1



help and concern in resolving administrative issues.

[ am extremely thankful to Prof. U. H. Patel, Head, Department of Physics,
Sardar Patel University and DRC Committee member Profs., P. C. Vinodku-
mar, V. M. Pathak, M. R. Deshpande, and B. Y. Thakore for their guidance
and support. I am thankful to Rajani and Dhaval for their help during submis-
sion of my thesis. I am also thankful to all the faculty members and supporting
staff members of the Physics Department and University office for their con-
tinuous support and help.

[ am thankful to Narayanan jee for his unconditional support and enthu-
siasm for all experimental works and field campaigns we have done together.
I am thankful to Kedar for “never say no attitude” who has accompanied me
on several trips to Mount Abu and other lab activities; I wish him all the
best for his bright future. I am thankful to all my group colleagues, Fazlul,
Sneha, Deepak, Parshv, Subir, and Pradip for always being friendly and cre-
ating eventful atmosphere around.

I am extremely happy to express my sincere thanks to the principal inves-
tigators and team members of SABER and TIDI on-board TIMED satellite
mission, OSIRIS on-board Odin satellite mission, and SOFIE on-board AIM
satellite mission for providing temperature data up to MLT altitudes. I extend
my thanks to team members of MOSDAC at SAC, Ahmedabad for enabling
access to Kalpana-1 OLR data. I thank team members of GMAO for providing
MERRA data for stratospheric temperatures and winds.

I feel honoured working in a cordial group of researchers working in Space
and Atmospheric Sciences Division. I express my sincere thanks to all past and
present faculty members of SPA-SC Division, Profs., R. Sekar, S. A. Haider,
S. Ramachandran, Harish Chandra, R. Sridharan, Shyam Lal, Varun Sheel,
K. P. Subramanium, H. S. S. Sinha, and Bhas Bapat; Drs., L. K. Sahu, Som
Kumar Sharma, D. Chakrabarty, Harish Gadhvi, Y. B. Acharya, S. B. Baner-
jee, B. Sivaraman, and A. Guharay; Mr., S. Venkataramani, T. A. Rajesh,
Atul Manke, A. P. Gohil, Narain Dutt, K. S. Modh, and I. A. Prajapati; staff

xXxi1



members Mr. Sunil Kumar, Mitesh Bhavsar, Pradip, Malaidevan, Utkarsh,
Aaditya, Sneha, Anil, Vishnu for their valuable co-operation and support dur-
ing my tenure at PRL. The presence of PDF’s and Research Scholars of our
division; Fazlul, Sneha, Deepak, Subir, Dipti, Kuldeep, Ravi, Nidhi, Naveen,
Debrup, Krishna, Ashimanand, Masoom, Siddhi, Thirupathaiah, and Jagat
provided delightful atmosphere in our division during course of this work.

I extend my sincere thanks to former academic committee members Profs.,
Shyam Lal, S. Mohanty, P. Janardhan, S. K. Singh, S. Ramachandran, A.
D. K. Singh, N. Srivastava, and D. Banerjee for reviewing my proposal and
allowing me to carry out Ph.D. course work at PRL. I thank my course work
instructors Profs., S. Ramachandran, V. Sheel, J. R. Bhatt, M. M. Sarin, and
A. Chakraborty Drs. D. Chakrabarty, A. K. Singhal, K. K. Marhas, and B.
Joshi for refreshing the required background for my thesis work.

Many individuals from PRL family have always been extremely helpful and
supportive throughout my carrier at PRL. I would like to acknowledge the gen-
erous help I got from the PRL workshop, library, computer centre, purchase,
stores, maintenance, administration, medical services, and accounts section.
My special thanks are due to Mr., G. P. Ubale, H. R. Vaghela, Rajesh Kaila,
and other members of workshop; Dr. Nishtha Anilkumar and all other mem-
bers of PRL library; Jigar bhai, Tejas bhai, Alok, Mishra jee, Rahul, Girish
bhai and all other members of computer centre; Hemal Bhai, Sivadasan jee,
Rashmi jee, Nandini madam, Priti madam, Sunil bhai and all other members
of purchase and stores; Mahirale jee, Sanjay bhai, Viral bhai, Ketan bhai, Ram
lakhan and all other members of CMD; Anand Mehta jee, R. S. Gupta jee,
Senthil, Pradeep, Kartik bhai, Richa and all other members of PRL adminis-
tration; Dr. Shital Madam, Dr. Sameer bhai, Sasikumar jee, Jaishree madam
and all other members of medical services; Deekshitulu jee, Geetha madam,
Yugal bhai, Gandhi bhai, Parul madam, Keyur bhai and all other members of
accounts section.

Thanks to Mr. Rajesh Kaila for his help in fabricating mechanical struc-

xxili



tures to mount the optical instruments and assisting their installations at Gu-
rushikhar. The entire members of Mount Abu observatory has been always
co-operative. To name a few, I wish to thank Rajesh jee, Mathur jee, Kothari
jee, Patwal jee, Jain Sahab, Rajpurohit jee, Narayan jee, Padam jee, Nafees
and other staff members and the entire canteen and housekeeping staff at
Mount Abu for their help.

Thanks to my friends Lokesh, Sanjeev, Neeraj, Dinesh, Sudheer, Ravi-da,
Jyoti, Sunil Singh, Shukla jee, Harish jee, Arvind, and Vinai for providing a
refreshing change in my hectic work schedule during tea breaks.

I have nostalgic memories of my initial years at PRL hostel where I made
so many friends. Being a sportsman, I had an opportunity to interact a large
spectrum of peoples. Through which, I learned true sportsmanship that taught
me graceful handling of victory or defeat in every moment of life. It would
not be possible to name all of them individually for their direct or indirect
support either academic or non-academic but they do have special place in my
memories.

I am thankful to Vikramnagar fraternity for providing home away from
home atmosphere my special thanks goes to them and their family members
especially, Neeraj, Lokesh, Partha, Sanjeev, Dinesh, Deepak Dhingra, Subbu,
Rindani, Neeraj Srivastava, Raghu, Navinder, Bijaya, Sudheer, T. A. Rajesh,
Kuljeet, Panda, Ashish, Jerry, Mohanty, Ram, Santosh, Sunil, Srubabati, Hi-
ranmaya, Sachindra, Shashikiran, Venkat, R. P. Jee, Goutam, J. Banerjee,
Bhala, Jyoti, A. D. Shukla, Som Kumar Sharma, Amit Basu, Shanmugam,
Shiv kumar, Atul, Alok, Rajiv Ranjan, Girish Padia, Nandini, Sasi kumar,
Bhushit, Gupta Jee, and Tejas. I have fond memory of yesteryears “VBA”
group at Vikramnagar.

Above all, words are not enough to express my gratitude towards my
Mummy and Papa who sailed against all odds to make me a better person.
I simply thank my parents for their sacrifices and blessings, which will keep

me motivated throughout my life. I shall always remain grateful to my sis-

XX1V



ters, brothers, Jija jee, in-laws, and niblings for their constant support and
encouragement.

Unflagging and unconditional support and care of my wife Garima were
biggest strengths for me. My cheerful daughters Aanya and Aashvi made our
home a small paradise on earth. Their smiles and playing with them always
awaken my inner child that gave me happiness, contentment, and inner peace.

I wish and promise to give them more quality time.

Ravindra Pratap Singh

XXV



	Contents
	List of Tables 
	List of Figures 
	Acknowledgment
	Abstract
	List of publications
	1 Introduction
	1.1 Background
	1.2 The Mesosphere and Lower Thermosphere (MLT) Dynamics
	1.3 Temperature and Wind Dynamics in MLT Region
	1.4 Wave Dynamics
	1.5 Short Time Scale Variations in MLT region
	1.5.1 Gravity Waves (GWs)
	1.5.2 Topographic Generation
	1.5.3 Convective Activity Generation
	1.5.4 Wind Shear Generation 
	1.5.5 Atmospheric Tides
	1.5.6 Planetary Waves (PWs)

	1.6 Long Time Scale Oscillations in the MLT region
	1.7 Sudden Stratospheric Warming (SSW)
	1.8 Mesospheric Inversion Layers (MILs)
	1.9 Measurement Techniques for MLT investigation
	1.9.1 Ground-based Techniques
	1.9.2 Rocket-borne Techniques
	1.9.3 Satellite-based Techniques

	1.10 Airglow emissions in MLT region
	1.10.1 OI 557.7 nm Green Line Emission
	1.10.2 O2 (0–1) Atmospheric Band Emission
	1.10.3 NaD Line Emission
	1.10.4 OH Meinel Band Emission

	1.11 Scientific Questions Addressed
	1.12 Scope and Layout of the Thesis

	2 Instrumentation and Data Analysis
	2.1 Introduction
	2.2 Near InfraRed Imaging Spectrograph  (NIRIS)
	2.2.1 Primary mirror
	2.2.2 Secondary Mirror and slit assembly
	2.2.3 Off-axis Paraboloid
	2.2.4 Diffraction Grating
	2.2.5 Converging Optics
	2.2.6 Detector and Data Acquisition System

	2.3 Calibration of NIRIS
	2.3.1 Wavelength Calibration
	2.3.2 Angle Calibration

	2.4 Mesospheric Nightglow Intensity Determination
	2.5 Derivation of Mesospheric Temperatures
	2.5.1 OH(6-2) Meinel Band Emission
	2.5.2 O2(0-1) Atmospheric Band Emission
	2.5.3 Nocturnal Variation in OH(6-2) and O2(0-1) Band Intensities and Temperatures

	2.6 NIRIS and SABER Temperatures Comparison
	2.7 CCD-based Multi-wavelength Airglow Photometer (CMAP)
	2.7.1 Optical Configuration of CMAP
	2.7.2 Filters and Filter Wheel Assembly
	2.7.3 Detector and Data Acquisition System
	2.7.4 Derivation of Nightglow Emission Intensities

	2.8 Supplementary Datasets
	2.8.1 Sounding of the Atmosphere using Broadband Emission Radiometry (SABER)
	2.8.2 Optical Spectrograph and Infrared Imaging System (OSIRIS)
	2.8.3 Solar Occultation For Ice Experiment (SOFIE)
	2.8.4 Kalpana-1
	2.8.5 Modern Era Retrospective-analysis for Research and Application (MERRA)
	2.8.6 F10.7 cm Radio Flux and SSN Numbers

	2.9 Time Series Analysis (TSA) Methods
	2.9.1 Lomb-Scargle Analysis
	2.9.1.1 Fast Computation of Lomb-Scargle Periodogram
	2.9.1.2 Phase and Amplitude Spectra
	2.9.1.3 Uncertainty in the frequency 
	2.9.1.4 REDFIT

	2.9.2 Wavelet Analysis
	2.9.2.1 Continuous Wavelet Transform (CWT)
	2.9.2.2 Wavelet Functions
	2.9.2.3 Wavelet Power Spectrum
	2.9.2.4 Cone of Influence (COI)
	2.9.2.5 Significance Levels


	2.10 Wave Characteristics using NIRIS data
	2.10.1 Derivation of Wave Period ()
	2.10.2 Derivation of vertical phase speed (cz) and vertical wavelength (z)
	2.10.3 Derivation of Meridional Wavelength (y)
	2.10.4 Wavelet Spectrum

	2.11 Schematic of the Wave Propagation
	2.12 Summary

	3 Large- and Small-Timescale Variations in the MLT region
	3.1 Background
	3.2 Data set
	3.3 Large-time Scale Variations
	3.3.1 Introduction
	3.3.2 Results and Discussion
	3.3.3 Conclusion of Large-Time Scale Variations

	3.4 Short-Time Scale Variations
	3.4.1 Introduction
	3.4.2 Results and Discussion
	3.4.3 Conclusion of Short-Time Scale Variations

	3.5 Summary

	4 Vertical Coupling of the Atmospheres
	4.1 Background
	4.2 Introduction
	4.3 Data set
	4.3.1 Spectroscopic Observations
	4.3.2 Photometric Observations
	4.3.3 Outgoing Longwave Radiation (OLR) Measurements

	4.4 Observations
	4.4.1 Tropospheric activity
	4.4.2 Activity in MLT region

	4.5 Data Analyses and Results
	4.5.1 Wave Period ()
	4.5.2 Vertical Phase Speed (cz) and Vertical Wavelength (z)

	4.6 Discussion
	4.7 Conclusion of Vertical Coupling of Atmospheres During Cyclone Nilofar
	4.8 Anomalous Increase in O2 Temperatures
	4.8.1 Introduction
	4.8.2 Observations
	4.8.3 Results

	4.9 Summary

	5 Mesospheric Temperature Variations During SSW Events
	5.1 Background
	5.2 Introduction
	5.3 Measurement Techniques
	5.4 Observations
	5.4.1 NIRIS Temperatures for January 2013
	5.4.2 MERRA Temperatures and Winds for 2004-2013

	5.5 Results and Discussion
	5.5.1 SABER, OSIRIS, and SOFIE Temperatures for 2009 and 2013 SSW Events
	5.5.2 SABER Temperatures for 2006 and 2010 Major SSW Events
	5.5.3 SABER Temperatures for 2011 and 2012 Minor SSW Events
	5.5.4 SABER Temperatures for 2008 SSW Events
	5.5.5 Difference in Stratospheric vs Mesospheric Temperatures for 2009 and 2013 SSW Events
	5.5.6 TS vs TM for Major and Minor SSW Events from SABER Data
	5.5.7 TS vs TM for Major SSW events from SOFIE and OSIRIS Data
	5.5.8 Slope (TM/TS) vs Geographic Latitude for Major and Minor SSW Events
	5.5.9 Relationship between SRL with TSmax and D with TSmax
	5.5.10 SABER vs CIRA Temperatures Comparison During SSW Events

	5.6 Summary and Conclusion

	6 Summary and Scope for Future Work
	6.1 Summary and Conclusions
	6.1.1 Atmospheric Waves and Coupling in the Earthâ•Žs Upper Atmosphere
	6.1.2 Solar Influences in the MLT Nightglow Emissions and Temperatures
	6.1.3 Mesospheric Temperature Inversions and their Possible Sources
	6.1.4 Global Mesospheric Temperatures During SSW Events
	6.1.5 Techniques to Measure MLT Nightglow Emission Intensities and Temperatures

	6.2 Scope for Future Work

	Bibliography

