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UGC – Learning Outcomes-Based Curriculum Framework 
 

Centre for Earth, Ocean and Atmospheric Sciences 
School of Physics 

 
2-Year M.Sc. in Ocean and Atmospheric Sciences 

 
 
Vision Statement: 

To become a global centre of excellence in Earth Sciences through innovative 
teaching and research to produce highly quality manpower capable of addressing 
relevant scientific and societal challenges 

 
Mission Statements: 

1. To provide a holistic understanding of planet Earth’s dynamic processes, and 
linkages among the geosphere, the hydrosphere, the atmosphere and the biosphere 
through high quality teaching so as to enable the students to become leaders in 
academic and research institutions, and professional organizations. 

 
2. To conduct innovative research in Earth Sciences, and promote national and 

international collaborations. 
 
3. To build world class infrastructure for teaching and frontline research in Earth 

Sciences. 
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Course Content 
 
S. 

No. 
Course  

No 
Course Name Credits 

I-Semester 
1. OA401 Fundamentals of Earth System Science 2 
2. OA402 Physics of the Atmosphere  4 
3. OA403 Physics of the Ocean 4 
4. OA404 Dynamics of the Atmosphere and Ocean 4 
5. OA405 Mathematical Physics 3 
6. OA406 Statistical and Numerical Analysis  in Geosciences 3 
7. OA407 Practical-1: Statistical and Numerical Computing 2 
8. OA408 Practical-2: Weather Data Analysis and Forecasting 1 
  Total credits 23 

II-Semester 
1. OA451 Geological, Chemical and Biological Oceanography 3 
2. OA452  Advanced Geophysical Fluid Dynamics 4 
3. OA453 Tropical Meteorology and Climatology 4 
4. OA454 Climate Change and Its Impacts 3 
5. OA455 Modeling of the Atmosphere and the Oceanic Processes 4 
6. OA456 Practical-3: Observational Techniques in Oceanography 1 

7. OA457 
Practical-4: Meteorological and Oceanographic 
Computations 

2 

8. OA471 Elective-I 3 
  Total credits 24 

III-Semester 
1. OA501 General Circulation of the Atmosphere and Ocean 4 
2. OA502 Numerical Weather Prediction 4 
3. OA503 Atmosphere and Marine Boundary Layer Processes 4 

4. OA504 
Remote sensing and GIS in Ocean and Atmospheric 
Sciences 

3 

5. OA505 Practical-5: Remote Sensing and GIS Laboratory 1 
6. OA506 Practical-6: Model Simulations and Diagnostics 2 
7. OA521 Elective-II 3 
8. OA522 Elective-III 3 
  Total credits 24 

IV-Semester 
1. OA551 Project Dissertation (Report, Presentation and Viva-voce) 16 
2. OA552 Seminar on breakthrough papers 1 
3. OA553 Summer Internship (Report and Presentation) 1 
  Total credits 18 
  Cumulative credits (I-IV Semester) 89 
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List of Elective Courses 
1. Satellite Meteorology 
2. Agricultural Meteorology 
3. Aerosols and Atmospheric Chemistry 
4. Cloud Physics and Atmospheric Electricity 
5. Satellite Oceanography 
6. Air Pollution Studies 
7. Ocean Acoustics 
8. Marine Pollution 
9. Ocean Optics 
10. Mesoscale modelling 
11. Coastal Oceanography 
12. Glaciers and Climate  
13. Climate and Energy  
14. Mountain Meteorology 
15. Climate and Water resources 
16. Middle Atmosphere Meteorology 
17. General Geology 
18. High Performance Computing in Atmosphere and Ocean Sciences  
19. Diagnostic Studies of Atmospheric and Oceanic Processes Ocean State 

Forecasting 
 
(More electives can be added depending on demands from the industry and expertise 
of the available faculty, subject to the rules of the UoH) 
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Name of the Academic Program: 2-Year M.Sc. in Ocean and Atmospheric Sciences 
 

Qualification Descriptors (QDs) 
 
QD-1: To demonstrate a systematic, extensive, and coherent knowledge and 
understanding of the ocean and atmospheric system, its manifestations, variability and 
change, and their applications and implications for society   
 
QD-2: To apply statistical and mathematical time-space methods to process, analyze and 
visualize geophysical data  
 
QD-3: Equipped with relevant skills in the field of ocean and atmospheric sciences, along 
with a critical thinking of the established theories, latest developments, and ability to use 
modern state-of-the-art techniques for observations and analyses 
 
QD-4: To possess demonstrable knowledge and skills on the physical and dynamical 
processes of the ocean and atmospheric system and their manifestations, and to be 
enabled to lead as professionals catering to various research and developments, and 
operational needs in the domain, and contribute to application studies 
 
QD-5: To use the knowledge, understanding and skills in ocean-atmospheric sciences for 
critical assessment of a wide range of societal and economical complex issues such as 
droughts, floods, extreme events, monsoonal rain changes, global warming, ocean 
acidification, etc.,  and communicate  their findings  
 
QD-6: To demonstrate critical and analytical thinking to pose and solve relevant 
scientific problems in ocean and atmospheric sciences, inclusive of weather and climate, 
in both individual and collaborative settings to address scientific challenges, and 
effectively communicate to appropriate level of audience 
 

Mapping Qualification Descriptors (QDs) with Mission Statements (MS) 
 

 MS-1 MS-2 MS-3 
QD-1 3 - - 
QD-2 3 3 - 
QD-3 3 3 - 
QD-4 3 3 3 
QD-5 3 3 3 
QD-6 3 3 3 

 
Write ‘3’ in the box for ‘High-level’ mapping, 2 for ‘Medium-level’ mapping, 1 for ‘Low-
level’ mapping. 

 
 
 
 
 
 
 



5 
  

Program Learning Outcomes (PLOs) (10 to 12) 
 
PLO-1: To acquire fundamental and coherent scientific knowledge of the ocean-
atmospheric system and its interactive components 
 
PLO-2: To utilize the state-of-the-art scientific and technical knowledge, and tools such 
as dynamical models and instrumentation, and remote sensing data to analyze and 
interpret ocean and atmospheric processes 
 
PLO-3:   To develop and apply critical and analytical thinking to address scientific 
challenges in the ocean and atmospheric sciences in both individual and collaborative 
settings 
 
PLO-4:  The program will provide practical knowledge on collecting ocean and 
atmospheric observations, carrying out model simulations, and analyzing various 
observed and reanalyzed datasets for understanding of the physics and dynamics of the 
weather and climate, with focus on the Indian monsoon, and surrounding seas, and 
hands-on training in using the instrumentation onboard of an oceanographic research 
vessel and visiting national observatories to familiarise with operational procedures in 
data collection and weather forecast 
 
PLO-5: To be able to critically peruse and interpret current path-breaking research papers 
in ocean and atmospheric sciences and present findings succinctly as a seminar, and in 
complement, identify, analyse, synthesize, and communicate own scientific findings for 
public and professional audience at National and International levels 
 
PLO-6:  To describe feedbacks in Earth’s climate system and their potential roles in past, 
present and future climatic conditions, to be able to recognize and explain climate 
change projections and associated uncertainties 
 
PLO-7:  To demonstrate the ability to identify, construct, and analyze the interactions 
between atmospheric, oceanographic, chemical, and biological processes through a 
range of spatial and temporal scales. 
 
PLO-8:   To develop exhaustive process-level understanding of various weather and 
seasonal phenomenon of India such as monsoons, tropical cyclones, western 
disturbances, etc., and their variability, and translate the knowledge into ability to 
address relevant science challenges pertaining to prediction, and assessment of impact of 
climate change in India.   
 
PLO-9:   To demonstrate expertise in tropical weather and climate, its variability and 
change, and evaluate effectively the importance of tropical ocean-atmosphere coupled 
processes such as ENSO to weather and climate of various regions of the globe 
 
PLO-10: To use the scientific knowledge, from own studies as well as those from 
elsewhere, to inform policy makers to strengthen climate change adaption and mitigation 
strategies, and inform applications community for societal needs   
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PLO-11: To demonstrate professional qualities such as being objective, unbiased, and 
truthful in all aspects of work, the ability to identify the potential ethical issues and 
appreciation of environmental, sustainability and societal issues 
 
PLO-12: To demonstrate relevant generic skills and global competencies, in addition to 
problem-solving skills, investigating skills, and analytical skills, to be able to create 
manpower to attend to the operational needs of weather through seasonal prediction, 
forecasting of natural hazards such as tropical cyclones and storm surge, and generating 
climate change projections.  
 

Mapping of Program Learning Outcomes (PLOs)  
with Qualification Descriptors (QDs) 

 

 QD-1 QD-2 QD-3 QD-4 QD-5 QD-6 

PLO-1 3 3 3 3 3 - 

PLO-2 2 3 2 2 2 - 

PLO-3 3 2 3 3 3 - 

PLO-4 2 3 2 2 2 3 

PLO-5 3 2 3 3 2 3 

PLO-6 3 2 3 3 2 - 

PLO-7 3 2 3 3 2 - 

PLO-8 3 3 3 3 3 - 

PLO-9 3 3 3 3 3 3 

PLO-10 3 3 3 3 3 3 

PLO-11 3 3 3 3 3 3 

PLO-12 3 3 3 3 3 3 
 
Write ‘3’ in the box for ‘High-level’ mapping, 2 for ‘Medium-level’ mapping, 1 for ‘Low-
level’ mapping. 
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I-Semester 
 
Course Code: OA401 
Title of the Course: Fundamentals of Earth System Science 
L-T-P: 2-0-0 
Credits: 02 
 
Prerequisite Course / Knowledge (If any): 
Bachelor level Physics, Mathematics, and Chemistry 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…... 
 
CLO-1: recognize the origin and early evolution of the Earth and its current changes  
CLO-2: describe various interactions between various spheres of the earth system 
CLO-3: discuss and compare different biogeochemical cycles and their feedbacks in the 
Earth climate system 
CLO-4: comprehend role of natural and anthropogenic drivers into climate  
CLO-5: gain perspective of varying spatial and temporal scales of climate change and 
variability and its projected changes 
 
Detailed Syllabus: 
 
Unit 1: Basic concepts for Earth System Science : The origin and early evolution of the 
Earth;  Evolution of Geosphere and  Biosphere; Earth as a system of interacting 
components- Geosphere, Biosphere, Atmosphere and Hydrosphere. 
 
Unit 2: Life on Earth; chemosynthetic and photosynthetic processes; marine 
productivity; organic/inorganic carbon; warm/cold waters herbivores   
 
Unit 3: Ecosystems: Biological pump; biomass; biodiversity; trophic dynamics; stability; 
interactions with the environment. 
 
Unit 4: Biogeochemical Cycles such as Carbon cycle; Nitrogen cycle; Sulfur cycle; 
Phosphorus cycle; trace metals; Coupling of biogeochemical cycles and climate- 
Forcings, feedbacks and responses. 
 
Unit 5: Ocean carbon cycle; distribution and storage of carbon in the Ocean; Reservoir 
of carbon; role of biology; ocean carbon exchange with the atmosphere in the present 
climate; variability and trends of air-sea carbon exchange and its projected changes in the 
future climate.  
 
Unit 6: Global change on short and long time-scales: Natural versus anthropogenic 
changes; global warming and greenhouse effect; role of long-term variability of solar 
luminosity; human modifications of the Earth system; sustainability 
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Reference Books: 
1. Lenton, T., (2016), Earth System Science: A Very Short Introduction, 1st Edition, Oxford 

University Press.  
2. Ehlers, E., and T. Kraft, (2006), Earth System Science in the Anthropocene: Emerging Issues 

and Problems, Springer.  
3. Jacobson, M. C., R. J. Charlson, H. Rodhe, and G. H. Orians, (2006), Earth System 

Science: From Biogeochemical Cycles to Global Changes, Elsevier Academic Press. 
4. Flechtner, F., N. Sneeus, and W.D. Schuh, (2014), Observation of the System Earth from 

Space - CHAMP, GRACE, GOCE and future missions, Springer 
5. Kump, L. R., J. F. Kasting, and R. G. Crane, (2010), Earth System Science, 3rd Edition, 

Pearson Education. 
 
 
 

Course Code: OA402                                       
Title of the Course: Physics of the Atmosphere 
L-T-P: 3-1-0                         
Credits: 04 
 
Prerequisite Course / Knowledge (If any): 
Bachelor level Physics and Mathematics 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: acquaint with the overview of the fundamentals concepts of physics governing 
the atmosphere 
CLO-2: understand the basic thermodynamic concepts for the atmosphere related to 
atmospheric stability and cloud formation, and to be able to explain weather phenomena 
CLO-3: demonstrate an understanding of solar and terrestrial radiation 
CLO-4: understand the energy transfer processes between the earth’s surface and the 
atmosphere 
CLO-5: apply fundamental physical principles in understanding atmospheric and 
climate- processes from weather through climate change scales 
 
Detailed Syllabus: 
 
Unit 1: Elementary concepts of atmospheric sciences; vertical thermal structure and 
composition of the atmosphere hydrostatics of the atmosphere; geopotential; 
equipotential surface; hydrostatic equation; hydrostatic equilibrium; standard 
atmosphere; altimetry. 
 
Unit 2: Gas laws and their application to the atmosphere; equation of state for dry and 
moist air; humidity parameters; virtual temperature; First and second laws of 
thermodynamics; specific heats of gases; internal energy; adiabatic processes; potential 
temperature; revisiting entropy; reversible and irreversible processes; Carnot's cycle; 
thermodynamics of water vapour; latent heat; the Clausius-Clapeyron equation; 
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thermodynamics of the atmosphere; dry adiabatic lapse rate; case of unsaturated moist 
air;saturated adiabatic lapse rate; pseudo-adiabatic cases; equivalent potential 
temperature;  wet-bulb temperature; wet-bulb potential temperature and saturation 
potential temperature; Normand's propositions and  Normand point. 
 
Unit 3: Atmospheric instability and convection-stability criteria; parcel method; Brunt-
Vaisala oscillations; lifting; mixing and convective condensation levels; potential 
instability and latent instability; stability indices; slice method of stability analysis; cloud 
formation and types. 
 
Unit 4: Principles of thermodynamic diagrams and various thermodynamic diagrams 
 
Unit 5: Radiation: Laws of black body radiation; radiation transfer; solar radiation; 
latitudinal and seasonal variation; passage through the atmosphere – absorption, 
scattering and reflection; mean disposition of solar radiation; terrestrial radiation; 
absorption in the atmosphere; Raleigh and Mie scattering; atmospheric window         
 
Reference Books: 
1. Wallace, J. M., and P. V. Hobbs,(2006),  Atmospheric Science: An Introductory Survey, 2nd 

Edition, Elsevier Academic Press. 
2. Marshall J., and R. A. Plumb, (2008),  Atmosphere Ocean and Climate Dynamics: An 

Introductory Text, Elsevier Academic Press. 
3. Hess, L. S.,(1959),  Introduction to Theoretical Meteorology, Wiley Online Library.  
4. Andrews, D. G., (2010) An Introduction to Atmospheric Physics, 2nd Edition, Cambridge 

University Press.  
5. Houghton, J. T., (2002), Physics of the Atmosphere, Cambridge University Press. 

 
 
 

Course Code: OA403                                  
Title of the Course: Physics of the Ocean 
L-T-P: 3-1-0                         
Credits: 04 
 
Prerequisite Course / Knowledge (If any): 
Bachelor level Physics and Mathematics 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: identify, explain, and interpret main features in spatial distributions of physical 
properties of seawater  
CLO-2: understand and assess the importance of Ocean in terms of resource utilization 
in a sustainable manner 
CLO-3: discuss and differentiate between the various ocean waves, and tides. 
CLO-4: evaluate the role of the different oceans in the global ocean circulation, with 
focus on Indian Ocean circulation 
CLO-5: understanding the physics of the heat budget of the oceans, and governing 
processes 
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Detailed Syllabus: 
 
Unit 1: General introduction: History of oceanography and major expeditions; physical 
properties of sea water; distribution of temperature, salinity, density, and oxygen in 
space and time; acoustical and optical characteristics of seawater.  
             
Unit 2: Heat budget of ocean: Insolation; long wave radiation; effect of clouds; sensible 
and latent heat transfer; Bowen’s ratio; ocean heat transport; spatio-temporal variability 
of heat budget terms and net heat balance. 
 
Unit 3: Water type and masses: Formation and classification; identification of water 
masses; Temperature/Potential-Salinity (T/T-S) diagrams; water masses of the Atlantic, 
Pacific, and Indian Ocean with special reference to Arabian Sea and Bay of Bengal.  
 
Unit 4: Surface gravity waves: Characteristics, shallow water transformation and 
breaking; long-shore and cross-shore currents; rip currents 
 
Unit 5: Tides: Tide generation and propagation; characteristics of tides; spring and neap 
tides; diurnal and semi-diurnal tides; tidal current; tidal flushing; tides in estuaries 
 
Unit 6: Circulation: General circulation of the atmosphere; wind-driven currents in the 
oceans; wind stress; Ekman spiral and transport; subtropical and polar gyres; major 
currents of the world oceans; thermohaline circulation; Ocean conveyor belt.  
 
Unit 7: Indian Ocean Circulation: Northeast and Southwest monsoon winds; ocean 
surface circulation; equatorial current systems; under currents; circulation in Arabian Sea 
and Bay of Bengal; somali current; Indonesian Through Flow and Pacific-Indian Ocean 
exchange; Agulhas current and Indian Ocean-Atlantic exchange.   
 
Unit 8: Ocean processes: Upwelling and sinking; mesoscale eddies; winter cooling and 
convection; Indo-Pacific  Ocean warm pool; Seyshells-Chagos Thermocline Ridge 
(SCTR); tropical cyclones and upper ocean response; El-Nino and Southern Oscillation 
(ENSO); Indian Ocean Dipole.  
 
Reference Books:  
1. Stewart, R. H., (2008), Introduction to Physical Oceanography.  
2. Waves, Tides and Shallow, (1999), Water Processes: Open University Course Team and 

Butterworth-Heinemann Publications, Oxford, UK. 
3. Williams, F. J., and S. Elder, (1989), Fluid Physics for Oceanographers and Physics: An 

Introduction to Incompressible Flow, 1st Edition, US Naval Academy, Paragon Press. 
4. Talley, L. D., G. L. Pickard, W. J. Emery and J. H. Swift, (2011), Descriptive Physical 

Oceanography, 6th  edition, Elsevier.  
5. Marshall J., and R. A. Plumb, (2008), Atmosphere Ocean and Climate Dynamics: An 

Introductory Text, Elsevier Academic Press. 
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Course Code: OA404                    
Title of the Course: Dynamics of the Atmosphere and Ocean 
L-T-P: 3-1-0      
Credits: 04 
 
Prerequisite Course / Knowledge (If any): 
OA402, OA403 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: understand the distinction of geophysical fluid dynamics relative to the general 
fluid dynamics under the constraints of Earth’s rotation and stratification. 
CLO-2: discuss and familiarize about the various aspects of oceanic and atmospheric 
circulations, their similarities, and distinctions from one another, and various time length 
scales. 
CLO-3: familiarize with the governing equations of the atmospheric and oceanic flows 
and balances among the various forces that drive the motions. 
CLO-5: apply the approximation of the complex flows to a much simpler geostrophic 
flows and its importance in the geophysical fluid dynamics. 
CLO-5: differentiate various balanced motions in the atmosphere and oceans, and 
understand the relevance of surface temperature/density gradients 
CLO-6: study the important oceanic boundary currents and its driving mechanisms in 
light of wind driven circulation and the role of friction.  
 
Detailed Syllabus: 
 
Unit 1: Introduction: Objective, importance of geophysical fluid dynamics; 
distinguishing attributes of geophysical flows; scales of motions; importance of rotation; 
importance of stratification; distinction between the atmosphere and ocean; data 
acquisition; the emergence of numerical simulations; scales analysis and finite 
differences; higher-order methods; aliasing. 
 
Unit 2: The Coriolis force: Rotating framework of reference; unimportance of the 
centrifugal force; free motion on a rotating plane; analogy and physical interpretation; 
acceleration on a three-dimensional rotating planet. 
 
Unit 3: Equations of fluid motion in different coordinate systems: Cartesian, spherical 
and natural vertical-pressure and potential temperature  
 
Unit 4: Geostrophic flows: Homogeneous geostrophic flows; homogeneous geostrophic 
flows over an irregular bottom; generalization to nongeostrophic flows; inertial motion 
and cyclostrophic flow; gradient wind and thermal wind Currents without friction: 
Hydrostatic equilibrium; geopotential, isobaric and isopycnal surfaces, Geostrophic 
equation; inertial motion; level of no motion and absolute currents 
 
Unit 5: Currents with friction: Ekman’s solution to the equation of motion with friction; 
drag co-efficient; Ekman transport and upwelling; bottom friction and shallow water 
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effect; Sverdrup’s equation and its application; equatorial undercurrent; Stommel’s and 
Munk’s theorem; westward intensification of ocean currents. 
 
Reference Books:  
1. Holton J. R., and G. J. Hakim, (2012), Introduction to Dynamic Meteorology, 5th edition, 

Academic Press. 
2. Hess, L. S., (1959), Introduction to Theoretical Meteorology, Wiley Online Library.   
3. Roisin, B. C. and J. M. Beckers, (2011), Introduction to Geophysical Fluid Dynamics, 2nd 

Edition, Elsevier.  
4. Pond, S. and G. L. Pickard, (1983), Introductory Dynamic Oceanography, 2nd edition, 

Butterworth-Heinemann. 
5. Olbers, D., J. Willebrand and C. Eden, (2012), Ocean Dynamics, Springer. 
 

 
 
 

Course Code: OA405                                 
Title of the Course: Mathematical Physics 
L-T-P: 2-1-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
Bachelor level Mathematics 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to….. 
 
CLO-1: explain coordinate systems, real and complex linear vector spaces and their 
simple operator algebra  
CLO-2: solve matrix algebra involving eigen-values and eigen-vectors, along with their 
physical interpretation 
CLO-3: apply Fourier and Laplace transforms for representation of information in 
conjugate domains to intractable data in one space, more tellingly in its dual space. 
CLO-4: solve differential equations, integral equations or integral-differential equations 
CLO-5: create mathematical tools required in some of the ensuing theoretical courses in 
the program relatively more familiar and transparent, - thus providing its post-facto 
justification.  
 
Detailed Syllabus: 
 
Unit 1: Vector calculus: Differentiation and integration of vectors; scalar and vector 
fields; vector operators; cylindrical and spherical polar coordinates.  
 
Unit 2: Linear vector spaces: Vector spaces and representations; linear operators; 
matrices and their properties; special matrices; eigenvalues and eigenvectors; change of 
basis and similarity transformation; matrix diagonalization and its geometric 
interpretation; simultaneous linear equations.  
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Unit 3: Complex variables: Functions of complex variable: analyticity and Cauchy-
Reimann relations; power series in a complex variable; elementary functions.  
 
Unit 4: Fourier analysis: Periodic functions and Dirichlet conditions; Fourier 
representation-real and complex series; symmetry properties; non-periodic functions-
Fourier transform; properties; Parseval’s theorem; Laplace transform and region of 
convergence; applications to differential equations.  
 
Unit 5: Ordinary differential equations: First and second order equations; linear 
equations with constant and variable coefficients; series solutions; special functions; 
Legendre, Bessel and Hermite functions; introduction to linear vector space of functions 
with special functions as basis vectors.  
 
Unit 6: Partial differential equations: Wave and diffusion equations as examples; general 
and particular solutions; separation of variables; integral transform methods. 
 
Reference Books:  
1. K. F., M. P. Hobson, & S. J. Bence, (2006), Mathematical methods for physics and 

engineering, 3rd Edition, Cambridge University Press. 
2. Hassani, S., (2013), Mathematical physics, Springer. 
3. Greenberg, M. D.,(2013), Advanced engineering mathematics, 2nd Edition, Pearson 

Education. 
4. Croft, A., R. Davidson and M. Hargreaves, (2001), Engineering Mathematics, Pearson 

education. 
5. Spiegel, M. R., et al., (2009), Complex Variables (Schaum's series), 2nd Edition, McGraw-

Hill education. 
6.  Brown, J. W. and R. V. Churchill, (2015), Fourier series and Boundary Value Problems, 

8th Edition, McGraw-Hill Education. 
 

 
 

Course Code: OA406      
Title of the Course: Statistical and Numerical Analysis in Geosciences 
L-T-P: 2-1-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
OA405, Bachelor level Mathematics  
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: Acquainting with the basic concepts of statistics, analysis of frequency 
distributions and curve fitting  
CLO-2: Know the fundamentals of elementary probability theory and distributions 
functions 
CLO-3: Explain the basics of sampling theory and its applications to statistical 
estimation, tests of hypotheses and significance  
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CLO-4: Learning different numerical methods to solve system of linear equations and 
construct interpolation polynomials   
CLO-5: To develop the solutions for non-linear equations, numerical techniques for 
differentiation, integration, and complex differential equations 
 
Detailed Syllabus: 
 
Unit 1: Introduction to Statistics: Mean, mode, median, variance, standard deviation, 
correlation coefficient, skewness and Kurtosis; linear, non-linear and multiple regression; 
least squares curve fitting 
 
Unit 2: Probability: Probability distribution functions (PDFs); Binomial, Poisson, 
Gaussian, Log-normal, and Chi-square distributions; moments of distribution.  
 
Unit 3: Sampling and methods of sampling: Population, sample mean and standard 
deviation; central limit theorem; Monte Carlo methods; Bayes’s theorem; one and two 
way analyses of variance; design of experiments; testing hypotheses; Student’s t test; F-
test; Chi-square test; principal component analysis 
 
Unit 4: Linear system of simultaneous matrix: Jacobi and Gauss Seidel method, 
Applications of empirical orthogonal functions; Fourier transforms; wavelet transforms; 
and filtering, Interpolation: Forward, backward and centered difference; Newton’s 
formula for interpolation 
 
Unit 5: Numerical solution of algebraic and transcendental equations: Iterative 
algorithm; Bisection method and Newton Raphson method, Numerical differentiation 
and integration: Numerical differentiation; finite difference approximation of derivatives; 
Numerical integration; Trapezoidal and Simpson’s rule., Numerical integration of 
ordinary differential equations (ODEs): Euler and Runge Kutta methods, Numerical 
solution of partial differential equation: Explicit and Crank-Nicolson method 
 
Reference Books:  
1. Hamming, R. W., (1973), Numerical Methods for Scientists and Engineers, 2nd Edition, 

McGraw Hill. 
2. Sastry, S. S., (2012), Introductory Methods of Numerical Analysis, 5th Edition, PHI learning 

private limited-New Delhi. 
3. Isaacson, E., and H. Keller., (1966), Analysis of Numerical Methods, John Wiley & Sons. 
4. Pipes, L. A. and L. R. Harvill, (2014), Applied Mathematics for Engineers and Physicists, 

3rd Edition, Dover publications.  
5. Spiegel, M. R., and L. J. Stephens., (2018), Schaum's Outline of Statistics, 6th Edition, 

McGraw Hill education. 
6. Chapman, S. J., (2013), Fortran 90/95 for Science and Engineering, 2nd Edition, McGraw 

Hill Education. 
7. Press, W. H., S. A. Teukolsky, W. T. Vetterling and B. P. Flannery., (2000), 

Numerical Recipes in FORTRAN, Cambridge University Press. 
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Course Code: OA407                       
Title of the Course: Statistical and Numerical Computing 
L-T-P: 0-0-2 
Credits: 02 
 
Prerequisite Course / Knowledge (If any): 
OA406  
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: Acquainting with the basics of flowchart and then transform into a computer 
language 
CLO-2: Know the basics commands of FORTRAN and develop subroutines and 
functions for statistics, special functions and applied mathematics.  
CLO-4: Analyze various iterative methods for a nonlinear equation and their 
convergence analysis in FORTRAN 
CLO-4: Developing the program for differentiation, integration and complex differential 
equations 
CLO-5: Design algorithm to solve difficult mathematical problems in an efficient and 
easy way.  
 
Detailed Syllabus: 
 
Unit 1: Fundamentals of programming logic and algorithm development 
Unit 2:In this course, students will study and solve various numerical and statistical 
problems, by developing algorithms in FORTRAN (Force 2 compiler in Window 
OS/GFortran in Unix) and MATLAB, and executing them on computer using datasets 
provided (or to be downloaded as instructed). 
 
 
 
Course Code: OA408                       
Title of the Course: Weather Data Analysis and Forecasting 
L-T-P: 0-0-1 
Credits: 01 
 
Prerequisite Course / Knowledge (If any): 
OA402, Bachelor level Physics and Mathematics  

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: explain important meteorological phenomena at various scales in terms of basic 
physical and dynamic processes  
CLO-2: plot, analyze, and interpret surface weather and upper-air maps, charts and 
meteorological diagrams 
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CLO-3: explain short and medium range weather forecasts based on basic 
meteorological principles 
CLO-4: describe, analyze, and create graphical depictions of meteorological information. 
CLO-5: integrate and use meteorological knowledge and techniques in physical world 
applications 
CLO-6: visit local National Meteorological Station and familiarising with operational 
procedures in data collection and local weather forecast  
 
Detailed Syllabus: 
 
Unit 1: General measurement system:  Principles; measurement of surface 
meteorological parameters- rainfall, wind, temperature, humidity, pressure, radiation, 
soil moisture and soil temperature; Aerosol and its size distribution and chemical 
compositions; trace gases; Ship-based and buoys observations. 
 
Unit 2: Upper air observations:  Pilot balloon; radiosonde/GPSsonde;.,  
 
Unit 3: Data analysis and forecasting: Surface and upper air data analysis; T-Phigram; 
use of weather chart and T-Phigram for weather forecasting.  
 
Unit 4: Visit to India Meteorological Department (IMD). 
 
Reference Books:  
1. Middleton, W. E. K. and A. F. Spilhaus, (1960), Meteorological Instruments, 3rd Edition, 

University of Toronto Press. 
2. Pictorial guide to maintenance of meteorological Instruments: H.M.S.O., London, 1963 
3. Guide to Meteorological Instruments and observing practices :2014 Edition, WMO 

Publications, May 2017 
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II-Semester 
 
Course Code: OA451     
Title of the Course: Geological, Chemical, & Biological Oceanography 
L-T-P: 3-0-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
OA401, OA403, Bachelor level Physics, Chemistry, and Mathematics 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: Demonstrate fundamental knowledge of geology, chemistry and biology that 
unite the oceanographic processes 
CLO-2: understand and learn about the basic concepts of oceanography and marine 
geology with respect to sediment transport and accumulation in the marine environment  
CLO-3: understand the nature of the ocean floor and how ocean basins form and evolve 
in the context of the plate tectonic model. 
CLO-4: gain knowledge of what and why and skills related to the physical, chemical and 
biological components and phenomena for a better understanding of oceanography and 
marine geology. 
CLO-5: Obtain skills of quantifying fluxes across the air-sea boundary 
CLO-6: understand the relationship between marine organisms and their environment, 
and impact of climate change and environmental pollution on marine ecosystems 
CLO-7: determine how the biological pump influences the distribution of chemical 
substances and biogeochemical cycles of the ocean 
 
Detailed Syllabus: 
 
Unit 1: Geological Oceanography: Basics of Marine Geology; seafloor spreading; plate 
tectonics; evolution of ocean basins; Bathymetry and Physiography of the ocean floor; 
coastal water bodies – estuaries, lagoons, beaches, barrier islands, mudflats and 
wetlands. Marine sediments – sources; sediment transport; mass gravity flows; turbidites; 
sediment dispersal and accumulation patterns; accretion and erosion; Sediments of 
Indian, Pacific and Atlantic Oceans. Earthquakes and Tsunami origination in Oceans. 
Geochemical cycling of elements: Hydrothermal vents and hydrothermal alterations; 
factors affecting distribution of calcareous and siliceous deposits on the seafloor; 
mechanism of formation of different types of mineral and chemical deposits - 
Polymetallic nodules and sulphide deposits. Sediment samplers - Grabs and corers; 
sediment samples processing and analytical techniques; sedimentation rates using 
radiocarbon dating techniques (C-14 methods), AMS and U-Th dating.  Ice ages and 
their causes; stable isotopes and their applications in paleoclimate reconstruction; 
oxygen isotopes in planktic and benthic forams; corals; marine sediment cores; paleo 
sea-level; paleo temperatures and productivity.  
 
Unit 2:  Chemical Oceanography: Chemical reactions: their basis and types; 
thermodynamic and kinetic considerations; concentration-activity difference; activity 
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coefficient; chemical interactions and equilibria relevant to the Ocean; acid-base; ion-
exchange; adsorption-desorption; dissolution-precipitation; reduction-oxidation; 
dissolution-colloid formation-precipitation; chemical speciation of important seawater 
systems; carbonate, phosphate and nitrate.  Concentrations and cycles: Major and minor 
ions; major sources and sinks of elements; geochemical balance and residence time; 
nutrients and nutrient-type elements; bio-limiting and bio-intermediate elements; 
phosphorus, nitrogen and silicon cycles; nitrification; denitrification and anammox; iron 
limitation in HNLC waters. Gases and Fluxes: Non-reactive and reactive gases; fluxes of 
gases across sea surface; oxygen and apparent oxygen utilization (AOU); oxygen 
minimum zones (OMZ) and anoxia; carbon dioxide and solubility pump; ocean 
acidification and its impact on the CO2 system; lysocline; CACO3 compensation depth 
(CCD). 
 
Unit 3: Biological Oceanography: Photosynthesis and respiration - Basic aspects of 
calvin cycle; carbon isotopic differentiation in C3 and C4 plants; chlorophyll-a primary 
productivity and the abiotic and biotic factors affecting it; vertical structure of 
chlorophyll and productivity; deep chlorophyll maxima; compensation depth; 
penetration depth; critical depth; regenerated production, new production biological 
pump and F-Ratio; eutrophication.  Major groups of algae; their characteristics and 
importance; harmful algal blooms; biomagnification and shellfish poisoning; 
characteristic algal pigments and their absorption characteristics. Dissolved organic 
carbon (DOC) and coloured dissolved organic matter (CDOM); allochthonous and 
autochthonous inputs; ectocrines; particulate organic matter (POM); marine snow; 
bacteria and viruses; microbial loop; primary to bacterial production ratio; biological 
oxygen demand; food chain; foodweb and trophic dynamics; deep scattering layer; 
ecological efficiency; species succession; species richness and diversity indices. 
Mangroves and corals and their ecology and biology. Major zooplankton groups and 
higher organisms: Radiolarians; Pteropods; crustaceans; corals; fishery resource and its 
forecast. Marine biology of Arabian Sea and Bay of Bengal  
 
Reference Books:  
1. Lalli, M. C., and T. R. Parsons, (1997), Biological Oceanography: An Introduction, 2nd 

Edition, Open University Set Book, Butterworth-Heinemann. 
2. Riley, P. J., and R. Chester, (1983), Chemical Oceanography, Elsevier. 
3. Wright, J., and A. Colling, (1989) Seawater and its composition, properties and behavior, 

Open University, Elsevier. 
4. K K Turekian, (2010), Chemical Oceanography 
5. Pilson, M. E. Q., (1998), An Introduction to the Chemistry of the Sea, Prentice Hall, 

New Jersey, 431 pp. 
6. Lecture Notes in Chemical Oceanography of Stanford University. 
7. Lalli, C., and T. R. Parsons,(1997), Biological Oceanography: An Introduction, Elsevier, 

320 pp. 
 

 
 

Course Code: OA452                       
Title of the Course: Advanced Geophysical Fluid Dynamics 
L-T-P: 4-0-0 
Credits: 04 
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Prerequisite Course / Knowledge (If any): 
OA402, OA403, OA404, OA405 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: understand the dynamical concept of  circulation of the atmosphere, and apply it 
to land-sea breeze 
CLO-2: develop mathematical background related to the rate of change of absolute 
vorticity, explain its applications under various conditions; understand the quasi-
geostrophic approximation 
CLO-3: develop a theoretical understanding of waves in the atmosphere and oceans, and 
identify the real-world analogues 
CLO-4: Study the role of friction in modifying the geostrophic winds in the boundary 
layer atmosphere; evaluate various types of eddy coefficients thereby get introduced to 
the relevance of the surface types and diurnal changes.  
CLO-5: Develop a theoretical understanding of various large scale hydrodynamic  
instabilities, and be able to differentiate their relative roles in various atmospheric and 
oceanic  phenomenon such as the monsoons, mid-latitude storms, oceanic eddies.  
 
Detailed Syllabus: 
 
Unit 1: Circulation and Vorticity: Kelvin’s circulation theorem; Bjerknes   circulation 
theorem;  vorticity equation in cartesian and isobaric coordinates; divergence and  
vorticity  of  the  geostrophic  wind; scale  analysis  of  the  vorticity  equation; potential 
vorticity conservation; Rigid-Lid approximation; quasi-geostrophic dynamics; 
simplifying assumptions and governing equations.  
 
Unit 2: Waves in the atmosphere and Oceans: Concept of wave motion, acoustic waves, 
gravity waves, shallow water waves, Tsunami waves, Kelvin and Rossby wave 
 
Unit 3: Budgets: Mass budget; momentum budget; energy budget; salt and moisture 
budgets; Boussinesq approximation; flux formulation and conservative form 
 
Unit 4: Ekman Layer: Shear turbulence; friction and rotation; the bottom Ekman layer; 
generalization to nonuniform currents; Ekman layer over uneven terrain; surface Ekman 
layer; Ekman layer in real geophysical flows; Reynolds-averaged equations; Eddy 
coefficients; important dimensionless numbers. 
 
Unit 5: Hydrodynamic instabilities: Barotropic instability and applications; introduction 
to baroclinic   instability; Kelvin-Helmholtz instability 
 
Reference Books:  
1. Roisin, B. C. and J. M. Beckers, (2012), Introduction to Geophysical Fluid Dynamics: 

Physical and Numerical Aspects, Academic Press.  
2. Pedlosky J., (1987) Geophysical Fluid Dynamics, 2nd Edition, Springer. 
3. Holton J. R., and G. J. Hakim, (2012), Introduction to Dynamic Meteorology, 5th edition, 

Academic Press. 
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4. Gill A. E., (1982), Atmosphere‐Ocean Dynamics,1st Edition Academic Press. 
 
 
 
Course Code: OA 453                    
Title of the Course: Tropical Meteorology and Climatology 
L-T-P: 3-1-0 
Credits: 04 
 
Prerequisite Course / Knowledge (If any): 
OA402, OA403, OA404 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: differentiate between weather and climate, study mean climatological features, 
and identify different climate regimes 
CLO-2: identify origin of air masses and classify air masses 
CLO-3: describe different scales of atmospheric motions with examples 
CLO-4: Differentiate large scale tropical phenomena such as the Madden-Julian 
oscillation, s Hadley and Walker circulations  
CLO-5: demonstrate climatological features and seasonal evolution of Indian summer 
monsoon 
CLO-6: Differentiate various monsoonal phenomena and background mechanism, on 
various time scales from transient through decadal scales. 
CLO-7: examine impacts of tropical ocean drivers such as the ENSO and IOD on Indian 
summer monsoon 
CLO-8: Study the conditions necessary for formation of tropical cyclones, differentiate 
the intensities across regions of propensity, identify their morphological structures and 
their impacts, and familiarise with basics theoretical principles. 
 
Detailed Syllabus: 
 
Unit 1: Weather and climate; Components of the climate system and feedbacks to 
climate. 
 
Unit 2: Radiation climatology of the earth's atmosphere; geographical and seasonal 
distribution of incoming solar radiation; outgoing radiation; net radiation; terrestrial heat 
balance. Geographical and seasonal distributions of temperature, pressure, wind, 
precipitation, vertical distribution of temperature and winds.  
 
Unit 3: Climatology of air masses: Origin, movement and modification  of  air  masses; 
fronts and convergence zones; weather  associated with  frontal  zones, Classification of 
climates: Koeppen and Thornthwaite's schemes  
 
Unit 4: Large scale planetary systems: Trade wind and ITCZ; Hadley and Walker 
circulation; Jet streams; Madden Julian oscillation, Synoptic scale weather systems: Low 
and high pressure systems; easterly waves,  
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Unit 5: Tropical cyclones: Grey-Sikka conditions; life cycle; structure in wind; 
temperature; introduction to various theories; cyclone movement; storm surges. 
 
Unit 6: Monsoons: climatological features and seasonal evolution of Indian summer 
monsoon; principal rain bearing systems including monsoon depressions, lows;  mid-
tropospheric cyclones; intraseasonal variability of summer monsoon including active and 
break cycles;  monsoon variability on interannual and decadal   time scales; impacts 
from tropical oceanic drivers such as the ENSO and IOD;  northeast monsoon 
 
Unit 7: Mesoscale systems: Thunderstorm; dust storm; hail storm; tornado; sea and land 
breeze. 
 
Reference Books:  
1. Monsoon monographs  Vol-I and Vol-II, 2010 : India Meteorological Department 
2. Rao, Y. P., (1976), South West Monsoon, IMD. 
3. Pant, G. B. and K. Rupakumar, (1997), Climates of South Asia, J.Wiley and Sons: 

Chichester.  
4. Chang, C. P. and T. N. Krishnmoorthy, (1987), Monsoon Meteorology, Oxford 

University Press.  
5. Anthes, R. A., (1982), Tropical Cyclones, their evolution structure and effect, American 

Meteorological Society. 
6. Asnani, G. C., (2006) Tropical Meteorology.  
7. Trewartha, T. G., (1981), An Introduction to Climate, 5th Edition, McGraw-Hill Inc, US. 

   
 
 

Course Code: OA454                             
Title of the Course: Climate Change and Its Impacts 
L-T-P: 4-0-0 
Credits: 04 
 
Prerequisite Course / Knowledge (If any): 
OA453, OA502 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: Study the climate history of the earth on geological time scales, and differentiate 
between various internal and external drivers, and feedbacks 
CLO-2: Interpret various methods and techniques to decipher the past climate signals in 
paleoclimate archives, and differentiate their applications 
CLO-3: explain the concepts of radiative forcing, climate sensitivity and climate 
feedbacks, and understand the implications  
CLO-4: describe and quantify the role of greenhouse gases and aerosols in Earth’s energy 
budget and climate system  
CLO-5: describe the current state of climate, and differentiate the projected climate 
change, and the range of uncertainties under various distinct radiative forcing scenarios 
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CLO-6: design various types of climate change simulations and be able to solve problems 
related to global warming and climate change 
CLO-7: Inform the policy makers and stakeholders on the impacts attributable to the 
anthropogenic climate change, and facilitate knowledge to help formulating policies on 
climate change and mitigation 
 
Detailed Syllabus: 
 
Unit 1: Overview of the climatic history of the earth; theories of climatic changes, 
Climatic change and climatic variability: local and planetary influences; Milankovitch 
cycles- eccentricity, tilt and precision cycles; internal feed backs; Dansgaard-Oeshger 
cycles; Thermohaline circulation and its effect on climate. 
 
Unit 2: Paleoclimate archives: micro fossils; dendrochronology; sclerochronology; lake 
and ocean varve sediments; foraminifera; oxygen isotope stratigraphy; loess deposits; Ice 
cores - polar and tropical ice cores; speleothems; pollen grains. 
 
Unit 3: Paleoclimate Methods: Stable isotopes - oxygen; carbon; calcium-magnesium 
ratios and their application in paleoclimate studies 
 
Unit 4: Greenhouse effect in Earth’s current climate; climate sensitivity; climate 
feedback parameter; water vapour feedback; snow & ice feedback; cloud feedback; 
climate response time in transient climate change; transient climate change versus 
equilibrium response experiments; example of a doubled-CO2 equilibrium response 
experiment; the role of the oceans in slowing warming; climate sensitivity in transient 
climate change.  
 
Unit 5: Global warming: Relevance of greenhouse gases and aerosols; other climate 
forcings; climate change scenarios      
 
Unit 6: IPCC AR5* SPM report: Recent climate change and detection; future projection; 
mitigation; adaptation., Sea level change: modelling and predicting climate change.  
[*to be replaced by the latest IPCC report as and when it gets released] 
 
Reference Books:  
1. Cronin, M. T., (2009), Paleoclimates: Understanding Climate Change Past and Present, 

Columbia University Press.  
2. Matthew, W. D.,(2010), Climate and Evolution. 
3. Cronin, M. T.,(1999), Principles of Paleoclimatology, Columbia University Press. 
4. Huntington, E. and S. S. Visher., (1992), Climatic Changes; Their Nature and Causes, 

Yale University Press. 
5. Hartmann, D., (2015), Global Physical Climatology, 2nd Edition, Elsevier Academic 

Press. 
6. Trewartha, T. G., (1981), An Introduction to Climate, 5th Edition, McGraw-Hill Inc, 

US. 
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7. Neelin, J. D., (2011), Climate Change and Climate Modelling, Cambridge University 
Press. 

8. Farmer, G. T. and J. Cook., (2013) Climate Change Science: A Modern Synthesis: The 
Physical Climate, Springer.   

 
 
 
Course Code: OA455  
Title of the Course: Modelling of the Atmospheric & Oceanic Processess 
L-T-P: 4-0-0 
Credits: 04 
 
Prerequisite Course / Knowledge (If any): 
OA404, OA452 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: explain the need for numerical methods ocean and atmospheric modelling. 
CLO-2: will be equipped with knowledge of different numerical Techniques for solving 
partial differential equations related to the oceans and atmospheric dynamics 
CLO-3: describe the challenges in explicit simulation of high spatial and temporal 
resolution processes, and provide examples of illustrative parameterization schemes. 
 CLO-4: differentiate through the hierarchy of models, and discuss approaches of 
Atmospheric/Ocean Modelling. 
CLO-5:  to carry out to the computer simulation of simple Weather /Ocean processes 
and/or phenomenon 
  
 Detailed Syllabus: 
 
Unit 1: Historical Background of atmospheric and ocean models; primitive equations 
and their simplification 
 
Unit 2: Hierarchy of numerical models: Filtering problem, barotropic model; equivalent 
barotropic model; two level Baroclinic model; general circulation model 
 
Unit 3: Finite difference Techniques: Taylor’s expansion; forward, backward and central 
schemes;    nonlinear instability and aliasing; arakawa grids.  
 
Unit 4: Time integration schemes: Explicit and implicit schemes; semi-implicit schemes; 
initial conditions; surface and lateral boundary conditions. 
 
Unit 5: Galerkin methods: spectral method; finite element method; spectral model.  
 
Unit 6: Parameterization of physical processes in the atmosphere: Basic concepts of 
parameterization - boundary layer, cumulus convection, radiation and land surface 
processes  
 



24 
  

Unit 7: Ocean modeling: Hierarchy of ocean models; reduced gravity model; linear 
continuously stratified model; shallow water model; global ocean model; physical 
processes and parameterization schemes; Parameterization of physical processes in the 
ocean: Basic concepts of parameterization - mixing processes, air-sea fluxes, tide and 
waves. 
 
Unit 8: Coupling-Hierarchy of coupled models; coupling strategies; spin-up problems., 
Earth System model. 
 
Reference Books:  
1. Coiffier, J., (2012), Fundamentals of Numerical Weather Prediction, Cambridge 

University press. 
2. Warner, T. T., (2010), Numerical Weather and Climate Prediction, Cambridge University 

press. 
3. Bhaskar Rao, D. V., Numerical Weather Prediction, Published by BS publishers and 

India Meteorological Society.  
4. Krishnamoorthy, T. N., & L. Bounoua, (1995), An Introduction to Numerical Weather 

Prediction Techniques, CRC press. 
5. Randall, D., (2009) An Introduction to Numerical Modeling of the Atmosphere. 
6. Kaempf, J., (2010) Advanced Ocean Modelling, Springer. 
7. Griffies, M. S., (2004), Fundamentals of Ocean Climate Models, Princeton University 

Press. 
 
 
 

Course Code: OA456              
Title of the Course: Observational Techniques in Oceanography 
L-T-P: 0-0-1 
Credits: 01 
 
Prerequisite Course / Knowledge (If any): 
OA403, OA404 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: participate in expedition onboard in an oceanographic research vessel 
CLO-2: acquire hands-on training of data collection methods using onboard instruments 
CLO-3: to analyze and interpret oceanographic data collecting using onboard 
instruments 
CLO-4: train to work in a team on stipulated scientific exploration task  
CLO-5: create and apply knowledge gained in writing a report for internship training 
and/or project dissertation 
 
Detailed Syllabus: 
 
Students will participate in research expedition Cruise organized by National Institute of 
Ocean Technology (NIOT) or National Institute of Oceanography (NIO) or National 
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Centre for Antarctic and Ocean Research (NCAOR) or Indian National Centre for 
Ocean Information Services (INCOIS) to train student’s in general oceanographic data 
collection methods, and familiarity with various on-board instruments.   

 
 

 
Course Code: OA457      
Title of the Course: Meteorological and Oceanographic Computations 
L-T-P: 0-0-2 
Credits: 02 
 
Prerequisite Course / Knowledge (If any): 
OA404, OA452 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: familiarize and access the various available observed and reanalysed datasets 
related to meteorology, oceanography, and climate, and their utility from various data 
providers such as the NCEP/NCAR 
CLO-2: develop capacities in carrying out analysis of datasets to estimate various 
physical properties of the geophysical fluids 
CLO-3: develop capacities in carrying out analysis of datasets to estimate various 
dynamical processes of typical phenomena such as monsoons, Walker circulation, and 
ENSO, etc 
CLO-4: generate graphical visualizations of the processes  
CLO-5: analysis of the datasets using various statistical and graphical commands, and 
establishes inter-relationships between various phenomena through application of 
statistics. 
CLO-6: assess the inter-dataset uncertainties 
 
Detailed Syllabus: 
 
Unit 1: Computation and visualization softwares such as GraDs, NCL, Ferret and 
MATLAB. 
 
Unit 2: Computations: of absolute vorticity; horizontal divergence; geostrophic, thermal 
and   gradient winds;   relaxation methods; stream function and velocity potential,   from 
NCEP/NCAR or equivalent circulation datasets. 
 
Unit 3: Identification of ENSO and IOD events from the gridded SST datasets. 
Calculation and presentation of Walker and Hadley circulations from reanalysis 
products, Computation of salinity from Chlorinity and conductivity; density using 
temperature and salinity, Specific volume anomaly using temperature, salinity and 
depth, Computation of potential temperature, T/T-S diagrams and identification of 
water mass, Stability characteristics of water column, Brunt-Vaisala frequency and 
stability parameters, Computation of geostrophic currents, Estimation of wind stress curl 
and computation of wind-driven current, Estimation of mixed layer, barrier layer and 
thermocline depths  
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Course Code: OA471  (Elective-I)                
Title of the Course: Cloud Physics and Atmospheric Electricity 
L-T-P: 3-0-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
OA401, OA408 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: know physics and dynamics of clouds and their climatic feedback and effects 
CLO-2: understand aerosol-cloud interactions role in Earth’s radiative budget and 
hydrological cycle 
CLO-3: describe basic microphysical processes that are involved in cloud systems 
CLO-4: carry out meteorological work within the areas of clouds and precipitation 
CLO-5: understand the underlying phenomenon of lightning and thunder 
CLO-6: devise the precautionary action plan to save from lightening  
 
Detailed Syllabus: 
 
Unit 1: Atmospheric aerosols-sources and sinks; physical, optical and chemical 
properties, primary versus secondary aerosols; aerosol radiative effects; condensation 
nuclei – their properties and characterisation; cloud condensation nuclei; 
thermodynamic theory of nucleation and growth; Kelvin equation, solute effect, Kohler 
curve; cloud  classification; size of clouds and cloud systems; cloud droplet number and 
size spectra, rain  drop  spectra;; microstructure of clouds; fog and its types.  
Cloud  physics : warm and cold clouds, droplet growth by condensation; Collision  and  
coalescence  processes; collection efficiency; ice nuclei, ice crystal habits; diffusional 
growth of ice crystals; growth by accretion; rimming, ice multiplication; Langumir chain 
reaction; aggregation and break up of snowflakes; Bergeron  and  Frendeisen  process; 
Graupel; Hail;  precipitation  of  warm  and  cold  clouds; precipitation  mechanisms;   
 
Unit 2: Statistical growth; Bowen model; Telford model; cloud entrainment; bubble 
theory, Artificial rain-making: Static and dynamic mode of seeding: artificial rain-
making experiments in India;  Hail  formation and suppression; 
 
Unit 3: Life cycle of thunderstorm cell; severe thunderstorms;  hail; tornado; weather 
modification; Global electric circuit: Fair weather electrical structure of the atmosphere; 
ions and properties; sources of ionizing radiation; ionosphere and it different layers; 
features of atmospheric electric field; conductivity and resistance of the atmosphere; the 
air–earth point discharge currents; precipitation currents; the transfer of charge.  
 
Unit 4: Development of thunderstorms: Global distribution of thunderstorms; theories of 
thunderstorm electrification; break down potential; structure of lightening flash; 
sequence of events in a discharge; physics of lightening stroke; mechanism of earth-
atmospheric charge balance; role of thunderstorms.  
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Unit 5: Radar observation of clouds and precipitation; radar equation; rain drop spectra; 
radar echoes of hail storm and tornadoes; radar observation of hurricanes; measurements 
of rainfall by radar. 
 
Reference Books:  
1. Rodgers, R. R., and M. K. Yau, (1996), A Short Course in Cloud Physics, 3rd edition, 

Elsevier. 
2. Pruppacher, H. R., and J. D. Klett, (2010), Microphysics of Clouds and Precipitation, 

Springer. 
3. Mason, B. J., (2010), The Physics of Clouds, Oxford University Press. 
4. Chalmers, J. A., (1967), Atmospheric Electricity, Pergamon press.           
5. Mason, B. J., (2010), Clouds, Rain and Rainmaking, 2nd edition, Cambridge University 

Press. 
6. Pruppacher, H. R., and J. D. Klett, (2006), Clouds and Electricity.  
7. Chalmers, J. A., (2010), Atmospheric Electricity, 2nd revised edition, Elsevier Science 

Ltd. 
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III-Semester 
 

Course Code: OA501           
Title of the Course: General Circulation of Atmosphere and Ocean  
L-T-P: 3-0-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
OA404, OA453 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: discuss and compare various components of ocean and atmospheric circulation 
CLO-2: differentiate between the tropical and extra-tropical circulation patterns and 
energy transfer mechanisms such as mean and eddy processes 
CLO-3: differentiate the energy sources and mechanisms in tropics versus mid-latitudes 
CLO-4: interpret tropical variability, with focus on monsoons and its drivers, on various 
time scales; explain the transfer of impacts from tropics to regions beyond. 
CLO-5: study the mean oceanic circulations, and interpret the ocean currents in light of 
theories of wind driven circulation. 
CLO-6: understand the thermohaline circulation and its importance in ocean heat budget 
and transport, and its relative distinctions compared to the wind-driven circulation 
 
Detailed Syllabus: 
 
Unit 1: General circulation of the atmosphere; angular momentum balance; zonal mean 
and time mean circulations; Walker circulation;  zonally asymmetric components of the 
general circulation;  a simple model of Hadley cell;  ITCZ; maintenance of general 
circulation; transport of momentum, heat and moisture fluxes in the atmosphere. 
 
Unit 2: Atmospheric energetics: Energy equation; internal and potential energies; 
frictional dissipation of kinetic energy; conversion of potential and internal energies to 
kinetic energy; available potential energy; Stationary and transient eddies; Lorenz energy 
cycle. 
 
Unit 3: Atmospheric response to equatorial heating: Monsoons, ENSOs as explained by 
Matsuno-Gill solutions; teleconnections of tropical phenomena such as ENSO beyond 
tropics; Rossby wave source; introduction to decadal phenomenon such as the PDO.  
 
Unit 4: The observed mean ocean circulation; inferences from geostrophic and 
hydrostatic balance; ocean eddies 
 
Unit 5: Wind-driven ocean circulation; mixed layer of the ocean; theories of wind-driven 
circulation; Sverdrup solution. 
 
Unit 6: Thermohaline circulation; Conveyor belt formation; Abyssal circulation; mixing; 
isopycnal and diapycnal mixing; ocean heat budget and transport 
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Reference Books:  
1. Roisin, B. C. and J. M. Beckers, (2009), Introduction to Geophysical Fluid Dynamics, 

Academic Press.  
2. Pedlosky, J., (1998), Ocean Circulation Theory, Springer.  
3. Marshall J., and R. A. Plumb, (2008), Atmosphere Ocean and Climate Dynamics: An 

Introductory Text, Elsevier Academic Press. 
4. Lorenz, E. N., (1967), The Nature and Theory of the General Circulation of the Atmosphere, 

WMO.  
5. Holton J. R., and G. J. Hakim, (2012), Introduction to Dynamic Meteorology, 5th edition, 

Academic Press.  
6. Sverdrup, H. U., M. W. Johnson and R. H. Fleming, (1942), The Oceans: Their Physics, 

Chemistry and General Biology, Prentice Hall Inc. 
7. Neumann, G., and W. J. Pierson, (1966) Principles of Physical Oceanography, Prentice-

Hall. 
 
 
 
Course Code: OA502                         
Title of the Course: Numerical Weather Prediction  
L-T-P: 4-0-0 
Credits: 04 
 
Prerequisite Course / Knowledge (If any): 
OA404, OA452, OA455 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: discuss the development of dynamical weather prediction, and its advantages 
from traditional statistical prediction of weather 
CLO-2: understand the concept and steps for operational weather forecasting 
CLO-3: to explain the requirements of data assimilation and initialization in 
Atmospheric/Ocean Sciences, and distinguish among various methods. 
CLO-4:  to distinguish between the hierarchy of operational models and design the 
complexity of the model as well as operational set up from prediction, depending on the 
requirements and available computational requirements 
CLO-5: explain the distinctions between probabilistic and deterministic forecasts, and 
evaluate the prediction skills.  
 
Detailed Syllabus: 
 
Unit 1: History of numerical weather prediction; Richardson’s forecast; analysis of the 
initial tendencies; the causes of the forecast failure.   
 
Unit 2:  Hierarchy of NWP models: mesoscale, regional and global models. 
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Unit 3: Concept and steps of operational forecasting systems:  Selection of the models; 
role of dynamics and physics; initial conditions; boundary conditions; pre-processing and 
post-processing; model diagnostics; determintic and probalistic forecasts; Dynamical and 
Statistical models; ensemble and super ensemble prediction systems; NWP model 
evaluation, correlation, skills, and bias correction. 
 
Unit 4: Initialization and data assimilation: Relevance of observations; model spin-up; 
statistical framework for data assimilation;  successive-correction methods; three-
dimensional variational analysis; introduction to 4-D VAR and/or other advanced 
methods Specific parametrizations schemes used in NWP system: Choice of scale 
sensitive parametrization scheme; parametrization schemes (convection, cloud 
microphysics, PBL, air-sea interaction and land-surface processes), sensitivity 
experiments.  
 
Unit 5: Issues in NWP system: Challenges in weather forecasting; Chaos theory; 
Lorenz’s butterfly effect; predictability; seamless prediction system (weather to climate 
prediction); present status of NWP system in India. 
 
Reference Books:  
1. Coiffier, J., (2012), Fundamentals of Numerical Weather Prediction, Cambridge 

University press. 
2. Warner, T. T., (2011), Numerical Weather and Climate Prediction, Cambridge University 

press. 
3. Bhaskar Rao, D. V., Numerical Weather Prediction, Published by BS publishers and 

India Meteorological Society.  
4. Daley, R., (1999) Atmospheric Data Analysis, Cambridge Atmospheric and Space 

Series.  
5. Kalnay, E., (2003) Atmospheric modeling, Data Assimilation and predictibility, Cambridge 

University Press. 
6. Haltiner, G. J., and R. T. Williams, (1980), Numerical Weather Prediction and Dynamic   

Meteorology, 2nd Edition, Wiley. 
7. Krishnamoorthy, T. N., & L. Bounoua, (2006), An Introduction to Numerical Weather 

Prediction Techniques, CRC press. 
8. Randall, D., (2009),  An Introduction to Numerical Modeling of the Atmosphere. 
9. Muller, P., and H. V. Storch, (2004), Computer Modeling in Atmospheric and Oceanic 

Sciences, Springer. 
 
 
 

Course Code: OA503   
Title of the Course: Atmosphere and Marine Boundary Layer Processes 
L-T-P: 4-0-0 
Credits: 04 
 
Prerequisite Course / Knowledge (If any): 
OA404, OA452, OA453 
 

Course Learning Outcomes (CLOs) (5 to 8) 
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After completion of this course successfully, the students will be able to…… 
 
CLO-1: interpret the importance of turbulence and its spectrum; differentiate between 
various scales of fluxes across the boundary layer. 
CLO-2: estimate turbulent stresses, and describe the relevance of marine boundary layer 
for deep convection in the atmosphere. 
CLO-3 understand how the ocean and atmosphere are physically coupled through 
momentum, heat, moisture and buoyancy fluxes 
CLO-4 explain the rationale behind common methods of estimating air-sea fluxes from 
observations and in numerical models 
CLO-5: discuss and give examples of how   local air-sea interactions are critical for   
large-scale circulations in the atmosphere and ocean, and various coupled phenomena  
 
Detailed Syllabus: 
 
Unit 1:  Introduction: definitions and background; variables; wind and flow; turbulent 
transports; Taylor’s hypothesis and observing techniques; boundary layer depth and 
structure; mathematical and conceptual tools; turbulence and its spectrum; spectral gap; 
mean and turbulent parts; basic statistical methods; rules of averaging; turbulent kinetic 
energy; kinematic flux, eddy flux; stresses. 
 
Unit 2: Governing equations for turbulent flow: methodology; basic equations; 
simplifications and approximations; equations for mean variables in a turbulent flow; 
mixed layer theory; mixing and entropy; governing equations; model behaviour; surface 
fluxes and entrainment.  
 
Unit 3:  Deep convection and marine boundary layer: Controls on deep convection; 
MABL modification by downdrafts; boundary layer recovery; boundary layer modeling 
and parameterizations.  
 
Unit 4:  Physical interaction between ocean and atmosphere; wind stress and drag 
coefficient with respect to wind speed; momentum transfer, atmospheric impact on 
oceanic circulation.   
 
Reference Books:  
1. Bigg, G. R., (1996), The Oceans and Climate, Cambridge University Press. 
2. Kagan, B, A., (1995), Ocean Atmospheric Interaction and Climate Modeling, Cambridge 

University Press. 
3. Arya, S. P., (2001) Introduction to Micrometeorology, Academic Press. 
4. Kraus E. B. and J. A. Businger, (1995), Atmosphere-Ocean interaction, Oxford 

University Press.  
5. Stull R. B., (1988), Introduction to Boundary Layer Meteorology, Springer.  
6. Geernaert, G. L., (1999), Air-Sea exchange: Physics, Chemistry and Dynamics, Springer. 
7. Toba, Y., (2003), Ocean-Atmosphere interactions, Springer. 
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Course Code: OA504             
Title of the Course: Remote Sensing and GIS in Oceanic and Atmospheric Sciences 
L-T-P: 2-1-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
OA402, OA403 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: learn about principles, tools, and applications of remote sensing and GIS and 
recent advances in these fields 
CLO-2: achieve fundamental knowledge and comprehension of the physical, and 
computational basis of remote sensing  
CLO-3: develop technical skills and competence in data and information acquisition, 
extraction, management and analysis; spatial and statistical modelling; mapping and 
visualization. 
CLO-4: describe how geographical information is used, managed, and marketed 
globally. 
CLO-5: develop applications of environmental remote sensing and GIS which can 
directly enhance service delivery on land use management, ground water 
management/prospects, agriculture, forestry, food and water security, disaster 
management, etc. 
CLO-6: apply acquired knowledge and critical thinking skills to solve a real-world 
problem with appropriate remote sensing data and processing methods. 
 
Detailed Syllabus: 
 
Unit 1:  Introduction to remote sensing; basic concepts; electromagnetic radiation; solar 
and terrestrial radiation; atmospheric effects; absorption; transmission; scattering; 
spectral response of earth's surface features.  
 
Unit 2:  Remote sensing of atmospheric and ocean variables; atmospheric vertical and 
limb soundings; remote sensing platforms; satellite orbits- near polar geostationary and 
sun-synchronous satellites; swath; spatial, temporal, spectral and radiometric resolution; 
examples of Indian atmospheric and ocean satellites including INSAT; sensors-active 
and passive sensors; sensor calibration; visible, thermal and microwave sensors and their 
applications in meteorology and oceanography 
 
Unit 3:  Visible remote sensing: Theory of ocean colour remote sensing; optical 
properties of pure water; natural waters and atmosphere; reflection and refraction at the 
surface; scattering and absorption of light underwater; reflection from sea bed; colour of 
the sea; phytoplankton, yellow substance, suspended particulate matter; case 1 and case 
2 waters;  estimating water parameters; satellite sensors for ocean colour-I and their 
applications  
 
Unit 4:  Infrared Remote Sensing: Infrared radiometers; SST retrieval with atmospheric 
corrections and validation;  application; skin and bulk SST; global SST data products 
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Unit 5:  Microwave remote sensing: Theory and principles of microwave radiometry; 
passive microwave radiometers and its applications in ocean and atmosphere; active 
microwave sensors; principles; applications of SAR; scatterometers and altimeters for 
ocean and atmospheric studies. 
 
Unit 6:  Introduction to GIS; creation of point, line and polygon in form of shape 
file/Geo-database; geo-referencing of satellite data and digitized vector files using GIS 
software; geo-informatics; integration of attribute data; analysis using map algebra; map 
composition and finalization; web-GIS; application of ArcGIS and ERDAS. 
 
Reference Books:  
1. Houghton, J. T., F.W. Taylor and C.D. Rodgers, (1984), Remote Sounding of 

Atmosphere, Cambridge University Press. 
2. Stewart, R. H., (1985), Methods of Satellite Oceanography, University of California. 
3. Robinson, I. S., (1985), Satellite Oceanography, Ellis Horwood.   
4. Barret E. C., (1974) Climatology from Satellites.  
5. Kidder, S. Q., and T.H. Van der Harr, (1995), Satellite Meteorology - An introduction, 

Academic Press. 
6. Weng,Q., (2009) Remote Sensing and GIS Integration: Theories, Methods and Applications, 

McGaw-Hill Professional. 
 
 

 
Course Code: OA505      
Title of the Course: Practicals-5: Remote Sensing and GIS Laboratory  
L-T-P: 0-0-1 
Credits: 01 
 
Prerequisite Course / Knowledge (If any): 
OA402, OA504 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: familiarise with remote sensing datasets such as satellite, LIDAR, and RADAR 
CLO-2: gain hands-on training in remote sensing data applications through visual 
interpretation and digital image processing exercises 
CLO-3: analyze and synthesize information from remote sensing datasets and GIS 
analysis tools 
CLO-4: develop multi-step remote sensing workflows to solve problems in a variety of 
application areas 
CLO-5: use GIS software to perform different spatial analysis and satellite image digital 
analysis. 
 
Detailed Syllabus: 
 
Satellite datasets and familiarization with open data; Satellite data processing 
techniques, analysis and interpretations; radiometric and geometric corrections; band 
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ratios; retrievals of ocean color parameters and SST; interpretations of clouds systems; 
tropical systems; Dvork technique to estimate tropical cyclone intensity; applications of 
GIS; raster vector analysis; creation of shape file; layering; DEM. 

 
 

 
Course Code: OA506         
Title of the Course: Practicals-6: Model simulations and Diagnostics 
L-T-P: 0-0-2 
Credits: 02 
 
Prerequisite Course / Knowledge (If any): 
OA404, OA452, OA453, OA455 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: Discuss various equations and terms used in a dynamical axisymmetiric tropical 
cyclone model, and port it on to a computing system Carry out control experiment to 
simulate the tropical cyclones in the Bay of Bengal, and tropical Atlantic. 
CLO-2: Set up numerical sensitivity experiments to explore the relevance of various 
Grey-Sikka parameters that are important for formation of the tropical cyclones in the 
north Indian Ocean tropical cyclones; importance of increasing SSTs and mid-level 
humidity, which could be deemed to be due to of climate change 
CLO-3: analyses the model outputs and evaluate the relevance of various factors for the 
tropical cyclone intensifications 
CLO-4: analyze various GCM outputs, such as the CMIP5 datasets for example,  and 
validate processes such as monsoons, PDO, etc.   
CLO-5: Discuss various components of a state of art regional ocean or atmospheric 
model, and familiarise with methods of implementation on a Linux system  
CLO-6: To be able to validate model outputs with various observed and gridded climate 
data products. 
 
Detailed Syllabus: 
 
Simulation of a tropical cyclone using an axi-symmetric tropical cyclone model (TCM); 
conducting sensitivity experiments with a TCM to understand the importance of various 
Grey-Sikka parameters; familiarizing with the models such as the WRF and ROMS;  
validation of GCM simulations of  tropical processes; delineation of decadal signals such 
as that of the pacific decadal oscillation using filtering methods; identification of 
dominant statistical patterns of the tropical pacific and tropical Indian ocean using EOF 
method;  ensemble forecast system-evaluation of models performance, bias and 
systematic bias correction; multi-model ensemble forecast 

 
 
 

Course Code: OA521 (Elective-II)                
Title of the Course: Aerosols and Atmospheric Chemistry 
L-T-P: 2-1-0 
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Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
OA402 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: demonstrate knowledge of basic atmospheric chemistry and its role in 
environmental pollution and climate change 
CLO-2: how organic compounds, sulphur and nitrogen-containing compounds are 
converted and give origin to the formation of photochemical oxidants, smog, and 
acidification, transformation of air pollutions in the particle phase, the chemistry of 
stratosphere 
CLO-3: how chemical gas-phase kinetics and reaction mechanisms are applied to 
problems in atmospheric chemistry 
CLO-4: describe the effect of weather on air pollutions, global influence from air 
pollutions, interaction between troposphere and stratosphere, aerosols and their 
properties. 
CLO-5: describe the chemistry of ozone in the stratosphere through the use of various 
Ox cycles and catalytic loss processes involving HOx, NOx, ClOx and BrOx. 
CLO-6: describe how the measurement of air pollution gases and aerosols are made for 
policy and research objectives 
 
Detailed Syllabus: 
 
Unit 1: Chemical composition of earth’s atmosphere; trace gases; aerosols; clouds; the 
role of aerosols in climate; direct, semi-direct, and indirect effects; Cyclic processes- 
carbon, oxygen, nitrogen and sulphur cycles; temperature profile of the atmosphere; 
temperature regulation in the mesosphere, stratosphere and troposphere; photochemical 
processes; photo dissociation and ionization; reactions of electronically excited species; 
adiabatic processes and correlation rules; chemical kinetics- unimolecular, bimolecular 
and tri-molecular reactions; condensed-phase, surface and heterogeneous reactions. 
 
Unit 2: Stratospheric chemistry: Oxygen only chemistry; reaction scheme; stratospheric 
ozone; Chapman  reactions; influence of trace constituents; catalytic cycles; Null cycles; 
holding cycles and reservoirs; natural sources and sinks of catalytic species; 
heterogeneous and homogenous chemistry; consequences of ozone perturbation; ozone 
variations and trends; Antarctica ozone hole and its history; polar stratospheric clouds. 
 
Unit 3: Tropospheric chemistry:– Tropospheric constituents and oxidants sources, sinks 
and transport; oxidation and transformation; photochemical chain initiation; oxidation 
steps; tropospheric ozone production; biogenic volatile organic compounds; 
heterogeneous processes and cloud chemistry.  
 
Unit 4: Air Pollution: Natural and anthropogenic pollution; sources of anthropogenic 
pollution; primary and secondary pollutants; atmospheric effects - smog, acid rain 
(sulphur dioxide and nitrogen dioxide), visibility; tropospheric ozone-nitrogen dioxide 
chemistry; ion chemistry in the atmosphere; introduction to air quality modeling; 
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Lagrangian and Eulerian modeling concepts; Receptor modelling and source 
apportionment. 
 
Reference Books:  
1. Hobbs, P. V., (2000), Introduction to Atmospheric Chemistry, Cambridge University 

Press.  
2. Jacob, D. J., (1999), Introduction to Atmospheric Chemistry, Princeton University Press. 
3. Wayne, R. P., (2006), Chemistry of Atmospheres, 3rd edition, Oxford University Press.  
4. Pitts, B. J, F., and Jr. J. N. Pitts, (2000), Chemistry of the Upper and Lower Atmosphere, 

Academic Press. 
5. Seinfeld, J. H., and S. N. Pandis, (2016), Atmospheric Chemistry and Physics: From Air 

Pollution to Climate Change, Wiley. 
6. Ya, K., Kondratyev, L. S. Ivlev, V. F. Krapivin, and C. A. Varotsos, (2006), 

Atmospheric Aerosol properties: Formation, Processes, Impacts, Springer. 
7. Lewis, E. R. and S. E. Schwartz, (2004), Sea Salt Aerosol Production: Mechanisms, 

Methods, Measurements and Models – A Critical Review, American Geophysical Union, 
2004.  
 

 
 
 
Course Code: OA522 (Elective-III)                       
Title of the Course: Satellite Meteorology 
L-T-P: 3-0-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
OA504 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: gain knowledge of the different remote sensing techniques used for meteorology, 
including the strengths and limitations of the techniques 
CLO-2: describe the principles behind the radiation measurements used for passive and 
active remote sensing, and how usable information can be derived from remote-sensing 
data, including the limitations and sources of errors/uncertainty 
CLO-3: describe the orbital characteristics, accuracy, sampling limitations, use and 
limitations of various satellite sounding systems  
CLO-4: know operational and future satellite missions for atmospheric and 
meteorological parameter  
CLO-5: know how satellite images are acquired and interpreted for meteorological 
applications and weather forecasting  
CLO-6: interpret weather satellite imagery using different techniques to disseminate 
knowledge to general audience  
 
Detailed Syllabus: 
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Unit 1: Historical development; various satellites employed; TV and  IR pictures  of 
clouds;  data  acquisition  systems; automatic picture transmission (APT); Kepler's  laws 
of planetary motion; orbits of satellites; choice of orbits; geosynchronous satellites; 
concepts of radiative transfer; propagation of solar radiation through the atmosphere; 
theory of radiative transfer in the atmosphere; radiative transfer in clear and cloudy skies; 
satellite techniques; visual and infrared sensing; atmospheric window; sensors employed 
for various measurements. 
 
Unit 2: Meteorological satellite systems; the global weather satellite system; Meteosat 
satellites;  NOAA satellites; future programmes; retrieval of meteorological parameters; 
sea and land surface temperature measurements; measurement of rainfall, retrieval of 
cloud parameters; surface wind extraction by MW measurements; wind extraction by 
pattern tracking techniques; cloud motion and scales; methods for retrieval of 
atmospheric temperature and humidity profiles. 
 
Unit 3: Interpretation of weather satellite imagery; subjective interpretation using 
different presentation techniques; interpretation using different channels; use of image 
animations; identification of cloud types using satellite imagery; large scale patterns; 
general circulation; Jet streams and Jet streak developments; blocking situations. 
 
Reference Books:  
1. Kidder, S. Q., and T.H. Van der Harr, (1995), Satellite Meteorology - An Introduction, 

Academic Press. 
2. Introduction to Meteorological and other Environmental satellites, WMO (Publications). 
3. Deepak, A., (1980), Remote Sensing of Atmosphere & Oceans, Elsevier. 
4. Training Course on Satellite Meteorology, ISRO Publications 

 
 
 

 
Course Code: OA522 (Elective-III)                       
Title of the Course: Agricultural Meteorology 
L-T-P: 3-0-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any): 
OA402, OA404, OA451 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: discuss the relevance of soil characteristics and microclimate for agriculture 
CLO-2: classify India in to various agro-climate zones, and interpret the variability of 
climate n crop production. 
CLO-3: give examples of various instrumentation used in agro-meteorology, and their 
applications 
CLO-4: list crop phonology cycles of important crops, implication of weather and 
seasonality, and how the pest impact is related to the weather 
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CLO-5: study the importance of crop weather models, interpret an important crop 
weather models available, and be enabled to apply them for the Indian region. 
CLO-5: evaluate the implications of climate change on the agricultural production, and 
its drivers. 
 
Detailed Syllabus: 
 
Unit 1: Agricultural Meteorology - meaning and scope - components of agricultural 
meteorology; Importance of weather and climate for agricultural production - Role and 
responsibilities of agricultural meteorologists.  
 
Unit 2: Agrometeorological observations –agromet  observatories  -soil climate –
radiation -soil temperature –soil moisture – evaporation and evapotranspiration – 
lysimeters, open pan evaporimeters;  phenological observations and measurements ; 
Automatic weather stations. 
 
Unit 3: Weather and climate in relation to plants and crops - Principles of crop 
production; evaluation of crop responses to weather elements; impact of variability of 
climate on crop production; insects and plant diseases ;  climate classification - agro-
climatic zones and agro-ecological regions of India. Crop weather calendars; weather 
forecasts for agriculture at short, medium and long range levels; agromet advisories, 
forecasts and warning for agriculture and forestry; benefits of weather services to 
agriculture. 
 
Unit 4: Weather hazards in agriculture – droughts, types of drought and their causes; 
prediction of drought; floods, hail, dew, frost and protection against them – windbreaks 
and shelterbelts – hail suppression, dissipation of fog, modification of frost intensity and 
severe storms; mulches and anti-transpirants;  meteorological conditions in artificial and 
controlled climates - green, plastic, glass and animal houses etc. 
 
Unit 5: Crop weather models - Empirical and statistical crop weather models - regression 
models-  growth and yield prediction models; crop simulation models, e. g. CERES, 
WOFOST, SPAW, RESCAP, WTGROW etc.; forecasting of pests and diseases; 
verification, calibration and validation of models. 
 
Unit 6: Climate change - greenhouse effect, CO2 increase, global warming - impact on 
agriculture - future scenario – global and Indian contexts. 
 
Reference Books:  
1. Newas Ram et. A., (2006), A Text Book on Agricultural Meteorology, CCS Harynana 

Agricultural University. 
2. Syed, Shera Mahdi, (2009), Climate Change and Agriculture in India: Impact and 

Adaptation, Springer, 262pp. 
3. Guide to Agricultural Meteorological Practices, (2010), Chair, Publications Board World 

Meteorological Organization (WMO) 
4. Venkataraman, S., (1992), Crops and Weather, Publications and Information Division, 

Indian Council of Agric. Res., 586 pp 
5. Norman J. Rosenberg and Blaine L. Blad, (1982), Microclimate: The Biological 

Environment, 2nd Edition, published by Wiley, 528 pp. 
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Course Code: OA522 (Elective-III)                       
Title of the Course: Satellite Oceanography 
L-T-P: 3-0-0 
Credits: 03 
 
Prerequisite Course / Knowledge (If any):  
OA 402, OA 403, OA504 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: gain knowledge of the different remote sensing techniques used for 
oceanography, and the strengths and limitations of the techniques 
CLO-2: describe the principles behind the radiation measurements used for passive and 
active remote sensing, and how usable information can be derived from remote-sensing 
data, including the limitations and sources of errors/uncertainty 
CLO-3: describe the orbital characteristics, accuracy, sampling limitations, use and 
limitations of various satellite sounding systems  
CLO-4: know operational and future satellite missions for oceanographic parameters  
CLO-5: learn how satellite images are acquired,  and interpreted for oceanographic 
applications such as ocean colour, sea surface temperature retrievals, etc.  

 
Detailed Syllabus: 
 
Unit 1: Introduction to remote sensing; basic concepts; principles of aerial 
photography; electromagnetic radiation; solar and terrestrial radiation; atmospheric 
effects; absorption; transmission and scattering; spectral response of earth's surface 
features; atmospheric windows; concept of signature.  

Unit 2: Remote sensing platforms; satellite orbits; near polar, geostationary and sun-
synchronous satellites; swath; spatial, temporal, spectral and radiometric resolution; 
LANDSAT; SPOT;  IRS; INSAT; SEASAT; ERS; JERS; MOS; RADARSAT; active and passive 
sensors; sensor calibration; visible, thermal and microwave sensors and their 
applications in oceanography; data transmission; reception; processing and 
dissemination; sea-truth data validation. 

Unit 3: Visible remote sensing: Theory of ocean colour remote sensing; optical 
properties of pure water; natural waters and atmosphere; optical pathways in the 
atmosphere; reflection and refraction at the surface; scattering and absorption of light 
underwater; reflection from sea bed; colour of the sea; phytoplankton; yellow 
substance; suspended particulate matter; case 1 and  case 2 waters; estimating water 
parameters; satellite sensors for ocean colour- CZCS, SeaWiFS, OCTS, MOS, MODIS, OCM, 
LISS I & II. Calibration and validation of ocean colour; applications.  

Unit 4: Infrared remote sensing: Thermal emission; atmospheric absorption; IR 
sensors; SST retrieval; atmospheric correction; effect of cloud; thermal skin layer; skin 
and bulk SST; effect of surface films; infrared radiometers; AVHRR; ATSR; OCTS; MODIS; 
AATSR; TM; global SST data; NASA pathfinder; ASST-calibration and validation of SST; 
applications 
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Unit 5: Microwave remote sensing: Theory of microwave radiometry; microwave 
emission of sea surface; atmospheric effects; retrieval of salinity and wind vector; 
passive microwave radiometers- SMMR, SSM/I, TRMM/TMI and  AMSR; active 
microwave radiometers; microwave interaction with the sea surface; low, intermediate 
and high incidence angles; wind and radar backscatter; scatterometers- SASS, AMI, 
NSCAT, SeaWinds; SAR; SAR imaging of wind speed and direction; ocean waves; internal 
waves; shallow bathemetry; altimetry- principles; atmospheric correction; sea surface 
height anomaly; ERS, T/P, Jason-1; observing planetary waves and eddy energy. 

Reference Books: 
1. Robinson, I. S., Satellite Oceanography, Ellis Horwood, 1985.   
2. Ikeda, M. and W. Dobson, Oceanographic Applications of Remote Sensing, CRC Press, 

1985.  
3. Stewart, R. H., Methods of Satellite Oceanography, University of California, 1985. 
4. Allan, T. D., Satellite Microwave Remote Sensing, Ellis-Horwood Series in Marine 

Science, Chichester. 1983. 
5. Maul, G. A., Introduction to Satellite Oceanography, Springer, 1985.  
6. Barret E. C., Climatology from Satellites, 1974.  
7. Robinson, I. S., Measuring the Oceans from space: The principles and methods of 

satellite Oceanography: Springer, 2004. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



41 
  

IV-Semester 
 
Course Code: OA551                          
Title of the Course: Project Dissertation  
L-T-P: 0-0-16 
Credits: 16 
 
Prerequisite Course / Knowledge (If any): 
OA407, OA408, OA457 

 
Course Learning Outcomes (CLOs) (5 to 8) 

 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: develop research interest, communication skills, analytical skills, including the 
ability to understand information, and interpret data required for research 
CLO-2: develop effective work habits, including time management, punctuality, and 
personal accountability 
CLO-3: develop independent thinking, resourcefulness, and the ability to make decisions 
CLO-4: to identify a science problem, develop methods to address it, and draw accurate 
and precise conclusions 
CLO-5:  write a focused scientific dissertation on the research findings 
CLO-5: demonstrate openness, inclusiveness, sensitivity, and the ability to interact 
respectfully with all people and understand individuals’ differences 
 
Detailed Syllabus: 
 
Students will carry out individual project dissertation preferably at National Laboratories 
or Institutes such as IITM-Pune, INCOIS-Hyderabad, NIO-GOA, TIFR-Hyderabad, 
PRL-Ahmadabad, SPL-Trivandrum, IISc, IISERs, IITs and state/central Universities. 

 
 
 
Course Code: OA552                          
Title of the Course: Seminar on breakthrough papers 
L-T-P: 1-0-0                 
Credits: 01 
 
Prerequisite Course / Knowledge (If any): 
OA456, OA454, OA453 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: critically analyze and synthesize path-breaking papers in ocean and atmospheric 
sciences and present findings succinctly as a seminar 
CLO-2: translate the knowledge towards ability to address relevant science challenges  
CLO-3: improve communication and inter-personal skills to deliver lectures 
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Detailed Syllabus: 
 
Students will study breakthrough papers (3 per each student) assigned by the faculty, and 
deliver seminars. Students should use PowerPoint presentation.  

 
 
 
 
Course Code: OA553                         
Title of the Course: Summer Internship 
L-T-P: 0-0-1 
Credits: 01 
 
Prerequisite Course / Knowledge (If any): 
OA407, OA408 
 

Course Learning Outcomes (CLOs) (5 to 8) 
 
After completion of this course successfully, the students will be able to…… 
 
CLO-1: to work in national laboratories/universities,  and get exposed to on state of 
research topics 
  
CLO-2: to integrate  the expertise and knowledge acquired from the internship to narrow 
down future research directions 
CLO-3: develop interpersonal skills which will enable them to build professional 
relationships, and work within a team structure  
CLO-4: learn to communicate his/her research findings through report writing and  
develop presentation skills  
CLO-5: explore career opportunities in research prior to post-graduation 
 
Detailed Syllabus: 
 
Students will carry out summer internship training after II Semester (mid-May – mid-
July) at National Laboratories or Institutes such as IITM-Pune, INCOIS-Hyderabad, 
NIO-GOA, TIFR-Hyderabad, PRL-Ahmadabad, SPL-Trivandrum, IISc, IISERs, IITs 
and state/central Universities. 
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Mapping of Core Course Outcomes (COs) with Program Outcomes (POs) 
I-Semester 

 
 OA401 OA402 OA403 OA404 OA405 OA406 OA407 OA408 

PLO-1 3 3 3 3 - - - 3 
PLO-2 - - - - 3 3 3 2 
PLO-3 2 3 3 3 3 3 3 3 
PLO-4 - - - - - - - 3 
PLO-5 - - - - - - - - 
PLO-6 2 2 2 - - - - - 
PLO-7 - - - 2 - - - - 
PLO-8 - - - 2 - - - 2 
PLO-9 - - - - - - - - 

PLO-10 - - - - - - - - 
PLO-11 - - - - - - - - 
PLO-12 - 2 2 2 2 2 2 2 

 
 
 
 
 

Mapping of Core Course Outcomes (COs) with Program Outcomes (POs) 
II-Semester 

 
 OA451 OA452 OA453 OA454 OA455 OA456 OA457 

PLO-1 3 3 3 3 3 3 3 
PLO-2 - 2 2 2 3 3 3 
PLO-3 2 3 3 3 3 2 3 
PLO-4 - - - - - 3 3 
PLO-5 - 2 2 2 2 - - 
PLO-6 3 - - 3 2 - - 
PLO-7 3 2 3 3 - 2 2 
PLO-8 - 2 3 3 - 2 2 
PLO-9 - - 2 2 2 - 3 

PLO-10 - - - 3 - - - 
PLO-11 2 2 2 3 2 3 2 
PLO-12 2 2 2 3 2 2 3 
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Mapping of Core Course Outcomes (COs) with Program Outcomes (POs) 
III-Semester 

 
 OA501 OA502 OA503 OA504 OA505 OA506 

PLO-1 3 3 3 3 3 3 
PLO-2 - 2 - 3 3 3 
PLO-3 2 2 2 2 2 2 
PLO-4 - 3 2 - 3 3 
PLO-5 2 2 3 2 - - 
PLO-6 - - 3 - - - 
PLO-7 2 2 - - 2 2 
PLO-8 2 3 3 2 3 3 
PLO-9 3 2 3 - 3 3 

PLO-10 - 3 2 2 2 2 
PLO-11 2 2 2 2 2 2 
PLO-12 2 3 2 2 2 2 

 
 
 

Mapping of Core Course Outcomes (COs) with Program Outcomes (POs) 
IV-Semester 

 
 OA551 OA552 OA553 

PLO-1 3 3 3 
PLO-2 3 - 2 
PLO-3 3 3 3 
PLO-4 3 - 2 
PLO-5 2 3 2 
PLO-6 2 2 2 
PLO-7 2 2 2 
PLO-8 3 3 3 
PLO-9 3 3 3 

PLO-10 3 - 3 
PLO-11 3 - 2 
PLO-12 3 - 2 

 


