(New Version – November 2014)
M.Sc (Satellite Meteorology and Weather Informatics) New Syllabus 

I - SEMESTER
Note: T: Theory periods per week P: Practical periods per week. 
	Code
	                                Subject
	T
	P

	SMWI 11
	Computer Programming   
	4
	-

	SMWI 12
	Mathematics and Statistical methods
	4
	-

	SMWI 13
	Physical Meteorology
	4
	-

	SMWI 14
	Climatology 
	4
	-

	SMWI 15
	Principles of Remote Sensing
	4
	-

	Laboratory

	SMWI 16
	Met Lab: Weather Data, Instruments, Charts
	-
	6

	SMWI 17
	Numerical Weather prediction Lab
	-
	6

	
	SEMINAR  (50 Marks)
	
	


II – SEMESTER

	Code
	                             Subject
	T
	P

	SMWI 21
	Dynamical and Physical  Meteorology
	4
	-

	SMWI 22
	Synoptic Meteorology
	4
	-

	SMWI 23
	Satellite Meteorology 
	4
	-

	SMWI 24
	Geographical Information  Systems & Data Analysis
	4
	-

	SMWI 25
	Elective-I
	4
	-

	Laboratory
	

	 SMWI 26
	Remote Sensing and Geographical Information Systems Lab 
	-
	6

	 SMWI 27
	Met Lab: Weather Data, Instruments, Charts
	-
	6

	
	SEMINAR  (50 Marks)
	
	


Elective –I

1. Data Base Management Systems         3. Fundamentals of Earth sciences      

2. Environmental Impact Assessment      4. Atmospheric Chemistry        
                                                              III – SEMESTER
	Code
	                       Subject
	T
	P

	SMWI 31
	Hydrology
	4
	-

	SMWI 32
	General Oceanography
	4
	-

	SMWI 33
	Cloud Physics and Radar Meteorology
	4
	-

	SMWI 34
	Agrometeorology      
	4
	-

	SMWI-35 
	Elective -II
	4
	

	Laboratory

	SMWI 36
	Satellite Oceanography
	-
	6

	SMWI 37
	Mini project
	-
	6

	
	COMPREHENSIVE VIVA VOCE (100 Marks)
	
	


Elective –II

1. Aviation Meteorology 2. Numerical Methods & Concepts of Atmospheric modelling   
3. Global Warming and Climate change 4. Natural Disaster Management    
                                                       IV-SEMESTER
Project Work-One Semester
(New Version – November 2014)

M. Sc First Year: I –Semester

SMWI - 11 Computer Programing
Unit I

Operating system, Introduction to UNIX and Linux: history of Linux, Structure and future of Linux. File system: files, file names, file types and directory, directory hierarchy, commands for managing files and directories.Users and file permissions: categories of user types of accounts, user configurations, file permission file ownership.

Unit II

Types of Shells: sh command, bash, csh, /etc/shell. Vieditor: why vi, modes of operation, editing. Processing in Linux: why process required, Linux commands related to process.Shell Scripting: Shell programing, Programing commands, more advanced shell script commands.

Unit III

Introduction to Fortran: History of Fortran, Definition, Advantages, Disadvantages, Utility of Fortran.Fortran basics:Fortran program stricture, data types, constants, variables.Operators: Assignment, arithmetic, type conversion, relational, logical, character, initial value, Naming constants.
Unit IV

Loops: Do, Do while, rules to be followed in writing Do Loops.Logical Expressions and Control Statements: Logical constants, Variables and Expressions, precedence Rules for logical operatorsConditional Constricts: Relational operators, Arrays, Multidimensional Arrays.  

Unit V

Fundamentals of Programing in C:Introduction to C, Files, comments, Data types, declaration, Initialization, Assignment, and Constants, operators and Expressions, Simple Programing.

Books

1. Computer programing in Fortran 90 & 95 by V. Rajaraman.

2. Numerical Methods by Balaguruswamy.

3. Computing Fundamental and C programing.

(New Version – November 2014)

M.Sc FIRST YEAR: I- SEMESTER

SMWI-12    MATHEMATICS AND STATISTICAL METHODS

Unit 1: Differential Calculus: Differentiation – General rules of differentiation, derivatives of logarithmic, Inverse and exponential functions. Successive Differentiation – Lebnitz’s theorem for the nth derivative of the product of two functions, maxima and minima

Unit 2: 
Partial Derivatives – Algebraic, Trigonometric and logarithmic functions. Integral Calculus with applications: Integration – Standard integrals, Integration by substitution, important formulae, Integration by parts, Integration of rational function of sinx and cosx including definite integrals.

Unit 3: 
Differential Equations of First Order and Applications: Formation of differential equation; solution of a differential equation, Homogeneous equations, Linear equations, Exact equations, Bernoulli’s equations. Linear Differential Equations and Applications: Linear Differential Equations with Constant Coefficients.

Unit 4: 
Vector and Vector Calculus: Gradient– Divergence– Curl and their related properties of sums – products – Laplacian and second order operations. Matrices: Definition-Types of matrices; addition, subtraction and multiplication of matrices; Inverse & rank of the matrix; solution of simultaneous equations - matrix method.

Unit 5: 
Statistics: Measures of central tendency & dispersion: Mean, Median and Mode; Standard deviation; Basic Concepts of Correlation, Regression and probability with relevant applications.

  Books:

       1. Mathematics Vol I & II by Bali

       2. Fundamentals of Mathematical Statistics by V K Kapoor and Gupta

       3. Calculus by Shantinarayan

       4. Mathematics-I by Sahanaz – Bathul

References:

        1. Engineering Mathematics by B.V.Ramana 
(New Version – November 2014)

M.Sc First year: I - Semester

SMWI-13    Physical Meteorology

Unit 1: Composition of the Atmosphere; Troposphere, Stratosphere, Mesosphere,   Vertical Temp Distribution in the atmosphere; Characteristics of the Sun, the Earth, Earth – Sun Relationship and Formation of Seasons. 

Unit 2: Atmospheric Pressure and its Measurement, Variation of Pressure in the atmosphere, pressure tendencies, Diurnal Variation of Atmosphere Pressure, altimetry and its applications.

              Surface wind speed and direction, its measurement and related instruments; Beaufort scale, gusts, squalls, gale winds. Buys Ballot’s law, Diurnal Variation of surface wind. Local winds -Anabatic and Katabatic winds, fohn winds. 

Unit 3: Radiation Laws, Radiant energy, Radiant flux, Irradiance, Radiance, Spectral radiance. Black Body Radiation, Solar Radiation, Terrestrial   Radiation, Radiation Budget, Simpson’s Computation of Terrestrial Radiation, Elasser’s Diagram, Mean Heat Balance, Green House Effect.

Unit 4: Thermodynamics of dry air, specific heat, thermodynamic laws, adiabatic processes in ideal gases, potential temperature, Poisson’s equation for dry air, Entropy, Dry adiabatic processes.

              Thermodynamics of moist air, three states of water, the clausius- clapeyron equation; Moisture variables, saturation vapour pressure,  mixing ratio, saturation mixing ratio, relative, specific humidities, equation of state for moist air, virtual temperature, Dew Point, Wet Bulb, Equivalent Temperatures.

Unit 5: Adiabatic expansion of unsaturated and saturated air; Isobaric processes, DALR, SALR, ELR, stable, unstable, Neutral equilibrium; Thermodynamic diagrams, vertical stability of the atmosphere; Parcel method, positive and negative areas, stability of layers.

   Books:

1. Compendium of Meteorology, Vol II, Part 2,WMO Publication No.364

2. Introduction to Theoretical Meteorology  by S.L.Hess

3. Dynamical and Physical Meteorology by G. J. Haltiner and Martin

References:
          1.  General Meteorology by Byers

(New Version – November 2014)

M.Sc First year: I-Semester
SMWI-14   Climatology
Unit 1: Temperature: Temperature at the Earth’s surface as a function of latitude, effect of land and sea on the temp distribution, Annual Variation of temp, diurnal variation of temp, temp distribution at higher attitudes.

Unit 2: Wind and Pressure: wind and pressure distribution at the earth’s surface, effect of land and sea on wind and pressure distribution, Monsoon circulation; wind and pressure distribution at higher levels.

Unit 3:  Precipitation: Annual Precipitation over the Earth as a function of latitude, effect of continents and oceans on the distribution of precipitation, precipitation and altitude, annual variation of precipitation, diurnal variation of precipitation.

Unit 4: Weather and Climate, factors on which climate of a place depend; classification of climates, Koeppen’s climate classification, Thornthwaite’s Climate classifications, Climatic regions of the world.

Unit 5: Indian Climatology: Four Meteorological seasons in India – Climatology. Mean M.S.L. pressure, Temperature, Rainfall and upper wind patterns. 

               General Circulation of the Atmosphere: SOI, El Nino, ENSO, IOD; Basic concepts of Global warming and climate change

Books:

1. Climatology by B. Haurwitz and J.M. Austin

2. General climatology by H.J. Critchfield

References:

1. An introduction to climate by G.T. Trewartha

(New Version – November 2014)

M. Sc First year: I – Semester

SMWI – 15 Principles of Remote Sensing

Unit - I: Basics

Introduction to Remote sensing: what is Remote sensing, Elements of remote sensing, Electromagnetic Radiation, The Electromagnetic Spectrum, Interactions with Atmosphere, Radiation Target Interactions, Passive Vs. Active Sensing Characteristics of Images.

Unit - II: Satellites and sensors

 Satellite and Sensors:  Sensor Platform, Satellite Characteristics (Orbit and Swaths), Spatial Resolution (Pixel size, and Scale) Spectral Resolution, Temporal Resolution, Multispectral Scanning, Geometric Distortion in Imagery, Land Observation Satellite /Sensors, Data Reception, Transmission and Processing, Correction applied in Remote Sensing data, Image Classification, The Classification process. 

Unit - III: Visual and Thermal Remote sensing

Basic photo elements, optical- thermal and microwave remote sensing, Heat capacity, Thermal Conductivity, thermal Inertia, Diurnal heating effects, Emissivity, brightness, temperature, thermal properties of objects,  thermal scanners, geometry of thermal images, thermal image and its interpretation, heat capacity mapping   mission, TM thermal data, microwave radiometers.

Unit - IV Microwave Remote Sensing

Microwave remote sensing (passive and active), Frequencies, Imaging and non-imaging sensors, microwave brightness temperature and Rayleigh-jeans approximation, Dialectic constant, RADAR, side looking airborne radar (SLAR), Viewing geometry and spatial resolution, radar image distortions, target interaction and image appearance, synthetic aperture radar (SAR), Polarization, Radio sounders, Altimeters, Scatterometers, Lidars.  

Unit V: Image Processing

Concept of digital image, storage formats (BIL, BSQ and BIP), Elements of visual image interpretation, RGB false colour composite, Image interpretation and analysis (Pre -processing, Image enhancement, image transformation and image classification)

Text Books
Remote sensing and image interpretation by THOMAS LILLES AND RALPH WKEIFER Published by John Wiley and Sons

Remote sensing by JAMES B. CAPBELL. Published by Taylor & Francis Ltd

Remote sensing by GEORGE JOSEPH

References:

1. Fundamentals of remote sensing by a Canada Center for Remote Sensing Tutorial.

(http://www.ccrs.nrcan.gc.ca/resource/tutor/fundam/index_e.php)
(New Version – November 2014)

MSc First Year: I – Semester
SMWI-16   Met Lab
A) Meteorological Instruments and weather observations:

Measurement of 

1. Atmospheric Pressure  
2. Air Temperature / dry & wet bulb

3. Wind speed & direction

4. Precipitation: Instruments, Automatic Rain gauge data analysis 

5. Open pan Evaporimeter 
6. Radiation 
 B)  Analysis of Synoptic Charts:
1) Recording and reporting of weather observations

2) Cloud types – High, Lower and Medium - Identification by visual

3) Coding and Decoding

4) Station model plotting

5) Surface chart plotting

6) Isobar analysis

7) Upper air chart plotting

8) Stream line analysis 

9) Identification of clouds & weather by using Radar images

10)  Interpretation of Satellite products     

(New Version – November 2014)

M. Sc First Year: I –Semester

SMWI -17 Scientific Data Processing and Graphical Interface Lab

· Introduction to Scientific Graphics

· Data files .nc, .gc, HDF5, grib, binary and ASCI files,

GrAds (Grid Analysis and Display System)

· Introduction to Grads, Script writing and plotting graphs

Ferret 

· Introduction to Ferret, Script writing and plotting graphs

CDO (Climate data operator)

· Introduction CDO and analysis climate data

(New Version – November 2014)

M.Sc First year: II – Semester
SMWI-21    Dynamical and Physical Meteorology
Unit 1: Inertial and Non–Inertial frames; Fundamental forces – gravity and gravitational force, pressure gradient force, friction and viscous force. Apparent forces-Centrifugal force, Coriolis force. Equations of motion – Cartesian and natural coordinate. Hydrostatic approximation. Balanced motion – Geostrophic wind, Gradient wind, Thermal wind.

Unit 2: Continuity Equation – Horizontal divergence, vertical motion; Isobaric coordinate system. Circulation and vorticity – Bjerknes circulation theorem. Vorticity equation, potential vorticity.

Unit 3: Atmospheric Boundary layer – Reynolds’s stresses Laminar and Turbulent flow, Mixing Length Theory, Richardson’s number.

Unit 4: Atmospheric Optics: Meteorological Visibility, Luminous energy, Brightness Contrast, attenuation of light, visible range, optical phenomenon.

               Atmospheric Electricity: the electric field of the earth, atmospheric ionization, ionosphere, air-earth electric current, electric charge separation in clouds, electric discharges in the atmosphere
Unit 5: Ozone: Measurement of Ozone, Surface Ozone and Total Ozone; Dobson Spectrophotometer, Ozone-sonde. Stratospheric Warming, Impact on Ozone Layer; Introduction to QBO, Relation between QBO and stratospheric warming.

.

Books:

1. Dynamic Meteorology by Haltiner & Williams 

2. Dynamical and Physical Meteorology by G. J. Haltiner and Martin.

3. An introduction to Dynamic Meteorology J.R. Holton.

4. WMO Compendium of Meteorology – Dynamic Meteorology

5. WMO Compendium of Meteorology – Physical Meteorology, 1973, Vol I, No.2
References: 

1. Dynamic Meteorology by B. Haurwitz

2. Dynamic Meteorology Ed Wiin Nielsen, WMO Publication
(New Version – November 2014)

M.Sc First year: II- Semester

SMWI-22   Synoptic Meteorology
Unit 1: Scales of Atmospheric motion, Isobaric field: Low, high, trough, ridge, Discontinuity of wind, convergence, divergence, cyclonic and anticyclonic flows.

             Thunder Storms (TS) - Formation, Structure & Life cycle of TS, Squall lines, Hail storms, Tornadoes, water spouts; visibility and aviation: Fog, Mist, Types of fog, Fog formation and associated weather conditions.

Unit 2: Air masses, classification of air masses, modification of air masses, fronts and frontal systems, extra-tropical cyclones – their formation, structure, & life cycle. 

Unit 3: Kinematics of the pressure field: Characteristic curves – General expressions for their                                           velocity and acceleration – Movement of troughs, ridges and pressure centres, Intensification and Weakening, deepening and Filling of surface pressure systems.

Kinematics of the wind field: Relation between streamlines and trajectories. Trajectories in moving cyclones and anticyclones. Differential properties of the wind field. Application of geostrophic, gradient, thermal winds, divergence and vertical velocity computations. 

Unit 4: ITCZ (Equational Trough), Monsoon: Land & Sea breeze, Criteria for Monsoon and Theories, Onset of South West (SW) Monsoon, Rain Bearing Systems (Monsoon lows and depressions), Semi- permanent systems of SW Monsoon, low level jet, Tropical Easterly Jet(TEJ), Break monsoon, Rainfall Distribution, withdrawal of SW Monsoon, Characteristics of NE Monsoon and associated rainfall.

Unit 5: Tropical Cyclonic Storms (TCS): Favourable conditions for their formation, Structure and life cycle of TCS, Frequency, and Associated Adverse weather with a TCS. Infrastructure and Warning system in India.

    Books:  
1. Weather Analysis and Forecasting Vol I & II by S.Petterssen  

2. Tropical Meteorology by H. Riehl

3. Monsoons  by P K Das  WMO No.613

4. SW Monsoon-Monograph by Y.P.Rao 

References:
            1.    Tropical Meteorology Vol I & II by G.C.Asnani

            2.     Monsoon Meteorology by C.S.Ramage

(New Version – November 2014)

M.SC FIRST YEAR: II-SEMESTER

SMWI-23  
SATELLITE METEOROLOGY

Unit 1: Satellite Orbits: Gravitational and Astronomical laws, Orbital elements, satellite altitude and attitude, Types of orbits. Satellite payloads- TV Cameras, Scanning Radiometers, CCD Cameras, Spectroradiometers, Resolution, Navigation and Gridding; Geostationary Meteorological satellites(INSAT, METEOSAT and GEOSAT systems), Polar Orbiting satellites( NOAA, METOP, AQUA/TERRA and CLOUD SAT) and Equatorial orbiting satellites( MEGHATROPIQUES and TRMM).    

Unit 2:  Satellite Imagery – Principles of Measurements & Characteristics of Satellite Imagery VIS, IR, and Microwave channel Imagery, Gray Scale, Enhancement Pseudo-colour Imagery.

Unit 3: Weather Systems observed in Satellite Imagery – Planetary Scale (ITCZ and Jet Streams), Synoptic Scale (Monsoons, Western disturbances, Tropical cyclones- Dvorok’s Technique and Extra-Tropical Cyclones), Meso scale (Thunder storms, Tornadoes, Hail storms, Fog and Water spouts). 

Unit 4:Interpretation of Meteorological Parameters from Active & Passive sensors – Temperature, Humidity, Wind Vector, Precipitation and Cloud Liquid Water Content, Aerosol Optical Depth (AOD), Cloud Parameters & Lightning Intensity

Unit 5: Interpretation of Atmosphere, Ocean and Land Parameters – Cloud Motion Vectors (CMVs),OLR, Large Scale Precipitation, Vertical Profiles of Temperature and water Vapour, SSTs, Soil Moisture, Vegetation Index, Snow Cover, Land Temperature, Atmospheric Ozone.

. 

Books:

1. Satellite Meteorology by R.R. Kelkar 

2. Satellite Meteorology – An Introduction by S.Q. Kidder and T H Vanderhour 

References:
1. Introduction to Meteorological and other environmental Satellites – WMO Publication

1. Applications with Meteorological Satellites by W.Paul Menzel 2001, Techinical Document SAT_28, WMO/TD No.1078. 

2. Satellite Remote Sensing and GIS Applications in Agricultural Meteorology. WMO/TD  

No.1182, 2004.

(New Version – November 2014)

MSc First Year: II – Semester
SMWI-24          Spatial data analysis - GIS

Unit I

Introduction: Spatial data and spatial data analysis, concepts of GIS, concepts of space and time, layers and coverages, representation of geographic features in vector and raster models, point, line polygon, thematic characteristics of spatial data, significance of spatial analysis, overview of the tools for analysis.

Unit II

Vector data analysis: Buffering, overly operations, point in polygon, line in polygon, polygon in polygon, distance measurement, pattern analysis, single layer operations: feature identification, extraction, classification and manipulation, multi layer operations: union, intersection, difference.

Raster data analysis: data analysis environment, map algebra, grid based operations, local operations, neighbourhood operations, focal, zonal and global operations, cost surface analysis, other raster data operations, comparison of vector and raster based data analysis.

Unit III

Surface analysis: data for terrain mapping and analysis, terrain mapping, slope and aspect, surface, curvature, raster versus TIN, view shed analysis, parameters of view shed analysis, spatial interpolation: elements of spatial interpolation, global methods, local methods, kriging, and comparison of spatial interpolation.

Unit IV: 

Geocoding and dynamic segmentation: geocoding, application of geocoding, dynamic segmentation, application of dynamic segmentation; Path analysis and network applications: path analysis, application of path analysis, network, putting together an network, network application; GIS models and modeling: basic elements of GIS modeling, binary models, index models, regression models, process models, role of spatial models, explanative, predictive and normative models.

Unit V:

Web-GIS: Introduction, developments in databases, types of Web GIS, server based and client based Web GIS, Network based web GIS, application of Web GIS, basic concepts of object oriented GIS, mobile GIS, 3D GIS, knowledge based GIS.

Text books:
1. Introduction of Geographical Information Systems by Kand-Tsung Chang (Tata McGraw-Hill Edition).
2. Fundamentals of GIS by Michael N Damers, published by John Wiley and Sons Inc.
3. Environmental modeling with GIS, Michael F. Goodchild, Bradley O. Parks, Louis T. Steyaert.

Reference books:
1. Web based GIS – land slide inventory by Brett Brose
2. GIS for Web developers by Scott Davis

                           (New Version – November 2014)

MSc First Year: II – Semester
Elective –I       SMWI-25      Data Base Management Systems

UNIT – I: INTRODUCTION

Database System Applications, Database System versus File System, View of Data, Data Models, Database Languages, Database Users and Administrators, Transaction Management, Database System Structure, History of Database Systems.
UNIT – II: DATA BASE DESIGN

Data Models: Entity-relationship model, Relational Model, Constraints, Keys, Entity-relationship Diagram, Weak Entity Sets, Design of an E-R Database Schema, Reduction of an E-R Schema to Tables, Structure of Relational Databases, the Relational Algebra, Modification of the Database, Views.
UNIT – III: RELATIONAL DATABASES

SQL:  Basic Structure, Simple SQL queries, Set Operations, Aggregate Functions, Null Values, Nested Subqueries, Views, Complex Queries, Modification of the Database, Embedded SQL. Integrity & Security: Domain Constraints, Referential Integrity, Assertions, Triggers, Security and Authorization, Authorization in SQL, Functional Dependencies, Decomposition, Normal Forms, INF, 2NF, 3NF, 4NF, 5NF, DKNF
.

UNIT – IV: DATABASE STORAGE, FORMS, REPORTS AND APPLICATIONS
Storage & File Structure: Overview of Physical Storage Media, Magnetic Disks, Storage Access, File Organization, Organization of records in Files, Data-Dictionary Storage Indexing & Hashing: Basic Concepts, Ordered Indices, B+ -Tree Index Files, B-Tree Index Files, Static Hashing, Dynamic Hashing
Effective Design of Reports and Forms, Form Layout, Creating Forms, Direct manipulation of Graphical Objects, reports, Application Features.
UNIT – V: TRANSACTION MANAGEMENT, CONCURRENCY CONTROL& RECOVERY SYSTEM
Transaction Concept, Transaction State, Implementation of Atomicity and durability, Concurrent Executions, Serializability.

Lock-Based Protocols, Timestamp-Based Protocols, Validation- Based Protocols, Multiple Granularity, Multiversion schemes, Deadlock Handling.

Failure Classification, Storage Structure, Recovery and Atomicity, Log-Based Recovery, Shadow paging, Recovery with Concurrent Transactions, Buffer Management.
Books:

Database System Concepts by Silberschatz, McGraw Hill Edition.

Database Management Systems by Gerald V Post, Tata Mc-Graw Hill edition.

Reference:

Database Management Systems by Ramakrishna, Tata Mc-Graw Hill edition.
(New Version – November 2014)

MSc First Year: II – Semester
Elective –I       SMWI-25    Environmental Impact Assessment

Unit 1: 
Basic concepts of EIA – why is it needed? Why is it mandatory? What are the components of environment to be taken into account for assessment?

Relationships of EIA Process in project planning – Definitions and scope of EIA – Description of environmental setting – EIA as a planning tool for activities

Unit 2: 
EIA methodologies – Background information – Adhoc methods – checklists method – matrices method – networks method – overlays methods – cost benefit analysis – Environmental quality index.

Methodology for the prediction and assessment of impact of soil and ground water – Background information – assessment of pollution

Methodology for assessment of impacts on surface water – ground water environments – existing water quality and quantity – prediction of impacts – mitigation methods.

Unit 3: 
Evaluation and identification of sources – types and quantities of pollutants of air quality and noise – biological environment Prediction of impacts – mitigation methods.

Unit 4: 
Prediction and Assessment of the socioeconomic environment and the human health – Mitigation measures.

Unit 5: 
Environmental risk assessment – steps involved in risk assessment – methodology for management of risk. Applications of remote sensing and GIS for EIA – Case studies – Developmental activities – transportation – Industry – power sector

BOOKS:

1. Environmental Impact Assessment Methodologies; Y. Anjaneyulu, Valli Manickam, B.S. Publications 2nd Edition, 200
References:
1. Environmental Impact Assessment; Canter, L.W. McGraw Hill
(New Version – November 2014)

MSc First Year: II – Semester

Elective –I : 
SMWI-25    Fundamentals of Earth Sciences

UNIT-I Introduction to earth system science; Origin of the earth; Age of the earth; Internal constitution (vertical zonation) of the earth into core, mantle, crust, hydrosphere, biosphere and atmosphere; Geotectonics: Tectonic frame work of earth; Continental drift, plate tectonics and seafloor spreading. Mountains and mountain building activity.

UNIT-II Geomorphology: Definition and agents of geomorphology, ; Surface land forms of the earth -mountains, valleys, lakes, plains, plateaus etc; Processes of weathering, Soil profile; Fluvial, eolian, glacial and coastal erosional and depositional land forms. Volcanoes and volcanic land forms; Coastlal geomorphology; Earthquakes -epicentre, hypocentre (focus), intensity, magnitude, Richter’s scale, seismograph; aftershocks, tsunamis and seismic zoning map of India, 

UNIT-III Mineralogy & Structural Geology: Definition of a mineral, Classification of minerals; Petrology: Definition of a rock, Classification of rocks into igneous, sedimentary and metamorphic rocks, Forms, structures, textures,  classification, examples and mode of formation of igneous, sedimentary and metamorphic rocks. 

            Definition of structural geology; Strike and dip; Definition, classification and field criteria for identification of folds, faults, joints, and unconformities; Palaeontology: Definition of fossil, process of fossil formation, important examples of vertebrate, invertebrate and plant fossils. 

UNIT-IV Hydrogeology & Geophysics: Hydrological cycle; Water table; Definitions of aquifer, aquclude, aquifuse, specific yield, specific retention and types of aquifers; Groundwater quality; Surface investigation of groundwater, Concepts of basin management.

             Introduction to the methods of gravity, magnetic, seismic and electrical methods of prospecting.

UNIT-V Indian Geology: Geological Time Scale, Geology of India –Archaean, Proterozoic, Mesozoic and Kainozoic Eras. Economic Geology: Definition of an Ore; Geological and geographic distribution of important ore deposits of India including iron, manganese, aluminium copper, lead, zinc, coal, oil and natural gas, gold, diamonds, mica and baryte deposits.

Books:

1. A text of Geology by P.K. Mukharjee, 12th edition 1995 

2. Text book of Engineering and general Geology by Parbin Singh 7th edition, 2004

3. Principles of Petrology by G.W.TYRREL 

4. Structural Geology by Billings 

5. Physical Geology by A.Holmes

6. Physical Geology by Leet & Judson 

7. Ground Water Hydrology by Todd 

8. Geophysical Exploration by V.L.S. Bhima sankaram 

9. Geology of India by M.S.Krishnan 

10. Geology of India by M.Ramakrishnan and R.Vaidyanathan 

11. Geology of India by R.Vaidyanathan and M.Ramakrishnan 

References:
1. Principles of Geomorphology by William D Thonbury 2nd edition, 2002
2. Hydrology by H M Raghunath, 1986.
(New Version – November 2014)

MSc First Year II – Semester
Elective –I      SMWI-25    Atmospheric Chemistry

UNIT-1: Atmospheric chemistry Overview-Physical properties and structure of the troposphere and the stratosphere, temperature profile, concentration profiles

               Atmospheric chemistry of the stratosphere-stratospheric ozone cycle, depletion, NOx, halogen cycles, polar stratospheric cloud chemistry

UNIT-2: Chemistry of Global Climate Change-Historical account of green house gas and aerosol concentrations, carbon dioxide, ozone and altitude, aerosol uncertainties, sulfur cycle

                Atmospheric chemistry of the troposphere-troposphere chemical cycles, hydroxyl and chlorine radical, chemical cleansing, oxidation, hydrocarbons in the troposphere, sources and sinks

UNIT-3: Meteorological aspects of air-pollution dispersions-temperature lapse rates and stability-wind velocity and turbulence-plume behaviour dispersions of air-pollutants-solutions to the atmospheric dispersion equation-the Gaussian plume and related models.

UNIT-4: Urban Smog-VOC/NOx-Historical account of air-pollution, progress and problems in experiments and modeling, assessing human impact on the atmosphere

UNIT-5: Acid rain-chemical involved-effects on ecosystem-aquatic ecosystems-soil nutrients-micro organisms-wildlife-human health-materials-control of acid rain 

Books:
1.  Chemistry of the Upper and Lower Atmosphere by Finlayson-pitts

References: 
1   Atmospheric chemistry and physics: From Air pollution to Global Change by Seinfeld & Pandis            

(New Version – November 2014)

MSc First Year: II – Semester

SMWI-26 (Lab)       Digital Image processing lab

1. Image loading of different formats and sub-setting.

2. Geo-referencing of image, resample, Image re-projection, Image merge.

3. Change image formats (Import/Export)

4. Filtering techniques, edge enhancement and histogram calculation.

5. Spectral signatures and indices computations

6. Supervised classification.

7. Unsupervised classification.

8. Map composition and output generation.

 Geographical Information System lab
1. Basic GIS (Introduction to various GIS software including Open source).

2. Digitization (point, line and polygon) and attributing data.

3. Calculation of length, area, perimeter etc.

4. Queries and analysis, Buffering.

5. Vector
[image: image1]Raster conversions

6. Clipping and selected shapes to new layer

7. Data collection using GPS and data linking

8. Different scale maps preparation

SMWI-27 (Lab)   Met Lab – Data and analysis of Weather charts
Continued from Semester-I (SMWI-16)

 (New Version – November 2014)

M.Sc SECOND YEAR: III- SEMESTER

SMWI-31   HYDROLOGY

Unit 1: 
Hydrologic cycle, its components; Precipitation, characteristics of precipitation, Types of Rain gauges, Design of Rain gauge networks, Precipitation data processing, Estimation of missing data, testing Consistency of record, mean precipitation over an area-Arithmetic method, Thiessen Polygon Method and Isohyetal Method. DAD Curves, Frequency studies, Probable Maximum Precipitation. 
 Unit 2:  Evaporation, Transpiration and their Mesurement. Methods of Control of Evaporation,    

               Transpiration, Estimation evapo-transpiration using Penman Method, Blaney criddle 

               method and Thornthwaite equation  Method.

  
Infiltration Process- Measurement of infiltration, Horton’s infiltration Model, Phi - Index and Green-Ampt Model.
Unit 3:  
Stream flow:  Measurement by direct and indirect methods, Slope-Area methods for determining discharge rate, discharge from Stage-Discharge rating Curves. Runoff: Factors affecting runoff, concept of Drainage basin, catchment and watershed. Quantitative measures of Drainage basin characteristics, Rainfall-Runoff Processes – SCS Curve number method.

Unit 4:  
Hydrograph and its components: Hydrograph time relationships, Factors affecting flood Hydrographs, Unit Hydrographs, Derivation of Unit Hydrographs, Unit hydrograph Applications by lagging methods, S-Curve hydrograph method, Instantaneous unit hydrograph.

Unit 5:  
Floods: rational method, Empirical formulae, Unit Hydrograph method, Flood-Frequency Studies, Gumbel Method, Log-pearson Type III distribution, Regional Flood Frequency Analysis, Limitations of Frequency studies, Flood control- structural and non structural Methods. Water & soil conservation techniques in urban and rural environment.

              Hydro-meteorological forecasting for Indian River basins-quantitative precipitation             forecasting-synoptic method, analogue method and NWP models.

Books: 
1. Introduction to Hydrology by warren veissman, Jr.Gary L.L.Lewis

2. Engineering Hydrology by K.Subramanya
3. Hydrology: principles, Analysis & Design by H.M. Raghunath

4. Surface water Hydrology by H.M.Raghunath
5. Drainage basin form & Process by K.J.Gregory
References:

1. Applied Hydrology by Vent e chow

(New Version – November 2014)

MSc-Second Year: III Semester
SMWI-32     General Oceanography
Unit-1: Introduction: 
History of oceanography- Introduction to Earth and its Ocean basins-plate tectonics- Sea floor spreading, Concepts of Isotherm, Mixed Layer Depth, TS Diagrams. Ekman Layer, Up welling, Down welling, Rossby Waves, Kelvin Waves,   

Unit-2 Ocean Resources 

Living and Non living Resources, Fisheries, Minerals, Polymetallic nodules, Ocean Thermal Energy, Ocean Tide energy, Oil and Natural Gas Resources, Desalination, Fresh Water from Sea, 

Unit-3: Introduction to Chemical Oceanography  

Salinity, temperature and density: Nutrients, Chlorophyll, Partial Pressure of Carbon (PCO2), Acidification and Impact on Coral Reefs. Oxygen, Hydrogen distribution and their Isotopic Variation in Ocean Waters. 

Unit-4: Ocean Waves, Tides & Currents; and Ocean Measurements     
Ocean currents: Surface Currents, Deep Water Currents, influenced forces, Gyres, Geostrophic current, Ekman Currents, cold and warm currents, Waves, Swells, Wave Spectrum, Tides

In-situ and Satellite Ocean Measurement Systems, Temperature, Conductivity, Dissolved Oxygen, pH, Argo, Moored Buoy, Expandable Bathy Thermogram (XBT), Current Meters (CTD), Global Ocean Observation System (GOOS). Radiometers, Altimeter, Ocean Sat, Scattero Meter, Synthetic Aperture RADAR (SAR).     

Unit-5: Climatic Change
 

Introduction to Ocean Modelling  Seasonal, Intra seasonal and Inter annual variation (ENSO Cycle, Indian Ocean Dipole) Basic concepts of Global warming & Climate Change, 
Text Books:

1. Robert H.Stewart: Introduction to Physical Oceanography- (available from Internet)

2. Oceans by Swedrup 
References:

3. GL PICKARD, S.Pond:: Introduction to Dynamic Oceanography

(New Version – November 2014)

M.Sc Second year: III-Semester
SMWI-33    Cloud Physics and Radar Meteorology

Unit-I 

Cloud Classification, Aerosols, Aerosol Spectra, Natural and Anthropogenic Aerosol, Role of Aerosols in the Atmosphere, Condensation Nuclei, Ice Nuclei, Growth of Cloud Drops, Growth of Ice Crystals, Curvature Effect, Rain Drop Spectra.

Unit- II

Precipitation Mechanisms, Bergeron and Fendeisen Process, Collision and Coalescence Processes, Warm Cloud Precipitation, Cold Cloud Precipitation, Hail Formation, Fog formation, Types of Fog. 

Unit-III

Introduction to Weather Modification, History, Various Types of Weather Modification Processes, Precipitation enhancement through Weather Modification, Different Types of Weather Modification Techniques for Precipitation Enhancement, Materials used for Precipitation Enhancement, Hygroscopic Flares, Glaciogenic Flares, Warm Cloud Seeding, Cold Cloud Seeding, Cloud Dispersal Techniques, Hail Suppression, Cloud and Fog Dispersal. Status of Weather Modification in India and Abroad.

Unit-IV

Weather Radars, Principles of RADAR, RADAR design, RADAR equation, Back Scattering, Attenuation effect, Attenuation by Precipitation, Interpretation of Precipitation Echoes, Precipitation from Convective Clouds, Stratiform Clouds, Anomalous Propagation.

Unit-V

Concepts of Doppler Weather RADAR, Basic Principles, Advantages of Doppler Weather RADAR, Interpretation of Doppler Weather RADAR products.

Polarimetric RADAR, LIDAR, Principles of LIDAR, Types of LIDAR, Multi Wavelength Lidar, Volume Imaging Lidar, Micro Rain Radar, Desdrometer. 

Books:    
1. Cloud, Rain and Rain Making by B.J.Mason 
2. Physics of Clouds by B.J.Mason

3. Compendium of Meteorology Volume-II part 2, WMO Publication No. 364.   
References:  
                   1. Cloud Physics by R.Roger
(New Version – November 2014)

M.Sc SECOND YEAR: III- SEMESTER

SMWI- 34   AGROMETEOROLOGY 

Unit 1: 
Relation between Weather and Climate, Different Crop Climates; Agriculture Meteorology; Effect of Weather factors on Agriculture – Different bands of Solar Spectrum, Function of Light, Light Intensity, Duration of Light, Reflection, Refraction and Absorption, Factors affecting Solar Radiation received on the Earth Surface, Distribution of Solar Radiation within Plant Canopy.

Unit 2: 
Air Temperature and Crop Production: Low and High Air Temperature and Crop Injury; Cardinal Temperatures for Crop; Soil Temperatures: Importance of soil temperature on Crop plants, daily and seasonal variations of soil temperatures. Factors effecting soil temperature: Meteorological Factors, Soil Factors. Crop Weather Relations (with respect to Temperature, pressure, wind, relative humidity etc). Definition for evaporation and evapotranspiration, factors effecting transpiration, measurement of transpiration.

Unit 3: 
Economic importance and influence of monsoon rains on farm operations. Droughts: classification of droughts, droughts and their influence on crop plants, drought control and management practices, analysis of drought, research needs, occurrence of droughts in India, Weather Disaster Management, crop protection from adverse meteorological phenomenon: Impact of Excess rainfall, Scanty rainfall, untimely rainfall, cold waves, heat waves, winds, thunder storms, dust storms, hail storms, excess or deficit insolation.

Unit 4: 
Crop-weather  calendars;  Statistical  analysis  of  crop   and  weather  data; Principles  of weather  data analysis;  Principles  of  weather  prediction  for  crops  with  special  reference  to  India


Agro meteorological forecasting - basic principles, phenological forecasts, crop yield forecasts: Forecasts and warnings for agriculture. Drought categories – assessment techniques; Application of remote sensing techniques in soil moisture and drought monitoring studies.

Unit 5: 
Introduction to Crop growth simulation models; Different types of models, Importance and usefulness of crop growth simulation models in yield prediction. Role of crop modelling: application and use of crop models. Crop micro climatology and its modification

References:

1.Lecture  Notes  for  training  Class  IV  Agricultural  Meteorological  personnel,  WMO  

   No.593, 1982.

2. Mavi, H.S. 1986. Introduction of Agrometeorology, (Second Edition) Oxford & IBH  

    Publishing Co. New Delhi.

3. Prasad Rao, G.S.L.H.V. 2009, Agricultural Meteorology, Second Edition, Kerala Agricultural 

University, Thrissur.

4. Venkataraman. S and Krishnan. A, 1992, Crops and Weather, ICAR, New Delhi.

5. Radha Krishna Murthy. V, 2002, Basic Principles of Agricultural Meteorology, B.S. Publications, Hyderabad.

(New Version – November 2014)

M.Sc Second Year: III SEMESTER
Elective subjects-II         SMWI- 35     Aviation Meteorology

Unit-1:    The Role of Meteorology in Aviation 
The Cruise - The Weight - The Lift – The Drag – The Thrust. Meteorological Factors – effect of Wind - Temperature – Air Density. The take off, Climate – cruising attitude – The descent & Landing. Aviation weather code’s Met Briefing Procedures.

Unit-2:    Aviation Altimetry - Pressure and Height 
International Standard Atmosphere -The Altimeter – The Subscale – The Altimeter Formula – Altimeter Settings – Take Off Subscale set to QNH – Subscale set to QFE – Errors of the Altimeter – use of altimeter settings – cruising levels – Transition levels – Take off and landing.

Unit-3: Aviation hazards:  
Convective Turbulence, Mechanical turbulence; Orographic turbulence; Clear Air Turbulence (CAT);Low Level Jets; Wake turbulence/Wake vortices; Icing: aircraft icing; carburettor and engine icing;

Cumulonimbus and Thunderstorms: Severe turbulence, severe icing; Microburst; Thunderstorm and lightning; Squalls and Line squalls: effects on aircrafts;

Sand storms and Dust storms; Heavy rain; hail; snow; Fog and visibility; Low cloud and visibility; Hot and High-effect on aircraft

Unit-4 Aviation Weather Codes- Introduction and basic concepts

Unit-5: Air Traffic Services:  

Definitions, Flight rules, The nature of air traffic services, Air traffic control service, Area control service, Approach control service, Aerodrome control service, Responsibility of air traffic services., Electronic navigation, Celestial navigation,  Aids to approach and landing, Flight planning aspects, Aerodrome meteorological minima.
BOOKS:

Compendium of Meteorology Vol II/part2 –Aviation Meteorology By B.J.Retallack. WMO 1978.
References:
Meteorology for Aviators by R C Sutcliffe, Her Majesty’s Office, London

(New Version – November 2014)

M.Sc Second Year: III SEMESTER
Elective subjects-II    
SMWI-35    Numerical Methods & Concepts of Atmospheric Modelling

Unit-1: Matrices: To find the inverse, rank of the matrix simultaneous equations matrix method (Homogeneous and non Homogeneous)
Unit-2: Roots of algebraic equations - Iterative methods – bisection method, the method of successive approximation, method of false position and Newton – Raphson method
             System of linear simultaneous equations. The Gauss – Seidel method.  Pivotal elimination method – Jacobi’s method
Unit-3: Interpolation errors in polynomials - finite differences:  Forward and Backward differences.  Difference operator Δ, Backward difference operator symbolic relations, Newton’s forward difference formula Newton’s Backward difference formula. Central differences, Divided differences Newton’s divided difference formula Gauss forward difference formula, Gauss Backward difference formula, Lagrange’s interpolation formula.
Unit-4: Numerical Differentiation and integration -Trapezoidal rule, Simpson’s 1/3rd rule, Simpson’s 3/8th rule Differential equations Euler’s method. The Runge Kutta method. 

            Curve fitting by the method of least squares – Fitting of a straight line, Second degree parabola,        

            exponential curves and power curve
Unit-5: Basis of Numerical Weather Prediction (NWP): Fundamental equations; Derived Set of Equations; Types of Waves:  Sound, gravity and Rossby waves; mixed Rossby Gravity waves. Filtering method. Finite difference methods - CFL Criterion; Non Linear Instability and Aliasing; Semi Implicit Method .Lax Wendroff Scheme
            Numerical Models: Quasi Geostrophic Models: Barotropic, Baroclinic and Multi Level Baroclinic Models; Numerical methods: Relaxation methods; Models. Primitive Equation Models: Sigma Coordinates. Concept of General Circulation Model

  BOOKS:

 1.   Introductory methods of numerical analysis by S.S. Sastry -- Prentice Hall of India

 2.   An Introduction to Dynamic Meteorology by J.R. Holton, Fourth edition

References:

1. Numerical method for scientific and engineering competition by M.K.Jain, S.R.K.Iyengar and R.K.Jain -- New Age International Publishers 

(New Version – November 2014)

M.Sc Second Year: III SEMESTER
Elective-II   SMWI-35    Global warming and Climate Change

UNIT-I:
Global climate change – global warming – green house effect – Carbon dioxide and other gases emissions- anthropogenic factors responsible for warming, sources and sinks of green house gases and aerosols

UNIT –II 
Overview of Ice age climate cycles-Milankovitch theory; Deglaciation. Climate through the last 1000 years-the last millennium; a tale of Viking exploration; the little ice age

UNIT-III 
Components of climate change –changes in global mean temperature, projected regional climate changes, climate variability and extreme weather events, sea level rise and other impacts.

UNIT-IV
Stratospheric ozone depletion – Ozone layer - production of ozone – ozone hole – effects of ozone depletion – air quality – aquatic ecosystems – biogeochemical cycles – materials  – control of ozone layer.

UNIT-V
Carbon cycling-physical carbon pump, biological carbon pump; Marine carbon Cycle

Control measures for global warming- Afforestation, use of Renewable energies, other preventive measures as per the UN Agreements- Overview of latest IPCC Report
 Books:
1. What we know about climate change by Kerry Emanuel

2. The changing Atmosphere: A Global Challenge   by John Firor

References

1. Climate change and Human health by WHO/WMO Compilation

(New Version – November 2014)

M.Sc Second Year: III SEMESTER
Elective-II     SMWI-35     Natural Disasters Management
UNIT-I: 

Overview of Natural disasters- Tropical cyclones, Floods, Droughts, Earthquakes & Tsunamis, Severe Thunderstorms & Tornadoes- Need for Disaster Management Plan;

      UNIT-II:  Cyclone warning system in India- cyclone disaster management plan

       Floods-Flood management in India; Warning system for major river basins-Role of Central Water  

      Commission; Water purification technologies in flood affected areas

Droughts-Meteorological drought and agricultural drought; monsoon long range Forecasts- Drought management plan-parameters & assessment; Drought Monitoring

      UNIT-III:

Earthquakes-seismity in India-status of prediction and disaster management; Tsunamis; Landslides and Avalanches; Volcanoes

      UNIT-IV: 

Hazards associated with convective clouds-Thunderstorms-Lightning; Tornadoes Waterspouts-Hail storms, Aviation hazards and safety measures.

      UNIT-V: 

Key Factors in Disaster management – Early warning, communications, Response by administration, Disaster Management & Mitigation- National Disaster Management Authority (NDMA) Govt of India.
Books:

1. Natural Disaster Management: New Technologies and Opportunities by Subir Ghosh; Icfai University Press

2. Earth and Atmospheric Disasters Management by N.Pandharinath and C.K.Rajan, BS Publication  
       References: 
          1.     Natural Hazards and Disaster Management by R.B.Singh; Rawat Publication
SMWI-36     Satellite Oceanography (Lab)

1. Studies on Seasonal & Spatial distribution of Sea surface Temperature using Satellite data 

2. Studies on Seasonal & Spatial distribution of Chlorophyll using Satellite data 

3. Identification of Potential Fishing Zone using satellite data 

4. Applications of SST, WIND, Precipitation, Liquid Water Content using Satellite Data

5. Estimation of Cyclone Heat Potential from Altimeter data 

6. Estimation of Heat Content using ARGO data  

SMWI-37    Mini Project
