Modelling Environmental Processes ENV 3A11 & MA11

Modelling Environmental Processes – Outline 2010/11
Overview
The aim of this course is to show how physical environmental problems may be solved from the initial problem, to mathematical formulation and numerical solution. There is a focus on examples within meteorology, oceanography and also the solid earth. The course consists of lectures on numerical methods and computing practicals. These concentrate on the solution of ordinary and partial differential equations. The computing practicals will be run in Matlab. The unit will guide students through the solution of a geophysical problem of their own choosing. The problem will be discussed & placed into context through an essay, and then solved & written up in a project report.
Lecturers 

Ian Renfrew (Convenor) email: i.renfrew@uea.ac.uk; Room 2.33. Office Hours: Mon 4-5 pm, Fri 10-11 am
Parvadha Suntharalingam, email: p.suntharalingam@uea.ac.uk; Room 01.28  
Website: http://lgmacweb.env.uea.ac.uk/e046/teaching/teaching.htm
Matlab at UEA: https://www.uea.ac.uk/is/software/pcsoftwareatom/matlab 
Learning Outcomes
On completing  this unit you should be able to:
· Define a geophysical problem in words and pictures

· Formulate the problem into mathematics after reference to the available literature and simplification to the essence of the problem

· Develop a numerical solution to the problem, using the numerical methods described in the course lectures or in related text books

· Write computer code to solve your numerical problem and view the results

· Analyse the results and discuss their significance

Timetable
	Week
	Lecture: 

12-13 Mondays
	Lecture 13-14

Wednesday
	Practical session: 9-12 Thursdays
	Course work

	1
	Overview 


	
	Practical 1 – Matlab tutorial

 & Project Discussion 1
	Essay set

	2
	2. Finite differences

3. Num. integration

4. Iteration
	
	Practical 2 – Matlab programming

 & Project Discussion 2  [PS]
	

	3
	5.1-5.3 ODEs I
	
	Practical 3 – Vortex motion
	

	4
	5.4-6.2 ODEs II and

Diffusion Eqn. I
	
	Practical 4 – ODEs
	Essay due 

	5
	6.3-6.6 Diffusion Eqn. II
	
	Practical 5 – Diffusion equation
	Practical set

	6
	7.1-7.3 Advection Eqn I
	Advection Eqn II
	Practical 6 – Advection equation
	

	7
	8. Boundary Value Prob
	
	Practical 7 – Boundary Problems
	Practical due

	8
	Chemical Kinetics [PS]
	
	Practical 8 – Chemical Kinetics 

[PS] 
	

	9
	Project 
	
	Project
	

	10
	Project 
	
	Project
	

	11
	Project 
	
	Project
	

	12
	Project 
	
	-
	Report due


Rooms
Mondays 12-1300, 
Weeks 1-8, 
TPSC 1.1 (Except weeks 4 & 8, when in TPSC 1.6)


Mondays 12-1300, 
Weeks 9-12, 
ITCS 01.26 
Wednesday 13-1400, 
Weeks 6 
to be announced
Thursdays 9-1200, 
Weeks 1-11,  
ITCS 01.26

Assessment

Modelling Environmental Processes is examined entirely through course work:
- an essay 

(set week 1, due Thursday week 4) – 20%
- a practical write up 
(set week 5, due Thursday week 7) – 20%

- a project report 
(developed from essay, due Thursday week 12) – 60%

Textbooks

Pratap, R. 2006: Getting started with Matlab 7: A Quick introduction for scientists and engineers, OUP, ISBN: 0-19-517937-4. (£15) Looks to be a decent Matlab guide, rather than a comprehensive reference book (although the manuals are good references). An alternative to the tutorials we do in class.
Jacobson, M. Z., 1998:  Fundamentals of atmospheric modeling, Cambridge University Press, Cambridge. ISBN: 0521637171 (£40) This is a comprehensive graduate-level text that covers this course and much much more. I would only recommend purchasing this if you were interested in pursuing postgraduate study in atmospheric modelling, in which case it appears to do a pretty good job, although I would caution that I have not read it in detail. Chapters 6 and 7 cover much of the numerical methods lecture material. While Chapter 21 covers, in broad terms, the construction of numerical models.

Pielke, R.A. Sr, 2002: Mesoscale Meteorological Modelling, Academic Press, San Diego, ISBN 0-12-554766-8. This is also a fairly comprehensive text is only cover meteorological modelling. It may be a useful resource as Chapter 10 cover numerical methods and Chapter 11 covers boundary conditions.
Kreyszig, E., 1999: Advanced Engineering Mathematics, Wiley, New York, ISBN 0-471-33328-X.

A classic maths text book, which you may already have. Part E, chapters 17-19, cover numerical methods and provide a general background to much of the lecture material, however the notation is a little different. Finding roots and numerical integration are also covered.

Catchup Mathematics Books
For those MSc students who have not done much mathematics recently, but were good in the past. It may be worth reading through parts of an introductory university-level text book, of which there are hundreds. The following two are recommended by lecturers to our students. Concentrate on the chapters on differentiation, integration and differential equations.  
Olive J, 2003: Maths: A student’s survival guide.  Cambridge University Press
Friendly and chatty introductory mathematics text book, covering typical university curriculum, with hundreds of worked examples. 

Gilbert J, Jordan C, 2002: Guide to mathematical methods.  Palgrave.

Less chatty, shorter guide, more traditional. 
