
COURSE CONTENT  
 

Date    : January 30, 2015 
 
Academic Year   : 2015/2016 
 
Study Year (if applicable) : 2 
 
Course Code & Title : ES2001 Computational Earth Systems Science 
 
Academic Unit   : 4 AUs 
 
Pre-requisite   : MH1800 or MH1802/ MH1100/ CY1201 / CY1601 AND   
                                                                          MH1801 or MH1802/MH1101/CY1202/ CY1602 
 
Co-requisite   : None 
 
Mutually exclusive with  : None 
 
Course Description  :  
 
This course provides an introduction to the skills, tools and techniques that are necessary for analyzing 
earth and environmental science data in order to answer scientific questions.  The course covers 
programming skills and statistical techniques needed to visualize and analyze temporally and spatially 
varying data, with a focus on real-world problems; in the class we will investigate a range of exciting 
data sets; for example, in one class we will assess long-term changes in sea level using regional tide-
gauge data.  We aim to teach enduring skills that will not go obsolete with changing technologies, 
teaching students how to approach data analysis both creatively and rigorously. 
 
ES2001 Computational Earth Systems Science  
[Lectures: 13 hours; Tutorials: 26 hours; Labs: 39 hours; Pre-requisites: MH1800 or MH1802/ MH1100/ 
CY1201/ CY1601 AND MH1801 or MH1802/MH1101/CY1202/ CY1602; Co-requisite: nil; Mutually 
exclusive with: nil; Academic Unit: 4.0]   
 
Learning Objective 
The students will learn how to choose data visualization and analysis techniques that are relevant to the 
scientific challenge they are facing, and to create their own functions for performing these analyses.  
They will also learn to master a programing language that could serve as a basis to learning other 
languages.  The goal is to give them a solid grounding in the basic statistics and programming techniques 
that will allow them to continue to build on these skills throughout the rest of their undergraduate 
training and careers, with a strong emphasis on critical thinking and developing skills that can be 
adapted in the future to suit a changing world, rapidly changing technologies, and increasingly varied 
sources of environmental and geoscience data.  
  
Content 
The course will cover aspects of programming style and functionality, starting from the basics of 
variables, loops, reading and plotting external data sets, and writing simple functions.  The course will 
this year use the MATLAB programming code, although may in future years adapt to other languages to 



remain cutting-edge.  Geospatial data and maps will be covered, including the benefits and pitfalls of 
different map projections and techniques for spatial interpolation of data.  We will use time series from 
regional tide-gauge records (recording changes in sea level) to teach techniques in statistical analysis of 
time series, such as investigating long-term rates and seasonal cycles.  Other classes will ensure that 
students gain the knowledge and practice to assess the significance of their results, to apply best 
practices to assess and remove outliers, and to understand and quantify uncertainties in their data and 
results. 
 

Week Course Instructor for 
each week 
(Emma/Benoit/Both) 

Course Outline Lecture/ 
tutorial 

Lab 

1 Both Introduction to the syllabus and rules.  
Discussion of the importance of learning 
programming and statistical tools. 

3 3 

2 Both Programming style and basics – What is a 
variable?  The importance of consistency in 
variable names, white space, etc. First 
introduction to writing a simple script and 
finding your way around the programming 
environment.  

3 3 

3 Both Reading in external data files and plotting 
time series. 

3 3 

4 Both Programming while/for loops and if 
statements to automate data plotting and 
analysis. 

3 3 

5 Both Maps and projections. Identify the best view 
for efficient interpretation and 
communication of the results. 

3 3 

6 Both Structures and Arrays. Find the optimum way 
to store metadata and decrease computation 
time.  

3 3 

7 Both Functions. It is common practice to share 
code and program among scientists; 
therefore knowing how to write a good 
function is of primary importance. 

3 3 

8 Both Statistics / Histograms / Correlation. These 
are essential tools to convince yourself and 
your colleagues of the veracity of a 
statement. We will learn how and when to 
use them. 

3 3 

9 Both Time series analysis – rates and periodic 
cycles. The first step before any 
interpretation of time-series is to identify 
embedded natural cycle as well as 
anthropogenic noise. 

3 3 

10 Both Knowing how to decide if an outlier should 
be removed or not.  Understanding the 

3 3 



importance of knowing your uncertainties.  
Knowing how many decimal places to 
present.  

11 Both Tutorial work for the final project – applying 
the skills learned to a scientific problem. 

3  3 

12 Both Tutorial work for the final project – applying 
the skills learned to a scientific problem. 

3 3 

13 Both Final project presentations – each group 
presents their results. 

3 3 

 
Learning Outcome 
 
By the end of the course the students should be able to visualize and statistically analyze a range of data 
sets representative of those found in earth science and environmental fields.  They should have a solid 
grounding in good practices for computer programming and statistical analysis, to include being able to 
read in geospatial and environmental data sets to a computer code that they have developed, plot the 
data sets clearly (to represent any changes in space and time), and carry out analysis and testing of the 
data to answer scientific questions. 
 
Student Assessment 
 
Students will be assessed by: 
Continuous Assessment:  50% 
Class Participation:  10% 
Final Project:                  40% 
 
Continuous assessment will consist of weekly tutorial and lab exercises in programming and statistically 
analysis, to be turned in weekly. 
 
Class participation will be graded on student contributions to discussions, short presentations during 
tutorials, and team participation for the final projects. 
 
The final project will be completed in small groups.  All groups must submit both a written report and an 
oral presentation to the class of their results. 
 
Resources/Textbooks/References 
 
- Environmental data analysis with MATLAB, by Menke and Menke, 1st Edition, 2011, Elsevier; ISBN-13: 
978-0123918864 
 
- Geostatistics explained; An introductory guide for earth scientists, by McKillup and Darby Dyer, 1st 
Edition, 2010, Cambridge University Press; ISBN-13: 978-0521746564 

 
 
 


