
ES 520: Modes of Climate Variability 

Spring 2016 

Department of Earth and Environment, Boston University 

4 credit hours 

Meeting times/location: TR 3:30-5:00 PM 

Instructor: Diane Thompson (STO 141E) 

Office hours: M3:30-5:00PM, W1:30-3PM 

 

Course Description:  

 

Natural variability in the Earth’s climate system is generated by complex physical processes that 

govern the redistribution of energy and moisture over a rotating sphere with heterogeneous 

boundary conditions.  Despite this complexity, much of the variability in the Earth’s climate 

system on interannual to decadal time scales can be explained by a few major modes (“patterns”) 

of climate variability.  In this course, we will discuss these major modes of climate variability, 

including: El Nino-Southern Oscillation, Pacific Decadal Oscillation, Atlantic Multidecadal 

Oscillation, Monsoons, and Annular Modes.  We will assess the dynamics/physical mechanisms 

driving these modes of variability and their impact on weather, climate and society.  We will also 

investigate the evolution of each mode through time, using paleoclimatic evidence to assess how 

they have changed in the past and climate model simulations to project how they are expected to 

change in the future.   By assessing the evolution of these modes of variability and the physical 

mechanisms behind them, we gain an improved understanding of how changes in climate forcing 

(e.g., greenhouse gases, solar radiation, volcanic eruptions) affect global and regional climate.  

The class will be a mixture of lectures, discussions, and student presentations. 

 

Learning objectives: 

 

Given a random example, students by the end of this course will be able to identify and interpret 

the main mode of climate variability influencing that system/record, explain the basic 

mechanisms and climate dynamics underlying that mode of variability, discuss how it has 

changed in the past and predict how it may change in the future. 

To achieve this overarching goal, students will: 

1) Synthesize, discuss and critique the scientific literature on each mode of variability in 

oral and written forms 

2) Apply basic spatio-temporal analysis techniques to observed and simulated climate 

data sets to investigate these modes of variability 

 

Prerequisites:  None required 

 

 

 

 



Class structure 

Most Thursday class sessions will be 

student led discussions of two or three 

papers that go into more depth or expand 

on some aspect of the climate mode that 

we are focusing on that week.  Each topic 

will be led by an individual (graduate) or 

small group of (2 undergraduate) 

students, and the papers and discussion 

will be summarized by an independent 

group of students.  Students will sign up 

for topics the first week of class. 

 

Leading Discussion Session (20%) 

Each group will be responsible for: 

1. Selecting the papers.  Students should work with the instructor to select appropriate 

papers for discussion.  Groups are encouraged to select papers that they are particularly 

interested in, but the papers should be of interest to the whole class.  Papers that provide 

different approaches or contrasting evidence for variability in the mode are encouraged.  

2. Creating a short (<1 page) list of focus questions to guide the group’s reading towards 

the critical points addressed by the papers.  

3. Distributing the papers and focus questions to the class by the Friday preceding the 

Thursday discussion session 

4. Presenting and leading a discussion on the papers.  Group members should co-lead a 

powerpoint presentation to guide a discussion on the main findings of the papers.  The 

presentation should not be designed as a lecture, but rather to engage the class and 

facilitate discussion. 

Students will be graded on these four elements and the overall effectiveness of leading a 

discussion on their topic following a grading rubric (available on the class website).  Discussion 

leaders will also receive feedback from their peers. 

 

Discussion summary (10%) 

Each student will write a short (<1 page) summary of one of the student-led discussions that they 

do not lead.  Each student must write their summary on their own.  These summaries will be 

posted as a resource on the class website.   

 

Data exercises (30%) 

There will be several data analysis exercises throughout the semester designed to familiarize 

students with obtaining, manipulating and interpreting climate data using common spatio-

temporal analysis tools and techniques.  These data exercises will utilize data and analytical tools 

in IRI/LDEA Climate Data Library (http://iridl.ledeo.columbia.edu/), a fantastic resource for 

climate data analysis that students can apply to their own research projects.  In the final exercise, 

students will synthesize what they learned throughout the semester by applying these tools to 

their own region of interest. 
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Midterm and Final Exams (20% each) 

 Tests will consist of multiple choice, true/false, diagrams and short answer questions 

 Anything covered in lectures, in-class discussions or the assigned readings is fair game 

for the test; however, tests will focus on major concepts, not details of individual papers 

 

Course Policies:  

Students are expected to: 

 Attend class and participate in discussions 

 Closely read the assigned readings. If you don’t read the papers, the rest of us will know! 

 Begin data exercises, readings and other class preparations early enough that you have 

time to get help from peers or the instructor when you need it 

 

BU Policies: 

The College of Arts and Sciences policies on incomplete grades and academic conduct will be 

followed.  For details refer to the BU undergraduate or graduate bulletins and the CAS Academic 

Conduct Code, at www.bu.edu/academics/policies/academic-conduct-code/.  All written work 

must be your own. 

 

Readings and Required Text: No textbook is required. We will discuss relevant papers for each 

topic. 

Course Outline 

The following is an outline for the course.  The details of the schedule may change, but the 

updated version (including the readings for each class period and data exercises) will be 

available on the course webpage. 

Week Date Topic Notes 

1 01-26-2016 Introduction to climate dynamics  

2 02-02-2016 Climate data and reanalysis DE1 assigned 

3 02-09-2016 Introduction to climate modeling  DE1 due 

4 02-16-2016 Timescales of variability in the climate system  DE2 assigned 

5 02-23-2016 El Niño-Southern Oscillation (ENSO) I  DE2 due 

6 03-01-2016 ENSO II DE3 assigned 

7 03-08-2016 Spring Recess—no classes  

8 03-15-2016 

03-17-2016 

Pacific Decadal Oscillation (PDO) I 

Midterm 

DE3 due 

9 03-22-2016 PDO II  

10 03-29-2016 Annular Modes I DE4 assigned 

11 04-05-2016 Annular Modes II DE4 due 

12 04-12-2016 Monsoons DE5 assigned 

13 04-19-2016 Indian Ocean Dipole (IOD) DE5 due 

14 04-26-2016 Atlantic Multidecadal Oscillation (AMO) DE6 assigned 

15 05-03-2016 

05-05-2016 

Review 

Final 3:00-5:00 PM 

DE6 due 

 


