SYLLABUS Fall 2024

Physical Basis of Global Warming   SIO 117 
Instructor: 

Ralph Keeling (rkeeling@ucsd.edu)

Teaching Assistant:
Madat Sardarli
Lecture:

MWF 1:00-1:50 p.m. DIB 121
Zoom Office Hours:  
Thursdays, 3:30-5:00 (Keeling)

  


Tuesdays, 2:00-3:00 (Sardarli)
Discussion: 

Fri 2:00-2:50 YORK 4080A


                   
 
Week

Due
Titles




Reading, required and (recommended)
1.
Sep 27

1. Introduction
PS1


(Neelin, 1.1-1.4,1.6)                                  
Sep 30

2. Elements of climate system

Archer 1, Neelin 2.1, 2.4, 2.5.1, 2.6
Oct 2
PS1
3. Planetary energy balance
PS2

Archer 2, 3 (Neelin 2.2-2.3)

2. 
Oct 4

4. Molecular Structure, IR spectra

Archer 4                                                      
Oct 7
PS2
5. Radiative transfer
Oct 9

   5. –  continued
 
PS3


3. 
Oct 11

6. Vertical structure, hydrostatic balance, etc.    
Archer 5 (Neelin 3.1.5, 3.2, 3.3)                    
Oct 14    
PS3
7.  Vertical transport and convection 

Archer 5 (Neelin, 2.3, 3.5, 3.6, 5.3.2, 5.3.3)

Oct 16

   7. – continued   PS4
4. 
Oct 18 

8. Horizontal momentum equation

Archer 6, Neelin 3.1, 3.2, 3.3, 3.4.4              
Oct 21
PS4
9. Thermal wind, baroclinic instability  
Oct 23    

   9. –  continued PS5
5. 
Oct 25   

10. Climate models 


Neelin 5.1, 5.4-5.6                                                                                     
Oct 28
PS5
   10. continued
Oct 30

11.  Refinements to layer model   PS6

Neelin 6.1-6.2 (Archer 3)
6. 
Nov 1

   11. – continued                                                                                                                        
Nov 4



MIDTERM
Nov 6

12. Climate sensitivity and radiative forcing
Neelin 6.1-6.2


7. 
Nov 8

13. Climate feedbacks           PS7   

Archer 7, Neelin 6.3-6.7                                                                                                                  
Nov 11
PS6
VETERANS DAY   

Nov 13

13. –  continued 
8. 
Nov 15

14. Transient climate response

Neelin 6.8                                                      
Nov 18
PS7    
14. – continued   PS8
Nov 20 

15. Greenhouse gas controls


Archer 10        
9.
Nov 22

16. The carbon cycle and CO2 PS9

Archer 8 (Neelin 2.8)                                                                                        
Nov 25
PS8
17. Observed climate changes


Archer 11 (Neelin 7.6)
 
Nov 27

CLASS CANCELED


10. 
Nov 29

THANKSGIVING                                                                                                                           
 

Dec 2
PS9
       17. – continued 
Dec 4

18. Model projections and consequences
Archer 12 (Neelin 7.7)   
11. 
Dec 6

       18.  – continued                                                                                                                    
Dec 9

FINAL EXAM 11:30-2:29 pm Location TBA
Rationale and Goals: The course has the primary goal of providing upper division physical science majors an exposure to the scientific underpinnings of climate change, emphasizing human-induced global warming. The course aims either to serve as a gateway for students who may wish to explore careers in earth or environmental sciences, or to provide general enrichment in climate science for any student with sufficient physical science background.  The concepts are taught through lectures and problem solving. The course focuses on scientific foundations of climate science, but includes topics that are relevant for climate policy (e.g. global warming potential, earth system modelling, aspects of radiative transfer).

Course Prerequisites:  Math 20D and Phys. 2C or consent of instructor 

Reading:  The course is supported by two texts that are available electronically through UCSD library:  David Archer, Global Warming, Understanding the Forecast, Blackwell, 2007 or Wiley 2012 (2nd Edition) and David Neelin, Climate Change and Climate Modeling, Cambridge University Press 2011. The reading is generally supplemental to the lectures, but reading materials may be required for problem sets. The course also aims to exercise and develop general quantitative problem-solving ability. The course largely follows the outline of the (lower level) Archer text, with material often drawn from the (higher level) Neelin text.

Course elements and policies: The course activities include Lectures, Discussion, Problem Sets, Midterm, and Final Exam.  Lectures and Discussion are in person, with lecture also podcasted.  Lectures use slides that are posted on Canvas before class, although sometimes updated later. Problem Sets are submitted and graded on Canvas. Exams are in person and timed. Problem Sets are given out roughly weekly. The Discussion sections are used to discuss forthcoming homework, to review recently graded homework, to support review sessions before the exams, or to allow open discussion of topics of interest. The exams include both quantitative problems, similar to problem sets, as well as qualitative problems. A work sheet with examples of qualitative problems is provided to help prepare for both the midterm and final.
Grading:  Problem Sets 25%, Midterm 25%, Final 50%.  

Learning Objectives:  

· Understand key terms in climate science: Climatology, Anomaly, Climate change, Global warming, Climate Model, Earth System Model, Greenhouse effect, Parametrization, Radiation Code, Irradiance and Radiance, Optical Depth, Greenhouse gases, Radiative forcing, Climate sensitivity, Climate Equation, Climate feedback, Climate feedback parameter, Greenhouse gas lifetime, Global warming potential.

· Understand the role of key elements of the climate system, including the atmosphere, clouds, oceans, cryosphere, and biosphere.

· Understand how the flow of energy through the ocean and atmosphere impacts Earth's average temperature and the distribution of temperature with elevation and latitude.

· Understand how the flow of energy controls Earth's response to greenhouse gases including the pace of the response.

· Understand key process controlling the large-scale distribution of winds in the atmosphere.

· Understand the role of greenhouse gases in modifying global temperature.

· Describe the role played by computer models in informing our understanding about climate change.

· Appreciate that some aspects of climate science are largely settled while other aspects remain uncertain.

· Understand key controls on atmospheric CO2 and other greenhouse gases, including role of ocean carbon chemistry.
· Develop or demonstrate skill in solving a class of problems involving atmospheric temperature, radiative transfer, and climate warming.

Lectures, reading, and problem set alignment

The first half of the course emphasizes fundamentals of atmospheric science, with topics selected for the relevance to climate science. The second half emphasizes critical concepts of modern climate change. The table indicates both when problem sets are due as well as which lecture has relevant background for the problem set. 
Statement on Diversity and Inclusion: We will strive to create a learning environment that supports a diversity of thoughts, perspectives, and experiences, and honors your identities, including race, gender, class, sexuality, religion, ability, etc. We will also ask all of you to support and respect the diverse experiences and perspectives of your classmates. Towards these goals:

● If you have a preferred name and/or set of pronouns that is not already recognized on your UC San Diego record, please let us know!

● If you feel like your performance in the class is impacted by experiences or situations related to anything that is happening, either in or outside of class, please come and talk with us. We are happy to discuss possibilities for flexibility and accommodations to help you succeed in your academic goals. 

Academic Integrity statement: Integrity of scholarship is essential for an academic community. This course will adhere strictly to the UCSD policy on academic integrity: “Students are expected to do their own work without unauthorized aids of any kind,” as outlined in the UCSD Policy on Integrity of Scholarship. In particular, students agree that by taking this course, all required written homework and scholarship will be their own writing and sources will all be correctly referenced. Cheating on exams will not be tolerated and all detections of cheating will be considered academic misconduct and subject to disciplinary process. For more details on what constitutes cheating see here: https://academicintegrity.ucsd.edu/excel-integrity/define-cheating/index.html.

ADA statement: We are happy to provide accommodations for this course for students with documented disabilities. Students must provide a current Authorization for Accommodation (AFA) letter issued by the Office for Students with Disabilities (OSD). We request that contact from the student and the OSD office be provided in advance so that accommodations may be arranged.

