Climate Change Processes 
ATM 494/694 and GEOG 494/694 (4 credits)
University of Alaska Fairbanks
Fall 2013 (Sept.-Dec. 2013)
10:30-11:30 MWF (REIC), 3:30-4:30 F (AKA)
Course Syllabus (Date:  Sept. 2013)
Instructors: 
Dr. Daniel Mann, Geography Program, School of Natural Resources, 370 ONeill, dhmann@alaska.edu , Phone: 474-6929, office hours TBD
Dr. Uma Bhatt, Atmospheric Sciences, 307 IARC, Phone: 474-2662, usbhatt@alaska.edu, office hours TBD
Meeting: Course meets 4 hours per week: 10:30-11:30AM on MWF in 203 Reichardt and again at 3:30-4:30 PM on Friday in Akasofu 319.
Course Description: This class explores the causes of climate change by combining a review of Earth’s long and varied climate history with a review of the physical processes controlling climate and weather today. Lectures move between paleoclimate history and climate dynamics and back again in order to describe what is currently known about the causes of climate change on this planet. The climate dynamics portion of the class is divided into 7 topics:

1. Radiation: Shortwave radiation, longwave radiation, radiative energy balance, 
2. Chemistry and Carbon Cycle:
3. Thermodynamics:
4. Dynamics of atmosphere and ocean:
5. Hydrological cycle:
6. Modeling:
7. Synthesis and relevance:  sea level change, changes in Greenland, unknowns for projections of future climate
The paleoclimate portion of the class is divided into 4 parts:

1. Tectonic-scale climate change (billions to millions of years)

2. Orbital scale climate change (100,000 to 20,000 years)

3. Millennial-scale climate change and events of the last 40,000 years

4. Holocene and future climates
Course Prerequisites: Graduate or senior standing within Geography, Atmospheric Sciences, or the Natural Sciences, or instructor’s permission.  

Course Objectives: This is a capstone course for the B.S. Geography “Landscape Analysis and Climate Change” option. It is also designed as a ‘synthesis’ course for Geography, NRM, and Natural Sciences undergraduates who wish to gain literacy in the rapidly developing field of climate-change science. Students will gain a thorough understanding of the Earth’s climate history and climate dynamics. Students will be trained to critically evaluate both the validity of paleoclimatic reconstructions and of climate-model predictions. 

Instructional / Teaching Methods: This is a lecture course with weekly discussion groups. Discussion groups require summary and discussion of assigned readings from the current scientific literature. 
Required Texts: 
· William F. Ruddiman, Earth’s Climate Past and Future. Second Edition 2008, 
Recommended Texts: 
· Dennis Hartmann, Global Physical Climatology (The International  Geophysics Series, Vol 56) by Academic  Press, 1994, ISBN: 012328530-5. List Price:  $83.95.
· IPCC Report: Climate Change 2007: The Scientific Basis, downloadable from the www for free
Numerous climate books will be on reserve at the Geophysical Institute Library in the Akasofu Building (ground floor level). 
Student Learning Outcomes:
Students who are successful in this class will learn these things:
· The climate history of Earth as we now understand it, with particular emphasis on the last 2 million years. 

· They will gain a basic understanding of how the atmosphere, ocean, cryosphere, and biosphere interacted in the course of the striking prehistoric shifts between ice age and interglacial climates. 

· They will become familiar with the basic concepts of climate dynamics including: global energy balance, surface energy balance, hydrological cycle, atmospheric and oceanic general circulation as related to climate, past climate, climate feedbacks, climate models, and natural and anthropogenic climate variability/change.

By the end of this class, students will:

· Be able to read journal articles in the mainstream paleoclimate and climate scientific literature

· Be able to discuss intelligently paleo- and current climate-change issues.

Apply concepts from this class to their own research where applicable (Pass comprehensive exam in Climate for ATM Ph.D. program

Course Plan: 
There will be 1-hour lectures on Monday, Wednesday, and Friday and an hour meeting on Friday afternoon that will be a discussion of journal papers relevant to weekly topics. Mann’s lectures generally follow Ruddiman’s text book. Bhatt’s lectures on climate dynamics are interleaved with the paleo-lectures to provide in-depth background on what we think happened in the past. Weekly quizzes cover current reading assignments and lectures. The midterm and final examinations are comprehensive and integrative.
Detailed Course Calendar:  
	Week 
	Date
	Class topic and lead instructor Mann & Bhatt

	Wk 1


	(9/6/13)
Friday 
	Lecture 1: Introduction to class


	
	(9/6/13)

Friday PM
	Lecture 2: Basics principles of Radiation

	Wk 2
	 (9/9/13)

 Monday
	 Lecture 3: Basics principles of Radiation
 

	
	(9/11/13)

Wednesday
	Lecture 4: Tectonic-Scale Climate Change: The volcanic hypothesis. 



	
	(9/13/13)

Friday 
	Lecture 5: The Chemical Weathering Hypothesis



	
	(9/13/13)

Friday PM
	Paper Discussion 1: 

	Wk 3
	(9/16/13)

Monday
	Lecture 6: Earth's radiation budget



	
	(9/18/13)

Wednesday
	Lecture 7: Earth's radiation budget



	
	(9/20/13)

Friday 
	Lecture 8:  The Chemical Weathering Hypothesis



	
	(9/20/13)
Friday PM
	Paper Discussion 2

	Wk 4
	(9/23/13)

Monday
	Lectures 9: The Polar Position and BLAG (plate-tectonic) hypothesis 



	
	(9/25/13)

Wednesday
	Lectures 10: The Polar Position and BLAG (plate-tectonic) hypothesis 

	
	(9/27/13)

Friday
	Lecture 11: The Uplift-Weathering Hypothesis



	
	(9/27/13)

Friday PM
	Paper Discussion 3

	Wk 5
	(9/30/13)

Monday
	Lecture 12: Greenhouse Climates of the Past 



	
	(10/2/13)

Wednesday
	Lecture 13: Chemistry and C cycle

	
	(10/4/13)

Friday
	Lecture 14: Chemistry and C cycle

	
	(10/4/13)

Friday PM
	Paper Discussion 4

	Wk 6
	(10/7/13)

Monday
	Lecture15: Chemistry and C cycle

	
	(10/9/13)

Wednesday
	Lecture 16: From Greenhouse to Icehouse: the last 50 my. 

	
	(10/11/13)

Friday
	Lecture 17: From Greenhouse to Icehouse: the last 50 my. 



	
	(10/11/13)

Friday PM
	Paper Discussion 5

	Wk 7
	(10/14/13)

Monday
	Lecture 18: Thermodynamics of the atmosphere



	
	(10/16/13)
Wednesday
	Lecture 19: Thermodynamics of the atmosphere



	
	(10/18/13)

Friday
	Lecture 20: Dynamics of Ocean and Atmosphere



	
	(10/18/13)

Friday PM
	Paper Discussion 6

	Wk 8
	(10/21/13)

Monday
	Lecture 21: Dynamics of Ocean and Atmosphere



	
	(10/23/13)Wednesday
	Lecture 22: Dynamics of Ocean and Atmosphere



	
	(10/25/13)

Friday
	MIDTERM

	
	(10/25/13)

Friday PM
	Paper discussion 7

	Wk 9
	(10/28/13)

Monday
	Lecture 23: Milankovitch: successes 

	
	(10/30/13)

Wednesday
	Lecture 24: Climate Dynamics of Monsoons



	
	(11/1/13)

Friday
	Lecture 25: Milankovitch: failures



	
	(11/1/13)

Friday PM 
	Paper discussion 8

	Wk 10
	(11/4/13)

Monday
	Lecture 26: CO2 and CH4 and global climate 



	
	(11/6/13)

Wednesday
	Lecture 27: The last glacial maximum 



	
	(11/8/13)

Friday
	Lecture 28: The last glacial maximum continued


	
	(11/8/13)

Friday PM
	Paper discussion 9

	Wk 11
	(11/11/13)

Monday
	Lecture 29: Hydrological cycle, global precipitation

	
	(11/13/13)

Wednesday
	Lecture 30: Hydrological cycle, global precipitation

	
	(11/15/13)

Friday
	Lecture 31 Deglaciation and millennial climate change 



	
	(11/15/13)

Friday PM
	Paper discussion 10

	Wk 12
	(11/18/13)

Monday
	Lecture 32 Deglaciation and millennial climate change continued


	
	(11/20/13)

Wednesday
	Lecture 33: Thermohaline circulation/ long term ocean variability



	
	(11/22/13)

Friday
	Lecture 34: The Holocene



	
	(11/22/13) 

Friday PM
	Paper discussion 11

	Wk 13
	(11/25/13)

Monday
	Lecture 35: The Holocene continued


	
	(11/27/13)

Wednesday
	Lecture 36: Modeling 



	
	 (11/22/13)
	Thanksgiving Break

	
	 (11/22/13)
	Thanksgiving Break

	Wk 14
	(12/2/13)

Monday
	Lecture 37: Modeling 



	
	(12/4/13)

Wednesday
	Lecture 38: SYNTHESIS and Outlook



	
	(12/6/13)

Friday
	Lecture 39: SYNTHESIS and Outlook



	
	(12/6/13)

Friday PM
	Paper discussion 12

	Wk 15
	(12/9/13)

Monday
	Final Student Presentations

	
	(12/11/13)

Wednesday
	Final Student Presentations

	
	(12/13/13)

Friday
	Final Student Presentations

	
	(12/13/13)

Friday PM
	Final Student Presentations

	Finals
	(12/19/13)
	10:15AM-12:15PM FINAL EXAM


Tentative discussion topics/papers for Friday PM meetings:

Paper 1: Policy Article Packet
Paper 2: Sawyer paper and Charney report, science and policy

Paper 3: Chapter 2 Warming papers, excerpts from Arrhenius and Tyndall papers
Paper 4: Chapter 14 Warming papers, 2 Keeling papers on CO2
Paper 5: Trenberth and Fasulo Energy Balance paper
Paper 6: Manabe and Weatherald, climate modeling CO2
Paper 7: Guest speaker arctic vegetation
Paper 8: Guest speaker, Greenland glaciers
Paper 9:  Guest speaker arctic oceanography
Paper 10: Guest speaker arctic sea ice
Paper 11: Discuss Hansen climate paper 
Paper 12: Greening of the Arctic
Grading Scheme Exams, Assignments and Grading
	Component
	Undergraduate
	Graduate

	Pop Quizes/Homework  
	20%
	20%

	Paper Discussion 
	5%
	10%

	Semester Project 
	15%
	20%

	Class participation 
	10%
	10%

	Exam 1 (MIDTERM)
	25%
	20%

	Final Exam
	25%
	20%


The first exam will cover lecture materials and will be in multiple-choice, short-answer and essay format. Each students will lead one of the Friday discussions. The final exam will be short-answer format and will be cover the ‘Figure packet’ handed out early in the semester.  
GRADUATE versus UNDERGRAD EXPECTATIONS AND GRADING

1) There will be a 2-tier exam structure in which graduate students will be tested on basic lecture material, but will have an additional in-class exam component. Graduate exams will be graded with different rubric and with higher expectations.

2) Graduate student article reviews will require review of 2-4 journal articles, undergrads will review 1 paper (with instructor guidance). Graduate students will review longer and more sophisticated articles, will have different assignment criteria, and will be evaluated using a different rubric and with higher expectations. Graduate students will give an oral presentation on the state-of-our-knowledge on a mutually agreed upon climate topic that requires reading numerous journal articles and synthesizing the results. This project is 20% of the graduate student’s grade. 

3) Graduate students are expected to integrate course material into their research and/or contribute perspectives relative to their research in the course discussions. 

Course grades will be assigned as indicated at the table below. Course %’s are for THIS course only and may vary with different instructors. Grade point values are indicated on the table as well. Please see “Academics and Regulations” section of UAF 2013-2014 Catalogue.
Grade % GP
A+ 100-97 4.0, A 96-92 4.0, A- 91-90 3.7
B+ 89-87 3.3, B 86-82 3.0, B- 81-80 2.7
C+ 79-77 2.3, C 76-72 2.0, C- 71-70 1.7
D+ 69-67 1.3, D 66-62 1.0, D- 61-60 0.7

Grade Expectations: All grades are determined on an absolute score as above (with no curve) In general, grades will reflect the following about your class performance: 
A = 90-100 percent: outstanding work, mastery of topic
B = 80-89 percent: above average work, all assignments completed well
C = 70-79 percent: average, all or most assignments completed, most work satisfactory 
D = 60-69 percent: pass, unsatisfactory or missing work
F = less than 60 percent: failure to meet requirements of course

Support and Disabilities Services: The UAF Office of Disability Services implements the Americans with Disabilities Act (ADA), and insures that UAF students have equal access to the campus and course materials. The course instructors will work with the Office of Disabilities Services to provide reasonable accommodation to students with disabilities. Please notify the instructor of any special needs. 

Plagiarism etc: Plagiarism and cheating are matters of serious concern for students and academic institutions. The UAF Honor Code (or Student Code of Conduct) defines academic standards expected at the University of Alaska Fairbanks, which will be followed in this class. (Taken from the UAF plagiarism web site, which has many links with good information about this topic).
Extra Credit: Extra credit is not an option in this course except under unusual circumstances. 

Semester Project Details
Deadlines for Project
· Week 4 (9/27/13): Project Choice and rough outline 1
Choose from the list of possible topics below (preferable) or pick a mutually agreed upon topic (We prefer that students explore a topic that is not directly part of their research in order to broaden their knowledge).  

· Week 5 (10/4/13): Project Outline Revised: Week 5

· Week 7 (10/18/13): Decide on Key Project Papers, give me list: Week 7

· Week 10 ((11/8/13): Provide Presentation Outline: Week 10, revise within a week if necessary

· Week 14 (12/6/13): Go over Slides with instructors during week before presentation: Implement suggestions by end of week 14. 
· Week 15 (12/9/13 – 12/13/13): Give Presentations. 
 Project Topics, will add more depending on number of students in class. 

1. El Niño: Air-sea interactions in the tropics and predictability

2. El Niño: Teleconnections to remote parts of the globe

3. Hadley Circulations

4. South Asian Monsoon

5. Impact of Humans on Climate - Early

6. Impact of Humans on Climate - Recent

7. North American Ice Sheets and Climate

8. Sahel Rainfall Variability and Trends

9. Climate variability of the Amazon Basin

10. Abrupt Climate Change – Younger Dryas

11. Atlantic Hurricanes: Trends and controversies

12. Multi-decadal variability of the Atlantic Sector

13. Multi-decadal variability of the Pacific Sector

14. Changes in global mean sea level
Project Requirements

1. Prepare and present a 30-minute for graduate level and 15-minute for undergraduate level (including questions) talk to the class on the chosen topic. 60% of project grade is based on the presentation.

2. Write a term paper on the topic (5 pages undergraduates, 10 pages graduates). 40% of project grade is based on the paper

Expectations of Undergraduate Level Students for Project

· Summarize the topic based on key classical book chapters/papers (provided by instructor)

· Describe the particular phenomena and display a basic understanding for how the particular phenomena work (i.e. what are the important components of the climate system that impact this phenomena?) based on accepted classical thinking

Expectations of Graduate Level Students for Project

· Satisfy the two steps above for the undergraduate level.

· Present newer views on topic found in literature. 

· Present the weaknesses and controversies in the conventional thinking about the phenomena. Provide newer evidence (may be from journal articles or from research done by student) to illustrate where the weaknesses are.  This is to strengthen your critical thinking skills. 

· Make a statement on what they think the next important step needs to be to further our understanding of this phenomena (e.g. better computer models with higher resolution to resolve clouds) and support it with evidence. This is to strengthen your creativity skills. 
