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Department of Geography and Environmental Management 

University of Waterloo 

 

GEMCC601/GEOG641: Climate Change: Physical Dimensions 
Fall 2021 

 

Instructor: Dr. Rich Petrone Class: TBD 

Office: EV1 Rm 223  

             

Phone: x39174 

Email: rich.petrone@uwaterloo.ca 

_________________________________________________________________________________________________ 

OVERVIEW 

The Intergovernmental Panel on Climate Change (IPCC) warns that a warming of the climate 

system is unmistakable due to observations of increases in global average air and ocean 

temperatures, widespread melting of snow and ice and rising global average sea level. The basis 

of our understanding of the warming of the atmosphere is based on fundamental physics and 

observations, which indicate that this warming must be largely the result of emissions of carbon 

dioxide and other greenhouse gases from human activities including industrial processes, fossil 

fuel combustion, and large-scale changes in land use. Regardless of the often boisterous 

opposition to this theory by several interested lobbies, the evidence is clear that we are 

experiencing unprecedented rates of change in atmospheric composition and temperatures. This 

course will examine the scientific principles behind the global warming and climate change 

debate. 

 

LEARNING OBJECTIVES 

1. Increased understanding of the earth’s climate – present, past and future conditions 
2. Gain an understanding of the major elements of the climate system and their roles in 

climate change 
3. Learn the natural variability of the climate system and develop the capability to 

identify climate change due to human induced effects 
4. Learn how changes of climate will affect natural resources and the environment 
5. Gain an understanding of climate modeling principles  
6. Read, discuss and summarize the main points discussed in scientific papers relating 

to global environmental change 
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COURSE CONTENT 

Climate history of the Earth and the reasons behind Earth's climate change, including the 
physical concepts and climate processes that control heat and mass transfers in the 
atmosphere; the role of oceans; scales of climate change including tectonic-scale, orbital-
scale, glacial and millennial-scale, historical and future climate change; global warming; 
human effects on climate;  health impacts of climate change; ecosystem impacts of climate 
change; observing and modeling the climate; predicting climate change. Topics to be 
covered throughout the course are: 

September 9:  Course Introduction 

September 16:  Physics of Climate Change 

September 23: Radiation, Energy & the Atmosphere 

September 30: General Circulation of the Atmosphere 

October 7:  The Oceans 

October 14:  Air – Sea Interactions 

October 21:  Reading Week  

October 28:  The Biosphere & Carbon Cycle  

November 4:  Climate Modelling 

November 11:  Orbital Scale Climate Change 

November 18: Deglacial, Millennial & Historical Climate 

November 25: Anthropogenic Increases in GHG’s & The Greenhouse Debate 

December 2:  Presentations 

 

CLASS STRUCTURE 

Every class will be comprised of an introductory lecture and 2 paper discussions (led by 
students). Given the current situation with COVID-19 crisis, each weekly class will be 
divided into a synchronous and asynchronous session. The asynchronous session will be a 
downloadable lecture of the week’s topic, which will be available on Monday of each week. 
The synchronous session will be a two hour ZOOM meeting held on Wednesday when the 
group presentations and discussions will occur, also on ZOOM. Depending on the number of 
students there may be more than 2 assigned papers per class. Each week we will have a 
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brief discussion as a class on the progress of the research papers and rebuttals. See class 
schedule. 

 

 

STUDENT PARTICIPATION: 

Paper Discussions (Participation): Students will be expected to attend each class, having 
done the assigned readings prior to class, and be fully prepared for discussion. At least 4 
students per week (depending on course numbers) will be required to summarize each of 
the papers for us and lead the discussion (2-3 groups). Students are required to choose a 
team/partner with a common interest. Students will then choose one of the research 
papers within the topic area for the week upon which to lead the class in a critical 
discussion about. Papers will be presented in sets of 2 (or 3 in some weeks depending on 
numbers) on any given day. The two (three) papers presented in a class will be linked, or 
related – conceptually, methodologically, controversially, etc. Thus, each class discussion 
will be led by at least 4 students (2 per paper, maybe more depending on course numbers).  
It is expected that students will work together to coordinate the 2 (or 3) papers that will be 
discussed in each class. Students or teams are expected to lead the discussion for 
approximately 20 minutes per paper, which will be followed by a larger more 
comprehensive discussion of the collective insight from the two papers. Note, that a big 
part of this assignment is not to simply summarize two papers and try to relate them, but 
rather to try and provide a bigger message to the class. 

For each paper, students will lead the discussion, highlighting the key findings and 
validity (or “good points”) of the paper, and critically evaluate the manuscript by trying to 
find holes in the methods, interpretation, etc. In these presentations the students are 
essentially expected to “teach” the paper to lead the discussion. Thus, this will likely 
involve reading more than just the assigned paper to put it in context, explain difficult 
concepts, etc. Students will only be graded on their discussion and there will be no written 
component to be handed in for each paper.  

Climate Change Letter/Rebuttal: As scientists studying climate change you will have come 
across articles appearing in the popular press denying any anthropogenic responsibility for 
climate change. Many of these articles are deeply flawed in facts and logic and/or promote 
the agenda of organizations that stand to benefit from maintaining the status quo. It is very 
important that the public be made of aware of the deficiencies in these expressed opinions. 
Thus, students will work in pairs and be required to write a “letter to the editor” in 
response to one of these misleading articles drawing on your expertise as climate change 
scientists. Four pages maximum double-spaced. The student is responsible for finding an 
article to which they choose to respond. One student in each pair will be responsible for 
synthesizing the “denier’s” scientific arguments, while the partner is responsible for 
objectively and scientifically countering these arguments. This letter will be submitted in 
the last week in class, when each will group will present their letter and rebuttal to the 
class in the form of a “3 minute thesis” presentation.  
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Research Paper: A final formal research paper will be required (see list of example topics). 
The research paper will be done in pairs, so students are encouraged to find a partner with 
a similar research interest. A half-page proposal with some bibliographical information will 
be due well before (Week 5) the final paper is due in Week 11. 

 

 

COURSE EVALUATION: 

Paper Discussions (Participation)  35% 
(15% for Paper Discussions, 5% for  
term-long class participation) 

Climate Change Letter/Rebuttal   20% 

Rebuttal Presentations    15% 

Research Paper     30% 

 

REQUIRED READINGS 

Required and assigned readings will be provided in advance of lecture. Students must come to 

class prepared to discuss and participate.  

 

 

LECTURE OUTLINE 

Week  

  

Topic   

  

Readings & Tasks 

Week 1 

Sept. 9 

Introduction   

Week 2 

Sept. 16 

Physics of 
Climate 
Change 

 

Week 3 

Sept. 23 

Radiation, 
Energy & the 
Atmosphere  

 

Readings: 
1. Trenberth et al. 2009. Earth’s Global Energy Budget. Bull. 

American Met. Soc., DOI:10.1175/2008BAMS2634.1: 311-

325. 

2. Stephens et al. 2012. An Update on Earth’s Energy Balance in 

Light of the Latest Global Observations. Nature Geoscience. 
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5: 691-697. 

3. Ruddiman. 2013. The Anthropocene. Annual Review of Earth 

and Planetary Science 41: 45-68. 

Tasks: 

• Paper Critiques 1 & 2 

 

Week 4 

Sept. 30 

 
General 
Circulation of 
the 
Atmosphere  

 

Readings: 
1. Williams IN and Tora MS. 2015. Vegetation Controls on 

Surface Heat Flux Partitioning, and Land-Atmosphere 

Coupling. Geophysical Research Letters 42: 9416-9424. 

2. Betts AK. 2004. Understanding Hydrometeorology Using 

Global Models. Bulletin of the American Meteorological 

Society. DOI: 10.1175/BAMS-85-11-1673. 

3. Sheridan and Lee. 2012. Synoptic Climatology and the 

Analysis of Atmospheric Teleconnections. Prog. Phys. Geog. 

36(4): 548-557. 

Tasks: 

• Provide Topic/Title for Research Paper 

• Paper Critiques 3 & 4 

Week 5 

Oct. 7 

The Oceans  Readings: 
1. DiLorenzo E et al. 2010. Central Pacific El Nino and Decadal 

Climate Change in the North Pacific Ocean. Nature 3: 762-

765. 

2. Ren & Jin. Nino Indices for Two Types of ENSO. Geophys. 

Res. Letters. 38. 

3. Pierce DE et al. 2012. The Fingerprint of Human-Induced 

Changes in the Oceans Salinity and Temperature Fields. 

Geophysical Research Letters 39. 

Tasks: 

• Paper Critiques 5 & 6 

Week 6 

Oct. 14 

Air – Sea 
Interactions 

 

Readings: 
1. Bony S and Emanuel KA. 2005. On the Role of Moisture 

Processes in Tropical Intraseasonal Variability: Cloud – 

Radiation and Moisture – Convection Feedbacks. Journal of 

the Atmospheric Sciences 62: 2770 – 2789. 

2. Dima & Lohmann. 2007. A Hemispheric Mechanism for the 

Atlantic Multidecadal Oscillation. J. Clim. 20: 2706-2719. 

3. Biondi F et al. 2001. North Pacific Decadal Climatic 

Variability Since 1661. Journal of Climate 14: 5 – 10. 

Tasks: 

• Submit Research Paper Proposal and Draft Bibliography 

• Paper Critiques 7 & 8 

Week 7 

Oct. 21 

READING 

WEEK 
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Week 8 

Oct. 28 

The Biosphere 
& Carbon 
Cycle  

 

Readings: 
1. Gritsch C et al. 2015. Interdependencies Between 

Temperature and Moisture Sensitivities of CO2 in European 

Land Ecosystems. Biogeosciences 12: 5981 – 5993. 

2. Houghton. 2007. Balancing the Global Carbon Budget. Annu. 

Rev. Earth Planet Sci. 35: 313-347.  

3. Grace. 2004. Understanding and Managing the Global Carbon 

Cycle. J. Ecol. 92: 189-202. 

Tasks: 
Paper Critiques 9 & 10 

Week 9 

Nov. 4 

Climate 
Modelling  

 

Readings: 
1. Murphy et al. 2004. Quantification of Modelling Uncertainties 

in a Large Ensemble of Climate Change Simulations. Nature. 

430: 768-772. 

2. Chandler. 2013. Exploiting Strength, Discounting Weakness: 

Combining Information from Multiple Climate Simulators. 

Phil. Trans. R. Soc. A. 371. 

3. Willeit M, Ganopolski A and Feulner G. 2014. Asymmetries 

and Uncertainties in Biogeophysical Climate – Vegetation 

Feedback Over a Range of CO2 Forcings. Biogeosciences 11: 

17 - 32. 

Tasks: 

• Paper Critiques 11 & 12 

Week 10 

Nov. 11 

Orbital Scale 
Climate 
Change  

 

Readings: 
1. Shindell et al. 2001. Solar Forcing of Regional Climate 

Change During the Maunder Minimum. Science. 294: 2149-

2152 

2. Mann et al. 2009. Global Signatures and Dynamical Origins of 

the Little Ice Age and Medieval Climate Anomaly. Science. 

326: 1256. 

3. Zhang et al. 2015. Orbital Forcing of Climate 1.4 Billion 

Years Ago. Proceedings of the National Academy of Sciences. 

DOI: 10.1073/pnas.1502239112. 

Tasks: 

• Paper Critiques 13 & 14 

Week 11 

Nov. 18 

Deglacial, 
Millennial & 
Historical 
Climate  

 

 

Readings: 
1. Schurer AP et al. 2013. Separating Forced From Chaotic 

Climatic Variability Over the Past Millenium. Journal of 

Climate  26: 6954 – 6973. 

2. von Storch et al. 2004. Reconstructing Past Climate from 

Noisy Data. Science 306: 679. 

3. Parmesan. 2006. Ecological and Evolutionary Responses to 

Recent Climate Change. Ann. Rev. Ecol. Evol. Syst. 37: 637-

669 

Tasks: 
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• Paper Critiques 15 & 16 

Nov. 25 Anthropogenic 
Increases in 
GHG’s & The 
Greenhouse 
Debate 

Readings: 
1. Hansen et al. 2007. Climate Change and Trace Gases. Phil 

Trans. R. Soc. A. 365: 1925-1954 

2. Baker et al. 2010. Carbon Source/Sink Information Provided 

by Column CO2 Measurements from the Orbiting Carbon 

Observatory. Atm. Chem. Phys. 10: 4145-4165. 

3. Friedlingstein et al. 2003. How Positive is the Feedback 

Between Climate Change and the Carbon Cycle? Telus. 55B: 

692-700 

Tasks: 

• Paper Critiques 17 & 18 

Hand in Research Papers 

Dec. 2 Presentations 

 

Tasks: 

• Hand in Rebuttal Letters 

• Rebuttal presentations 

  

 

 

POSSIBLE RESEARCH PAPER TOPICS 

The following are only suggestions, and students are encourage to develop their own topic ideas 

that may be applicable to their own areas of research. 

• El Niño: Air-sea Interactions in the Tropics and Predictability 

• El Niño: Teleconnections to Remote Parts of the Globe 

• Impact of Humans on Climate – Early 

• Impact of Humans on Climate – Recent 

• North American Ice Sheets and Climate 

• Sahel Rainfall Variability and Trends 

• Western North American Rainfall Variability and Trends 

• Climate Variability of ?? Basin 

• Atlantic Hurricanes: Trends 

• Geoengineering 

• Changes in Global Mean Sea Level 

• Changes in Forest Productivity 

• Permafrost Degradation and Climate Feedbacks 

• Changes in Northern Canadian Snowfall Patterns 

• Susceptibility and Sustainability of Northern Wetlands 
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COURSE POLICIES 

Assignments: Late submissions will be subject to a loss of marks of 5% per day. , and absence 

from class will affect the overall “participation” grade. The success of this course rests heavily 

on the commitment of the students who are taking part in it. 

 

Plagiarism: Plagiarism and cheating are matters of serious concern even in graduate school. 

Please consult the WLGPIG, WLU and UW policies on the standards expected. 

 

Academic Integrity, Grievance, Discipline, Appeals and Note for Students with Disabilities: 

see www.uwaterloo.ca/accountability/documents/courseoutlinestmts.pdf The text for this web 

site is listed below: 

 

Academic Integrity: In order to maintain a culture of academic integrity, members of the 

University of Waterloo community are expected to promote honesty, trust, fairness, respect and 

responsibility. [Check www.uwaterloo.ca/academicintegrity/ for more information.] 

  

Grievance: A student who believes that a decision affecting some aspect of his/her university 

life has been unfair or unreasonable may have grounds for initiating a grievance. Read Policy 70, 

Student Petitions and Grievances, Section 4, 

www.adm.uwaterloo.ca/infosec/Policies/policy70.htm. When in doubt please be certain to 

contact the department’s administrative assistant who will provide further assistance. 

 

Discipline: A student is expected to know what constitutes academic integrity [check 

www.uwaterloo.ca/academicintegrity/] to avoid committing an academic offence, and to take 

responsibility for his/her actions. A student who is unsure whether an action constitutes an 

offence, or who needs help in learning how to avoid offences (e.g., plagiarism, cheating) or about 

“rules” for group work/collaboration should seek guidance from the course instructor, academic 

advisor, or the undergraduate Associate Dean. For information on categories of offences and 

types of penalties, students should refer to Policy 71, Student Discipline, 

www.adm.uwaterloo.ca/infosec/Policies/policy71.htm. For typical penalties check Guidelines for 

the Assessment of Penalties, www.adm.uwaterloo.ca/infosec/guidelines/penaltyguidelines.htm. 

 

Appeals: A decision made or penalty imposed under Policy 70 (Student Petitions and 

Grievances) (other than a petition) or Policy 71 (Student Discipline) may be appealed if there is a 

ground. A student who believes he/she has a ground for an appeal should refer to Policy 72 

(Student Appeals) www.adm.uwaterloo.ca/infosec/Policies/policy72.htm. 

 

Note for Students with Disabilities: The Office for persons with Disabilities (OPD), located in 

Needles Hall, Room 1132, collaborates with all academic departments to arrange appropriate 

accommodations for students with disabilities without compromising the academic integrity of 

http://www.uwaterloo.ca/accountability/documents/courseoutlinestmts.pdf
http://www.adm.uwaterloo.ca/infosec/guidelines/penaltyguidelines.htm
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the curriculum. If you require academic accommodations to lessen the impact of your disability, 

please register with the OPD at the beginning of each academic term. 

 

 


