
ATOC 100: Extreme-Weather and Climate-Change Physics 

 

P
ag

e1
 

ATOC 100: Extreme-Weather and Climate-Change Physics 

Winter 2021 

 

—Motivation and scope of the course— 

This course will provide an overview of extreme weather and climate phenomena, using calculus-

based mathematical and physical principles. 

Society is increasingly vulnerable to the effects of extreme weather, and to the longer-term impacts 

of human-induced climate change. The combination of the development of an increasingly 

complex infrastructure, and the net migration of the world’s population into low-lying coastal 

regions explains such vulnerability. 

The purpose of this course is to examine the physics and dynamics associated with extreme 

weather and climate phenomena. The physics of such extreme events as blizzards, heat waves, 

cold waves, ice storms, tornadoes, lightning, and hurricanes are discussed. A key to the 

fundamental understanding of extreme weather and climate is an analysis of the atmospheric and 

oceanic observing system. Measurements of this system are used to quantify the structure and 

processes of extreme weather and climate events. The physics of climate change will be presented 

by focusing on natural and anthropogenic changes to Earth's radiation and energy balances. 

Fundamentals of weather modification concepts will also be presented.  

—Prerequisites and corequisites— 

a) Math 141, or equivalent (co-requisite) 

b) Phys 101, or equivalent (prerequisite) 

—Lecture times— 

When: Monday and Wednesday, 11:35 AM-12:55 PM 

Where/How: Via Zoom 

Duration: 13 weeks; Two 80-minute lectures per week 

First day of class: Monday, January 11, 2021 

Last day of class: Wednesday, April 14, 2021 

—Means of evaluation— 

Mid-term (Thursday, February 24) 20% 

Final exam (scheduled during the University Final Exam period) 45% 

Term project 35% 

Total 100% 

Exams might include different components like short-answer questions, long-answer questions, 

schematic drawing, derivations, and problem solving. Exams will be taken on myCourses. Also, 

exams will be timed so that there is a constraint on the time available for completion. The 
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availability window for taking the exam will be of 72 hours as per McGill University rules. More 

details about the exams and course project will be given in class and on myCourses. 

—Instructor— 

Prof. Djordje Romanic 

Department of Atmospheric and Oceanic Sciences 

Burnside Hall, Room 849 

Email: djordje.romanic@mcgill.ca  

Office hours: After each class, or by appointment 

—Reference books— 

Atmospheric Science, Second Edition: An Introductory Survey 

John M. Wallace and Peter V. Hobbs 

Academic Press; ISBN 9780127329512 

Introduction to Modern Climate Change 

Andrew Dessler 

Cambridge University Press; ISBN 9780521173155 

Severe and Hazardous Weather: An introduction to high impact meteorology 

Robert M. Rauber, John E. Walsh, and Donna J. Charlevoix 

Kendall/Hunt Publishing Company; ISBN 9781465250704 

—Topics to be covered— 

Week 1 

• Introduction and overview of weather and climate science 

• Properties of the atmosphere 

Week 2 

• Meteorological measurements and observing systems 

• Fundamentals of atmospheric dynamics and thermodynamics 

Week 3 

• Geostrophic and thermal wind balance 

• The jet stream and extratropical cyclones 

Week 4 

• Synoptic weather maps 

• Other types of weather charts 

Week 5 

• Weather forecasting 

• Climate change: natural global change 

Week 6 
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• Climate change: anthropogenic global change 

• Review before mid-term exam 

Week 7 

• Mid-term exam 

• The tropical atmosphere, tropical cyclones, and gradient wind balance 

Week 8 

• Air masses, basics of frontal dynamics 

• Arctic air mass formation and cold air outbreaks in North America 

Week 9 

• Study break (Reading week) 

Week 10 

• Basics of baroclinic instability 

• Nor’easters and Blizzards 

Week 11 

• Dry and moist instability 

• Clouds and supercooled water 

Week 12 

• Single- and multi-cell thunderstorms 

• Mesoscale convective systems and flash floods 

Week 13 

• Supercells 

• Downbursts and tornadoes 

Week 14 

• Lightning and weather modification fundamentals 

• El Niño, La Niña, Southern Oscillation, and associated weather extremes 

Lecture 15 

• Final project presentations 

• Review before final exam 

The order of lectures and the covered topics might change to facilitate student’s learning during 

the times of constantly evolving COVID-19 pandemic. 

—Academic integrity— 

McGill University values academic integrity. Therefore, all students must understand the 

meaning and consequences of cheating, plagiarism and other academic offences under the Code 

of Student Conduct and Disciplinary Procedures (see www.mcgill.ca/integrity for more 
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information). Work submitted for evaluation as part of this course may be checked with text matching 

software within MyCourses. 

—Resources and technical support— 

Contact one of the following options depending on the issue: 

• For issues with university wide services (e.g. myCourses, personal device used to follow 

class), please contact central IT: email (itsupport@mcgill.ca); phone: (514) 398-3398 

• For issues with Faculty of Science and departmental services (e.g. connecting to computer 

rooms), please contact science IT: email (science.it@mcgill.ca); phone: (514) 398-7087 

• Teaching and Learning Services (TLS) also offer many resources to help students with 

remote learning environment (https://www.mcgill.ca/tls/) 

—Students with disabilities— 

The Office for Students with Disabilities (OSD) works with students who have documented 

disabilities, mental health issues, chronic health conditions, or other impairments. If you need 

accommodations to access class or take exams, visit the OSD page and make an appointment early 

in the semester with an advisor from OSD to discuss your needs. 

—Remote teaching during COVID-19 pandemic— 

Online class sessions held on Zoom will be recorded and posted on myCourses. Please raise any 

concern you might have related to the recording of the class at the beginning of the semester. Any 

use of class recordings outside of myCourses (e.g. posting the recording on internet) without the 

consent from all participants is strictly prohibited. 


