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Course Proposal Submitted to the Curriculum Committee of the College of Science 
 

 

1. COURSE NUMBER AND TITLE: CLIM 440: Climate Dynamics 

 

Course Prerequisites: MATH 213, MATH 214, CLIM 301 
 

Catalog Description: Structure, dynamics and thermodynamics of atmospheric and oceanic circulations that 

maintain the climate. Role of the large scale transport of energy, moisture and angular momentum. 

Relationships of large scale circulation to weather and weather extremes, and implications for past and future 

climates.  

 

2. COURSE JUSTIFICATION: 
 

Course Objectives: The students should gain a basic understanding of the processes that determine the 

required transport of energy, moisture, and angular momentum by the atmospheric and oceanic circulations. 

They should become familiar with major aspects of the mean atmospheric and oceanic circulation over a 

range of time scales, and how these circulations accomplish the required transports. Having the students 

appreciate the mutual interactions of the large scale circulation and the weather, and in particular the 

probability of extreme weather, is an important element of the course. An appreciation of the weather / 

circulation relationships will enable students to understand not only the present climate, but also past climates 

and future climate projections. The course will give students an appreciation of the importance of how many 

processes work together to maintain climate and produce weather. 

 

Course Necessity: This course fills a gap in the atmospheric science curriculum in its focus on the physics of 

large scale circulation and transports and their relationships to weather and weather extremes. It serves not 

only as an introduction to the general circulation of the atmosphere and ocean but also provides students with 

the ability to integrate these into an understanding of how the current climate is related to weather and weather 

extremes. Importantly, it provides students with a deeper understanding of past climates, and the varied 

predictions/outlooks of future climate, with implications for changing probabilities of extreme weather events.  

 

Course Relationship to Existing Programs: This course will be a requirement in the (new) BS in 

Atmospheric Sciences degree 

Course Relationship to Existing Courses: With its emphasis on the global transports of energy, momentum 

and angular momentum, this course will prepare students for 400-level classes such as PHYS 475 and GGS 

456. The course complements, but does not significantly overlap, with CLIM 301, CLIM 314 and GGS 312.  

 

3. APPROVAL HISTORY: 

 

4. SCHEDULING AND PROPOSED INSTRUCTORS: 

  

Semester of Initial Offering: 

Spring 2015 
 

Proposed Instructors: 

David Straus 

  

5. TENTATIVE SYLLABUS: 



Format: The course will meet twice per week for lecture. 

Prerequisites: MATH 113 or equivalent; CLIM/PHYS 111/112; PHYS 243/244. 

Required Text: 

Marshall, J. and R. A., Plumb, Atmosphere, Ocean and Climate Dynamics, 2008. ISBN-13: 978-0-12-558691-7.  

Evaluation Criteria: The assessment of student performance will be based on homework assignments 

(30%), a mid-term examination (20%), a final exam (20%), and a course project (30%).  

 

Course Schedule: 

 

Week 1: Fundamental role of Atmospheric and Oceanic Energy Transports 

 Three-dimensional structure of radiative heating  

 Requirements for horizontal and vertical transport due to radiatve processes 

 Vertical structure of ocean, atmosphere 

Week 2: Essential thermodynamics 

 Entropy and heating  

 Potential temperature and potential density 

 Structure of the troposphere and stratosphere 

 (Assignment of class projects in Week 2) 

Week 3: Tropical atmospheric circulation: structure and transport 

 Hadley cell and its energy, moisture and momentum transports 

 Diabatic heating in the tropics 

 Isentropic coordinates 

 Monsoon flows 

Week 4: Atmospheric angular momentum transport 

 The Hadley cell revisited; Necessity for mid-latitude eddies 

 The angular momentum balance of the atmosphere 

 Role of surface friction 

Week 5: Mid-latitude eddies 

 Stationary eddies: their cause and structure 

 Transient eddies 

 Role of air-sea interaction in vertical energy transport 

Week 6: Atmospheric Baroclinic Disturbances: Observations 

 Structure of mid-latitude cyclones from modern data sets 

 Observed horizontal and vertical energy transports of mid-latitude cyclones 

 The path of mid-latitude storms; definition of “storm tracks”  

 Relationship between storm tracks and large-scale stationary waves 

Week 7: Review of material; Mid-term examination 

Week 8: Atmospheric Baroclinic Disturbances: Theory 

 Introduction to Baroclinic and barotropic instability 

 Baroclinic life cycles; interaction of eddies with the mean flow 

 Energy and momentum transports throughout the life cycle 

Week 9: Ocean Transport of Mass and Energy 

 The wind-driven ocean general circulation 

 Role of western boundary currents in three-dimensional energy transports 

 Role of atmospheric evaporation on global hydrological cycle 

 Role of thermohaline circulation in transporting energy 

Week 10: Weather and Weather Extremes: Relationship to stationary and transient eddies 

 Steering of disturbances by the large-scale circulation 

 What determines the probability of extreme weather associated with atmospheric disturbances 

 “Atmospheric Rivers” and floods 

 Changes of the general circulation associated with droughts  

Week 11: El-Nino Southern Oscillation (ENSO) and its effect on weather 



 Air-sea interaction on intra-seasonal time scales and ENSO 

 Tropical heating and circulation changes during strong ENSO events 

 Effects on mid-latitude weather patterns and probability of extreme events due to ENSO 

Week 12: Weather and Weather Extremes: Relationship to low-frequency variability 

 Influence of mid-latitude intra-seasonal oscillations on weather and weather extremes (e.g. North  

  Atlantic Oscillation, blocking) 

 Infuence of tropical intra-seasonal oscillations on weather and weather extremes (e.g. Madden—Julian  

  Oscillation, Monsoon intra-seasonal oscillations) 

 Influence of decadal fluctuations on weather and weather extremes (e.g. Pacific Decadal Oscillation,  

  Atlantic Meridional Overturning Circulation. 

Week 13: Past and Future Climates 

 Astronomical forcing of the climate system 

 Greenhouse and cold climates 

 Glacial-interglacial cycles 

Week 14: Projections for Future Climate 

 Changes in mean tropical and mid-latitude circulations – effects on global weather patterns. 

 Changes in ENSO intensity and frequency – implications for weather extremes 

 Changes in  intra-seasonal fluctuations – implications for probability of extreme weather 

  

Project: Students will be assigned appropriate sections of the 2013 IPCC Report on projected changes in 

extreme events and associated uncertainties. They will meet with the instructor as needed throughout the term, 

and make final presentations as part of Week 14.  

 

 


