SIO 173 Dynamics of the Atmosphere and Climate
Spring 2025
Canvas website: https://canvas.ucsd.edu/courses/65774 
Instructor:	Shang-Ping Xie	sxie@ucsd.edu
TA:		Ben Mackay               jmackay@ucsd.edu
Meeting Time & Location: Spiess Hall 330 on SIO campus, Tues/Thurs from 9:30 to 10:50 a.m.

Lectures will be delivered in-person. Lecture slides will be posted on Canvas after each course meeting.
Office Hours: TA office hours will be held on Mondays 11am-12pm (SIO hybrid on Zoom), and Wednesdays 2-3 pm on the main campus. Instructor office hours will be held immediately after each class. Students are also welcome to email the instructor or TA with questions or to set up a Zoom appointment.
Course Description: Introduction to the dynamical principles governing the atmosphere and climate using observations, numerical models, and theory to understand atmospheric circulation, weather systems, marine layer, Santa Ana winds, El Nino, climate variability, climate change, and other phenomena. 
Grading Criteria:  30% homework, 20% midterm exam, 30% final exam, 15% project, 5% participation.

Textbooks  (available in PDF via the hyperlink from UCSD)
1.   Atmospheric Science: An Introductory Survey (2nd Ed.; J.M. Wallace & P.V. Hobbs 2006)
Companion materials 

2.   Coupled Atmosphere-Ocean Dynamics: From El Niño to Climate Change (S.P. Xie 2023)

Other reference resources
An Introduction to Dynamic Meteorology (4th Edition, J.R. Holton 2004)
MetEd: https://www.meted.ucar.edu/
useful online modules on a variety of topics (quick registration required).

Attendance & Reading Expectations: Students are expected to attend every lecture and read the assigned material ahead of class.
Homework Assignments will be posted on Canvas and should be turned in through Canvas. Homework exercises must be completed on time and extensions will be granted only in exceptional circumstances.
Project. Possibilities include team reading a paper on a recent extreme weather/climate event; creating a schematic of a weather/climate phenomenon (e.g., Rossby wave, El Niño); interviewing a graduate student of climate science. Consult Instructor/TA on other project ideas.
Collaboration: Students may collaborate on homework exercises as long as each student does his or her own work. No collaboration is allowed on exams.
Examinations: There will be a midterm exam (5/8) and a final exam (6/10). 
Please note, accommodations will not be granted for missed work or class meetings due to overlapping course scheduling (registering for another course that meets at the same time as this one).

Course Schedule (18 lectures)
	Date
	Topic
	Reading
	HW

	Tu 4/1
	Introduction 
key concepts: surface pressure, gas law, hydrostatic
	WH 1.1-2, 3.1-2
focus on 1.2, 3.1.0, 3.2
	

	Th 4/3
	Dry Thermodynamics 
vertical structure, lapse rate, geopotential, hypsometric, adiabatic, potential temperature, Skew-T plot
	WH 1.3.4, 3.3-4
focus on 3.2.3, 3.4.1-3, 
MetEd A
	

	Tu 4/8
	Moist Thermodynamics & Stability
saturation, latent heat, absolute and conditional stability, lifting condensation level
	WH 3.5.1-4, 3.6
MetEd B
	

	Th 4/10
	Kinematics
Zonal/meridional velocity, advection, divergence and vertical motion
	WH 1.2, 7.1, 7.3.4
	HW 1 due

	Tu 4/15
	Forces
pressure gradient force, Coriolis force, rotating fluids
	7.2.1-3
	

	Th 4/17
	Balanced Flow
geostrophic balance, geostrophic/gradient wind, Ekman current, thermal wind, Taylor’s curtain
	WH 7.2.4-7
MetEd C &D
	

	Tu 4/22
	Vorticity Equation
relative, planetary, and absolute vorticity
	WH 7.2.8-9 
	

	Th 4/24
	Rossby Wave
barotropic vorticity equation, beta effect, eastward-moving shortwaves, stationary wave 
	Holton 7.1, 7.2.0, 7.7.1
	HW 2 due

	Tu 4/29
	Potential Vorticity
stretching effect, tropical cyclogenesis, midlatitude cyclones, vertical motion, surface lows, upper-level troughs
	WH 7.2.10, 8.1.1
MetEd E
	

	Th 5/1
	Weather Prediction 
primitive equations, predictability, chaos, ensemble forecast
	WH 7.3.5, 7.5, Box 1.1
MetEd H
	

	Tu 5/6
	General Circulation & Mid-term Review
geostrophic adjustment, Hadley circulation, subtropical westerly jet, Ferrel cell, trade winds, surface westerlies
	WH 7.3.6, 7.4, 1.3.5
MetEd F
	

	Th 5/8
	Midterm Exam
	
	Midterm
HW 3 due

	Tu 5/13
	Intro to Climate
ITCZ, ocean’s role, surface mixed layer, thermocline, heat low, monsoon, rainy season
	WH 1.3.6, 2.1.1, 10.1.3,  
	

	Th 5/18
	El Nino/Southern Oscillation
equatorial upwelling, cold tongue, climate statistics, climate variability, ocean-atmosphere coupling, Bjerknes feedback, teleconnection, climate prediction
	WH 10.2.0-1, Box10.1, 10.2.2a,
10.5
MetEd G
	Project selection due

	Tu 5/20
	Global Energy Balance
short/longwave radiation, greenhouse effect, albedo, energy transport
	WH 10.1.1
	

	Th 5/22
	Climate Change 
radiative forcing, greenhouse warming, climate feedback & sensitivity, low-cloud feedback; ocean heat uptake, sea level rise, climate projection
	X 13.1, Box 13.1; (WH 10.3-4)
MetEd I
	

	Tu 5/27
	Climate Impact
vertical profile of temperature change, spatial warming pattern, Arctic amplification, rainfall change, climate extremes, geoengineering
	X 13.3.1-3 
Guest lecture 

	

	
	
	
	

	Th 5/29
	California Climate
marine layer, inversion, atmospheric rivers, Santa Ana wind, wildfire, N American monsoon
	X 6.4, 5.5; (WH 8.2.4-5, 9.4.4) 
	

	
	
	
	

	Tu 6/3
	Project Presentation (3 minutes each)
	
	Written summary due

	Th 6/5
	Review Session
	
	

	Tu 6/10
	Final Exam (8 – 11 am)
	
	Final



MetEd A – Skew-T Mastery
MetEd B – Principles of Convection: Buoyancy and CAPE (focus on basics)
MetEd C – Topics in Dynamical Meteorology: Pressure Gradient Force
MetEd D – Topics in Dynamical Meteorology: Thermal Wind
MetEd E – Introduction to Meteorological Charting
MetEd F – Introduction to Tropical Meteorology Chapter 1: Introduction
MetEd G – The El Niño-Southern Oscillation (ENSO) Cycle
MetEd H – Introduction to Climate Models
MetEd I – Climate Variability and Change


