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Synoptic Meteorology 
EAS 4450 (3 credit hours) 

Spring 2018 
 
Lecture Meeting Times: 9:05 – 9:55 AM Mondays and Wednesdays 
Lecture Location: ES&T L1116 
Lab Meeting Time: 11:15 AM – 2:00 PM Fridays 
Lab Location: ES&T L1110 
 
Instructors  
Dr. Zachary Handlos  
Office: 1114 Ford ES&T Building 
Email: zachary.handlos@eas.gatech.edu 
Office Hours: 10:30 AM – 12:30 PM Mondays and Wednesdays or by appointment 
 
Dr. Yi Deng 
Office: 3248 Ford ES&T Building 
Email: yi.deng@eas.gatech.edu 
Office Hours: By appointment 
 
Required Text 
Lackmann, G. M. (2011), Midlatitude Synoptic Meteorology: Dynamics, Analysis and Forecasting; 
ISBN-13: 9781878220103. 
 
Recommended Text 
Martin, J. E. (2006), Mid-Latitude Atmospheric Dynamics: A First Course; ISBN-13: 9780470864654. 
 
Course Description 
Synoptic Meteorology traditionally refers to the analysis of weather at a specific period of time 
(http://www.srh.noaa.gov/srh/jetstream/synoptic/synoptic_intro.html), with that analysis being accomplished 
through the investigation of observed surface and tropospheric weather data.  Synoptic meteorologists would 
perform hand analyses of this data in order to determine the physical mechanisms responsible for any 
observed weather as well as forecast what would happen over the next few hours using diagnostic tools.  The 
field of synoptic meteorology has a rich history of significant theoretical and computational discoveries that 
have improved the predictability of significant weather events accurately to as far out as 10 days. 
 
Given the evolution of satellite and computer technology, synoptic meteorology in the 21st century represents 
the study of weather systems and jet stream phenomena that occur on horizontal spatial scales on the order of 
~1000 km and a time scale of ~5-7 days.  This includes extratropical cyclones and anticyclones, the polar and 
subtropical jet streams and jetstreaks. 
 
Why do such meteorological features occur?  How do meteorologists go about analyzing such features?  
What theory has been discovered that can be utilized to understand, diagnose and forecast such phenomena?  
Is there actually a purpose to all of this calculus material that I have to learn for this major?  All of these 
questions (and many, many more) will be answered throughout this course. 
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Course Topics 
In this course, we will strive to learn about the following topics: 

1) The life cycle of extratropical cyclones 
2) Diagnostic tools for assessing the formation, maintenance and dissipation of extratropical cyclones 

and anticyclones (QG-Theory, Q-Vector, PV perspective) 
3) Jet Streams, Jet Streaks and relation to Extratropical Cyclones 
4) Fronts and Frontogenesis 
5) Baroclinic Instability 
6) How to analyze observational and model forecast data and draw conclusions about the atmosphere on 

a synoptic scale 
 
Earth and Atmospheric Science Core Skill Development 
The School of Earth and Atmospheric Sciences at Georgia Tech strives to meet several learning standards 
for all students within the undergraduate program.  These standards, and how they will be achieved in this 
course, are listed below: 

1) Demonstrate quantitative understanding of synoptic meteorology theory and real-time synoptic 
scale weather events 

2) Develop critical analysis and problem-solving skills through laboratory exercises and case study 
projects 

3) Gain practical experience with analyzing, interpreting and communicating synoptic 
meteorology events orally (e.g., weather discussion events) and through written assignments (e.g., 
case study projects, WxChallenge reflection assignments) 

4) Gain appreciation of the interdisciplinary nature of meteorology through laboratory exercises, 
theoretical problems, course projects and participation in WxChallenge competition 

5) Increase breadth of knowledge within meteorology by developing foundational understanding of 
atmospheric physics and dynamics on synoptic scale as well as other scales that tie to synoptic 
meteorology (e.g., mesoscale, planetary scale) 

6) Develop comprehensive and cohesive understanding of synoptic scale meteorology through 
consideration of several diagnostic tools (e.g., QG-theory, Q-vectors, PV perspective, Semi-
Geostrophic Theory, z- vs. p- vs. natural coordinates) 

 
Grading 
Your grade in this course will be based on your performance within the following categories: 

• Quizzes (14 quizzes; keep top 10 scores) – 30% of grade 
• Lab Assignments (10 labs) – 30% of grade 
• Group Case Study Project – 10% of grade 
• Individual Case Study Project – 20% of grade 
• Weather Discussions (5 discussions) – 5% of grade 
• WxChallenge Forecasting and Reflection (5 reflection assignments) – 5% of grade 

 
Quizzes (30% of Grade = Top 10 of 14 quizzes x 3% each) 
There will be 14 quizzes within this course (every Friday during weeks 2-14 of the course as well as the 
final exam date), and they will assess your understanding of recently discussed course material.  These 
quizzes will be administered at the beginning of lab section every Friday.  Only your top 10 quiz scores 
will be considered for your final grade.  Due to this drop policy, there will be no makeup quizzes; a 
missed quiz will result in a "0" score and be considered your "dropped" quiz. 
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Lab Assignments (30% of grade = 10 lab assignments x 3% each) 
The lab portion of this class will be used as an opportunity for you to apply course material towards 
solving atmospheric dynamics problems in the context of synoptic meteorology as well as interpreting 
and analyzing real atmospheric phenomena.  Your analysis, synthesis and evaluation skills will be 
improved through a combination of hands-on and programming-based labs. 
 
There will be 10 lab assignments in this class.  You will have at least one week to complete each lab, and 
the lab assignment must be completed and turned in by the start of the class period that the assignment is 
due. 
 
Case Study Projects (Group Case Study: 10% of Grade: Individual Case Study: 20% of Grade) 
You will complete two case study projects in this course.  The first case study assignment will be done 
within groups of 2 students, and the second case study project will be completed individually.  For both 
projects, you will write a scientific paper describing in rigorous detail the physical mechanisms 
responsible for a weather system event of interest.  This paper will require you to perform a literature 
review on your case (and other relevant scientific information), develop a “hypothesis” or “research 
question” about your case, present detailed results and discussion of your results and summarize your 
findings within a “Conclusions” section.  You will also give a presentation to the class summarizing your 
findings and conclusions in a presentation format analogous to that of presenting at a conference. 
 
You will be required to utilize theoretical material from lecture as well as your programming and analysis 
skills from the lab portion of this class.  I expect the final product that you produce to reflect your ability 
to critically analyze scientific data, provide correct physical reasoning and present scientific material in a 
clear, concise and accurate manner.  More details regarding the case study projects will be revealed during 
the semester. 
 
Weather Discussion (5% of grade; 5 presentations during the semester) 
You and a classmate will facilitate a weather discussion at the end of the Friday lab period during 5 of the 
lab periods this semester.  This weather discussion will require you to provide an in-depth analysis of the 
current (and recent past) weather as well as short-term forecasted weather.  You will be required to apply 
course knowledge within your discussion, as this will allow you an opportunity to practice applying 
course material to weather observational analysis and forecasting. 
 
WxChallenge Forecasting and Reflection (5% of grade) 
You will participate within the WxChallenge forecasting competition this semester.  This is a national 
forecasting competition, where participants enter maximum/minimum temperature, maximum wind speed 
and precipitation values for a forecast city over a two-week period.  Prizes are awarded for forecasters that 
receive the least number of error points. 
 
In this course, you will be required to submit forecasts for all forecasting days for all five cities during the 
competition this semester.  At the completion of each two-week period (i.e., completion of each forecast 
city), you will write a short reflection paper summarizing how well you did at forecasting, including 
discussion of your forecast strategies and how well they worked (or did not work). 
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Grading Scale 
The grading for the course is as follows: 
 

Grade Percentage 
A 100 – 90 
B 89.9 – 80 
C 79.9 – 70 
D 69.9 – 60 
F <60 

 
Depending on the distribution of student scores at the end of the course, the scores may be curved to 
reflect the scale described above (up to the instructor’s discretion).   
 
Late Work Policy and Makeup Assignments 
NO LATE ASSIGNMENTS are allowed in this course. Any late work will be graded as a “0”. All 
assignments must be completed and turned in to me ON TIME.  Makeup assignments will only be 
allowed in extreme circumstances (e.g., serious illness, family emergency).  You must contact me at least 
24 hours prior to the due date/assessment date and explain in full your request for a makeup assignment to 
be eligible to turn in an assignment beyond its due date. 
 
Lecture Notes 
I will post all lecture notes/slides from class, the course syllabus and other relevant course 
information/resources on the course website.  This is not an excuse to skip class, as your participation 
grade depends upon your attendance! 
 
Extra Credit 
In fairness to all students, I do not offer extra credit assignments. 
 
Cheating 
Cheating will not be tolerated in this course.  Cheating includes the following: 1) copying answers from 
another student, 2) using unauthorized resources to study for course quizzes and assessments, which 
includes the use of electronic devices, 3) posting solutions to course quizzes and assessments on the 
Internet, and/or 4) any other activity that would be considered “academic misconduct”. 
 
To summarize, do not cheat; it is not worth jeopardizing your future because you wanted to look good 
doing something that you need to improve upon. 
 
Academic Honor Code 
The instructor and students are expected to abide by Georgia Tech’s Academic Honor Code. 
Plagiarism of any kind (including the reproduction of materials found on the internet) is strictly 
prohibited and will be reported to the Office of Dean of Students for academic misconduct. The 
complete text of the Academic Honor Code may be found at: 
https://policylibrary.gatech.edu/student-affairs/academic-honor-code  
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Access and Accommodations 
At Georgia Tech, we strive to make learning experiences as accessible as possible.  If you anticipate or 
experience physical or academic barriers based on disability, you are welcome to let me know so that we 
can discuss options.  You are also encouraged to contact the Office of Disability Services to explore 
reasonable accommodations. 
 
The Office of Disability Services can be contacted by: 
 Phone: 404-894-2563 
 Email: dsinfo@gatech.edu 
 Website: http://disabilityservices.gatech.edu/  
 
If our class meets at a campus location: Please be aware that the accessible table and chairs in this room 
should remain available for students who find that standard classroom seating is not usable. 
 
List of Course Topics* 
 

Week Topics Course Reading (L = 
Lackmann text; M = Martin 

text) 
Week 1 (1/8/18 – 1/12/18) Atmospheric dynamics review: 

equations of motion, mass 
continuity, thermodynamic 
equation, Poisson equation, ideal 
gas law, geostrophic and 
hydrostatic balance in z- and p-
coordinates 
 

L – Ch. 1 
M – Ch. 1-3 

Week 2 (1/15/18 – 1/19/18) Geopotential, thickness and 
thermal wind equation in z-, p- 
and natural coordinates; 
application to vertical wind 
shear profile and polar jet stream 
 

L – Ch. 1 
M – Ch. 4 

Week 3 (1/22/18 – 1/26/18) Circulation vs. vorticity, shear 
vs. curvature vorticity (natural 
coordinates), vorticity equation 
derivation and interpretation, 
and vorticity and divergence 
 

L – Ch. 1 
M – Ch. 5 

Week 4 (1/29/18 – 2/2/18) QG-Theory: derivation and 
interpretation of QG-equations, 
QG-𝜔 equation and QG-height 
tendency equation; QG 
energetics; QG-PV 
 
 
 

L – Ch. 2 
M – Ch. 5 and 6 
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Week 5 (2/5/18 – 2/9/18) QG-Theory: derivation and 
interpretation of QG-equations, 
QG-𝜔 equation and QG-height 
tendency equation; QG 
energetics; QG-PV 
 

L – Ch. 2 
M – Ch. 5 and 6 

Week 6 (2/12/18 – 2/16/18) The nature of the ageostrophic 
wind and Sutcliffe Development 
Theorem 
 

M – Ch. 6 

Week 7 (2/19/18 – 2/23/18) Potential Vorticity: shallow 
water PV; Isentropic PV; Ertel 
PV; PV inversion 
 

L – Ch. 3 and 4 
M – Ch. 9 

Week 8 (2/26/18 – 3/2/18) Potential Vorticity: shallow 
water PV; Isentropic PV; Ertel 
PV; PV inversion 
 

L – Ch. 3 and 4 
M – Ch. 9 

Week 9 (3/5/18 – 3/9/18) Geostrophic Paradox and Q-
Vector 
 

M – Ch. 6 

Week 10 (3/12/18 – 3/16/18) Extratropical Cyclones: 
cyclogenesis from QG 
perspective vs. PV perspective; 
baroclinic vs. barotropic 
instability 
 

L – Ch. 5 
M – Ch. 8 

SPRING BREAK (3/19/18 – 
3/23/18) 

SPRING BREAK (3/19/18 – 
3/23/18) 
 

SPRING BREAK (3/19/18 – 
3/23/18) 

Week 11 (3/26/18 – 3/30/18) Extratropical Cyclones: 
cyclogenesis from QG 
perspective vs. PV perspective; 
baroclinic vs. barotropic 
instability 
 

L – Ch. 5 
M – Ch. 8 

Week 12 (4/2/18 – 4/6/18) Extratropical Cyclones: 
cyclogenesis from QG 
perspective vs. PV perspective; 
baroclinic vs. barotropic 
instability 
 

L – Ch. 5 
M – Ch. 8 

Week 13 (4/9/18 – 4/13/18) Fronts; frontogenesis equation; 
front types; upper level fronts; 
Sawyer-Eliassen equation 
 

L – Ch. 6 
M – Ch. 7 
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Week 14 (4/16/18 – 4/20/18) Fronts; frontogenesis equation; 
front types; upper level fronts; 
Sawyer-Eliassen equation 

L – Ch. 6 
M – Ch. 7 

Week 15 (4/23/18) Finish course 
 

n/a 

INDIVIDUAL CASE STUDY 
PRESENTATIONS AND 
FINAL QUIZ – 4/27/18 
8:00 – 10:50 AM 

INDIVIDUAL CASE STUDY 
PRESENTATIONS AND 
FINAL QUIZ – 4/27/18 
8:00 – 10:50 AM  

INDIVIDUAL CASE STUDY 
PRESENTATIONS AND 
FINAL QUIZ – 4/27/18 
8:00 – 10:50 AM 

*Note that other readings will be assigned that complement the lecture material as necessary; this 
potentially includes later chapters in the course textbook not listed above. 


