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SYLLABUS
CLIM-301: Weather Analysis & Prediction

Summary:  The primary focus in CLIM-301 is to better understand the large-scale behavior of mid-latitude weather systems.  The basis of this course is quasi-geostrophic motion, namely the robust features that influence a majority of weather conditions across the United States.  CLIM-301 will introduce students to the basic tools of weather analysis techniques of weather forecasting.  Students will acquire the skills needed to analyze and interpret surface and upper-air observations, data from satellites and radar, atmospheric soundings, and severe weather indices.  Students will be introduced to the collection, display, and application of numerical weather forecasts used by the operational meteorologist.  CLIM-301 will include laboratory part that will give students the opportunity to gain practical experience in weather analysis and prediction and to become familiar with some of the technology currently used for visualization and analysis.
Format: The course will meet twice per week for lecture, and once per week for laboratory part. 
Prerequisites: MATH 113 or equivalent; CLIM/PHYS 111/112 or EOS 121 or GGS 121.
Required Text: 
Weather Forecasting Handbook, 5th Edition, Tim Vasquez

Weather Graphics Techologies, 2001 ISBN 0-9706840-2-9

Supplementary Text:

Mid-Latitude Weather Systems, T.N. Carlson, 1998, 507p.
Evaluation Criteria: The assessment of student performance will be based on lab assignments (30%), a mid-term examination (20%), a final exam (40%), and participation (10%).
Class and Laboratory Schedules – There will be one lecture (3-credits) and laboratory (1-credit) each week unless otherwise stated (total 4-credits).

Lecture 1 

Introduction 
(A basic overview of temperature, density, pressure, mixing ratio; Description of scale, what is Synoptic? Atmospheric structure; Global circulation; Pressure coordinate system) 

Lecture 2 


Observation & Tools
(Types and sources of data such as surface and upper air observational networks, remote sensing data used in weather analysis; How temperature, dewpoint, wind, clouds, and other phenomena are measured; Surface chart and upper-air charts; Radar, doppler radar, satellite imagery, soundings, and hodographs; Overview of operational numerical weather prediction models)

Lecture 3


Physics & Frontal Concepts

(Phase changes; Adiabatic changes; Stability; Atmospheric forces and winds; Frontal concepts; The types of fronts; Drylines; Air masses; Tertiary circulations and jets)

Lecture 4
Dynamics

(Long waves; Short waves; Convergence, divergence, and vertical motion; Thermodynamic equation; Jet stream dynamics; Vorticity, Q-vectors and isentropic analysis)

Lecture 5
Quasi-Geostrophic Theory

(Derivation of the Quasi-Geostrophic Omega equation; Pressure tendency equation; Quasi-Geostrophic forcing of vertical motions)

Lecture 6
Quasi-Geostrophic Energetics

(Perturbation quantities; Available potential energy; Energy transformation; Energetics of disturbances and the general circulation; The energy cycle; Barotropic growth & decay of waves)

Lecture 7
Barotropic Systems

(Conservation of absolute vorticity; The role of Earth’s vorticity; Vertical integrity of waves; Equivalent barotropic model; Types of cold-core and warm-core lows and highs)

Lecture 8


Baroclinic Systems

(Baroclinic lows and highs, how they develop and dissipate, Baroclinic development at 500 mb; Large-scale developmental changes that occur at 500 mb during cyclogenesis; Coupled surface and 500 mb developments; Baroclinic instability)

Lecture 9


Convective Weather

(Convective weather systems; Structure and types, including odd variations such as derechos, splits, MCSs, and the supercell spectrum; Various convective parameters used today such as CAPE, EHI, and BRN; Terrain forced vertical motions; Diabatic forcing and convective heating)

Lecture 10
Winter Weather


(Different precipitation types caused by various vertical thermal structures)
Lecture 11

Tropical Weather

(The equatorial trough, the subtropical ridge, easterly waves, tropical cyclones)

Lecture 12

Weather Forecasting Methods 




(Station forecasting; Forecast maps; Skew-T Log P diagrams)
Lecture 13

Numerical Weather Prediction (NWP) 

(Basics steps involved in NWP; NWP products; NWP model predictibility & uncertainties; NWP model evaluation)
Lecture 14

Ensemble Forecasting 

(Basics & significance of ensemble forecasting technique in weather prediction; Forecast verification)
Laboratory Sessions (1-14):  The above-described lectures will provide background for laboratory sessions.

Each laboratory session will begin with a weather map and forecast discussions (current significant weather and/or historical hazardous weather case analyses such as hurricane Katrina and 13 March 1993 Blizzard of the Century).  Responsibility for leading the discussions will be rotated among the students and instructor.  Laboratory exercises will also be assigned each week (unless otherwise noted).  The purpose of the assignments is to explore specific topics in weather analysis & prediction.  In addition, characteristics of numerical forecasting models and use of their outputs, forecast errors, predictability of weather will be part of the laboratory assignments.

Students will receive feedback from the instructor concerning their performance, which will take  the form of a numerical score.  This score will be used to compute the lab percentage of your total grade.

Laboratory 1 
Observational elements, map contouring, weekly weather map and forecast discussions
Laboratory 2 
Data decoding, weekly weather map and forecast discussions
Laboratory 3 
Surface map analysis, weekly weather map and forecast discussions

Laboratory 4 
850 mb map analysis, weekly weather map and forecast discussions
Laboratory 5 
700 mb map analysis, weekly weather and forecast discussions 
Laboratory 6 
500 mb map analysis, weekly weather map and forecast discussions
Laboratory 7 
300/200 mb map analysis, weekly weather map and forecast discussions
Laboratory 8 
Thickness chart analysis, weekly weather map and forecast discussions
Laboratory 9 
Radar imagery, satellite images, and interpretation, weekly weather map and forecast discussions, 
Laboratory 10
Skew-T analysis, weekly weather map and forecast discussions, historical blizzard of the century weather analysis
Laboratory 11 
Human forecasting, weekly weather map and forecast discussions
Laboratory 12 
Numerical weather prediction, creating a forecast, weekly weather map and forecast discussions, 
Laboratory 13 
Severe weather forecasting, weekly weather map and forecast discussions

Laboratory 14 
Winter weather forecasting, weekly weather map and forecast discussions
Some Useful Links for Laboratory Sessions:

NOAA Headquarters Gateway http://www.noaa.gov/
NESDIS (NOAA Satellite and Data Information Service) http://www.nesdis.noaa.gov/
NESDIS GOES Image Server http://www.goes.noaa.gov/
NESDIS Significant Event Images http://www.osei.noaa.gov/
NOAA Forecast Systems Lab Data Gateway http://www.fsl.noaa.gov/data/
NOAA-FSL RAOB Database http://raob.fsl.noaa.gov/
WMO Model Grid Specifications http://www.nco.ncep.noaa.gov/pmb/docs/on388/tableb.html
National Centers for Environmental Prediction (NCEP) http://wwwt.ncep.noaa.gov/
Hydrometeorological Prediction Center (HPC) http://www.hpc.ncep.noaa.gov/
Aviation Weather Center (AWC) http://aviationweather.gov/
Climate Prediction Center (CPC) http://www.cpc.ncep.noaa.gov/
River Forecast Centers http://www.crh.noaa.gov/ahps/rfc.php
Storm Prediction Center (SPC) http://www.spc.ncep.noaa.gov/
National Hurricane Center - Tropical Prediction Center (NHC/TPC) http://www.tpc.ncep.noaa.gov/ 
 

National Weather Service (NWS)  http://www.weather.gov
NCEP-HPC/NWS Forecast Discussion Pages http://www.hpc.ncep.noaa.gov/html/discuss.shtml
NCEP-HPC/NWS Short-Range Daily Forecast Discussion http://www.hpc.ncep.noaa.gov/discussions/pmdspd.html
National Center for Atmopsheric Reseach (NCAR) Data NCAR Mesoscale and Micromet Division MM5/WRF Model Output http://rain.mmm.ucar.edu/mm5/
Research Applications Program (NCAR-RAP) Real-Time Weather Page http://www.rap.ucar.edu/weather/ 
RAP's Great BIG Global Weather Station Identifier Page http://www.rap.ucar.edu/weather/surface/stations.txt 

 

Center for Ocean-Land-Atmosphere Studies (COLA) Weather and Climate Data http://www.iges.org/pix/pix.html
UNISYS Weather Pages http://weather.unisys.com/
American Meteorological Society (AMS) http://www.ametsoc.org/
Wyoming Weather Web Pages http://weather.uwyo.edu/
The Weather Channel Homepage http://www.weather.com/  

Weather Data Archives NOAA National Climatic Data Center (NCDC) http://www.ncdc.noaa.gov
NCAR MMM Case Archives http://locust.mmm.ucar.edu/case-selection/
NOAA Daily Weather Map Archives http://docs.lib.noaa.gov/rescue/dwm/data_rescue_daily_weather_maps.html
NCEP-SPC Storm Reports http://www.spc.noaa.gov/climo/
NCEP-SPC Current and Archive Maps http://www.spc.noaa.gov/obswx/maps/
UNISYS Weather Pages http://weather.unisys.com/
Wyoming Weather Web Archives http://weather.uwyo.edu/ 

Cooperative Program for Operational Meteorology, Education and Training (COMET) http://comet.ucar.edu/
COMET Meteorlogy Education and Training(MetED) Homepage http://meted.ucar.edu/
COMET Meteorlogy Education and Training(MetED) Homepage Guide to the Current Operational Models http://www.meted.ucar.edu/nwp/pcu2/index.htm
U. Wisconsin Weather Teaching Applets http://profhorn.meteor.wisc.edu/wxwise/
Penn State Emeritus Alistar Fraser's Bad Meteorology Page http://fraser.cc/BadScience/BadMeteorology.html
Expected Student Outcomes

The course will:

1. Promote student interest in atmospheric science.

2. Create new informed professionals who have the requisite training to support the important atmosphere related research (such as weather forecasting).
3.  Encourage faculty dialogue and development. The course will draw on resources within the AOES and other departments.


Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE:
CLIM-301 Weather Analysis & Prediction
Course Prerequisites:  MATH 113 or equivalent; CLIM/PHYS 111/112 or EOS 121 or GGS 121.

Catalog Description: 
Large-scale behavior of mid-latitude weather systems.  Includes coupling of synoptic motion to mesoscale processes that lead to significant weather events.  Introduces the observational network, numerical weather models, and prediction.  Laboratory portion gives practical experience in weather analysis, prediction, and technology currently used for visualization and analysis.
2. COURSE JUSTIFICATION:
Course Objectives: 

The goal of this course is provide the student with; (a) a better understanding of mid-latitude weather systems from both a theoretical and practical viewpoints, (b) an understanding of the key steps that go into a forecast, including NWP models, ensemble forecasting technique, data assimilation, and model evaluation and uncertainties, and c) applying concepts from lecture to real world examples via lab assignments.
Course Necessity:

Atmosphere is an important part of our environment.  At present, there is no course that provides knowledge of the mid-latitude weather analysis and prediction and the societal effects of changes in weather.  The course will provide sufficient interdisciplinary knowledge to students to enable them to understand mid-latitude weather systems.

Course Relationship to Existing Programs:

This course will provide useful introductory background for students in the Atmospheric, Oceanic, and Earth Sciences, Physics, Geography and Geinformation Science (GGS), and Environmental Science and Policy (ESP) departments.
Course Relationship to Existing Courses:
There is no significant overlap between this course and other courses. 

Academic Integrity:

All students are expected to abide by the honor code of George Mason University, which can be viewed at http://www.gmu.edu/catalog/9798/honorcod.html#code
3. APPROVAL HISTORY:
New course.

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering: 

Fall 2010
Proposed Instructors:
Zafer Boybeyi

Brian Doty
5. TENTATIVE SYLLABUS: 
See attached syllabus on the previous page.

