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 SYLLABUS

CLIM-111/PHYS-111: Introduction to the Fundamentals of Atmospheric Science
With associated 1 credit lab CLIM-112/PHYS-112
SUMMARY/Catalog Description
An overview of the Earth’s atmosphere, its history, and the fundamental physical and chemical processes which determine its characteristics. The focus is on key concepts from thermodynamics, radiation, chemistry, and dynamics that are essential for understanding the state, variability, and long term evolution of the atmosphere, especially in the context of comparisons with other planetary atmospheres.

FORMAT:  

Lecture Section (3 credits): There will be approximately one lecture topic covered per week. Selections from the Textbook of Wallace and Hobbs, and its order of presentation, will provide the basic framework of the course and most of the qualitative discussions, while the John Frederick text will provide supplemental quantitative material.  

Laboratory Section (1 credit): The Laboratory Section will provide insight into atmospheric processes via web-based simulations that can be manipulated by the student.  The Laboratory simulations are chosen to parallel the lecture topics and discussions.

PREREQUISITIES: none
REQUIREMENTS:  
Two textbooks supplemented by readings from the scholarly and popular literature will serve as primary source material for the lectures and class discussions. 

Atmospheric Science: An Introductory Survey, by John M. Wallace & Peter V. Hobbs, (WH)

Academic Press, Elsevier, 2006

ISBN 13:978-0-12-732951-2

Principles of Atmospheric Science 

John E. Frederick, Jones and Bartlett Publishers (2008), (F)
ISBN 0763740896
EVALUATION CRITERIA: 
Lecture Section:  The assessment of student performance will be based on homework (20%), a mid-term examination (30%), a final exam (40%), and participation (10%).

Laboratory Section: See Laboratory Syllabus below.

CLASS SCHEDULE:

There will be approximately 1 lecture topic covered per week (Textbook of WH provides qualitative discussions, while textbook of F provides quantitative discussions).

Lecture Topic 1: Introduction to the Atmosphere 

Introduction and Overview; What is atmospheric science? Survey of the Earth’s atmosphere: composition, vertical structure, winds, precipitation, etc; Brief History of the Earth and its atmosphere;  Why study the atmosphere? Science and societal issues – the changing atmosphere;  Survey of other planets’ atmospheres, similarities and differences;  How the study of other atmospheres helps us understand the Earth.

Reading: WH Ch. 1 & F Ch. 1

Laboratory Simulation: UI Hands-on Meteorology - Weather Map Contour
Lecture Topic 2: State and Evolution of the Atmosphere
The Earth system: oceans, cryosphere, biosphere, surface; The hydrological system; The oxygen and carbon cycles; Overview of the formation and evolution of the Earth’s atmosphere; Equilibrium temperature of the Earth: influence of the atmosphere.

Reading: WH Ch. 2 & F Ch. 1

Laboratory Simulation: UI Hands-on Meteorology - Evaporation
Lecture Topic 3: Atmospheric Thermodynamics & Vertical Stability
Temperature and Gas laws; Hydrostatic equation; First Law of thermodynamics, heat capacities, energy transport; Adiabatic processes; Influence of water vapor  in the atmosphere; Humidity, saturation vapor pressure, relative humidity, dew point; Static stability Second law of thermodynamics.

Reading: WH Ch. 3 & F Chs. 1&3

Laboratory Simulation: UI Hands-on Meteorology - Temperature
Lecture Topic 4: Atmospheric Radiation: Solar & Terrestrial
Solar and terrestrial radiation; Scattering and absorption; Transfer of radiation in a planetary atmosphere; The greenhouse effect; The greenhouse effect on other planets.

Reading: WH Ch. 4 & F Ch. 2

Laboratory simulation: UI Hands-on Meteorology – Controls of Temperature
Lecture Topic 5: Atmospheric Composition
Controls: sources, transport, and sinks; Photochemistry; Biological effects on composition: C, N, O cycles; Aerosols; Tropospheric and Stratospheric chemistry; Anthropogenic effects; Atmospheric chemistry on other planets.

Reading: WH Ch. 5 & F Ch. 5

Laboratory simulation: UI Hands-on Meteorology TBD

Lecture Topic 6: Clouds
Cloud taxonomy; Microphysics: Nucleation and condensation; Cloud formation conditions; Influence of Clouds on the state of the atmosphere; Forms of precipitation; Weather modification; Clouds on other planets: Venus, Mars, Jupiter’s storms; Clouds and chemical effects.

Reading: WH Ch. 6 & F Ch. 3

Laboratory Simulation: UI Hands-on Meteorology – Mountains & Condensation Simulations
Lecture Topic 7: Atmospheric Motions 

Large scale flow kinematics; Horizontal flow and the gradient wind; Real vs. apparent forces; Geostrophic wind; Friction; Equations of motion; General circulation.

Reading: WH Ch. 7 &  F Ch. 4

Laboratory Simulation: UI Hands-on Meteorology – Coriolis & Cyclone
Lecture Topic 8: Weather Systems
Extratropical cyclones; Orographic effects; Deep convection; Tropical cyclones; Weather patterns; Weather analysis and forecasting; The role of weather satellites; Storms, tornados, and hurricanes.

Reading: WH Ch. 8 & F Ch. 4

Laboratory Simulation: UI Hands-on Meteorology – Jet Stream & Fronts & Hurricane Tracker
Lecture Topic 9: The Planetary Boundary layer (PBL)
Turbulence; Vertical structure of the PBL; Surface energy budget; Evolution of the PBL; Interaction between the PBL and the general circulation. 

Reading: WH Ch. 9 & F Ch. 4

Laboratory Simulation: UI Hands-on Meteorology – Ekman & Thunderstorm
Lecture Topic 10: The Earth’s Climate
The present-day climate; The historical record; Ice ages; Climate variability; The role of the greenhouse effect; Climate equilibria and sensitivity; Climate feedbacks; The carbon cycle; Solar variability; Volcanic and other episodic events; Detection and measurements of climate change.

Reading: WH Ch. 10 & F Ch. 6

Laboratory Simulation: UI Hands-on Meteorology – Growing Seasons
Lecture Topic 11: Human Influences on the Atmosphere
Greenhouse gases: sources and sinks; Buildup of greenhouse gases; Projections of human-induced warming; Other types of air pollution, trends, acid rain; Consequences of climate change; The far future: runaway greenhouse effect – The lesson from Venus.

Reading: WH Ch. 10 & F B Ch. 6

Laboratory Simulation: UI Hands-on Meteorology – Pollution
Lecture Topic 12: Numerical Modeling of the Atmosphere
Fundamentals of atmospheric modeling; evaluation of models results; predictability of models.

Reading: Material will be provided

Laboratory Simulation:  Results from Numerical Weather Predictions (NWP) will be presented and studied.
How does the course specifically meet specified General Education Goal(s)/Category(ies)?

This course is designed to ensure that students develop the essential skills of analytical and quantitative reasoning, information gathering, and communication related to issues in natural sciences.  The overarching goal of this course is to provide the student with a “big-picture” view of the field of atmospheric science as it relates to understanding the Earth’s atmosphere, its complex history, its expected future evolution, and human influences.  

This general goal will be achieved by (a) a focus on the planetary context of the Earth’s atmosphere, i.e., what we have learned by the study of other planetary atmospheres, (b) an emphasis on quantitative physical principles that control the atmosphere, and (c) a heavy reliance on computer simulations for visualizing the complex interactions that occur in the atmosphere.

The more specific goals are to provide the student with:

(1) an overview of the important physical and chemical processes which control the state, variability, and evolution of the Earth’s atmosphere in the context of what we have learned from exploration of other planetary atmospheres, 

(2) an understanding of the key scientific discoveries and remaining unanswered questions in atmospheric science, 

(3) an overview of the primary scientific principles and analytical tools used in atmospheric science studies, including both remote sensing and in-situ techniques, with special emphasis on model simulations to visualize the complex feedbacks involved in atmospheric processes, and

(4) an understanding of the application of the scientific method to analyze and interpret observations of components of the atmospheric system.
These course goals have been designed so that the student will acquire an understanding of the scientific method, the use of both theory and experiment in the progress of atmospheric science, and an overview of the major ideas that have framed atmospheric science research in recent decades.
Expected Student Outcomes:

This combined lecture and lab course is designed with a dual-purpose.  The first purpose is to provide a stand-alone course for students needing an introduction to scientific methods and critical reasoning as it relates to the environment.  As such it will provide the necessary background information for understanding the many emerging societal problems that are consequences of human influences on the atmosphere.  The second purpose is to provide an introductory course for those students that are beginning their degrees in atmospheric science or related scientific fields.  For those students this course will provide a solid foundation for future more specialized courses in atmospheric science. 

The laboratory section is designed to enhance learning by applying the information acquired in the lecture portion of the course with practical applications covered in the student’s lab books. The student will engage in activities that are designed to expand and enrich the learning process through the use of state-of-the-art computer simulations that illustrate the complex phenomena that occur in the atmospheres of the Earth and other planets.
Course Outcomes: By the end of the semester this course student will have developed a basic understanding of the following:

· Characterization of temperature and it variation in the atmosphere.
· Solar influences and heating which drive atmospheric thermodynamics and motions
· Earth’s energy budget.

· Atmospheric moisture and the role of water in stability considerations.

· Cloud formation, precipitation and the range of cloud occurrences on other planets
· Atmospheric motions and the general circulation.

· The ability to read and interpret eather maps 
· The climate system, variability, and climate controls.
· The properties and processes that control planetary habitability

· The atmospheric issues related to global change

George Mason University–Office of the Registrar    Undergraduate Course Approval Form

Please complete this form and attach a copy of the syllabus and catalog description for new courses.  Forward the form and attachments to your departmental curriculum committee for approval, and then to your College/School curriculum committee, or Dean’s office, for final approval.  The approved form should then be forwarded to the Academic Scheduling Office, MS 3D1.  This is for undergraduate course approval only.  Please see the Provost Office/Graduate Council website to obtain a copy of the Graduate Course Approval Form and for details about the graduate course approval process.

Note:  Colleges and Schools are responsible for submitting new or modified catalog descriptions (35 words or less, using catalog format) to Creative Services by deadlines outlined in the yearly Catalog production calendar.
Please indicate:    New___X___      Modify_______      Delete_______ 
        

Department/Unit: ______AOES__________ Course Subject/Number: _____CLIM-111/112(lab) cross-listed with PHYS-111/112(lab)______
Submitted by: __Michael Summers (msummers@gmu.edu; x3-3971), Zafer Boybeyi (zboybeyi@gmu.edu; x3-1560)
Course Title: ___Introduction to the Fundamentals of Atmospheric Science__________________________

Effective Term (New/Modified Courses only): ___Fall 2009___  
Final Term (deleted courses only):____________ 

Credit Hours: (Fixed) __3__     (Var.) ______ to ______       Grade Type (check one):
__X__ 
Regular graduate (A, B, C, etc.)











_____
Satisfactory/No Credit only 












_____
Special graduate (A, B, C, etc. + IP)
Repeat Status*(check one): _X_ ​​​ NR-Not repeatable ____   RD-Repeatable within degree ____ RT-Repeatable within term      
*Note: Used only for special topics, independent study, or internships courses
Total Number of Hours Allowed: _______





                                                                                     
Schedule Type Code(s): 1.__LEC   LEC=Lecture   SEM=Seminar   STU=Studio   INT=Internship   IND=Independent Study



      2._LAB   LAB=Lab    RCT=Recitation (second code used only for courses with Lab or Rct component)  

Prereq _None__ Coreq ___ (Check one):_______________________________________________________________

__________________________________________________________________________________________

Note:  Modified courses - review prereq or coreq for necessary changes; Deleted courses - review other courses to correct prereqs that list the deleted course.

Description of Modification (for modified courses):____________________________________________________________________
Special Instructions (major/college/class code restrictions, if needed):__________________________________________


Approval Signatures:
Department or Unit: _________________________________________ Date: _____________
                                                                       (Signature)

College/School Committee: ____________________________________ Date: _____________  

                                                                 
                         (Signature)

George Mason University 

 
      Undergraduate Course Coordination Form
Approval from other units:

Please list those units outside of your own which may be affected by this new, modified, or deleted course.  Each of these units should approve this action prior to its being submitted to the COS Curriculum Committee for approval.

	Unit:


	Head of Unit’s Signature:
	Date:                                                    

	Unit:


	Head of Unit’s Signature:
	Date:                                                    

	Unit:


	Head of Unit’s Signature:
	Date:                                                    

	Unit:


	Head of Unit’s Signature:
	Date:                                                    

	Unit:


	Head of Units Signature:
	Date:                                                    


COS Curriculum Committee approval:  ______________________________________________   Date: ____________

SYLLABUS

CLIM-111/PHYS-111: Introduction to the Fundamentals of Atmospheric Science
With 1 credit lab CLIM-112/PHYS-112
SUMMARY/Catalog Description
An overview the Earth’s atmosphere, its history, and the physical and chemical process which determine its characteristics. The focus is on key concepts from thermodynamics, radiation, chemistry, and dynamics that are essential for understanding the state, variability, and long term evolution of the atmosphere, especially in the context of comparisons with other planetary atmospheres.

FORMAT:  

Lecture Part (3 credits): There will be approximately one lecture topic covered per week. Selections from the Textbook of Wallace and Hobbs, and its order of presentation, will provide the basic framework of the course and most of the qualitative discussions, while the John Frederick text will provide supplemental quantitative material.  

Laboratory Part (1 credit): The Laboratory Section will provide insight into atmospheric processes via web-based simulations that can be manipulated by the student.  The Laboratory simulations are chosen to parallel the lecture topics and discussions.

PREREQUISITIES: none
REQUIREMENTS:  
Two textbooks supplemented by readings from the scholarly and popular literature will serve as primary source material for the lectures and class discussions. 

Atmospheric Science: An Introductory Survey, by John M. Wallace & Peter V. Hobbs, (WH)

Academic Press, Elsevier, 2006

ISBN 13:978-0-12-732951-2

Principles of Atmospheric Science 

John E. Frederick, Jones and Bartlett Publishers (2008), (F)
ISBN 0763740896
EVALUATION CRITERIA: 
Lecture Part:  The assessment of student performance will be based on homework (20%), a mid-term examination (30%), a final exam (40%), and participation (10%).
CLASS SCHEDULE:

There will be one class each week unless otherwise stated (Textbook of WH provides qualitative discussions, while textbook of F provides quantitative discussions).

Lecture Topic 1: Introduction to the Atmosphere 

Introduction and Overview; What is atmospheric science? Survey of the Earth’s atmosphere: composition, vertical structure, winds, precipitation, etc; Brief History of the Earth and its atmosphere;  Why study the atmosphere? Science and societal issues – the changing atmosphere;  Survey of other planets’ atmospheres, similarities and differences;  How the study of other atmospheres helps us understand the Earth.

Reading: WH Ch. 1 & F Ch. 1

Laboratory Simulation: UI Hands-on Meteorology  - Weather Map & Contour
Lecture Topic 2: State and Evolution of the Atmosphere
The Earth system: oceans, cryosphere, biosphere, surface; The hydrological system; The oxygen and carbon cycles; Overview of the formation and evolution of the Earth’s atmosphere; Equilibrium temperature of the Earth: influence of the atmosphere.

Reading: WH Ch. 2 & F Ch. 1

Laboratory Simulation: UI Hands-on Meteorology - Evaporation
Lecture Topic 3: Atmospheric Thermodynamics & Vertical Stability
Temperature and Gas laws; Hydrostatic equation; First Law of thermodynamics, heat capacities, energy transport; Adiabatic processes; Influence of water vapor  in the atmosphere; Humidity, saturation vapor pressure, relative humidity, dew point; Static stability Second law of thermodynamics.

Reading: WH Ch. 3 & F Chs. 1&3

Laboratory Simulation: UI Hands-on Meteorology - Temperature
Lecture Topic 4: Atmospheric Radiation: Solar & Terrestrial
Solar and terrestrial radiation; Scattering and absorption; Transfer of radiation in a planetary atmosphere; The greenhouse effect; The greenhouse effect on other planets.

Reading: WH Ch. 4 & F Ch. 2

Laboratory simulation: UI Hands-on Meteorology – Controls of Temperature
Lecture Topic 5: Atmospheric Composition
Controls: sources, transport, and sinks; Photochemistry; Biological effects on composition: C, N, O cycles; Aerosols; Tropospheric and Stratospheric chemistry; Anthropogenic effects; Atmospheric chemistry on other planets.

Reading: WH Ch. 5 & F Ch. 5

Laboratory simulation: UI Hands-on Meteorology TBD

Lecture Topic 6: Clouds
Cloud taxonomy; Microphysics: Nucleation and condensation; Cloud formation conditions; Influence of Clouds on the state of the atmosphere; Forms of precipitation; Weather modification; Clouds on other planets: Venus, Mars, Jupiter’s storms; Clouds and chemical effects.

Reading: WH Ch. 6 & F Ch. 3

Laboratory Simulation: UI Hands-on Meteorology – Mountains & Condensation
Lecture Topic 7: Atmospheric Motions 

Large scale flow kinematics; Horizontal flow and the gradient wind; Real vs. apparent forces; Geostrophic wind; Friction; Equations of motion; General circulation.

Reading: WH Ch. 7 &  F Ch. 4

Laboratory Simulation: UI Hands-on Meteorology – Coriolis & Cyclone
Lecture Topic 8: Weather Systems
Extratropical cyclones; Orographic effects; Deep convection; Tropical cyclones; Weather patterns; Weather analysis and forecasting; The role of weather satellites; Storms, tornados, and hurricanes.

Reading: WH Ch. 8 & F Ch. 4

Laboratory Simulation: UI Hands-on Meteorology – Jet Stream & Fronts & Hurricane Tracker
Lecture Topic 9: The Planetary Boundary layer (PBL)
Turbulence; Vertical structure of the PBL; Surface energy budget; Evolution of the PBL; Interaction between the PBL and the general circulation. 

Reading: WH Ch. 9 & F Ch. 4

Laboratory Simulation: UI Hands-on Meteorology – Ekman & Thunderstorm
Lecture Topic 10: The Earth’s Climate
The present-day climate; The historical record; Ice ages; Climate variability; The role of the greenhouse effect; Climate equilibria and sensitivity; Climate feedbacks; The carbon cycle; Solar variability; Volcanic and other episodic events; Detection and measurements of climate change.

Reading: WH Ch. 10 & F Ch. 6

Laboratory Simulation: UI Hands-on Meteorology – Growing Seasons
Lecture Topic 11: Human Influences on the Atmosphere
Greenhouse gases: sources and sinks; Buildup of greenhouse gases; Projections of human-induced warming; Other types of air pollution, trends, acid rain; Consequences of climate change; The far future: runaway greenhouse effect – The lesson from Venus.

Reading: WH Ch. 10 & F B Ch. 6

Laboratory Simulation: UI Hands-on Meteorology – Pollution

Lecture Topic 12: Numerical Modeling of the Atmosphere
Fundamentals of atmospheric modeling; evaluation of models results; predictability of models.

Reading: Material will be provided

Laboratory Simulation:  Results from Numerical Weather Predictions (NWP) will be presented and studied.
CLIM 111/112, PHYS 111/112 (1:0:3): Introduction to the Fundamentals of Atmospheric Science


NB. SEPARATE LECTURE (3 credits) AND LAB (1 credit)

Laboratory Syllabus (CLIM 112/PHYS 112)
Course Description: This laboratory is designed to enhance learning by applying the information acquired in the lecture portion of Introduction to the Fundamentals of Atmospheric Science course with practical applications covered in the student’s lab books. The student will engage in activities that are designed to expand and enrich the learning process.

The laboratory section will follow closely the lecture section and text: Wallace and Hobbs, Atmospheric Science – An Introductory Survey, Academic Press, 2006.  The web-based computer simulations can be found at:  The affiliated Univeristy of Illinois Hands-On, Minds-On Meteorology at: http://www.atmos.uiuc.edu/courses/atmos100/all_programs.html
Course Outcomes: By the end of the semester this laboratory course student will have accomplished the following:

· Characterization of temperature

· Solar influences and heating.

· Earth’s energy budget.

· Atmospheric moisture.

· Saturation and evaporation.

· Cloud formation and precipitation.

· Atmospheric motions and the general circulation.

· Weather maps.

· The climate system, variability, and climate controls.

Instructional Methods:  The class will be prepared to complete the lab exercises by having read the lab and completed the pre-lab assignment prior to the scheduled class time.  In most labs the instructor will explain the lab exercise to be done within the first 20 minutes of class. After the explanation, the class will begin work to complete the lab exercise either individually, or in groups consisting of no more than 2 persons, as assigned by the instructor.  However, each student is responsible for independently completing the laboratory report sheet.  The instructor will provide assistance as needed. 

Lab report sheets will be turned in at the end of each lab session.  The lab activity/manual will be checked by the instructor for completion before the report sheet is accepted for credit.  The report sheet will be graded and returned to the student by the beginning of the next lab session.  While the students may work in pairs, each student must complete and submit his/her own lab exercise; any indication of copying will result in a score of zero (0) for that exercise.

Materials: The student is required to bring their lab book, lecture textbook, lecture notes, a pocket calculator, and pencils to each lab.  All lab reports must be completed in pencil and on the lab report/summary page—no separate notebook paper will be accepted for credit.

Attendance Policy: THE STUDENT MUST ATTEND ALL LABS. STUDENTS MUST BE IN THEIR SEAT AND PREPARED TO WORK AT THE START OF CLASS. If you are ABSENT OR LATE to lab, you will NOT be brought up to speed on the introduction and will only have the remaining class time to complete the lab and must work individually. Makeup labs will only be available for approved absences.

Grading Policy: The final grade for this course will be based on the total score as follows:

Assignment


Total (%)

12 Lab Exercises

70%

3 Quizes


30%

Grading Scale: Total score for all course work out of 100%:

Letter grade

Total Score (Percent)

A


90-100%

B


80-89.9%

C


70-79.9%

D


60-69.9%

Exams: 

1. The 3 exams/quizes will include all new material covered since the previous exam (i.e., they are NOT comprehensive). They will consist of calculations, identification, short-answer, and sketch/diagram questions.

2. Note: Please be on time for all exams. No one will be allowed to begin the exam after the first person finishes the exam and leaves the room.

3. Bring to each exam a pencil, eraser, and calculator; NO other items will be allowed.

4. The graded exam answer sheets will be returned but NOT the exam question book; the questions may be reviewed during office hours, after the answer sheets have been returned to you.
Course Schedule: This is a tentative schedule and is therefore subject to change.

Laboratory


Computer Simulations
Lab 1



Weather Map & Contour

Lab 2



Evaporation

Lab 3



Temperature

Lab 4



Controls of atmospheric temperature

Exam 1


30 minutes

Lab 5



Atmospheric Compositon (simulation TBD)
Lab 6 



Condensation & Mountains
Lab 7



Coriolis & Cyclone

Lab 8



Jet Stream, Fronts, Hurricane Tracker
Exam 2


30 minutes

Lab 9



Eckman & Thunderstorm
Lab 10



Growing seasons

Lab 11 


Pollution

Lab 12



Climate prediction (simulation TBD)

Exam 3


30 minutes
Atmospheric simulations and applets to supplement the exercise and lab book will be obtained from two primary resources: 

(1) The University Center for Atmospheric Research, COMET (Cooperative Program for Operational Meteorology, Education and Training) MetEd resource at:  

http://www.meted.ucar.edu/   and

(2) The affiliated Univeristy of Illinois Hands-On, Minds-On Meteorology at: http://www.atmos.uiuc.edu/courses/atmos100/all_programs.html
How does the course specifically meet specified General Education Goal(s)/Category(ies)?

This course is designed to ensure that students develop the essential skills of analytical and quantitative reasoning, information gathering, and communication related to issues in natural sciences.  The overarching goal of this course is to provide the student with a “big-picture” view of the field of atmospheric science as it relates to understanding the Earth’s atmosphere, its complex history, its expected future evolution, and human influences.  

This general goal will be achieved by (a) a focus on the planetary context of the Earth’s atmosphere, i.e., what we have learned by the study of other planetary atmospheres, (b) an emphasis on quantitative physical principles that control the atmosphere, and (c) a heavy reliance on computer simulations for visualizing the complex interactions that occur in the atmosphere.

The more specific goals are to provide the student with:

(1) an overview of the important physical and chemical processes which control the state, variability, and evolution of the Earth’s atmosphere in the context of what we have learned from exploration of other planetary atmospheres, 

(2) an understanding of the key scientific discoveries and remaining unanswered questions in atmospheric science, 

(3) an overview of the primary scientific principles and analytical tools used in atmospheric science studies, including both remote sensing and in-situ techniques, with special emphasis on model simulations to visualize the complex feedbacks involved in atmospheric processes, and

(4) an understanding of the application of the scientific method to analyze and interpret observations of components of the atmospheric system.
These course goals have been designed so that the student will acquire an understanding of the scientific method, the use of both theory and experiment in the progress of atmospheric science, and an overview of the major ideas that have framed atmospheric science research in recent decades.
Expected Student Outcomes:

This combined lecture and lab course is designed with a dual-purpose.  The first purpose is to provide a stand-alone course for students needing an introduction to scientific methods and critical reasoning as it relates to the environment.  As such it will provide the necessary background information for understanding the many emerging societal problems that are consequences of human influences on the atmosphere.  The second purpose is to provide an introductory course for those students that are beginning their degrees in atmospheric science or related scientific fields.  For those students this course will provide a solid foundation for future more specialized courses in atmospheric science. 

The laboratory section is designed to enhance learning by applying the information acquired in the lecture portion of the course with practical applications covered in the student’s lab books. The student will engage in activities that are designed to expand and enrich the learning process through the use of state-of-the-art computer simulations that illustrate the complex phenomena that occur in the atmospheres of the Earth and other planets.
Course Outcomes: By the end of the semester this course student will have developed a basic understanding of the following:

· Characterization of temperature and it variation in the atmosphere.
· Solar influences and heating which drive atmospheric thermodynamics and motions
· Earth’s energy budget.

· Atmospheric moisture and the role of water in stability considerations.

· Cloud formation, precipitation and the range of cloud occurrences on other planets
· Atmospheric motions and the general circulation.

· The ability to read and interpret eather maps 
· The climate system, variability, and climate controls.
· The properties and processes that control planetary habitability

· The atmospheric issues related to global change

Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE:
CLIM-111/PHYS-111: Introduction to the Fundamentals of Atmospheric Science
CLIM-112/PHYS-112: Computer Simulation Lab

Course Prerequisites:  none
Catalog Description: 

An overview the Earth’s atmosphere, its history, and the physical and chemical process which determine its characteristics. The focus is on key concepts from thermodynamics, radiation, chemistry, and dynamics that are essential for understanding the state, variability, and long term evolution of the atmosphere, especially in the context of comparisons with other planetary atmospheres.

2. COURSE JUSTIFICATION:
Course Objectives: 

This course has the overarching goal of providing the student with a “big-picture” view of the field of atmospheric science as it relates to understanding the Earth’s atmosphere, its complex history, its expected future evolution, and human influences.  

This goal will be achieved by (a) a focus on the planetary context of the Earth’s atmosphere, i.e., what we have learned by the study of other planetary atmospheres, (b) an emphasis on quantitative physical principles that control the atmosphere, and (c) a heavy reliance on computer simulations for visualizing the complex interactions that occur in the atmosphere.

The more specific goals are to provide the student with:

(1) an overview of the important physical and chemical processes which control the state, variability, and evolution of the Earth’s atmosphere in the context of what we have learned from exploration of other planetary atmospheres, 

(2) an understanding of the key scientific discoveries and remaining unanswered questions in atmospheric science, 

(3) an overview of the primary scientific principles and analytical tools used in atmospheric science studies, including both remote sensing and in-situ techniques, with special emphasis on model simulations to visualize the complex feedbacks involved in atmospheric processes, and

(4) an understanding of the application of the scientific method to analyze and interpret observations of components of the atmospheric system.

Course Necessity:

The atmosphere is the central medium that controls the interactions between the other components of the Earth system.  It is also the one component of the Earth’s biosphere that appears to be undergoing human-induced change (an increasing burden of greenhouse gases) which is believed to be the major driver of global warming.  Global warming itself is expected to lead to numerous changes in the state and variability of the Earth’s biosphere in future decades.

At present there is no undergraduate course at GMU that provides the student with the “big-picture” view of the Earth’s atmosphere in the context of what we have learned by the study other planetary atmospheres, and at the same time teaches the fundamental aspects of atmospheric science that give a fundamental understanding of the physical and chemical processes which control the Earth’s atmosphere.  This perspective is essential for understanding the interdisciplinary nature of atmospheric science.  

This course is planned with a dual-purpose.  The first purpose is to provide a stand-alone course for students needing an introduction to scientific methods and critical reasoning as it relates to the environment.  As such it will provide the necessary background information for understanding the many emerging societal problems that are consequences of human influences on the atmosphere.  The second purpose is to provide an introductory course for those students that are beginning their degrees in atmospheric science or related scientific fields.  For those students this course will provide a solid foundation for future more specialized courses in atmospheric science. 

Course Relationship to Existing Programs:

This course will provide useful and complementary introductory background for students in a wide range of programs at GMU, such as those in the Departments of Atmospheric, Oceanic, and Earth Sciences (AOES), Physics and Astronomy, Geography and Geoinformation Science (GGS), and Environmental Science and Policy (ESP).    This course will provide a foundation for advanced courses in these programs and for those with a more focused degree in atmospheric science.
Course Relationship to Existing Courses:

This course is complementary to and could become sequenced with EOS 121.  It fills a niche between very low level courses which focus on qualitative understanding of the atmosphere and climate such as CLIM-101, and the more advanced specialized courses on the atmosphere such as EOS-310 Severe and Unusual Weather, and PHYS 475 Physics and Chemistry of the Atmosphere.  

Due to the focus of this proposed course on the planetary context of the Earth’s atmosphere, the emphasis on quantitative physical principles, and the heavy reliance on computer simulations, there is no significant overlap between this course and these other courses. 

3. APPROVAL HISTORY:
New Course

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

Spring 2010
Proposed Instructors:
Zafer Boybeyi

Michael E. Summers

5. TENTATIVE SYLLABUS: 
See attached Lecture and Lab syllabi on the previous pages.

See example of Laboratory below.

Laboratory 4 example: 

Atmospheric Controls on Surface Temperature
This laboratory is a computational simulation which demonstrates how the change of variables such as greenhouse gases, clouds, and albedo will lead to surface temperature changes.  This lab exercise can be found at: http://www.atmos.uiuc.edu/courses/atmos100/all_programs.html under the heading

Atmospheric Controls of Surface Temperature.

WHAT YOU SHOULD LEARN IN THIS EXERCISE:

• How the greenhouse effect influences the global mean surface temperature.

• How cloud cover affects the global mean surface temperature.

• How cloud albedo affects the global mean surface temperature.

	Controls of Temperature 

Description
The Controls of Temperature program is designed to allow students to gain an appreciation for how the atmosphere's properties affect the earth's global mean surface temperature. 
	


click for whole shot


Objectives
The primary objective of the Controls of Temperature application is to demonstrate how global mean surface temperature changes when parameters like amount of greenhouse gases, cloud cover, and cloud albedo are changed. The secondary objective is to have students learn to interpret graphs illustrating relationships between variables. 

Theory
A three layer model problem (Ref: Wallace and Hobbs, 1977: Atmospheric Science: An Introductory Survey. Academic Press, 467 pp.; Problem 6.27) shown here was solved to produce the expected global mean surface temperature given an incoming solar radiation, atmospheric absorption, global cloud cover, and global cloud albedo.

Assumptions
Any assumptions consistent with three layer atmospheric model. All measurements are global!! 

Equations (Derived in lecture)
1) Cloud Albedo and Cloud Cover

Changing the cloud albedo and/or cloud cover resulted in a change of incoming solar irradiance:

New SolarE = (1-((ap * ca) + 0.17 * (1 - cc)))*342 

where cc = cloud cover(%) / 100,
ap = % of greenhouse gases / 100, 
ca = global cloud albedo / 100, and
342 = solar irradiance in W/m2 

this new incoming solar irradiance is then fed into the surface temperature calculation 

2) Surface Temperature

16 of 67 units, or (23.8%) of the incoming solar radiation is absorbed by atmosphere.
Also, 22 of 28 units, or (78.6%) of the outgoing longwave radiation is absorbed by atmosphere. 

From the proof found above in the theory section,

E = (sigma*Temp)4 and so --> T= (E/sigma).25 
so...
sfcTemp = Math.pow(([((solarE * term1) + (extraForcing*atmosPct)) /(B + 1)]/sigma),0.25); 

where sigma = 5.67 x 10-8
and term1 = ((A*A) - (A*B) + A + 1) as seen in the proof for surface E
and A = 1-alpha(shortwave); B = 1-alpha(longwave)
and atmosPct = percent of normal atmosphere
and extraForcing = extra forcing due to either or both of the doubling of CO2 or water vapor in the atmosphere.

Operation
Running the Program
· Click the link for Controls of Temperature. 

· Changing '% of Greenhouse Gases' actually changes the absorption properties of the atmosphere (in both long and short wave). For example, if set at 40%, the absorption of long and short wave radiation by the atmosphere would be 40% of normal. 

· Changing cloud cover % simply changes the global percentage of cloud cover. A nuance of this program is that you can set cloud albedo to 100% and cloud cover to 100%. If this is done, no energy reaches the Earth, and the surface temperature is 0K, regardless of the % of greenhouse gases.

· Changing cloud albedo changes the global albedo of the clouds. Visually, this is seen in the color presented on the tops of the clouds. This feature is scaled by cloud cover and would therefore have no effect if the cloud cover were set to 0%. 

Extra Knowledge
Graphics

· Changing % of greenhouse gases does not cause a visual change. 

· Changing cloud cover % changes the graphic to show no clouds (0%) to clouds growing in size & covering the entire sky (100%). 

· Changing cloud albedo results in the clouds having a darker top (0%) to a bright white top (100%). 

· Thermometers giving temperatures both in Kelvin and degrees Celsius are dynamic and correspond to the Global Mean Surface Temperature displayed to the right of the graphic.

All data can be exported, graphed, and saved using the Graphing Tool. 

LABORATORY 4 EXERCISE

WHAT YOU NEED TO DO IN THE COMPUTER LAB:

1. Create a folder on your desktop entitled “TempControls.” You should save all of the plots and

data for today’s exercise in this folder.

2. Open the program:

(a) Go to the Hands-On Meteorology page via Blackboard | External Links

(b) Choose “ATMOS 100”

(c) Open the program link to “Controls of Temperature”

3. Open a notepad to record your answers. Select the “Graphing Tool” button. In the

Graphing Tool window click “Notepad.”

4. Work through parts A, B, C and D.

You will vary four different quantities during today’s exercise:

% of Greenhouse Gases: This is the percentage of greenhouse gases present in the

atmosphere as a percent of normal concentrations. For example, 100% means that there is

the same amount of greenhouse gases as in the current atmosphere. 0% means there are

no greenhouse gases and 200% means there are twice as many.

Cloud Cover %: This is the percentage of the Earth that is covered by clouds. For example,

0% means no clouds and 100% means the entire planet is covered with clouds. On

average 30% of the earth is covered by clouds at any given time.

Cloud Albedo: This is the globally averaged albedo associated with the clouds. It has a range of 30-50% for thin clouds and 60-90% for thick clouds.

Ground Albedo: This is the globally averaged albedo of Earth’s surface. The range can vary from 0 to 100%.

PART A: GREENHOUSE EFFECT

This part of the exercise explores the effect of greenhouse gases on the global mean surface

temperature of the Earth. Recall that the amount of greenhouse gases (selective absorbers) and

clouds controls the greenhouse effect.

Answer the following questions:

A1. Slide the “% of Greenhouse Gases” to 0%. Set the “Cloud Cover %” to 60%, the “Cloud

Albedo” to 65%, and the “Ground Albedo” to 25%. Record the Global Mean Surface

Temperature on your notepad (accessible through the Graphing Tool). Be sure to include the

question number and temperature units.

A2. Slide the “% of Greenhouse Gases” to 100%. Leave all other slider bars the same. Record the

Global Mean Surface Temperature.

A3. Slide the “% of Greenhouse Gases” to 200%. Leave all other slider bars the same. Record

the Global Mean Surface Temperature.

A4. Now you will create and save a graph depicting temperature change as a function of percent

of greenhouse gases.

a. In the Graphing Tool window choose:

X-axis: GH gas

Y-axis: Temp C (not the Temp K)

b. Save the graph in the folder you created on the Desktop.

A5. Save your notepad data, but do not close it. Choose “File” and “Save As” from the menu.

PART B: EFFECT OF CLOUDS

This part of the exercise explores the role that clouds play on the global mean surface temperature

of the Earth.

Answer the following questions:

B1. Set “% of Greenhouse Gases” to 100%, “Cloud Albedo” to 65%, and “Ground Albedo” to

25%. Slide “Cloud Cover %” to 0%. Record the Global Mean Surface Temperature on your

notepad. (Include question number and units.)

B2. Slide the “Cloud Cover %” to 50%. Leave all other slider bars the same. Record the Global

Mean Surface Temperature.

B3. Slide the “Cloud Cover %” to 100%. Leave all other slider bars the same. Record the Global

Mean Surface Temperature.

B4. Create and save a graph depicting temperature change as a function of Cloud

Cover %. (see next page)

a. In the Graphing Tool window choose:

X-axis: Cloud %

Y-axis: Temp C

b. Save the graph in your folder on the Desktop

B5. Save the data in your notepad. (Choose “File” and “Save.”)

PART C: EFFECT OF CLOUD ALBEDO

Now examine the effect of cloud albedo on global mean surface temperature. Cloud albedo can

range from 30% to 90% depending on how thick the clouds are. Thin clouds have an albedo of

30% to 50%, while thick clouds have an albedo from 60% to 90%.

Answer the following questions:

C1. Set “% of Greenhouse Gases” to 100% and “Cloud Cover %” to 60%, and Ground Albedo to

25%. Slide the “Cloud Albedo” to 30%. Record the Global Mean Surface Temperature in

your notepad. (Include question number and units.)

C2. Slide the “Cloud Albedo” to 50%. Leave all other slider bars set the same. Record the Global

Mean Surface Temperature in your notepad.

C3. Slide the “Cloud Albedo” to 90%. Leave all other variables the same. Record the Global

Mean Surface Temperature.

C4. Create and save a graph depicting temperature change as a function of Cloud Albedo.

a. In the Graphing Tool window choose:

X-axis = Cld Alb.

Y-axis = Temp C

b. Save the graph as you did above.

C5. Save your notepad data.

PART D: EFFECT OF GROUND ALBEDO

Now examine the effect of ground albedo on global mean surface temperature. Ground can range

from near 0% to 98% depending on surface conditions.

Answer the following questions:

D1. Set “% of Greenhouse Gases” to 100% and “Cloud Cover %” to 60%, and Cloud Albedo to

65%. Slide the “Ground Albedo” to 5%. Record the Global Mean Surface Temperature in

your notepad. (Include question number and units.)

D2. Slide the “Ground Albedo” to 25%. Leave all other slider bars set the same. Record the

Global Mean Surface Temperature in your notepad.

D3. Slide the “Ground Albedo” to 60%. Leave all other variables the same. Record the Global

Mean Surface Temperature.

D4. Create and save a graph depicting temperature change as a function of Ground Albedo.

c. In the Graphing Tool window choose:

X-axis = Grnd. Alb.

Y-axis = Temp C

d. Save the graph as you did above.

D5. Save your notepad data.

The rest of the exercise you can work on at home.

WHAT YOU NEED TO TURN IN:

Please organize the following materials in the order they are listed, staple, and turn in.

· Cover page with your name, the date, title of exercise: “Controls of Surface

Temperature,” and your section number and instructor.

· Printed data file that contains your answers to the questions in parts A through D (see #1

below).

· The four graphs you created in class (see #2 below)

· The answers to questions 3 −8 below (part E).

Note: Your answers should be typed. This will provide you with a backup copy of your

assignment and prevent any misinterpretation by the TA grading the assignment.

Complete the following:

1. Open the data file that contains your answers to the questions in parts A through D and

convert your temperatures to degrees Fahrenheit. Type the Fahrenheit value next to the value

you recorded. Be sure to indicate units. (Your final file with contain both units.)

2. Print out the four graphs you created (listed below). Attach these graphs to your Extended

Exercise write-up.

· % Greenhouse Gases vs. Global Mean Surface Temperature

· %Cloud Cover vs. Global Mean Surface Temperature

· %Cloud Albedo vs. Global Mean Surface Temperature

· %Ground Albedo vs. Global Mean Surface Temperature

3. Describe, in your own words, what is meant by “global mean surface temperature,” and “cloud

albedo.”

Use your answers to parts A through D along with your graphs to answer the following questions.

Respond to the “why” questions with brief (2-3 sentence maximum) responses.

4. (a) How does the global mean surface temperature change (increase, decrease or remain

constant) as the % of greenhouse gases increases? Why?

(b) How does the global mean surface temperature change as the percent cloud cover

increases? Why?

(c) How does the global mean surface temperature change as the cloud albedo increases?

Why?

(d) How does the global mean surface temperature change as the ground albedo increases?

Why?

5. (a) What is the range of global mean surface temperature when the percent of greenhouse

gases is changed from 0 to 200 percent? (Give your answer as a single numeric value,

e.g., 5 K)

(b) What is the range of global mean surface temperature when the percent of cloud cover is

changed from 0 to 100 percent?

(c) What is the range of global mean surface temperature when the cloud albedo is changed

from 30 to 90 percent?

(d) What is the range of global mean surface temperature when the ground albedo is changed

from 5 to 65 percent?

6. Based on your answer to #5, what variable could account for the largest change in global

mean surface temperature?

7. What would happen to the surface temperature if all the greenhouse gases were eliminated

from today’s atmosphere?

8. If the amount of greenhouse gases doubled, the Earth would be warmer. The warmer global

mean surface temperature would result in more melting of the polar ice caps and snow. This

would change the mean global ground albedo. The warm temperatures would also enhance

the evaporation rate from the oceans and lead to a change in mean global cloud coverage.

(a) In this scenario, would the mean ground albedo increase or decrease? Why? Based on

your graph of mean ground albedo and temperature, how would the surface

temperature change?

(b) In this scenario, what would happen to the amount of cloud coverage? Why? Based

on your graph of cloud cover and temperature, how would the surface temperature

change?
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