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1. COURSE NUMBER AND TITLE:

EOS 556 ( Introduction to Atmospheric Radiation
Course Prerequisites: 

EOS 353 (Observations of Earth/Climate)/GEOG309 (Meteorology and Climate) and a course in physics, or permission of instructor
Catalog Description:
The content of this course is designed to help students learn about the fundamental aspects of atmospheric radiation. The goal is to understand their essential roles in advanced remote sensing, atmospheric sciences and global and environmental change. It will provide a foundation for and will be beneficial to students in taking advanced courses in those areas.

2. COURSE JUSTIFICATION:
Course Objectives:
This course is designed to introduce the fundamental aspects of atmospheric radiation, which are very important for the study of remote sensing, atmosphere science and global and environmental change.  The course has several emphases:  (1) properties of atmospheric radiation and energy; (2) general concepts of atmospheric reflection, absorption, transmission and emission; (3) general steps to develop atmospheric radiation models; (4) scattering and absorption by particles; (5) broadband fluxes and heating rates; and (6) radiative transfer with multiple scattering. By completing this course, students will have a better understanding on the atmospheric radiation principles and will be ready to apply them in advanced satellite remote sensing, global and environmental change studies and other atmospheric science courses.

Course Necessity:

Most subjects and topics on atmosphere science, remote sensing and environment science are related to the basic concepts, principles and the practical consequences of atmosphere radiation and energy processes.  Current, there is no such introductory course at the graduate level addressing the need in that subject area.
Course Relationship to Existing Programs:
The proposed course is not a required course of any existing program. The course will be highly desirable for students focusing on remote sensing, Earth systems science, global-environmental change and climate dynamics. Students in related majors without such background can take this course to meet the foundation need.
3. APPROVAL HISTORY:

NA
4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering:
Spring 2009
Proposed Instructors:

John Qu
5. TENTATIVE SYLLABUS: See attached.

EOS556
  Introduction to Atmospheric Radiation 

Tentative Syllabus

Prerequisites

EOS 353 (Observations of Earth/Climate)/GEOG309 (Meteorology and Climate) and a course in physics, or permission of instructor.

Credits: 3
General Information

· Instructor:
John Qu
· Lecture:
John Qu
· Classroom:
Room 301, Research I or TBD

· Office Hour:
1:00-3:00 PM, Mondays and Wednesdays
· Textbook:

Grant W. Petty, 2006, Atmospheric Radiation, Second Edition, Sundog Publishing, 
ISBN-13 978-0-9729033-1-8, ISBN-10 0-9729033-1-3
Course Description
This course is designed to introduce the fundamental aspects of atmospheric radiation, which are very important for the study of remote sensing, atmosphere science and global and environmental change.  The course has several emphases:  (1) properties of atmospheric radiation and energy; (2) general concepts of atmospheric reflection, absorption, transmission and emission; (3) general steps to develop atmospheric radiation models; (4) scattering and absorption by particles; (5) broadband fluxes and heating rates; and (6) radiative transfer with multiple scattering. By completing this course, students will have a better understanding on the atmospheric radiation and energy principles and will be ready to apply them in advanced satellite remote sensing, global and environmental change studies and other atmospheric science courses.
Course Outline

1. Introduction

   
1.1 Relevance to Climate and Weather

   
1.2 Relevance to Remote Sensing 

2. Properties of Radiation

    
2.1 The Nature of Electromagnetic Radiation and Energy

    
2.2 Frequency


2.3 Polarization


2.4 Energy


2.5 A Mathematical Description of EM Waves


2.6 Quantum Properties of Radiation


2.7 Flux and Intensity

3. The Electromagnetic Spectrum


3.1 Frequency, Wavelength and Wavenumber


3.2 Major Spectral Bands


3.3 Solar and Terrestrial Radiation and Energy

4. Reflection and Refraction


4.1 A Closer Look at Index of Refraction


4.2 Refraction


4.3 Reflection

5. Radiative Properties and Natural Surfaces


5.1 Natural Surface Idealized as Planar Boundaries


5.2 Absorption and Reflectivity


5.3 Angular Distribution of Reflected Spectra

6. Thermal Emission


6.1 Blackbody Radiation


6.2 Emissivity


6.3 Thermal Emission Applications

7. Atmospheric Transmission


7.1 Extinction, Scattering and Absorption Coefficients


7.2 Extinction over a Finite Path


7.3 Plane Parallel Approximation

8. Atmospheric Emission


8.1 Major Components of Radiative Transfer


8.1 Radiative Transfer Equations


8.2 Radiatiive Transfer in a Plane Parallel Atmosphere

9. Absorption by Atmosphere Gases

 
9.1 Basis for Molecular Absorption/Emission


9.2 Absorption/Emission Lines


9.3 Line Shapes


9.4 Continuum Absorption

10. Broadband Fluxes and Heating Rates


10.1 Line-by-line Calculations


10.2 Band Transmission Models


10.3 The K-Distribution Method

11. Ratiative Transfer with Scattering


11.1 RTE with Scattering


11.2 The Scattering Phase Function


11.3 Single vs Multiple Scattering

12. Scattering and Absorption by Particles


12.1 Atmospheric Particles


12.2 Scattering by Small Particles


12.3 Scattering by Spheres- Mie Theory


12.4 Distribution of Particles

13. Radiative Transfer with Multiple Scattering


13.1 Visualizing Multiple Scattering


13.2 The Two-Stream Method


13.3 Semi-Infinite Clouds


13.4 Non-absorbing Clouds


13.5 Clouds over Non-Black Surface


13.6 Multiple Cloud Layers
Reference book

 Kuo-Nan Liou, 2002, An Introduction to Atmospheric Radiation, Second Edition, Academic Press, ISBN 0-12-451451-0.

Grading

      Homework assignments 
30%

      Term projects       

30%

      Final exam


40%










