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1. COURSE NUMBER AND TITLE: CLIM762: Statistical Methods in Climate Research
Course Prerequisites: Undergraduate level linear algebra and STAT 344 (or equivalent), or permission of instructor.
Catalog Description:  Introduction to a core set of statistical methods that have proven useful to modern climate and predictability research.  Topics include detecting and attributing climate change, describing climate variability with empirical orthogonal functions, statistical forecasting with regression and time series models, and identifying coupled patterns of variability with canonical correlation analysis.   
2. COURSE JUSTIFICATION:
Course Objectives: The primary goal of this course is to provide a concise introduction to a core set of multivariate statistical methods that have proven useful in modern climate research, weather and climate forecasting, predictability analysis, and climate change detection and attribution.  After taking this course, the student should be able to apply statistical methods appropriately and with a proper understanding of their conceptual foundations, and recognize their major limitations and pitfalls.  The course provides students with practical experience through weekly problem sets based on climate-related data provided by the instructor.   

Course Necessity: Statistical concepts are critical for the success of most research projects in the Climate Dynamics Program.  Students in the Climate Dynamics Program have consistently expressed a need for a course that covers multivariate statistical methods in common use in weather and climate forecasting, predictability analysis, and climate change detection and attribution.  Unfortunately, GMU does  SEQ CHAPTER \h \r 1not currently offer a single self-contained course that covers significance testing, principal component analysis, time series analysis, linear regression, and power spectrum analysis.  Moreover, the connection between standard statistical methods and climate research is not always apparent to students unless it is explicitly stated.  The proposed course has been written explicitly to address the special needs of students in Climate Dynamics research in a single course.  
Course Relationship to Existing Programs: The course is intended to be an elective in the Climate Dynamics Ph.D program. Some advanced students in the Computational Science M.S. and the Earth Systems Science M.S. may also find the course beneficial.  The proposed course will provide essential content to students with an academic focus on climate research. 
Course Relationship to Existing Courses: 
This course provides a systematic introduction to statistical methods that are essential to understanding modern climate research: (1) significance testing, (2) multivariate statistics such as principal component analysis (empirical orthogonal functions) and canonical correlation analysis, and (3) time series analyses.  

No single course at GMU covers all three concepts.  STAT 554 (Applied Statistics) covers (1), STAT 662 (Multivariate Statistical Methods) covers (2), and STAT 658 (Time Series Analysis and Forecasting) covers

(3).  It should be noted that STAT 662 and STAT 658 list STAT 501 (SAS Language and Basic Procedures) as a preqrequisite, which would then demand a 4-course sequence.  The proposed course is able to bring together topics from all three statistics courses by concentrating on concepts and techniques which are essential to understanding modern climate research, and leaving out other topics (such as MANOVA and factor analysis in STAT 662), which are useful but not essential.  Another unique feature of the proposed course is that homework and classroom examples are based on climate data and models.

The proposed course complements other courses at GMU in a manner that serves the needs of students interested in climate research.  The proposed course is analogous to statistics courses offered in other departments at GMU that are tailored to the needs of their students, including
  CSI 763 Statistical Methods in Space Sciences 
  EMBA 633 Statistics for Managers
  GOV 715 Statistical Methods in Political Science Research
  JLCP 782 Statistics I 

  JLCP 783 Statistics II 
  PUBP 704 Statistical Methods in Policy Analysis
  PUPB 705 Advanced Statistical Methods in Policy Analysis 
  SOCI 531 Statistical Reasoning
3. APPROVAL HISTORY:  This course was proposed in Fall 2004 and 2005, but objections were raised by the statistics department.  In this proposal, a more clear explanation of the need for the course for Climate Dynamics students is given.  It is also noted that the tradition of offering discipline based statistics courses is pervasive in the university.  T SEQ CHAPTER \h \r 1he proposed course has been taught as CLIM 759 Special Topics in the past. The response from students has been extremely positive: every single one of the over 15 students who have taken this course has given a perfect (5 out of 5)  “overall rating for the course” in the official GMU evaluation.  
4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering:  Fall 2008
Proposed Instructors: Timothy DelSole
5. TENTATIVE SYLLABUS: See attached.

CLIM 762  Statistical Methods in Climate Research

FALL SEMESTER 2008

Credit Hours:  3
Description:  Introduction to a core set of statistical methods that have proven useful to modern climate and predictability research.  Topics include detecting and attributing climate change, describing climate variability with empirical orthogonal functions, statistical forecasting with regression and time series models, and identifying coupled patterns of variability with canonical correlation analysis.   
Prerequisites:  Undergraduate level linear algebra and STAT 344 (or equivalent), or permission of instructor.
Suggested  SEQ CHAPTER \h \r 1Texts: 
Statistical Analysis in Climate Research, by von Storch and Zwiers, Cambridge Univ Press.  
Probability and Statistics, by Spiegel, Schaum’s Outlines.  
Applied Multivariate Statistical Analysis, by Johnson and Wichern,

Grading:  Homework: 60%

                  Mid-Term:  15%


      Final:           25%

Instructor:  Dr. Timothy DelSole

Class:  Tuesdays and Thursdays, 1:30-2:45pm

Week 1: Mean, variance, Gaussian and chi-square distribution, central limit theorem

Week 2: Significance test, confidence interval.

Week 3: Vectors, Matrices, Covariance matrices

Week 4: Quadratic forms, positive definiteness, unitary transformations, ellipsoids

Week 5: Singular value decomposition, Principal Component Analysis

Week 6: Empirical orthogonal functions, North et al.’s “rule of thumb”

Week 7: Linear regression and its geometric interpretation

Week 8: Distribution of regression parameters

Week 9: Review, midterm.

Week 10: Stochastic Processes, autoregressive models

Week 11: Vector Autoregressive Models, cross-validation

Week 12: The Power Spectrum of Random Processes

Week 13: Canonical Correlation Analysis

Week 14: Climate Change Detection and Attribution










