January, 2008

16:712:615 Geophysical Data Analysis

3 Credits

Prerequisites: Calculus; differential equations.

Instructors: John Wilkin and Bob Chant

Description:

Analysis of equally and unequally spaced data; filters; FFT; spectra; linear systems theory; empirical orthogonal functions; harmonic analysis; grid interpolation techniques; emphasis on applied data analysis.

Purpose:

This course is designed to develop skills in the quantitative analysis and display of marine and environmental data. The course includes lectures and practical exercises processing and displaying data using Matlab. Topics covered include a review of statistical theory, handling data gaps, filters, spectral and wavelet analysis, correlation and coherence of time series, empirical orthogonal functions, and mapping irregularly sampled data.

Students will complete a term project using data sets chosen from marine, atmospheric and environmental monitoring instruments, satellites, or climatology. Students will be required to effectively communicate results to an audience, test hypothesis, quantify errors, and address considerations of sampling and experimental design.

Outline:

Data acquisition

- sampling requirements (interval/duration/accuracy)

- independent realizations

Data processing and presentation

- time series

- property-property plots

- 2-d slices of 4-d data

- map projections

- errors and confidence limits

- dealing with data gaps

- practical exercises using Matlab

Statistical methods

- review of probability distributions encountered in environmental processes

- unbiased estimators

- hypothesis testing and goodness-of-fit tests

- linear estimation (regression)

- interpolation for equally and unequally spaced data

Time-series and spatial analysis

- harmonic analysis 

- Fourier analysis

- digital filters

- complex demodulation of vector time series

- spectral analysis (confidence intervals, equivalent degrees of freedom)

- cross-spectral analysis, coherence, correlation

- normal modes for geophysical wave phenomena

- wavelet analysis

- applied Gauss-Markov theory (objective mapping/optimal interpolation)

- empirical orthogonal functions (scalar and vector data)

