Contents

1.1
1.2
13
14

2.1
2.2
23
24
2.5
2.6
2.7

3.1
32

33
34

Preface . . v
Data Analysis in Earth Sciences ... . . 1
IntroduCtion ... 1
Collecting Data ... 1
Typesof Data . . . ... 3
Methods of Data Analysis ... 7
Recommended Reading ... ... .. ... 9
Introduction to MATLAB . . .. ... . 11
MATLAB in Earth Sciences ... 11
Getting Started ..., 12
The Syntax 15
Data StOrage ... 19
Data Handling ... 19
Scripts and Functions ... .. 21
Basic Visualization Tools ... 25
Recommended Reading . ... ... 28
Univariate Statistics ... 29
Introduction ... 29
Empirical Distributions ... 29

Measures of Central Tendency ... 31

Measures of Dispersion ... 33
Example of Empirical Distributions ... ... 36
Theoretical Distributions ... 41

Uniform Distribution ... 42

Binomial or Bernoulli Distribution ... 43

Poisson Distribution ... 44

Normal or Gaussian Distribution 45

Logarithmic Normal or Log-Normal Distribution 46



X Contents
Student’s t Distribution ... 47

Fisher’s F Distribution ... 48

x* or Chi-Squared Distribution ... 49

3.5 Example of Theoretical Distributions ... 50
3.6 The t-Test e, 51
3.7 The F-Test e 53
3.8 The X2-TeSt .o, 56
Recommended Reading ... 58

4 Bivariate Statistics ... 61
4.1 Introduction ... ., 61
4.2 Pearson’s Correlation Coefficient . ... 61
4.3 Classical Linear Regression Analysis and Prediction ... 68
4.4 Analyzing the Residuals ... 72
4.5 Bootstrap Estimates of the Regression Coefficients ... .. 74
4.6 Jackknife Estimates of the Regression Coefficients ... 75
4.7 Cross Validation ... 77
4.8 Reduced Major Axis Regression ... ... 78
49 Curvilinear Regression .. ... 79
Recommended Reading .. ... 82

5 Time-Series Analysis ... 83
5.1 Introduction ... 83
52 Generating Signals ... 84
5.3 Blackman-Tukey Autospectral Analysis ... 89
54 Blackman-Tukey Crossspectral Analysis ... 95
5.5 Interpolating and Analyzing Unevenly-Spaced Data ... .. . 99
5.6 Evolutionary Blackman-Tukey Powerspectrum .. . . ... .. 104
5.7 Lomb-Scargle Powerspectrum ... ... 109
5.8 Wavelet Powerspectrum ... 114
5.9 Nonlinear Time-Series Analysis (by N. Marwan) ... ... .. 119
Phase Space Portrait ... ... 120
Recurrence Plots ... ... 125
Recommended Reading ... 131

6 Signal Processing . ... ... 133
6.1 Introduction ... 133
6.2 Generating Signals ... 134
6.3 Linear Time-Invariant Systems 135



Contents

X1

6.4
6.5
6.6
6.7
6.8
6.9
6.10

7.1
72
7.3
7.4
7.5
7.6
7.7
7.8
7.9

7.10
7.11

8.1
8.2
8.3
8.4
8.5
8.6

Convolution and Filtering ... ... ...
Comparing Functions for Filtering Data Series
Recursive and Nonrecursive Filters
Impulse Response ...
Frequency Response
Filter Design
Adaptive Filtering
Recommended Reading

Spatial Data
Types of Spatial Data
The GSHHS Shoreline Data Set

The Shuttle Radar Topography Mission SRTM
Gridding and Contouring Background
Gridding Example
Comparison of Methods and Potential Artifacts
Statistics of Point Distributions

Test for Clustering
Analysis of Digital Elevation Models (by R. Gebbers)
Geostatistics and Kriging (by R. Gebbers)

Image Processing .. ...

Introduction

Importing, Processing and Exporting Images
Importing, Processing and Exporting Satellite Images
Georeferencing Satellite Images
Digitizing from the Screen
Recommended Reading

Data Storage . ...

141
143
145
148
153
157
162

165
165
166
168
171
173
176
178
183
188
188
191
193
195
206
206
208
209
218
222
224

225
225
226
231
236
239
241
243



X1 Contents
9 Multivariate Statistics ... ... 245
9.1 Introduction ... 245
9.2 Principal Component Analysis ... 246
9.3 Independent Component Analysis (by N. Marwan) ... ... .. 253
9.4 Cluster Analysis | ... 257

Recommended Reading . ... 261
10 Statistics on Directional Data ... .. 263
10.1  Introduction ..., 263
10.2  Graphical Representation . .. ... 264
10.3  Empirical Distributions ... 267
10.4  Theoretical Distributions ... 269
10.5  Test for Randomness of Directional Data . 271
10.6  Test for the Significance of a Mean Direction ... . . 272
10.7  Test for the Difference of Two Sets of Directions ... 273

Recommended Reading ... 277

General Index 279



