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Lecture 2 - recap

• Why are we here? Need for statistics

• Geophysical Examples -                                       
I. magnetic reversals, II. earthquakes

• Distances and error bounds

• Predicting Earthquakes



Terminology- Chapter 1

• histogram

• probability model

• stochastic model

• random variable

• probability theory

• statistics

• mean 

• standard deviation

• estimates

• estimation theory

• point estimation

• robust estimation

• hypothesis test

• null hypothesis

• point process

• Poisson process

• Coxcomb plot

• confidence interval







Predicting Earthquakes?



Terminology- Chapter 2
• frequentist

• Bayesian 

• subjective

• sample space

• probability axioms

• conditional probability

• independent

• Bayes’ Theorem

• hypothesis 

• prior probability

• likelihood

• posterior probability

• Bayesian inference

• random variable

• probability density 
function

• cumulative distribution 
function

• quantile



Chapter 2 Topics
• What is probability? Frequentist vs 

Bayesian

• Basic axioms, sample space, and 
probability

• Conditional Probability

• Foreshock application

• Bayes’ Theorem

• RVs: Probability Density and Distribution 
Functions



Basic Axioms of Probability
• https://en.wikipedia.org/wiki/Andrey_Kolmogorov

• Set theory: sample space, Ω, and 
outcome sets A, B, C, etc., with 
specified probability

• probability of all outcomes 
combined Pr(Ω) =1

• probabilities are positive

• combinations of probabilities of 
disjoint outcomes can be summed

https://en.wikipedia.org/wiki/Andrey_Kolmogorov


A B C

Ω=A U B U C
For disjoint sets A,B,C

Pr(Ω)= Pr(A) +Pr(B) +Pr(C)



Conditional Probability
A B

If B has already occurred, 
what is the conditional prob of A?
We know that
Pr(A|B)Pr(B)= Pr(A   B)
so
Pr(A|B)= Pr(A    B)/Pr(B)

Outcomes A and B overlap

U

U



Independence
A B

If Pr(A|B)= Pr(A) then A and B are
independent
and
Pr(A   B)= Pr(A)Pr(B)U
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 Today’s Topics
• Bayes’ Theorem

• RVs: Probability Density and Distribution 
Functions, Quantiles

• Empirical Cumulative Distributions

• Probability Plots and Q-Q Plots

• PDFs: mode, mean, variance, quartiles

• PDFs: moments, skewness, kurtosis, 

• Functions of RVs: expectations, 
transformations, sums and products



Earthquake example

F

B is a background quake, which might
occur frequently
F is a foreshock before a large quake
C is a large quake
Not all large quakes have a foreshock
What is prob of C given that one of
either F or B has occurred?

C

B

Earthquake example



Bayes’ Theorem

called the posterior probability for each hypothesis Bj



Histograms provide empirical estimates of probability



Continuous Random Variables X are specified by a 
probability density function







CDFs have the following properties








