Probability



Multi-dimensional probability distribution
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Random variables

Example with two variables



Marginal probability

p(X1) =) p(X1, Xo)
X2

Example with two variables



Conditional probability

p(Xl; XQ)
p(X1]|X2) %)
p(XQ’Xl) — p(Xla XQ)

' p(X7)

Example with two variables



Monthy Hall problem

Description:
- 3 doors, one prize hidden behind one of them.
- STEP 1: You choose one door, kept closed.
- STEP 2: A person, who knows where is the prize, opens another door than yours. That
door must be empty (can’t open the winning door).
- STEP 3: That person now asks you and if you want to change your first choice.

What should you do?
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Bayes theorem

pialp) - PEAPA)

P(B)



Independent variables

p(X1, Xo, X3, Xy) = p(X1)p(Xa)p(X3)p(Xy)

Pairwise dependent (Markov chain)
p(X1, Xo, X3, Xy) = p(X1)p(Xo| X1)p(X3|X2)p(X4| X3)



A hint!

Always think and work in terms of entire tables! (this is not always honoured in
courses in mathematical statistics, but it is good advice)

If all you need is a particular value in some table, think first how to calculate the
entire table, and only thereafter pick the value you need.

This is because there is usually no shortcut directly to the value you need, and
formulas become simpler.



Can typhoons trigger earthquakes ?

A personal perspective ( -- not probability -- )



Surface air
pressure
variations

11



What is air pressure ?









Saffir-Simpson Hurricane Scale:

hurricane hurricane hurricane
category 1  category 2 |category 3

Tropical Cyclones, 1945—-2006. Data from the Joint Typhoon Warning Center

and the U.S. National Oceanographic and Atmospheric Administration
Citynoise at English Wikipedia [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0) or GFDL
(http://www.gnu.org/copyleft/fdl.html)], via Wikimedia Commons



Dense borehole strammeters network

1 I‘\L(\\" Xt
A XS
3 3 . :

RO

. strainmeter

O raingauge
b @ barometer

Strainmeters set at
200 m depth on
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Nanostrain (ppb)
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Dilataion

Compression
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Dilatation ~OK, but miss the compression
Why ??




Rainwater loading

Use the closest rainfall gauges to each
studied borehole strainmeter.

A. The rainwater falling nearby the
strainmeter immediately loads
the ground

Ground

e
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Underestimate the amplitude of the compression
Computed compression too fast



Rainwater loading

Use the closest rainfall gauges to each
studied borehole strainmeter.

A. The rainwater falling nearby the
strainmeter immediately loads
the ground

B. The local topography drains the
rainwater, which can eventually
concentrate toward the
strainmeter [] amplified —
rainwater loading delayed by the @ siainmeter
draining time

Loaidlng
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Importance of the draining area
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Model A+O
Model A+O+R

= Observed ZANB

Usagi 2013 5/10

Soulik 2013 7.5/10

Sgola 2012 5.5/10

Trami 2013 5/0.5 Kong-Rey 2013 6/10
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Typhoon’s strain signature
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Weight of Water Dropped by Hurricane
Harvey Flexed Earth’s Crust

The precipitation that fell during the storm depressed the ground in
parts of Texas, Louisiana, Arkansas, and Mississippi by as much as 1.8

centimeters in some places.

Flnodlng from Hurricane Harveg in Pon Ammr Texas, and hundreds of other cities and towns in the region put so much weight on the land

that ground elevation:

By Shaena Montanari @ 14 December 2017

1 centimeter. Credit: U.S. Air National Guard/Staff Sgt. Daniel J. Martinez

Water, water, everywhere—and it’s actually quite heavy.
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Data is the reality, always try to compare models and data

But wrong models can fit data. \When you don’t know, try first the simple models
and then elaborate.

When models and data still don't fit, then you may have something new to
uncover! (but re-check your computations first)



