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April 18, 1906 San Francisco Earthquake M~8
' The earthquake struck at 5:12 am, PDT
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Phase Transitions: Example

Percolation Models at the Critical (Percolation) PoiNt
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Mean field percolation occurs when the
dimension d [¥] 6 and power laws (scale

invariance) is observed. Values of scaling
exponents are:

kS

T

Order Parameter
Specific Heat
Susceptibility
Correlation Length
Cluster numbers
Surface Exponent

i

Percolation clusters at p = 0.5927
on a 640 x 640 Lattice

At the critical (percolation) point, the
probability of finding a spanning cluster is
W(p), with density per lattice site P(p). S(p)
is the probability density function.
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Modeling the Fracking

Line Source Model

Model of a fracture driven by
a line pressure source as

would be the case in a
horizontal well in a thick

roduction laver

© Geology.com
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Statistical Analysis: An Example

Correlation Function

Growth of frack away from pressure
source for a line source model:
Correlation analysis

(see, e.g., Barabasi and Stanley, 1995)

KPZ Equation:

oh(x,t)
ot

= V2h+/l( 1) +1(x,1)

Interface width:

2
wz(L,t)E<[h(x,t)—<h(x,t)>L] >

Height-height Correlation Fn. C(L)
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Scaling relation: W(L.) ~ L*

We expect:
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Invasion Percolation in d=2

Produces a fractal fracture network.
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“Bursts”

Bursts are regions connected by relatively weak bonds.
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Failed Bond Strength
(pc - S)
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Time Dependence

Growth occurs in bursts.
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Scaling

Bursts follow a power-law size distribution.
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Invasion Percolation Cluster in d=3
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Web-Based e-Science for the Physics of Disasters
Online Tools for Global Disaster Risk Management, Research, Communication, Cooperation, and Response

Credit: NHK John B Rundle

Distinguished Professor, University of California, Davns (www ucdavns edu)
Chairman, Open Hazards Group (www.openhaze




NatCatSERVICE

Natural Catastrophes 2012 Impacts  Munichre =
World map Loss Trends (Munich Re, 2012)
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Global Natural Catastrophe Update
Loss events worldwide Jan — June 2015 Munich RE

Geographical overview
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Global Natural Catastrophe Update
Costliest natural catastrophes since 1980
Ranked by insured losses

Year

2005
2011
2012
2008
1992
2011
2011
1994
2005
2012

Event

Hurricane Katrina
EQ, tsunami
Hurricane Sandy
Hurricane lke
Hurricane Andrew
EQ Christchurch
Floods

EQ Northridge
Hurricane Wilma

Drought

Region Insured loss

US$m (in original values)

USA
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USA, Caribbean
USA
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USA

USA, Caribbean
USA

© 2015 Munich Re
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Global Natural Catastrophe Update

Loss events worldwide 1980 — 2015
Number of events (January — June only)

Number
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Earthquakes:

The Earthquake Cycle

© 2001 Brooks/Cole - Thomson Learning

(a) Original position Deficit in fault S|ip o) Deformation

accumulates
from large scale
plate tectonic

enll
WA=

(d) Rocks rebound to original
undeformed shape



Earthquake Models
A simple model of an earthquake fault - CA Model
( R Burridge and L Knopoff, BSSA, 1967; JBR & DD Jackson, BSSA, 1977)

An array of slider blocks pulled across a surface
by a driver plate at constant velocity v.




De-Pinning Transition Model for Earthquakes

Model has the physics of a first order phase transition (metastability).
JBR et al., Phys. Rev. Lett., 76, 4285, 1996.

3 10 -
—— U(to,A=2
=3 (to,A=2)
S 3%3“
7 o,
2 r:
0. ) "a 2
[«b]
iy
84 0
3 N 2
-4 -3 -2 '-t 0 . 1 2 3 4 -4 -2 .-1 0 . 1 _2 4
slip deficit, ¢ slip deficit, ¢
3 ' 10
— o':(to,A=O.5) 5 — U(to,A=0.5)
2 ........ o (t;,A=0.5) és \ e Uy, A=0.5)
B! . g° |
g 8.
. "a 2
(3]
]
2 Qo
2.,

3
<
-~
(3]
.
-

-2 :l 0 . 1 2 -2 -1 0 . 1 2
slip deficit, ¢ slip deficit, ¢



De-Pinning Transition Model for Earthquakes
Numerical Simulations of Earthquake Occurrence
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Slider Block Model with Incomplete Healing:
A Model for Friction

An array of slider blocks pulled across a surface
by a driver plate at constant velocity v.

c k

c

L=256, h = 0.93, R=15

We consider a slider block model with:

* Incomplete healing during rupture

s Complete healing following rupture

¢ Healing during rupture is characterized by a
fractional parameter h < 1

» Range of interaction R

» Lattice size L

*

L)

CR)

D)

L)

We find close similarities to random site
percolation (Leath algorithm)
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The Four Phases of a Disaster

® Anticipation -

O M it | g at I onN Forecasting

® Response

® Recovery



The World Wide Welb:
Information Delivery via Two Web Sites

® Tools and Data for the Public
WWW.openhazards.com

® Research Web Site with OpenHazards forecasts,

Farecasts  ©€arthquake fault system simulations & INSAR
data:
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faults to improve earthquake forecasting and our understanding of earthquake
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histories of fault behavior that can be used for statistical evaluation. QuakeSim
also is used o identify regions of increased earthquake probabiliies called
hotspots.

Studies have shown QuakeSim to be the most accurate tool ofits kind for
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applications include scientific studies, developing earthquake hazard maps that
can be used for targeted reirofitiing of earthquake-vulnerable structures,
providing input for damage and loss estimates after earthquakes, guiding
disaster response efforts, and studying fluid changes in reservoirs, among
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The total ground deformation caused by a
simulated magnitude 8.0 earthquake on
the San Andraas fault Imaae eradit:
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Simulating the Dynamics of a Complex Earthquake Fault System
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Computational Finance

Example of Data Science

The VelOCity of money IS Velocity of M2 Money Stock
the frequency at which 2015:Q3: 1.490 Ratio (+ see mae)
. . Quarterly, Seasonally Adjusted, M2V, Updated: 2015-12-22 8:06 AM CST
one unit of currency is 197 | 5yr 1 20y | Max

1959-01-01 to | 2015-07-01

used to purchase
domestlca”y— prOdUCed FR2€D¢,;5 — Velocity of M2 Money Stock
goods and services

within a given time period

The broad M2 g

component includes M1 -

(currency in circulation) in

addition to saving

deposits, certificates of e
deposit (less than

$100,000), and money ’
market deposits for

individuals.

Calculated as the ratio of quarterly nominal GDP
(http://research.stlouisfed.org/fred2/series/GDP) to the quarterly average of M2 money stock (
http://research.stlouisfed.org/fred2/series/M2SL).
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S&P 500 Index of US Stocks

“Order Parameter”
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Implied Volatility of S&P 500

“Temperature”

Beat the market

VOLATILITY S&P 500 (*VIX)
Get the app
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Simple Classical Model: “Dow Theory”

Downturn in Dow Transports (DJT) precedes downturn in Dow Industrials (DJI)

Compare: Enter ticker here Add @ INDEXCBOE:SPX @ INDEXDJX:DJT @ INDEXNASDAQ:.IXIC « less
2oom: 3m 6m YTD 1y Sy 10y All Jan 30, 2015 - Jan 15, 2016

@Dow.5.21% @INDEXCBOE:SPX-7.20% @/NDEXDJX:DJT .25.03% @ INDEXNASDAQ:.IXIC .4.54%

A -15%
-20%
-25%)

-30%
I I [ [ I I 1 I I I I |
Feb"1% Mar'15 Apri1S May'15 Jun'1s Jul'1s Aug'ls Sep'15 Oct'15 Nov'ls Dec'15 Jal

1980 1985 1990 1995 2000 2005 2010 IZO'.S
m i | >

Settings | Technicals | @® Link to this view Sources include SIX.
SPX, Dow, Dow Transports and Nasdaq Close



Look inside ¥ The Physics of Wall Street: A Brief History of
Predicting the Unpredictable Kindle Edition

THE by James Owen Weatherall ~ (Author)

PH¥SICS

Yryrirs? v 104 customer reviews

» See all 7 formats and editions

OF
. Kindle Hardcover Paperback
W '~ ~ L L $10.99 $21.72 Prime $13.82 VPrime
Read with Our Free App 51 Used from $0.01 47 Used from $1.86

S T R E E T 42 New from $1.96 49 New from $1.99
1 Collectible from $10.50 1 Collectible from $12.99

After the economic meltdown of 2008, Warren Buffett famously warned, “beware of geeks
bearing formulas.” But as James Weatherall demonstrates, not all geeks are created equal.
JAMES OWEN WEATHERALL While many of the mathematicians and software engineers on Wall Street failed when their
abstractions turned ugly in practice, a special breed of physicists has a much deeper history of

revolutionizing finance. Taking us from fin-de-siécle Paris to Rat Pack-era Las Vegas, from
” Read more

o)) Audible Narration
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Dynamics of Financial Markets \ \ ‘ \ \ ’1

Investors are arrows :

T Owns only Govt. bonds l Owns only stocks -

m is the fraction of total money deployed in Govt bonds

f is the real Fed funds rate .
Volatility V plays the role of “temperature”

(VIX )

For example, we might have V

Investors “interact” with neighbors, strength ] Market Potential
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Phase Transitions in Financial Markets
First order phase transitions — metastability, nucleation, hysteresis

= f: Real Fed funds rate
¢ - é
_ dUu
-
= do /
|
7
: é __" ’/
¢ ¢ s
< —_ < S ysteresis Loop
Fraction of Stocks Fraction of Fraction of Stocks Fraction of
Govt Bonds Govt Bonds
® Bonds @O Stocks Market [J[d]=edp*+ a d*—f b

Potential



Markets and Phase Transitions
Before a 15t Order Phase Transition

Transition occurs via nucleation and growth of bubbles

Classical: Correlation lengths and times are small
Nonclassical: Correlation lengths and times

Large fluctuations (volatility is high) — Ginzburg Criterion

Risk function (of bubble formation):

Related to nucleation rate of bubbles,
Lifetime in the metastable state is inverse of nucleation rate

Scaling (fat tail) exponents can be calculated



Simple Phase Diagram for the Markets

High V High V
f<o VA f>o0
A
T
“ 7 ‘M le (?) Boom”
Boom” ey etastable (?) Boo
Volatility _____________!___Q_ _________________
A\ I Market Cycle
. ‘/
“Metastable(?) Bust” “Bust”
A
—
Low V Low V
f<o f>o0
Boom:
Stocks are
preferred. > f
Bust: Govt Stimulative Monetary Policy Restrictive Monetary Policy
bonds are Easier Credit — Higher Liquidity Tighter Credit - Lower Liquidity
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Attractor for the S&P 500

The dynamics are a bit more complex than a
simple Ising model!

This is not random - there
IS structure here. Time
interval = 1970-2012



