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CRISES and EXTREME EVENTS



EXTREME EVENTS in SOCIO-ECONOMIC SYSTEMS



• Self-organization?  
Extreme events are just part 
of the tail of power law 
distribution due to 
“self-organized criticality”?
(endogenous)

•“Catastrophism”: extreme events require 
extreme causes that lie outside the system 
(exogenous)

•A mixture?  How would it work?

Artwork by Elaine Wiesenfeld 
(from Bak, How Nature Works)



Guidelines from Physics: 
perturb and study the response
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EXO:Drag resistance
under an external force

ENDO: Random walk

(Einstein, 1905)

r2=2d Dt

D=k
B
T/�



Fluctuation-dissipation theorem far from 
equilibrium is not expected to hold

�Externally imposed perturbations may be different from 
spontaneous fluctuations (external fluctuations lie outside 
the complex attractor)

�Attractor of dynamics may exhibit bifurcations

D. Ruelle, Physics Today, May 2004



Endogenous versus Exogenous
Extinctions
      -meteorite at the Cretaceous/Tertiary KT boundary
      -volcanic eruptions (Deccan traps)
      -self-organized critical events

Financial crashes
      -external shock
      -self-organized instability
Immune system
       -external viral or bacterial attack
       - “ internal” (dis-)organization
Brain (learning)
       -external inputs
       -internal self-organization and reinforcements (role of sleep)

Recovery after wars?
       -internally generated (civil wars)
       -externally generated

Aviation industry recession
       -September 11, 2001
       -structural endogenous problems

Volatility bursts in financial time series
        -external shock
        -cumulative effect of “small” news

Commercial success and sales
        -Ads
        -epidemic network 
Social unrests
        -triggering factors
        -rotting of social tissue 

Discoveries
       -serendipity
       -maturation

Parturition
       -mother/foetus triggered?
       -mother-foetus complex?

Earthquakes
       -tectonic driving
       -triggering



(Roehner and Sornette, 2004)

The method of critical events in economics and social sciences



(Roehner and Sornette, 2004)



Climate Shock: Abrupt 
Changes over 
Millennial Time Scales

Edouard Bard

Physics Today
Dec, 2002

Climatic and oceanographic 
variations in and around the North 
Atlantic Ocean



Climatic and oceanographic variations in and around the North Atlantic Ocean during 
the past 110 000 years, as revealed in Greenland ice cores and North Atlantic sediment 
cores obtained off the Iberian Margin. Time progresses from right to left. (a) The 
Greenland air temperature based onisotope thermometry shows abrupt warm periods 
called Dansgaard-Oeschger events. The records were obtained from ice cores by Willie 
Dansgaard, Sigfus Johnsen, and their collaborators in Copenhagen, Denmark. (b) The 
sea-surface temperature in the North Atlantic shows episodes of drastic cooling called 
Heinrich events. This record compiles our results on biomolecular thermometry with 
long-chain (37-carbon) organic molecules called alkenones measured on two sediment 
cores at CEREGE (Aix-en-Provence, France). (c) The presence of ice-rafted debris, 
which was revealed in the sediment magnetic property measurements by Nicolas 
Thouveny and colleagues at CEREGE, is correlated with the drastic cooling in Heinrich 
events. (d) The ventilation of the deep Atlantic has been reconstructed by Nicholas 
Shackleton and his colleagues in Cambridge, UK, from variations in the carbon-isotope 
ratio contained in bottom-dwelling benthic foraminifera found in the sediment cores. 
(e) A qualitative measure of the continental climate is the ratio of pollen from temperate 
plants to that from cold-climate plants, as measured in marine sediments by Maria-
Fernanda Sanchez-Goni and her collaborators in Bordeaux, France. Th methods used to 
generate these records are described in the box on page 34. (Ice-core data from ref. 2; 
sediment-core data from ref. 3.)



"Three days after suicide airplane hijackers toppled the World Trade Center in New York and slammed into the 
Pentagon in Washington, D.C., the station crew noted an obvious absence of airborne jetliners from their perch 
240 miles (384 kilometers) above Earth. 'I’ll tell you one thing that’s really strange: Normally when we go over 
the U.S., the sky is like a spider web of contrails,' U.S. astronaut and outpost commander Frank Culbertson told 
flight controllers at NASA’s Mission Control Center in Houston. 'And now the sky is just about completely 
empty. There are no contrails in the sky,' he added. 'It’s very, very weird.' 'I hadn’t thought of that perspective,' 
fellow astronaut Cady Coleman replied.”’ http://www.space.com./missionlaunches/missions/
airtraffic_absence_010914.html
#  Travis, D. J., Carleton, A. M & Lauritsen, R. G. Contrails reduce daily temperature range. Nature 418, 601, 
(2002).

CONTRAILS
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• Amazon.com posts a 

“live” ranking of all its 

products

• Book ranks in the top 

10,000 are updated 

every hour according to 

a secret weighting of 

recent sales and entire 

history

AMAZON BOOK SALES
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The Original “Crisis”

• On Friday January 17, 

2003, Sornette’s recent 

book jumped to rank # 5 

on Amazon.com’s sales 

ranking (with Harry Potter 

as #1!!!)

• Two days before: release 

of an interview on 

MSNBC’s MoneyCentral 

website

Princeton
University
Press
Jan. 2003
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From Ranks to Sales

• Need a stationary and 

relatively smooth 

time-series

• This curve was 

reconstructed via 

careful data and news 

analysis, interviews… 

by M. Rosenthal

• Our results are robust 

to the exact shape of 

this transformation
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“Heaven and Earth 

(Three Sisters Island 

Trilogy)” by N. Roberts

“Strong Women Stay 

Young” by Dr. M. Nelson

June 4, 2002: 

New York Times 

article crediting 

the 

“groundbreaking 

research” of Dr. 

Nelson

June 5, 2002

Endogenous

Exogenous

Book sales dynamics

D. Sornette et al., Phys. Rev. Letts. 93 (22), 228701 (2004)
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Analogy: Temporal decay of aftershocks

Landers

28 june 1992

M=7.3 Big-Bear, 
M=6.4

 28/06  8:05   

Joshua Tree,

 22/04   M=6.1 

the seismicity rate after a mainshock at time 

t=0 follows the modified Omori law

Example for the 
Landers

 aftershock sequence 

(1992, M=7.3, 
California)

Temporal decay of the rate  N(t) of aftershocks 

after a mainshock at t=0 

N(t) = K/(t+c)p    

p is in the range [0.3, 2], often close to 1

[Omori, 1894; Utsu, 1960]
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Temporal variation

Observations :



 

Epidemic processes by word-of-mouth
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Theory: The Model

• Epidemic branching process

• The sales flux is made of:

– External forces (news…): exogenous �(t)

– Social influences (friends…): impact with 

delay described with a memory kernel �(t-ti)

• So the sum of all buys is modeled as a 

“self-excited” Hawkes conditional Poisson 

branching process with intensity:



For �~1/t1+�

Theory: Aggregate and Exogenous Response

22

• Mean field treatment: ensemble averages, 

rather than individual behavior (where n is 

the branching ratio of the network):

• One can then solve this equation for an 

exogenous shock �(t) = �(t):

•
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Cumulative number of downloads N as a function of time t from 

the appearance of the interview on Wednesday 14th April 1999.

Johansen, A. and 

D. Sornette, 

Download 

relaxation 

dynamics on the 

WWW

following 

newspaper 

publication of URL, 

Physica A, 276

(1-2), 338–345 

(2000)

Internet Download Shocks

Distribution of response times is power law 
for humans in a large variety of situations
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Eckmann et al. (2004)

Dialog in e-Mail Traffic



Mechanisms for “bare” power laws 
of waiting times

• Priori-queuing (Abate & Whitt, 1997)

• Time-varying activity rate with feedback 
(Vasquez, 2007)

• Random walk crossing condition
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Mean field theory of Hawkes self-exciting conditional Poisson Process



D-MTEC   Chair of Entrepreneurial Risks

 Hawkes ETAS model and numerical simulations

The impact of cascades of generations

“RENORMALIZED” IMPACT OF ONE SINGLE PIECE OF INFORMATION 
in a numerical simulation of the ETAS model

For �~1/t1+�



 

Theoretical predictions

• The tests are about the slopes of the 

response functions, conditional on the 

class of peak determined by the slope 

of the growth  AT CRITICALITY n=1

Endogenous Exogenous

Foreshock 

(or growth)

Aftershock 

(or decay)

Abrupt peak

Non-critical:  
+



Endogenous precursor

Endogenous relaxation

Exogenous

�=0.3±0.1





endogenous

Exogenous
relaxation

Exogenous 
precursor

�=0.3±0.1
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Empirical Implications

• If buys were mainly initiated via news and 

advertisements, the model predicts an 

exponent of 1+�

• So the power-law exponents being smaller 

than 1 indicates:

– Sales dynamics is dominated by cascades 

involving high-order generations

– This implies that n ~ 1, i.e. the social network 

is close to critical

• Identification of critical niches for optimal 

marketing strategy



FINANCIAL SHOCKS

(Sornette, 2003)



Volatility



time

A. Arneodo, J.-F. Muzy and D. Sornette, Direct causal cascade in the stock market, 
European Physical Journal B 2, 277-282 (1998)

scale DIRECT CAUSAL HIERARCHICAL CASCADE





D. Sornette, Y. Malevergne and J.F. Muzy, Volatility fingerprints of large shocks: Endogeneous versus exogeneous, 
Risk 16 (2), 67-71 (2003)((http://arXiv.org/abs/cond-mat/0204626)



10 min
40 min
160 min
1 day
1 week
1 month



D. Sornette, Y. Malevergne and 
J.F. Muzy
Volatility fingerprints of large 
shocks: Endogeneous versus 
exogeneous,
Risk Magazine
(http://arXiv.org/abs/cond-mat/
0204626)

October 1987 crash:
totally different 
mechanism

(Multifractal Random Walk model)



where Interplay between
-long memory
-exponential



Analogy with Brownian motion

without conditioning:

stationary process, average=0 

conditioning to a large value W(t)=d :

non-stationary process, average # 0 

d

Volatility conditioned on an 

endogenous shockStationary volatility

average value
E[dW|d]=d/tE[dW]=0



Real Data and Multifractal Random Walk model



TM

Riley Crane, Didier Sornette
ETH Zurich, D-MTEC

Chair of Entrepreneurial Risks

A Shocking Look At...



The Front Page



Overview

� Video Arrival and Site Growth

� Featuring – Endogenous/Exogenous Shocks

� Dynamical Relaxation Following Shocks

Perl script, via application programming interface (API) for the 
automated request of data.  Stored in MySQL database

YouTube responds with a structured (XML) document containing 
information such as the cumulative number of times a video has 
been viewed (dynamic), along with descriptive information (static) 
concerning the user who posted the video, the title, tags, length, 
category, rating, comments, etc



Birth of a Video

Videos Added per Minute

Locally - distribution of Waiting

times is Exponential



Non-Stationary Poisson Process

Non-Stationary Poisson Rate
Cumulative Number of Videos

Exponent 3.3 reveals the average nb of “friends”

N(t) ~ t3.3



Most Viewed Page



Most Recent Page



Datum

The Effect of Featuring

Growth of a Video before being featured

Featuring 
begins

Decline of a video after being featured

Featuring ends

Editorial Featuring 

(arbitrary and random)



Shocks in YouTube

“Endogenous”



“Exogenous”

Shocks in YouTube



Non-Parametric Superposition

Endogenous

Exogenous



Temporal variation of seismicity

Observations :



Typical Relaxation Following Peak



Shock: more than 100 views on a single day, and has at least 10 days following this peak.  
Of the 5 million videos we are tracking, 76% do not receive 100 views on any given day.  
Furthermore, 15% either don't have 10 days worth of data, or don't have 10 days following a 
qualified peak.  This leaves us with roughly 9% (=421,487 videos).

� A Least-Squares Fit is performed on 

the log-log data over the largest 

possible range.

� The exponent “p” is extracted

A = Amplitude

p = exponent governing decay

Typical Response



Sorting out the data:  Peak Height Fraction

“Critical/Endo”
Fraction ~ 1%

“Not Critical/Exo”
Fraction ~ 40%



Exponent – Shock as Fraction of Total Peak Height

“Not Critical”    
  relaxes quickly                
(Front page)

“JUNK”
“Endogenous”
relaxes more slowly

“VIRAL VIDEOS”

“Critical”
relaxes slowly
(most viewed)

“QUALITY 
VIDEOS”



• vulnerability process is a good proxy of 
software resilience to bugs

• we identify 4 steps in vulnerability process:

1. discovery (red)
2. exploit (green)
3. public disclosure (time reference)
4. patch release (blue)

• exploits and patch can appear before 
disclosure (crosses) or after (circles)

• once again, response distribution in this 
process is heavily tailed

• very characteristic is the distribution of 
exploits (before disclosure, green crosses) 
which shows some patterns of power-law 
with phase transition, in lower tail

with S. Frei and T. Maillart (ETH Zurich)

time

time

ccdf

ccdf

Software vulnerability dynamics



• Here we show comparison 
between types of softwares:
- Microsoft (blue)
- Linux (red)
- Oracle (purple)
- Mozilla (green)

• We can see that time to patch 
distribution is also heavily 
tailed. 

• While it varies differently 
according to considered 
software the allure remains 
somehow the similar, especially 
when we consider Microsoft 
(blue) and Linux (red). 

Software vulnerability dynamics



Application to conflict early warning
with P. Meier (Tufts Univ., Boston) and R. Woodard (ETH Zurich) 





 Predicting the rise and fall of social and economic 

interactions by monitoring and modeling internet 

activities and commercial sales 



LTAD 1-6

(1-6)

LTMD 1-6

(17-22)

LTPD 1-6

(33-38)
RTAD 1-6

(41-46)

RTMD 1-6

(25-30)

RTAD 1-6

(9-14)

RFD 1-8

(57-64)
LFD 1-8

(49-56)

Depth Needle Electrodes Contact Numbering:           N …                                 3            2            1

                 Key: L=Left
 R=Right
 A=Anterior
 M=Mesial
 P=Posterior
 D=Depth

T=Temporal
 F=Frontal

Focus

 Epileptic Seizures – Quakes of the Brain?
with Ivan Osorio – KUMC & FHS

Mark G. Frei - FHS

John Milton -The Claremont 

Colleges

(arxiv.org/abs/0712.3929)



 

Omori law: Direct and Inverse



 



 

The longer it has been since the last event, 
the longer it will be since the next one! (Sornette&Knopoff, 1997)



“Phase diagram” for the model in the space (heterogeneity, stress drop).

Crosses (+) correspond to systems which exhibit a periodic time evolution.

Stars * corresponds to systems that are self-organized critical, with a

Gutenberg-Richter earthquake size distribution and fault localization whose

geometry is well-described by the geometry of random directed polymers.

Stress drop (coupling strength)

Heterogeneity
Rupture thresholds

10

1

0.1

0.01

0.001
0.001 0.01 0.1 1 10

PERIODIC
rat regime of globally
driven brain

SOC:  human regime

+

+

+

+
+

+

+

*

*

*

*

*

*

*

Coexistence of SOC

and Synchronized behavior

(Sornette et al., 1994)
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19 rats treated intravenously (2) with the convulsant 3-mercapto-proprionic acid (3-MPA)



• Ozone holes (volcanic eruptions, endo 
dynamics, anthropogenic forcing)

• Climate (Gaia versus shocks and various 
sources of forcing)
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Endogenous versus Exogenous
Extinctions
      -meteorite at the Cretaceous/Tertiary KT boundary
      -volcanic eruptions (Deccan traps)
      -self-organized critical events

Financial crashes
      -external shock
      -self-organized instability
Immune system
       -external viral or bacterial attack
       - “ internal” (dis-)organization
Brain (learning)
       -external inputs
       -internal self-organization and reinforcements (role of sleep)

Recovery after wars?
       -internally generated (civil wars)
       -externally generated

Aviation industry recession
       -September 11, 2001
       -structural endogenous problems

Volatility bursts in financial time series
        -external shock
        -cumulative effect of “small” news

Commercial success and sales
        -Ads
        -epidemic network 
Social unrests
        -triggering factors
        -rotting of social tissue 

Discoveries
       -serendipity
       -maturation

Parturition
       -mother/foetus triggered?
       -mother-foetus complex?

Earthquakes
       -tectonic driving
       -triggering



First edition
2000

Second 
enlarged edition
2004

72

Princeton
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Jan. 2003



(November 2005)


