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•Earthquakes
•Volcanic eruptions
•Hurricanes and tornadoes
•Landslides, mountain collapses
•Avalanches, glacier collapses
•Lightning strikes
•Meteorites, asteroid impacts
•Catastrophic events of environmental degradations

EXTREME EVENTS in Natural SYSTEMS



EXTREME EVENTS in SOCIO-ECONOMIC SYSTEMS

•Failure of engineering structures
•Crashes in the stock markets
•Social unrests leading to large scale strikes and upheavals
•Economic recessions on regional and global scales
•Power blackouts
•Traffic gridlocks
•Social epidemics
•Block-busters
•Discoveries-innovations
•Social groups, cities, firms...
•Nations
•Religions...



D-MTEC   Chair of Entrepreneurial Risks

 

Prof. Dr. Didier Sornette            www.er.ethz.ch 

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

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

Social unrests
        -triggering factors
        -rotting of social tissue 

Discoveries
       -serendipity
       -maturation

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

Earthquakes
       -tectonic driving
       -triggering

Commercial success and sales
        -Ads
        -epidemic network 

Financial crashes
      -external shock
      -self-organized instability
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Endogenous versus Exogenous

Cancinogenesis

       -gene mutations  (somatic mutation theory)

       -anomalous communications between cells and
proliferation of cells is the normal state (tissue 
organization field theory) (Sonnenschein-Soto)

Cells are in a default state of proliferation and motility — constantly maintaining 
homeostasis of the tissue through cellular communication and organization. 

Disruption of this organization can lead to disease states, such as cancer, as 
carcinogens target whole tissues, not just individual cells.

Inter-cell interactions depend on local context in tissues, more than genetic programs.



• 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)
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Guidelines from Physics: perturb and study the response

(“Impulse response” approach in Econometrics)

7



8

EXO:Drag resistance
under an external force

ENDO: Random walk

(Einstein, 1905)

r2=2d Dt

D=kBT/γ



Fluctuation-dissipation theorem far from 
equilibrium is not expected to hold in general, but...

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
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STRATEGY

•Identify the extremes (and sub-hierarchies)
•Look for local peaks and bottoms
•Analyze the dynamics around these extremes

★Are they abrupt?  
★smooth?  
★regular? 
★stochastic?

•Identification of different regimes
★subcritical
★super-critical...

•Diagnostic of underlying mechanism
•Predictability
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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 “Shock”

• 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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“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
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Typical Relaxation Dynamics

15
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Disentangling the pieces
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Exogenous Shocks
F. Deschatres and D. Sornette, The Dynamics of Book Sales: 
Endogenous versus Exogenous Shocks in Complex Networks,
 Phys. Rev. E 72, 016112 (2005)
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Probability density function of waiting times

~
rate of activity triggered by an exo-shock

(if no epidemic process at work = far from criticality)
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Sumatra Earthquake and Tsunami

21



D-MTEC   Chair of Entrepreneurial Risks

 

Prof. Dr. Didier Sornette            www.er.ethz.ch 

Sumatra Earthquake and Tsunami

R. Crane,  F. Schweitzer and D. Sornette, New Power Law Signature of Media Exposure in Human Response Waiting Time 
Distributions, Physical Review E 81, 056101 (2010)



D-MTEC   Chair of Entrepreneurial Risks

 

Prof. Dr. Didier Sornette            www.er.ethz.ch 

Models of Human Activity

23
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Models of Human Activity

24
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Understanding timing -- queueing models

Task arrival rate:

Overburdened regime

Highly attentive regime

Task 1

Task 2

Task 3

Task 4

Task L

...

Task execution rate:
A. Saichev and D. Sornette, Effects of Diversity and Procrastination in Priority Queuing 

Theory: the Different Power Law Regimes, Physical Review E 81, 016108 (2009)
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Typical Relaxation Dynamics
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Exponents ~  3/2



T. Maillart, D. Sornette, S. Frei, T. Duebendorfer, and A. Saichev

Fraction of the 
population using a 
given Mozilla Firefox 
browser (minor) 
version as a function 
of time and over two 
data collection 
campaigns. The three 
major versions 1.5.x, 
2.x and 3.x are shown 
separately.

Persistence of the use of outdated Web browsers (Firefox, Opera, Chrome and Safari) after users have 
been prompted to perform an update. Our data is obtained from anonymized daily log files of Google web 
servers (more than 70% of the worldwide daily searches), collected over more than three years.

Heavy-tail time responses in human dynamics



28: average time deficit

std of the time deficit β = µ− λ
task arrival ratetask execution rate

Thomas Maillart, Didier Sornette, Stefan Frei, Thomas Duebendorfer and 
Alexander Saichev, Quantification of deviations from rationality from 
heavy-tails in human dynamics, in press in Phys. Rev. E (2011)  
(arxiv.org/abs/1007.4104)
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Distributions, Physical Review E 81, 056101 (2010)
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Disentangling the pieces
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Models of epidemics
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Epidemic branching process

The activity is modeled as a self-excited Hawkes conditional Poisson branching 
process

Helmstetter and Sornette, 

Physica A (2003)

Bare response

Exo Critical response

Endo critical response

Key Results:

A(t) ∼ 1/|t− tc|1−2θ

A(t) ∼ 1/(t− tc)1−θ

A(t) ∼ 1/(t− tc)1+θ



 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 φ~1/t1+θ Sexo ≡ K(t) ∼ 1
t1−θ

with 0 < θ < 1
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Self-excited epidemics
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Exogenous sub-critical (no spreading)
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Exogenous critical (spreading)
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Endogenous critical (spreading)
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Predicted activity patterns
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Single Book Analysis

Endogenous 
growth

Endogenous 
decay

Exogenous 
decay

θ=0.3±0.1

41
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The Aggregate

Endogenous 
growth and 
decay

Exogenous 
decay

Exogenous 
growth

Real data averaged over +100 books

θ=0.3±0.1
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Histogram of Exponents

Exogenous

Endogenous
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TM

Riley Crane, Didier Sornette
ETH Zurich, D-MTEC
Chair of Entrepreneurial Risks

A Shocking Look At...
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Typical Relaxation after a burst of activity
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Results: Classifying Relaxation

Exponent Crane et al, PNAS (2008)
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Predictions of the model
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What about precursory information?

48
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Predicting the rise and fall of social and economic 
interactions by monitoring and modeling internet 

activities and commercial sales 

• Book, CD music sales…

• Internet searches

• Recommendation Blogs 

• Open source software projects

• Ethical Hacking security

• NATO (National Association of Theatre Owners)
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with Thomas MAILLART (ETH Zurich)



2008.02.29
(with Thomas MAILLART, ETH Zurich)
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2008.02.29
with Thomas MAILLART (ETH Zurich)

A. Saichev and D. Sornette, Hierarchy of Temporal Responses of 
Multivariate Self-Excited Epidemic Processes, Physical Review E 
(http://arxiv.org/abs/1101.1611) 

A. Saichev and D. Sornette, Generating Functions and Stability Study 
of Multivariate Self-Excited Epidemic Processes,
Journal of Statistical Physics http://arxiv.org/abs/1101.5564
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Hierarchy of Temporal Responses
of Multivariate Self-Excited Epidemic Processes

A. Saichev and D. Sornette, Hierarchy of Temporal Responses of Multivariate Self-Excited Epidemic Processes, Physical Review 

E (submitted 8 Jan. 2011) (http://arxiv.org/abs/1101.1611)

ONE-DIMENSIONAL CHAIN OF DIRECTED TRIGGERING
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A. Saichev and D. Sornette, Hierarchy of Temporal Responses of Multivariate Self-Excited Epidemic Processes, Physical Review 

E (submitted 8 Jan. 2011) (http://arxiv.org/abs/1101.1611)

ONE-DIMENSIONAL CHAIN OF NEAREST-
NEIGHBOR-TYPE TRIGGERING



1st June 2010 Thomas Maillart | Chair of Entrepreunerial Risks | tmaillart@ethz.ch

H0 + H1 + H2 = Colliding in OSS

 Endogenous critical structure of individual work
 minimizes the energy spent for maximum output
 epidemic like activity of developers
 efficient transfer of knowledge from kth to (k+p)th generation

 Open Source Projects
 self-propelled by collective action triggering future action
 joining rate (critical mass) is ensured by a successful epidemic

 Outlook
 OSS can be compared a social epidemic in order to produce a good.
 OSS viral organization and dynamics reflect some kind of optimal 

economic allocation of human ressources



2008.02.29(Samuel Arbesman and Rachel Courland, Prediction: Proof unlikely, NewScientist, 25 December 2010/January 2011)

They used the time taken to solve 18 mathematical problems to estimate the probability that 

P versus NP is solved in 2011.



2008.02.29 (with Ryohei Hisano, ETH Zurich)



2008.02.29 (with Ryohei Hisano, ETH Zurich)
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Endogenous versus Exogenous

•In reality, varying mixture of endo and exo

•Adaptation of individuals to task flows                
(θ may change and jump to new regimes)

•Adaptation of network to load and dynamic
(epidemic branching ratio may be time dependent 
and self-organized)

•Coagulation-fragmentation dynamics of 
networks on time scales comparable to 
epidemics dynamics
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Common group dynamic drives real-world epidemics
across social, financial and biological domains

Shenyuan Zhao, Juan Pablo Calderon, Chen Xu, Dan Fenn, Didier Sornette, Riley Crane, Pak Ming Hui and Neil F. Johnson,
New dynamical network regime for modern epidemics, in press in Physical Review E (2010)
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Common group dynamic drives real-world epidemics
across social, financial and biological domains

Zhao et al. (2010)

dS

dt
= −pIS

dI

dt
= +pIS − qI

dR

dt
= +qI

SIR equations

- f

+ f

66
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R(∞)/N0

30

10

Zhao et al. (2010)

R(∞) : overall nb of infected agents
N0 : initial nb of infected agents

Application: Epidemic control strategy

68
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I- ACTION METRICS: what is the efficiency of social 
compaigns? How to design them better? 
How to manage in real time (or near-real time) and steer 
complex social systems, commercial sales, reputation 
branding, etc?

II- PREDICTING SUCCESS: forecast which product, action, 
innovation will be successful, where and how to allocate 
resources.

III-DYNAMICAL ENDO-EXO SEARCH: better search engine 
using the time dynamics of the endo-exo approach. 

Empirical Implications

69
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Endogenous versus Exogenous
Extinctions
      -meteorite at the Cretaceous/Tertiary KT boundary
      -volcanic eruptions (Deccan traps)
      -self-organized critical events

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

Social unrests
        -triggering factors
        -rotting of social tissue 

Discoveries
       -serendipity
       -maturation

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

Earthquakes
       -tectonic driving
       -triggering

Commercial success and sales
        -Ads
        -epidemic network 

Financial crashes
      -external shock
      -self-organized instability


