
long-term Collaborators: 
Y. Ageon (Insight Finance, France)
J. Andersen (CNRS, France)
D. Darcet (Insight Research)
K. Ide (UCLA) 
A. Johansen (Denmark)
Y. Malevergne (Univ. Lyon, France)
V: Pïsarenko (Acad. Sci. Moscow, Russia)
W.-X. Zhou (ECUST, Shanghai)

Collaborators at ETH Zurich:
M. Fedorovsky, Z.-Q. Jiang, G. Harras, A. 

Huesler, L. Li, S. Reimann, J. Satinover, R. 
Woodard, H. Woodard, A. Saichev,, J. 
Wiesinger, W. Yan,,

and T. Kaizoji (Tokyo)

Financial, Real-Estate Bubble, Derivative Bubbles
Finite-Singularity Models 

Department of Management, Technology and 
Economics, ETH Zurich, Switzerland

Member of the Swiss Finance Institute

co-founder of the Competence Center for Coping 
with Crises in Socio-Economic Systems, ETH 
Zurich (http://www.ccss.ethz.ch/)

D. Sornette 

"The budget should be balanced, 
the Treasury should be refilled, 
public debt should be reduced, the 
arrogance of officialdom should be 
tempered and controlled, and the 
assistance to foreign lands should 
be curtailed lest Rome become 
bankrupt. People must again learn 
to work instead of living on public 
assistance." 

Cicero - 55 BC



• The financial instability hypothesis
• What are financial bubbles?
• Different models (social interactions, herding, 

news, value vs noise trading...)
• Finite-time singular (FTS) models
• Hypothesis 1: bubbles can be diagnosed in 

real time
• Hypothesis 2: the termination of bubbles 

can be determined probabilistically in 
advance

• The Financial Crisis Observatory at ETH 
Zurich and the Financial Bubble Experiment



(trillions of US$)

The Paradox of the 2007-20XX Crisis
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Crises frequently emanate from the financial centers with transmission 
through interest rate shocks and commodity price collapses. Thus, the 
recent US sub-prime financial crisis is hardly unique.

This Time is Different: A Panoramic View of Eight Centuries of Financial Crises
Carmen M. Reinhart and Kenneth S. Rogoff, NBER Working Paper No. 13882, March 2008

Sovereign External Debt: 1800-2006
Percent of Countries in Default or Restructuring



5Sources: Bordo et al. (2001), Caprio et al. (2005), Kaminsky and Reinhart (1999), Obstfeld and Taylor
(2004), and Carmen M. Reinhart and Kenneth S. Rogoff,
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Hong-Kong

Red line is 13.8% per year: but  the market is never 
following the average growth; it is either super-exponentially 
accelerating or crashing

Patterns of price trajectory during 0.5-1 year before each peak: Log-periodic power law

Textbook example of a series of super-exponential 
acceleration followed by crashes

Arrows show peaks followed by
corrections of more than 15% in less 
than three weeks
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Various Bubbles and Crashes

Each bubble has been rescaled vertically and translated
to end at the time of the crash

time

price



Financial Instability Hypothesis
(Minsky, 1974)

• Hedge-finance: in-flow - out-flow positive over all 
periods

• Speculative finance: in-flow - out-flow negative near 
term and expected to turn positive long-term

• Ponzi finance: in-flow - out-flow negative until the very 
last period at which a big gain compensates for all the 
previous losses.

“A fundamental characteristic of our economy is that the financial 
system swings between robustness and fragility and these swings are 
an integral part of the process that generates business cycles.”



• The ITC “new economy” bubble (1995-2000)
• Slaving of the Fed monetary policy to the 

stock market descent (2000-2003)
• Real-estate bubbles (2003-2006)
• MBS, CDOs bubble (2004-2007) and stock 

market bubble (2004-2007)
• Commodities and Oil bubbles (2006-2008) 

Consequences (deep loss of trust, systemic 
instability)

• Solution? 
9

A 15y History of the 2008- crisis 



Academic Literature: No consensus on what is a bubble...

Ex:   Refet S. Gürkaynak, Econometric Tests of Asset Price Bubbles: Taking Stock.
Can asset price bubbles be detected? This survey of econometric tests of asset price bubbles 
shows that, despite recent advances, econometric detection of asset price bubbles cannot be 
achieved with a satisfactory degree of certainty. For each paper that finds evidence of 
bubbles, there is another one that fits the data equally well without allowing for a bubble. We 
are still unable to distinguish bubbles from time-varying or regime-switching fundamentals, 
while many small sample econometrics problems of bubble tests remain unresolved.

What is a bubble? 

Professional Literature:  we do not know... only after the crash
The Fed: A. Greenspan (Aug., 30, 2002):  
“We, at the Federal Reserve…recognized that, despite our  suspicions, it was very 
difficult to definitively identify a bubble  until after the fact, that is, when its 
bursting confirmed its existence… Moreover, it was far from obvious that bubbles, 
even if identified early, could be preempted short of the Central Bank inducing a 
substantial contraction in economic activity, the very outcome we would be 
seeking to avoid.”



Positive feedbacks

Our proposition: 
Faster than exponential 
transient unsustainable 
growth of price

What is a bubble?
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Finite-time 
Singularity

• Planet formation in solar system by run-away accretion of planetesimals
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Mechanisms for positive feedbacks in the stock market

• Technical and rational mechanisms 
1. Option hedging
2. Insurance portfolio strategies
3. Trend following investment strategies
4. Asymmetric information on hedging strategies

• Behavioral mechanisms: 
1. Breakdown of “psychological Galilean invariance”
2. Imitation(many persons)

a) It is rational to imitate
b) It is the highest cognitive task to imitate
c) We mostly learn by imitation
d) The concept of “CONVENTION” (Orléan)



Shiller (2000) 

Humans Appear Hardwired To Learn By 'Over-Imitation'
ScienceDaily (Dec. 6, 2007) — Children learn by imitating adults--so much so that 
they will rethink how an object works if they observe an adult taking unnecessary 
steps when using that object, according to a new Yale study.



Universal Bubble and Crash Scenario

Displacement

Credit creation

Euphoria

Critical stage / Financial distress

Revulsion
Charles Kindleberger, Manias, Panics and Crashes (1978)

Didier Sornette, Why stock markets crash (2003) 
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Many bubbles and crashes

 Hong-Kong crashes: 1987, 1994, 1997 and many 
others

 October 1997 mini-crash
 August 1998
 Slow crash of spring 1962
 Latin-american crashes
 Asian market crashes
 Russian crashes
 Individual companies

2003



17
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The breaking of 
macroscopic 
linear 
extrapolation

? Extrapolation?

                                BOILING PHASE TRANSITION
More is different:  a single molecule does not boil at 100C0

Simplest Example of a “More is Different” Transition
Water level vs. temperature

(S. Solomon)



18

Statistical Mechanics 
Phase Transition

Atoms,Molecules
Drops,Bubbles

Anderson   abstractization

Complexity
        MICRO

   MACRO More is 
different

Biology
Social Science

Brain Science Economics and 
Finance

Business
Administration ICT

Semiotics and 
Ontology

Chemicals

E-pages

Neurons

Words
people

Customers

Traders

Cells,life
Meaning

Social groups

WWW

Cognition, 
perception

Markets

Herds, 
Crashes
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95 97 99 101

Example of “MORE IS DIFFERENT” transition in Finance: 

Instead of 
Water Level:  
-economic index
(Dow-Jones etc…)

Crash = result of collective behavior of individual traders
(S. Solomon)



A. Johansen, D. Sornette and O. Ledoit
Predicting Financial Crashes using discrete scale invariance,
Journal of Risk, vol. 1, number 4, 5-32 (1999) 

A. Johansen, O. Ledoit and D. Sornette, Crashes as critical 
points,  International Journal of Theoretical and Applied 
Finance Vol. 3, No. 2  219-255 (2000)

Rational Expectation Bubbles and Crashes
(Blanchard-Watson)



21

Optimal strategy obtained under limited information

-Crash = coordinated sell-off of a large number of investors
-single cluster of connected investors to set the market off-balance
-Crash if 1) large cluster s>s*   and  2) active

	
 -Proba(crash) = n(s)
	
 -Proba(active cluster) ~ sa    with  1 < a < 2   (coupling 
between decisions)

Proba(crash) ~  Σ s>s*    n(s) sa   

If a=2, Σ s>s*    n(s) s2      ~   |K-Kc|−γ

Equation showing optimal imitation solution of decision in absence of intrinsic information and in 
the presence of information coming from actions of connected “neighbors”

This equation gives rise to critical transition=bubbles and crashes

+
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Disorder : K small

Order
K large

Critical:
K=critical
value

Renormalization group:
Organization of the
description scale by scale
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Bubble with stochastic finite-time singularity
due to positive feedbacks 

Stochastic finite-time singularity
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D. Sornette and J.V. 
Andersen
A Nonlinear Super-
Exponential Rational 
Model of Speculative 
Financial Bubbles,
Int. J. Mod. Phys. C 13 
(2), 171-188  (2002)

The price
drives the
crash hazard
rate.
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Standard Geometric random walk

Wilks’ test of embedded hypotheses 
Test of the existence of both ingredients

Contains two ingredients: 

(1) growth faster than exponential

(2) growth of volatility  
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Example of a “fearful” super-exponential bubble 
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Example of a “fearless” super-exponential bubble 
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Percentage deviation  (C-P)/P of call 
from put prices (skewness premium) 
for options at-the-money and 4% out-
of-the-money, over 1985–87. The 
percentage deviation (C-P)/P is a 
measure of the asymmetry between 
the perceived distribution of future 
large upward moves compared to 
large downward moves of the S&P 
500 index. Deviations above (below) 
0% indicate optimism (fear) for a 
bullish market (of large potential 
drops). The inset shows the same 
quantity (C-P)/P calculated hourly 
during October 1987 prior to the 
crash: ironically, the market forgot its 
“fears” close to the crash.

Bates, D. S. (1991). Journal of Finance 46, 1009–1044.

Intermittent anticipation of the crash reflected in out-of-the-money option prices 

    The Wall Street Journal on August 26, 1987, the day after the 1987 market peak: “In a market like this, 
every story is a positive one. Any news is good news. It’s pretty much taken for granted
now that the market is going to go up.”



S. Gluzman and D. Sornette, Log-periodic route to fractal functions, art. no. 036142,
Phys. Rev. E V6503 N3 PT2A:U418-U436  (2002)

Inverse Mellin transform

(Derrida, Eckmann, Erzan, 1983)

=- m + i ω n

Renormalization Group approach
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Fractal function
(Weierstrass)
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2000





A Consistent Model of ʻExplosiveʼ Financial Bubbles
With Mean-Reversing Residuals

L. Lin, R. E. Ren and D. Sornette (2009)
http://papers.ssrn.com/abstract=1407574



First model



Second model







Bayesian approach
S&P500 1987 and Hong-Kong 1997



Diagnostics of Rational Expectation Financial Bubbles
with Stochastic Mean-Reverting Termination Times

L. Lin and D. Sornette
ETH Zurich and School of Economics and Management, Beihang University, 100191 Beijing, China

First model: finite-time singularity in the price 
dynamics with stochastic critical time

Text

http://arxiv.org/abs/0911.1921

(3)

(4)



Let us denote ti > 0 the time at which the iʼs arbitrageur has entered the market. 

Being aware of the price dynamics, at each instant t, the rational arbitrageur forms a belief 
quantified by her hazard rate hi(t), of the probability that a crash might occur in the next instant, 
conditional on the fact that it has not yet happened. 

She estimates the probability                             that the crash will not happen until time t. 

The arbitrageur forms a belief of the crash hazard rate which is of the same form, that is,

critical time for the end of the 
bubble that the arbitrageur i has 
estimated when entering the 
market.

Occurrence of the market collapse is posited to be triggered when a sufficiently large number 
of arbitrageurs have exited the market, leading to a large price movement, amplified by the 
herding of noise traders.

Optimal exit time: 

Solution:

(8)



This synchronization problem is analogous to that identified by 
Abreu and Brunnermeier (2003), with the important difference that 
we emphasize that the lack of synchronization results from the 
heterogeneous beliefs concerning the critical end tc of the bubble.

The uncertainty in Abreu and Brunnermeier (2003) comes from 
heterogeneous awareness of the BEGINNING of the bubble.



Construction of alarms

Bubble diagnostic if

(iii) Dickey − Fuller unit− root test is rejected at 99.5% significance level









Second model: finite-time singularity in the 
momentum price dynamics with stochastic 

critical time 

Deterministic limit: 





Construction of alarms

Bubble diagnostic if

(iii) Dickey − Fuller unit− root test is rejected at 99.5% significance level(iv)
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•Hypothesis H1: financial (and other) bubbles 
can be diagnosed in real-time before they end.

•Hypothesis H2: The termination of financial 
(and other) bubbles can be bracketed using 
probabilistic forecasts, with a reliability better 
than chance (which remains to be quantified).

The Financial Bubble Experiment
advanced diagnostics and forecasts of bubble terminations



54

Many other bubbles and crashes

Hong-Kong crashes: 1987, 1994, 1997 and 
many others

October 1997 mini-crash
August 1998
Slow crash of spring 1962
 Latin-american crashes
Asian market crashes
Russian crashes
 Individual companies
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Hong-Kong

Red line is 13.8% per year: but 
The market is never following the average

growth; it is either super-exponentially
accelerating or crashing

Patterns of price trajectory during 0.5-1 year before each peak: Log-periodic power law
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“New Economy”: ICT
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Real-estate in the UK
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Real-estate in the USA
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bubble peaking in Oct. 2007

Source: R. Woodard (FCO, ETH Zurich)
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Typical result of the calibration of the simple LPPL model to the oil price in US$ in shrinking windows with starting dates 
tstart moving up towards the common last date tlast = May 27, 2008.

2006-2008 Oil bubble

D. Sornette, R. 
Woodard and W.-X. 
Zhou, The 2006-2008 
Oil Bubble and 
Beyond,
Physica A 388, 
1571-1576  (2009)
(arXiv.org/abs/
0806.1170)

Speculation vs supply-demand 
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Source: R. Woodard (FCO, ETH Zurich)



18 Feb 2009 to 18 June 09

10 July 2009
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 Didier Sornette, Maxim Fedorovsky, Stefan Riemann, Hilary Woodard, Ryan 
Woodard, Wanfeng Yan, Wei-Xing Zhou
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www.er.ethz.ch/fco
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METHODOLOGY OF THE FINANCIAL BUBBLE EXPERIMENT

•We choose a series of dates with a fixed periodicity on which we will 
reveal our forecasts (1 May 2010 + 6 months periodicity)
•Continuous research of +30’000 global financial time series.
•Confident forecast  => summarize it in a simple .pdf document
•We do not make this document public.
•We make its digital fingerprint public (MD5 hash algorithm and SHA-2 
hash) => three strings of letters and numbers that are unique to this file. 
•First version of our “meta” document (description of our theory and methods, the MD5 and SHA-2 
hashes of our first forecast and the date (1 May 2010) on which we will make the first original .pdf document public)

•Upload to http://arxiv.org. It makes public the MD5 and SHA-2 hashes of 
our first forecasts + independent timestamp ‘v1’ (version 1) (trusted third 
party)
• Next confident forecast => new secret .pdf file and public SHA-2 hash  in 
‘v2’ on http://arxiv.org.
• We continue this protocol until 1 May 2010 at which time we upload our 
final version of the master document and publish all .pdf forecast files + 
our summary and analysis of the forecasts.
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arXiv:0911.0454v1 [q-fin.CP] 2 Nov 2009
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Forecasting financial crashes: the ultimate experiment begins 



1-All proposals will fail if we do not have better science and better 
metrics to monitor and diagnose (ex: biology, medicine, astronomy, 
chemistry, physics, evolution, and so on)

2-Leverage as a system variable versus the illusion of control by 
monetary policy, risk management, and all that

3-Need to make endogenous policy makers and regulators 
(“creationist” view of government role, illusion of control and law of 
unintended consequences of regulations)

4-Fundamental interplay between system instability and growth; the 
positive side of (some) bubbles

5-Time to reassess goals (growth vs sustainability vs happiness). In 
the end, endogenous co-evolution of culture, society and economy 

Final remarks

KEY CHALLENGE: genuine trans-disciplinarity by 
TRAINING in 2-3 disciplines + CHANGE OF CULTURE



1. limits to arbitrage caused by noise traders (DeLong et, 1990) 
2. limits to arbitrage caused by synchronization risk (Abreu and 
Brunnermeier, 2002 and 2003)
3. short-sale constraints (many papers)
4. lack of close substitutes for hedging (many papers)
5. heterogenous beliefs (many papers)
6. lack of higher-order mutual knowledge (Allen, Morris and 
Postlewaite, 1993)
7. delegated investments (Allen and Gorton, 1993)
8. psychological biases (observed in many experiments)
9. positive feedback bubbles
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Why bubbles are not arbitraged away?
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Further Reading

T. Kaizoji and D. Sornette, Market Bubbles and Crashes, in press in  the 
Encyclopedia of Quantitative Finance (Wiley, 2008)
(preprint at http://arxiv.org/abs/0812.2449)

D. Sornette and R. Woodard Financial Bubbles, Real Estate bubbles, Derivative 
Bubbles, and the Financial and Economic Crisis
(preprint at http://arxiv.org/abs/0905.0220) will appear in the Proceedings of APFA7 
(Applications of Physics in Financial Analysis, http://www.thic-apfa7.com/en/htm/
index.html)

D. Sornette, Dragon-Kings, Black Swans and the Prediction of Crises,
in press in the International Journal of Terraspace Science and Engineering (2009)
(http://arXiv.org/abs/0907.4290)

Didier Sornette, Why Stock Markets Crash
(Critical Events in Complex Financial Systems)
Princeton University Press, January 2003

Y. Malevergne and D. Sornette, Extreme Financial Risks (From Dependence to Risk 
Management) (Springer, Heidelberg, 2006).


